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SUMMARY 

 

Introduction: Osteoporotic hip fractures are common in older adults and are responsible for significant 

morbidity and mortality.  Structured geriatric care for older adults with hip fracture is known to improve 

outcomes.  A large body of evidence also exists for treatment of osteoporosis with intravenous zoledronic 

acid (IVZA), but there is limited evidence of its efficacy and safety when given soon after fracture.   

 

Aims: I aimed to test the hypothesis that the successful administration of an integrated care pathway for 

older adults with hip fracture results in positive outcomes with regard to inpatient complications and 

morbidity and mortality at one year. I also aimed to test the hypothesis that IVZA for osteoporosis is 

tolerable, safe and efficacious when given to patients during their inpatient admission following hip 

fracture.  I further aimed to test the hypothesis that IVZA, when administered early post fracture, results 

in a significant improvement in bone mineral density and suppression of biochemical markers of bone 

turnover.  Lastly, by means of comparison, I examined differences between the characteristics of my study 

participants, and those of a similar community dwelling cohort who had previous history of hip fracture.   

 

Methods: The primary study population comprised patients admitted to St James’s Hospital Dublin with 

acute hip fracture in 2015-2016.  The secondary population were community-dwelling older Irish adults 

with a history of hip fracture, who were already recruited in the Trinity, University of Ulster, Department 

of Agriculture (TUDA) study.  Acute hip fracture participants received IVZA, calcium and vitamin D 

supplements and blood tests and bone mineral density assessment using Dual Energy X-ray 

Absorptiometry (DXA were done at baseline and 1-year).  I also collected information on participant 

demographics and medical history, inpatient complications and mortality over one year.  Biophysical 

measures including hand grip strength were assessed.   

 

Results: 165 participants were enrolled into the Acute Hip Fracture cohort (66.6% female; mean age 

78.4±10.9).  There was a high prevalence of frailty (median Clinical Frailty Score (CFS) 5) comorbidities 

(median Charlson Comorbidity Index (CCI) 5).  97% of fractures occurred due to a fall, though only 6.1% 

reported syncope; 46.1% had a fall in the year prior.   There was a low prevalence of a prior diagnosis of 

osteoporosis (12.1%) and an even lower proportion were on osteoporosis therapy prior to admission 

(9.7%).  Only 26.7% had replete 25 hydroxyvitamin D (25(OH)D levels (50 nmol/l) and only 7.9% were 

taking a vitamin D supplement.  The most significant post-fracture complications were delirium (33%), 

constipation (43%) and lower respiratory tract infections (23%).  Delirium was correlated with higher ASA 

grade (p=0.023), CFS (p=0.003) and constipation (p<0.0005), while lower respiratory tract infections were 

associated with dysphagia (p<0.001).   
 

82% had surgery within 48 hours.  97.6% were admitted to an orthopaedic ward, but only 15.7% within 

target time of 4 hours.  All participants had geriatrician and bone health reviews.  Incidence of new pressure 

ulcers was 5.5%.  Higher pre-fracture Barthel Index (BI) was associated with shorter time-to-surgery 

(p<0.0001); longer time-to-surgery was associated with longer length of stay (p=0.044) and delirium 
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(p=0.012).  Inpatient mortality was 3.6%; 20% 1-year mortality.  CCI correlated with 6-month mortality 

(p=0.047).  One year mortality was associated with lower pre-fracture BI (p=0.002) and higher CFS 

(p=0.009).  There was significant reduction in mortality in participants whose care was transferred to a 

geriatrician during their inpatient admission (11.3% vs 24.1%, p=0.04, Fisher’s exact test).  Discharge to 

nursing home was associated with lower pre-fracture BI (p=0.025) and New Mobility Score (NMS) 

(p=0.018), and higher CFS (p=0.024).   
 

All participants received IZVA (5mg) infusion. 10.1% developed new flu-like symptoms, which were 

associated with higher pre-infusion CRP (p=0.017), post-operative blood transfusion (p=0.001).  Overall, 

there was no significant difference between pre-and post-infusion renal function (p=0.82). However, there 

were two cases of acute kidney injury, which were attributable to causes other than IVZA.  17.2% had an 

episode of new hypocalcaemia post-infusion, which was associated with a lower baseline 25 (OH)D 

(p=0.001).  New atrial fibrillation occurred in 4 participants and was associated with pneumonia (p=0.042).   
 

Baseline bone turnover markers (BTMs) were available in 161 participants. There was significant 

suppression of CTX (p<0.0001) and P1NP (p<0.001), but not osteocalcin (p=0.695) at 1-year follow-up in 81 

participants where data was available. There were numerous correlates of changes in BTMs including 

suppression of CTX with lower baseline vitamin D (p=0.027) and higher serum calcium (p=0.011).  
 

117 participants had an initial DXA; 66% had osteoporosis by DXA, 30% osteopaenia: 4% normal bone 

mineral density (BMD).  BMD increased significantly at all measured sites: +6.0% at spine (p<0.0001); +5.8% 

at total hip (p<0.0001); and +3.0% at neck of femur (p=0.0015).  BMD increase at spine (p=0.039) and total 

hip (p=0.041) was associated with higher baseline BMI; polypharmacy was associated with poorer gains in 

BMD of spine (p=0.037).  Baseline 25(OH)D correlated negatively with change in BMD at total hip (p=0.002) 

and neck of femur (p=0.016), as did serum thyroid-stimulating hormone (TSH) (p=0.035 and p=0.009 

respectively).  The correlations between suppression of the various BTMs and changes in BMD of the spine, 

total hip and neck of femur were mixed.  Six participants had a new fracture over 1-year follow-up.   

 

Conclusion: The characteristics of my cohort were similar to contemporaneous national and international 

groups.  There was a high burden of frailty, comorbidities, undiagnosed and untreated osteoporosis and 

hypovitaminosis D.  Orthogeriatric care was associated with fewer inpatient complications and lower 1-

year mortality.  Transition to geriatrician care was associated with lower mortality.  Comorbidities and 

lower pre-fracture function were linked to poorer outcomes including longer length of stay, functional loss, 

discharge to nursing home and mortality.  My results show IVZA is safe and well-tolerated when given early 

after fracture and was associated with low risk of hypocalcaemia, mainly in those with lower vitamin D.  

Suppression of BTMs and improvement in BMD was similar to other studies. The association between 

higher baseline vitamin D and poorer suppression of BTMS and lower gains in BMD could be elucidated by 

further research.  My study demonstrates the utility of orthogeriatric care, the safety and efficacy of IVZA 

given early after fracture, and the impact of frailty, comorbidities and pre-fracture function on the ability 

to recover following hip fracture.   
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1.1 Introduction 

 

Osteoporosis is a disease of the skeleton which is characterized by low bone mass and 

microarchitectural disruption and skeletal fragility; it results in increased fracture risk, 

specifically at the spine, hip, wrist, humerus, and pelvis (Riggs and Melton 1995).  It is 

defined by compromised bone strength predisposing a person to an increased risk of 

fracture (2001).  

 

The overall prevalence of osteoporosis in the European Union (EU) population is 

approximately 5.5% (Hernlund, Svedbom et al. 2013).  Extrapolated to today’s population, 

this amounts to approximately 20 million people living with osteoporosis in the EU.  In 

the United States (US) alone, osteoporosis or osteopaenia (lower than normal bone 

mass) occurs in approximately 55% of the population age 50 years and over (Cosman, de 

Beur et al. 2014).  In the year 2000 an estimated 9 million osteoporotic fractures occurred 

worldwide; 1.6 million of these were hip fractures, 1.7 million were forearm fractures 

and 1.4 million clinical vertebral fractures (Johnell and Kanis 2006).   

 

Each year there are circa 2 million osteoporotic fractures in the US, 547,000 of which are 

vertebral fractures, 297,000 of which are hip fractures, 397,000 wrist fractures and 

675,000 at other sites (Burge, Dawson-Hughes et al. 2007).  Fractures of the hip and spine 

have been associated with pain, disability, depression and death.  Historically, it has been 

reported that approximately half of people who suffer a hip fracture will never be able 

to walk without assistance and a quarter will require long-term care (Riggs and Melton 

1995).  Patient mortality 5 years following a hip or a clinical vertebral fracture is 

approximately 20% greater than would be expected in the absence of such a fracture 

(Cooper, Atkinson et al. 1993).  It has been calculated that the cost of osteoporotic 

fractures in the US in 2005 was approximately USD $17 billion per annum, and further 

estimated that by 2025 it will rise to USD $25.3 billion per year (Burge, Dawson-Hughes 

et al. 2007). 

 

It was calculated that in 2010 the direct annual cost of osteoporosis was USD $ 29 billion 

in the five largest EU countries (France, Germany, Italy, Spain and the UK) (Ström, 
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Borgström et al. 2011) and USD $38.7 billion in the 27 EU countries of the time (Kanis, 

Compston et al. 2012).  Many studies have reported that fractures of the hip and spine 

are associated with an increased mortality rate of 10-20% (Riggs and Melton 1995, 

Ioannidis, Papaioannou et al. 2009).  Reported sequalae of osteoporotic fractures may 

include chronic pain, impaired mobility, loss of independence and depression (Poole and 

Compston 2006, Adachi, Adami et al. 2010).   

 

World Health Organisation Definition of Osteoporosis by Dual X-ray Absorptiometry 

In 1994, the World Health Organization (WHO) established a classification of bone 

mineral density (BMD) according to the standard deviation (SD) difference between a 

patient's BMD and that of a young-adult reference population.  This value is now 

commonly expressed as a "T-score".  A T-score that is equal to or less than -2.5 is 

consistent with a diagnosis of osteoporosis, a T-score between -1.0 and -2.5 is classified 

as low bone mass (osteopaenia) and a T-score of -1.0 or higher is normal (1994).   

 

1.2 Epidemiology 

 

The incidence of hip fractures increases exponentially with age for both women and men, 

with risk approximately doubling every 5 years, after the age of 50 (Farmer, White et al. 

1984).  In 2000, worldwide there were an estimated 9 million osteoporotic fractures 

(Johnell and Kanis 2006).  Approximately 22 million women and 5.5 million men within 

the EU27 group of countries were estimated to have osteoporosis in 2010, amounting to 

approximately 4 times as many women with osteoporosis as there were men.  Germany 

was estimated to have the highest prevalence of osteoporosis with approximately 1 

million osteoporotic men and 4 million osteoporotic women.  The overall prevalence of 

osteoporosis in the EU population is approximately 5.5%, with rates of 6.6% in men and 

22.1% in women aged over 50 years.  The highest number of cases of osteoporosis is 

found in women between the ages of 75 and 79 years, but for men case numbers are 

higher in younger age groups (60-64 years) (Hernlund, Svedbom et al. 2013). 

 

In 2 large systematic reviews which examined the worldwide annual hip  and vertebral 

fracture rate in women, results for hip fracture ranged from less than 100 to nearly 600 
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per 100,000 and vertebral fracture rate from less than 100 to approximately 1,400 per 

100,000, depending on country and region (Kanis, Odén et al. 2012, Ballane, Cauley et al. 

2017). 

 

1.2.1 Burden of Fragility Fractures 

There were  3.5 million new fragility fractures sustained amongst the population of the 

EU27 countries in 2010, comprising 610,000 hip fractures, 520,000 vertebral fractures, 

560,000 forearm fractures and 1,800,000 other fractures (Cheung, Tan et al. 2016).  

 

1.2.2 Epidemiology in Men 

Although osteoporosis is less common in men than women, it has historically been 

reported that approximately 1.5 million men over age 65 years in the US have 

osteoporosis, and another 3.5 million men are at risk (Siddiqui, Shetty et al. 1999).   

 

Several prospective studies in the 1980s and 1990s identified underlying causes of 

osteoporosis in older men (Seeman, Melton et al. 1983, Kelepouris, Harper et al. 1995, 

Diamond, Smerdely et al. 1998) (Orwoll and Klein 1995).  These causes include vitamin D 

deficiency, gastrointestinal disease (such as coeliac disease and inflammatory bowel 

disease), hypogonadism, glucocorticoid therapy, anticonvulsant drug therapy, 

hypercalciuria and alcohol abuse.  It is similarly well-established that as men age, fracture 

risk increases.  For example, a study of 220 older male adults in Australia found that a 

60-year-old man will have an approximately 25% chance of having an osteoporotic 

fracture during his lifetime (Nguyen, Eisman et al. 1996).  39% of annual worldwide 

osteoporotic fractures occur in men (Johnell, Kanis et al. 2004).   

 

Over 30% of men will have a femoral neck T-score at or below -2.5 (i.e. DXA diagnosis of 

osteoporosis) by the age of 85 years (Trajanoska, Schoufour et al. 2018); by the age of 90 

years, 1 of every 6 men will be expected to have a hip fracture.  Older studies have 

demonstrated that the prevalence of vertebral or hip fracture in older men is about 33% 

of that in women, but still significant;  an American review article in 1992 found 

prevalence of 5-6% for vertebral or hip fractures in older men, compared with 16-18% in 
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women; Colles’ fractures were about one-sixth as common in men compared with 

women (2.5% versus 16%) (Melton, Chrischilles et al. 1992).   

 

The mortality associated with hip fractures as well as with vertebral fractures and other 

major fractures is higher in men than in women (Diamond, Thornley et al. 1997, Kiebzak, 

Beinart et al. 2002, Trombetti, Herrmann et al. 2002, Kanis, Oden et al. 2003), (Center, 

Nguyen et al. 1999).  In addition, following hip fracture men are even less commonly 

assessed for osteoporosis diagnosis and treatment and are less likely to receive 

antiresorptive therapy.  In one large study of almost 3,000 patients post hip fracture, 

4.5% of men were commenced on pharmacologic therapy for osteoporosis, compared 

with 49.5% of women (Kiebzak, Beinart et al. 2002, Feldstein, Elmer et al. 2003). 

 

1.3 Aetiology 

 

For most people, peak bone mass probably occurs in the third decade of life; and it is 

likely there are differences in timing due to genetic, hormonal, and environmental 

variables, as well as due to the skeletal site measured, and the method of BMD 

measurement (Heaney, Abrams et al. 2000). 

 

Risk factors for osteoporosis in women and men of Caucasian ethnicity are known to 

include advancing age, previous fracture, glucocorticoid therapy, a familial history of hip 

fracture, poor eyesight, low body weight, neuromuscular and gait disorders and smoking 

(Kanis 2002, Robbins, Aragaki et al. 2007, Liu, Paige et al. 2008).  Similar risk factors were 

identified in a large prospective study of  Chinese women (Kung, Lee et al. 2007).  Many 

of these risk factors are predictive of future hip fracture, even in the absence of BMD 

measurement, with advancing age and previous personal history of fracture being two 

of the most important BMD-independent risk factors for fracture (Cummings, Nevitt et 

al. 1995, Sambrook, Flahive et al. 2011).  
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1.3.1 Age 

A person’s age may be considered additive to their T-score in terms of reckoning their 

fracture risk; that is to say, for any T-score, the risk of fracture is higher as age increases 

(Kanis, Johnell et al. 2001).   

 

1.3.2 Personal History of Fracture as an Adult 

Numerous studies have shown that a history of a low-trauma fracture is an important 

risk factor for subsequent fracture in both men and women (Klotzbuecher, Ross et al. 

2000, Kanis, Johnell et al. 2004, Cauley, Hochberg et al. 2007, Center, Bliuc et al. 2007, 

Hodsman, Leslie et al. 2008, Gehlbach, Saag et al. 2012): 

 

It was reported by Kanis et al in 2004 in a meta-analysis of 11 prospective cohort studies 

of fracture risk in men or women with prior fracture, that any prior fracture increased 

the risk of any future fracture (relative risk (RR) 1.8, 95% confidence interval (CI) 1.6-1.9), 

any osteoporotic fracture (RR 1.8, 95% CI 1.6-1.9), and hip fracture (RR 1.6, 95% CI 1.3-

2.0) in both men and women; and this held true even after adjustment was made for 

BMD (Kanis, Johnell et al. 2004).   

 

Another prospective cohort study which followed 4,005 Australian men and women over 

a  16-year period, found that the relative risk of subsequent fracture in women with any 

initial fragility fracture after the age of 60 years was 2.0 (95% CI 1.7-2.2), and for men it 

was 3.5 (95% CI 2.7-4.5) (Center, Bliuc et al. 2007).   

 

In 2007 the Study of Osteoporotic Fractures reported on long-term follow-up of 9,700 

older women (>65 years); 2,680 of the participants were followed for an average of 15 

years.  In women with previous vertebral, the absolute risk of a new vertebral fracture 

was 25-50%, depending upon T-score (Cauley, Hochberg et al. 2007).  The risk of a new 

vertebral fracture was greatest in women with a total hip T-score in the osteoporotic 

range (≤-2.5) and a history of previous vertebral fracture (AR 56%, 95% CI 44-69).   

 

Quite apart from fragility fractures, a history of a high-trauma fracture in women may 

also constitute a risk factor for subsequent fracture (Mackey, Lui et al. 2007).  A 9-year 
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study of 8,022 women participating in the Study of Osteoporotic Fractures longitudinal 

study, found that women who had a prior high- or low-trauma, non-vertebral fractures 

had similarly high risk of subsequent fracture compared with those who had not had such 

fractures (Mackey, Lui et al. 2007).  The risk of a subsequent fracture was 34% (95% CI 7-

67) greater among women with a history of high-trauma fracture and 31% (95% CI 20-

43) greater among women with a history of low-trauma fracture.   

 

1.3.3 Glucocorticoid Therapy  

Glucocorticoid therapy is a long-established risk factor for fracture (Gosch, Jeske et al. 

2012).  A retrospective cohort study of patients in the United Kingdom General Practice 

Research Database (GPRD) in the year 2000 examined 244,235 users of oral 

glucocorticoids.  It showed that there was a dose-dependent relationship between 

chronic glucocorticoid use and fracture risk; doses of prednisolone at 7.5 mg/day or 

greater had the highest risk, while low doses of glucocorticoids (prednisolone less than 

2.5 mg/day) were also associated with increased fracture risk (Van Staa, Leufkens et al. 

2000).  The mechanism by which glucocorticoids cause osteoporosis is complex, and 

probably encompasses an interplay between alteration of secretion of sex hormones, 

decreased intestinal calcium absorption, alterations of vitamin D metabolism, and direct 

and indirect promotion of bone resorption and suppression of bone formation (Lukert 

and Raisz 1990).   

 

1.3.4 History of Fragility Fracture in a First-Degree Relative 

It is estimated that those women with a parental history of hip fracture have a twofold 

increased risk of hip fracture, irrespective of BMD (Cummings, Nevitt et al. 1995).  In 

addition, those with a parental history of hip fracture are also at increased risk of all other 

osteoporotic fractures, though not to the same degree (Adami, Bertoldo et al. 2009). 

 

1.3.5 Low Body Weight 

Body weight less than 58 kg is associated with increased risk of both osteoporosis and 

fractures in several studies and may be related to size of bones (Ensrud, Cauley et al. 

1997, Ensrud, Lipschutz et al. 1997, Langlois, Visser et al. 1998, Green, Colón-Emeric et 

al. 2004).  Losing weight after age 50 years in women has been reported to increase the 
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risk of hip fracture, while weight gain decreases it.  And increased height, irrespective of 

weight has been associated with higher risk of hip fracture (Meyer, Falch et al. 1995, 

Langlois, Harris et al. 1996, Ensrud, Lipschutz et al. 1997).  It is possible that the 

mechanism of weight loss may influence its bearing on bone quality.  For example, in one 

small, randomized trial of 48 subjects, those who lost weight through restriction of 

calories saw a decrease in total hip BMD, while those who lost the same amount of 

weight via exercise alone had no changes in BMD  (Villareal, Fontana et al. 2006). 

 

1.3.6 Cigarette Smoking 

Several large meta-analyses have shown that cigarette smoking is associated with both 

increased risk of fracture and reduction in BMD (Ward and Klesges 2001, Kanis, Johnell 

et al. 2005).  The risk of fracture was increased for both current and past smokers but 

was more pronounced in current smokers. 

 

1.3.7 Excessive Alcohol Consumption 

The risk of fracture with excessive alcohol intake was found to be dose dependent in a 

large prospective study of almost 16,000 subjects over a total of more than 75,000 

patient years (Kanis, Johansson et al. 2005).  And a meta-analysis of case-control and 

prospective cohort studies concluded that alcohol consumption in excess of 2 drinks 

(which was defined as approximately 28g of pure alcohol) per day is associated with an 

increased risk of hip fracture specifically (RR 1.39, 95% CI 1.08-1.79) (Berg, Kunins et al. 

2008).   

 

1.3.8 Medical Comorbidities 

A large number of medical conditions are associated with low BMD and an increased risk 

of fracture; the common mechanisms may be either due to underlying inflammation, 

malabsorption, renal excretion of calcium, or the medications that are used to treat the 

diseases.  Examples include rheumatoid arthritis, inflammatory bowel disease, coeliac 

disease, cystic fibrosis, hyperparathyroidism and hyperthyroidism (Cosman, de Beur et 

al. 2014). 
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Hyperthyroidism 

The adverse effect on bone of excess thyroid hormone was recorded more than a century 

ago by von Recklinghausen.  Overt hyperthyroidism almost doubles the risk of 

osteoporotic fracture (Abrahamsen, Jørgensen et al. 2014).  And although subclinical 

hyperthyroidism has not been clearly linked to osteoporosis, there is an association 

between it and low BMD and increased fracture risk in observational studies  (Williams 

and Bassett 2018).   

 

Type 1 and 2 Diabetes Mellitus 

Both type 1 and type 2 diabetes mellitus are known to be associated with increased risk 

of hip and vertebral as well as other fractures (Shah, Shah et al. 2015, Jia, Bao et al. 2017, 

Moayeri, Mohamadpour et al. 2017, Thong, Herath et al. 2018).   

 

Renal Disease 

It has been long established that end-stage chronic kidney disease (CKD) is associated 

with an increased risk of fractures (Coco and Rush 2000, Danese, Kim et al. 2006, Kim, 

Long et al. 2016).  And trabecular bone less can be more pronounced than cortical in 

chronic kidney disease (Rampersad, Whitlock et al. 2020).  The mortality risk related to 

fracture increases with the severity of CKD (Coco and Rush 2000, Nitsch, Mylne et al. 

2009).  Moderate degrees of renal insufficiency in women and men have also been 

associated with an increased fracture risk in most studies (Jamal, West et al. 2012, Ensrud, 

Parimi et al. 2014, Naylor, McArthur et al. 2014, Kim, Long et al. 2016), but not all studies 

(Jassal, von Muhlen et al. 2007).  For example, in a case cohort study of women ≥65 years, 

hip fracture risk was increased in women with an estimated glomerular filtration rate 

(eGFR) of 45 to 59 mL/min (hazard ratio (HR) 1.57, 95% CI 0.89-2.76) and in those with 

an eGFR <45 mL/min (HR 2.32, 95% CI 1.15-4.68) compared with women with an eGFR 

≥60 mL/min (Ensrud, Lui et al. 2007)].  The risk of hip fracture remained, but was less 

pronounced, after controlling for BMD (Nickolas, McMahon et al. 2006, Ensrud, Lui et al. 

2007). 
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1.3.9 Vitamin D Deficiency 

Vitamin D deficiency is a significant risk factor for osteoporosis and fractures (Adami, 

Bertoldo et al. 2009).  Vitamin D plays a role in the intestinal absorption of calcium and 

phosphorus.  It is necessary both for mineralisation of bone and for the maintenance of 

muscle, and also has numerous beneficial effects on other organs.  The majority of 

vitamin D is synthesised through the skin by sunlight exposure, but this capacity is 

reduced in older people, and compounded by the fact that they tend to have less sun 

exposure than their younger counterparts.  The majority of older adults suffer from 

hypovitaminosis D (Boucher 2012).   

 

25-hydroxy-vitamin D (vitamin D) level below 50 nmol/l is generally considered to 

represent deficiency (Holick 2007), as most studies find that secondary 

hyperparathyroidism and markers of bone disease are minimized when vitamin D is at or 

above this level (Chapuy, Preziosi et al. 1997, Thomas, Lloyd-Jones et al. 1998, Heaney 

2003, McCarroll 2014).  Maintenance of a level of up to 50 nmol/l is also consistent with 

recommendations of the Institute of Medicine (IOM) (Institute of Medicine Committee 

to Review Dietary Reference Intakes for Vitamin and Calcium 2011).  Serum vitamin D 

levels below 25nmol/l are associated with rickets in children and osteomalacia in adults; 

therefore, this can be considered to represent severe deficiency (Holick 2007, McCarroll 

2014).  A recent study of vitamin D levels in over 33,000 adults from south Dublin 

reported that in adults over the age of 60 years, 10-21% had vitamin D levels ≤30nmol/L 

and 17% had vitamin D levels of 30-49nmol/L (McCarroll 2014, Scully, Laird et al. 2020).  

A number of trials have demonstrated lower fracture risk in patients with a plasma 

concentration of 25-hydroxy-vitamin D (25(OH)D) of at least 60 nmol/L (Bischoff-Ferrari, 

Willett et al. 2012).  Improvement in 25(OH)D levels results in fewer falls in older people, 

and trials have demonstrated that vitamin D supplementation is associated with a 

reduction in all-cause mortality (Bischoff-Ferrari, Dawson-Hughes et al. 2009).  It has 

been reported that serum vitamin D levels up to 75 nmol/l are associated with higher 

BMD, better intestinal calcium absorption, and parathyroid hormone (PTH) suppression.  

A review of literature has also suggested that a vitamin D level of at least 65 nmol/l is 

required to reduce non-vertebral fractures, and a level of 75 nmol/l may be needed to 

lower hip fracture risk (Dawson-Hughes 2013).  And a previous literature review had 
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similarly suggested that the optimal vitamin D level for bone health is greater than 75 

nmol/l (Dawson-Hughes, Heaney et al. 2005, McCarroll 2014).  Thus, many experts define 

vitamin D insufficiency as a level less than 75 nmol/l (Holick 2007, McCarroll 2014).  The 

term Vitamin D insufficiency has in recent years been adopted by the US Endocrine 

Society.  It defines it as less than 75 nmol/l (Holick 2012).  The European Society for 

Clinical and Economic Aspects of Osteoporosis, Osteoarthritis and Musculoskeletal 

Diseases (ESCEO) additionally supports a minimum level of 75 nmol/l in older adults at 

increased risk of falls and fracture (Rizzoli, Boonen et al. 2013, McCarroll 2014).   

 

With respect to the upper targets for supplementation, a risk review of vitamin D 

supplementation suggested that a vitamin D level of about 75–110 nmol/l should be 

reached for optimal health outcomes (Bischoff-Ferrari 2009, McCarroll 2014).  And levels 

above 75 nmol/l and up to 90-100 nmol/l were found to be optimal in relation to various 

outcomes such as falls, fractures, physical functioning, dental health and colorectal 

cancer (Bischoff-Ferrari, Giovannucci et al. 2006, McCarroll 2014).   

 

For both men and women over 50 years of age, the Recommended Nutrient Intake (RNI) 

of vitamin D are 800 International Units (IUs) per day (Kanis, McCloskey et al. 2013).  

Intakes of at least this amount are recommended in the general management of patients 

with osteoporosis, especially in patients receiving bone-protective therapy (Rizzoli, 

Boonen et al. 2013).  

 

1.3.10 Medications Linked to Osteoporosis 

In addition to the risk factors above, numerous medications are associated with 

decreased BMD and increased fracture risk (Gosch, Jeske et al. 2012), with greater 

number of medications being associated with higher risk.  Below I outline some of the 

main medications associated with osteoporosis and their potential mechanisms in 

reducing BMD and increasing fracture risk.   

 

Anti-epileptic Drugs 

Both epilepsy and anti-epileptic drugs (AEDs) are associated with adverse effects on BMD, 

bone quality and fracture risk.  People with epilepsy who are treated with AEDs have 
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increased rates of bone loss as well as abnormalities in bone and mineral metabolism 

(Pack 2004, Pack and Morrell 2004).  Such effects may contribute to their higher risk of 

fracture (Cummings, Nevitt et al. 1995, Desai, Ribbans et al. 1996, Vestergaard, Tigaran 

et al. 1999, Vestergaard, Rejnmark et al. 2004).  Biochemical markers of bone formation 

and resorption, measured in serum and urine, may be elevated in patients with epilepsy 

receiving AEDs.  Such elevated levels have been particularly reported during long-term 

AED therapy (Välimäki, Tiihonen et al. 1994, Sato, Kondo et al. 2001, Ensrud, Walczak et 

al. 2004, Oner, Kaya et al. 2004).  Relationships between AED type and fracture risk are 

however unclear.  A 2015 systematic review of 13 observational studies in patients with 

epilepsy, compared treatment with AEDs that induce the cytochrome P450 system, 

versus AEDs that do not induce it.  Of these, 5 studies showed decreased BMD in users 

of AEDs that induce the cytochrome P450 system, whereas 5 studies showed no effect 

on BMD (Fraser, Burneo et al. 2015).   2 of these studies showed increased fracture risk 

in patients treated with enzyme-inducing AEDs, while 1 study showed no difference.  In 

the largest study, comprising over 63,000 patients with epilepsy, there was an increased 

risk of hip fracture with use of enzyme-inducing compared with non-enzyme-inducing 

AEDS for both men (HR 1.53, 95% CI 1.10-2.12) and women (HR 1.49, 95% CI 1.15-1.94) 

(Nicholas, Ridsdale et al. 2013).  Some studies have shown that the induction of the 

cytochrome P450 system by AEDs causes increased catabolism of vitamin D to its inactive 

metabolites and a subsequent rise in PTH, which increases the mobilization of bone 

calcium stores and subsequent bone turnover (Gough, Goggin et al. 1986, Perucca 1987, 

Pack and Morrell 2001, Fitzpatrick 2004).  This mechanism does not however account for 

the fact that other studies have demonstrated increased bone turnover or bone loss 

independent of vitamin D deficiency (Verrotti, Greco et al. 2000, Andress, Ozuna et al. 

2002, Farhat, Yamout et al. 2002, Verrotti, Greco et al. 2002, Pack, Morrell et al. 2005). 

 

Heparin 

Heparin is believed to cause bone loss by the dual mechanisms of decreasing bone 

formation and increasing bone loss (van der Wiel, Lips et al. 1993), increasing bone 

resorption, or both (Muir, Andrew et al. 1996).  It is possible that low molecular weight 

heparins may have less of an adverse effect on bone than unfractionated heparin, as 

demonstrated by some small trials (Monreal, Lafoz et al. 1994, Pettilä, Leinonen et al. 
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2002).  However, in a larger, prospective observational study no difference was found 

between the two formulations of heparin (Backos, Rai et al. 1999). 

 

Warfarin 

Warfarin inhibits the gamma-carboxylation of osteocalcin, which is a major protein of 

bone.  This is potentially deleterious as non-carboxylated osteocalcin is unable to bind 

calcium effectively (Lian and Gundberg 1988).  A number of cross-sectional studies have 

demonstrated bone density in warfarin-treated patients to be lower than in control 

patients (Fiore, Tamburino et al. 1990, Philip, Martin et al. 1995).  In addition, a 

retrospective cohort study found long-term warfarin use to be associated with an 

increased risk of vertebral and rib fractures (Caraballo, Heit et al. 1999).  A retrospective 

cohort study of hospital inpatients with atrial fibrillation (AF) found that men, but not 

women, who had been prescribed warfarin for over 1 year had an increased risk for 

osteoporotic fracture (odds ratio (OR) 1.63, 95% CI 1.26-2.10) (Gage, Birman-Deych et al. 

2006).   However, other studies have found warfarin to have no adverse effect on BMD 

(Piro, Whyte et al. 1982, Rosen, Maitland et al. 1993) or fracture rates (Jamal, Browner 

et al. 1998, Woo, Chang et al. 2008, Veronese, Bano et al. 2015).  For example, in a 

prospective observational study of women aged ≥65 years, those prescribed warfarin (n 

= 149) and those not prescribed it (n = 6052) had similar rates of BMD reduction at the 

hip (1.1% and 0.8% respectively) over 2 years, and also had similar fracture rates over 3.5 

years of follow-up (Jamal, Browner et al. 1998). 

 

With respect to the direct oral anticoagulants (DOACS), some observational studies 

suggest they are associated with a lower risk of fracture than warfarin (Binding, Bjerring 

Olesen et al. 2019, Lutsey, Norby et al. 2019, Lau, Man et al. 2020).  However, other 

studies do not (Fiordellisi, White et al. 2019).  It is unclear the reason for these differences 

and whether DOACs themselves could be protective against fracture or merely less 

deleterious than warfarin.   

 

Loop Diuretics 

Loop diuretics impair calcium reabsorption in the loop of Henle, thereby consigning a 

negative calcium balance, which has been associated with a decrease in BMD and an 
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increase in risk of hip fracture in some (Heidrich, Stergachis et al. 1991, Rejnmark, 

Vestergaard et al. 2006, Lim, Fink et al. 2008), but not all (Carbone, Johnson et al. 2009) 

studies.  In a 2006 clinical trial, 87 healthy postmenopausal women were randomly 

assigned to receive a loop diuretic, bumetanide, or placebo for one year.  Measured 

urinary calcium increased by 17% and serum PTH increased by 9%; BMD decreased at 

the hip by 2% and whole body by 1.4% in the treatment group compared with placebo 

(Rejnmark, Vestergaard et al. 2006).  This occurred despite supplementation with 

calcium and vitamin D.  A cohort study of 3,269 men showed the use of loop diuretics 

was also associated with a 0.78% annual decline in total hip BMD compared with 

nonusers who had a 0.33% decline (Lim, Fink et al. 2008).  In a case-control study, the 

adjusted relative risk for hip fracture was 3.9 (95% CI 1.5-10.4) in patients prescribed 

furosemide compared with those not taking it (Heidrich, Stergachis et al. 1991).  Contrary, 

however to the aforementioned findings, the Women's Health Initiative (WHI) 

observational study, found no significant associations between use of loop diuretics and 

changes in BMD, falls and fractures (HR for hip fractures in users versus never users was 

1.21, 95% CI 0.91- 1.60); models were adjusted for confounding variables (Carbone, 

Johnson et al. 2009).  

 

Proton Pump Inhibitors 

An acid environment is required for the optimum absorption of calcium carbonate and 

other insoluble forms of calcium.  Therefore, drugs that reduce gastric acid secretion, 

such as proton pump inhibitors (PPIs) and H2 blockers, may reduce calcium absorption.  

As calcium absorption decreases with age, older adults are particularly vulnerable to the 

effects of PPIs and H2 blockers on calcium metabolism. 

 

Reduction of calcium absorption amongst postmenopausal women taking PPIs has been 

found in some (O'Connell, Madden et al. 2005), but not all studies (Hansen, Jones et al. 

2010, Hansen, Nieves et al. 2019).  However, these studies employed significantly 

different methodology, making direct comparison difficult.  Of note, however, dietary 

calcium in the form of milk and cheese did not have reduced absorption in healthy 

individuals treated with omeprazole (Serfaty-Lacrosniere, Wood et al. 1995, Wright, 
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Sullivan et al. 2010).  This suggests that a meal may induce a sufficient amount of acid 

secretion for calcium absorption despite PPI therapy. 

 

With respect to PPIs and fracture risk, in meta-analyses of case control and cohort studies, 

the risk of hip, spine, and any-site fractures was modestly but significantly increased in 

patients taking PPIs (RRs 1.30, 1.56, and 1.16, respectively) (Kwok, Yeong et al. 2011, 

Ngamruengphong, Leontiadis et al. 2011, Yu, Bauer et al. 2011, Khalili, Huang et al. 2012).  

Some studies found higher risk in those on long-term high-dose PPIs (Yang, Lewis et al. 

2006, Khalili, Huang et al. 2012), but others did not (Vestergaard, Rejnmark et al. 2006).  

The risk may be quite esoteric, as in one analysis, risk was increased exclusively in 

patients with at least one other risk factor for hip fracture (Corley, Kubo et al. 2010), and 

in another study risk was increased only in current or former smokers (Khalili, Huang et 

al. 2012). 

 

The largest prospective cohort study (the WHI Study) did not find an association between 

PPI use and hip fracture in over 130,000 women participants (HR 1.00, 95% CI 0.71-1.40) 

(Gray, LaCroix et al. 2010).  However, it did find that PPI use was associated with 

increased risk of clinical vertebral (HR 1.47, 95% CI 1.18-1.82), wrist, and total fractures.  

H2 blockers have been associated with greater risk of hip fracture in some studies and 

reports (Yang, Lewis et al. 2006, de Vries, Cooper et al. 2009, Corley, Kubo et al. 2010), 

but other studies have found decreased risk (Vestergaard, Rejnmark et al. 2006), and 

other studies have reported neutral results (Gray, LaCroix et al. 2010, Kwok, Yeong et al. 

2011). 

 

In a subsequent analysis of a Danish national prescription database, examining almost 

half a million patients, concurrent use of PPIs and alendronate compared with 

alendronate alone was associated with loss of protection against hip fracture; the 

fracture risk reduction with alendronate was 39% in non-PPIs users versus 19% in PPI 

users (Abrahamsen, Eiken et al. 2011).  The concurrent treatment with H2 blockers did 

not modify the treatment response to alendronate in this study.  While these 

observational studies establish a link between PPIs and fracture risk, they do not amount 

to proven causality.  In one prospective cohort study, long-term PPI use was associated 
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with lower baseline BMD at the femoral neck and total hip, but not with accelerated BMD 

decline (Targownik, Leslie et al. 2012).  Other studies have not found a decrease in BMD 

in PPI users compared with nonusers (Lewis, Barre et al. 2014, Solomon, Diem et al. 2015).  

However, one of these studies found an increased risk of both falls and fractures in PPI 

users (Lewis, Barre et al. 2014).  Therefore, it is possible that factors independent of BMD 

such as general frailty, may contribute to fracture risk; PPI use may simply be a marker 

of frailty as PPI-users are more likely to have a greater burden of ill-health than controls 

(Targownik, Leslie et al. 2012).  Further studies investigating the possible causal 

relationship between PPIs and fracture are required. 

 

Antidepressants 

The link between antidepressant medications and osteoporosis is uncertain (Power, 

Duffy et al. 2019).  In observational studies, selective serotonin reuptake inhibitors 

(SSRIs) and tricyclic antidepressants (TCAs) have both been associated with an increased 

risk of low-trauma fractures (Liu, Anderson et al. 1998, Ensrud, Blackwell et al. 2003, 

Richards, Papaioannou et al. 2007).  Meta-analyses of case-control and cohort studies 

have shown an increased risk of hip fracture and nonvertebral fracture in patients who 

had taken an SSRI (RR 1.72, 95% CI 1.51-1.95) (Eom, Lee et al. 2012, Wu, Bencaz et al. 

2012).  A separate meta-analysis of case-control and cohort studies examining the 

association between TCAs and fracture risk found an increased risk of fracture in users 

of TCAs compared with nonusers (adjusted RR 1.36, 95% CI 1.24-1.50) (Wu, Qu et al. 

2013).  Because the rise in fracture risk was very rapid and decreased with time, this 

suggests that the effect was not due to a reduction in BMD, but perhaps due to other 

factors such as increased falls risk.  

 

While demonstrating a strong association between antidepressants and fracture, these 

studies do not prove causality.  However, in some large cross-sectional and prospective 

cohort studies, SSRI-users, but not TCA-users, have had reduced BMD (men) (Haney, 

Chan et al. 2007) and increased rates of bone loss at the hip (women) (Diem, Blackwell 

et al. 2007).  Thus, the possibility remains of a direct effect of SSRIs on bone metabolism, 

although studies in this regard are preliminary and have not been borne out in the limited 
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randomized controlled trials which have been conducted (Battaglino, Fu et al. 2004, Diem, 

Joffe et al. 2014). 

 

Potentially Beneficial Drugs 

 

Statins 

There is conflicting data around whether or not 3-hydroxy-3-methylglutaryl coenzyme-A 

(HMG-CoA) reductase inhibitors (statins), which are used for the treatment of 

hypercholesterolemia, may have beneficial effects on the skeletal health.  Some studies 

have shown statin therapy to be associated with a decrease in fractures or an increase in 

BMD (Chan, Andrade et al. 2000, Chung, Lee et al. 2000, Wang, Solomon et al. 2000, 

Pasco, Kotowicz et al. 2002, Scranton, Young et al. 2005).  Other studies, however, found 

no decrease in fractures (El-Sohemy 2000, Reid, Hague et al. 2001, van Staa, Wegman et 

al. 2001).  Many of these studies included disproportionately high numbers of men, and 

the particular statin varied, as did the design of the studies, and most were case-control 

or retrospective studies.  The WHI observational study, which was the largest 

observational study to examine the matter of statins and bone health, reported no 

reduction in fracture rates in postmenopausal statin users compared with nonusers after 

4 years of follow-up (LaCroix, Cauley et al. 2003). 

 

A meta-analysis of 8 observational studies that reported statin use and documented 

fracture outcomes in postmenopausal women (including the WHI observational study), 

showed that statins were associated with lower risk of hip fracture (OR 0.43, 95% CI 0.25-

0.75 for users versus nonusers) (Bauer, Mundy et al. 2004).  In contrast, however, post 

hoc analysis of 2 cardiovascular trials did not support a protective effect of statins (El-

Sohemy 2000, Reid, Hague et al. 2001).  In the 1 prospective clinical trial, 82 

postmenopausal women were randomly assigned to either simvastatin 40 mg per day, 

or placebo, for one year.  This study found no effects of simvastatin on biochemical bone 

markers or on BMD at the hip or spine, but there was an increase in BMD at the forearm 

(Rejnmark, Buus et al. 2004).  Overall, observational studies on statins and bone health 

are inconclusive and the placebo-control trial has not demonstrated a protective effect 

of statins.   
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Beta Blockers 

Beta blockers have been shown to stimulate bone formation and inhibit bone resorption 

in animal models (Cherruau, Facchinetti et al. 1999), but data in humans vary.  Some 

studies show a lower risk of fracture with current use of beta blockers (Pasco, Henry et 

al. 2004, Schlienger, Kraenzlin et al. 2004) but others show no effect (Reid, Gamble et al. 

2005).  A 2014 meta-analysis of 16 observational studies found significant reduction in 

fracture risk in patients taking beta blockers, with hip fracture reduction being most 

pronounced (Toulis, Hemming et al. 2014).  There was, however, significant 

heterogeneity in the results of the analysis. 

 

1.3.11 Possible Risk Factors 

Depression itself, as opposed to antidepressant medication use, has been associated 

with an increased risk of fracture in some studies (Mezuk, Eaton et al. 2008).  However, 

the relationship between depression and fracture is likely complex, with other risk 

factors acting as confounders.  

 

Hyponatraemia 

Mild asymptomatic hyponatremia (serum sodium <135 mEq/L) was associated with an 

increased fracture risk (OR for fracture 4.2, 95% CI 2.2-7.7) in a case-control study 

(Gankam Kengne, Andres et al. 2008).  In the majority of cases, hyponatremia was either 

drug-induced (diuretics, SSRIs and AEDs) or was due to the syndrome of inappropriate 

antidiuretic hormone secretion (SIADH), which raises the possibility of other concurrent 

risks of fracture, independent of serum sodium level itself.   

 

Elevated Inflammatory Markers 

Elevated markers of inflammation, specifically C-Reactive Protein (CRP) was found to be 

a significant independent risk factor for low-trauma fracture amongst 900 patients 

observed over a 15-year period (Schett, Kiechl et al. 2006, Cauley, Danielson et al. 2007).   
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1.4 Pathophysiology 

 

80% of the mature human skeleton is made of cortical bone and 20% of trabecular bone.  

Cortical bone is both dense and solid and surrounds the marrow, while trabecular bone 

is a honeycomb-like network of trabecular plates and rods interspersed throughout the 

bone-marrow compartment.  Both cortical and trabecular bone are composed of osteons 

(Clarke 2008).  The bone tissue is comprised of cells: osteoclast, osteoblast and 

osteocytes; and matrix (Clarke 2008).  Osteoclasts are the only cells known to be capable 

of resorbing bone.   Activated multinucleated osteoclasts develop from mononuclear 

precursor cells of the monocyte-macrophage lineage (Boyle, Simonet et al. 2003).  

Osteoprogenitor cells produce and maintain osteoblasts which synthesise new bone 

matrix on bone-forming surfaces, and osteocytes within the bone matrix support the 

bone structure as well as the protective lining cells that cover the surface of the quiescent 

bone.  Osteocytes are terminally differentiated osteoblasts and function within syncytial 

networks to support bone structure and metabolism, and osteoclasts take the role of 

bone resorption as part of coupled remodelling with osteoblasts.  The mineralised 

portion of bone provides mechanical rigidity and load-bearing strength to bone, whereas 

the organic matrix provides elasticity and flexibility (Clarke 2008). 

The term ‘bone quality’ can be used in two senses: firstly, it can represent the sum of all 

the characteristics of bone that affect its ability to resist fracture (i.e. all aspects of bone 

size, shape and its material properties); secondly, bone quality can refer to the influence 

of factors that affect fracture but are not accounted for by bone mass or quantity 

(Bouxsein 2003, Felsenberg and Boonen 2005).  

 

Osteoporosis is a skeletal disorder characterized by compromised bone strength 

predisposing to an increased risk of fractures.  Throughout the course of life, older bone 

is constantly resorbed by osteoclasts and replaced with new bone made by osteoblasts.  

This process is known as remodelling and is orchestrated and targeted to a particular site 

that is in need for repair by osteocytes (Xiong, Onal et al. 2011).  Increased activity or 

oversupply of osteoclasts relative to the need for remodelling or an undersupply or 

underactivity of osteoblasts relative to the need for bone repair are perhaps the most 
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noteworthy pathophysiological changes in osteoporosis (Manolagas 2000, Manolagas, 

Kousteni et al. 2002). 

 

Peak Bone Mass 

The maximum bone mass achieved in life is referred to as “peak bone mass”.  The time 

of peak bone mass is not known with certainty, but it probably occurs in the third decade 

of life, with differences in timing due to genetic, hormonal and environmental variables, 

and to skeletal site (type of bone) and method of BMD measurement.  Peak bone mass 

is thought to be achieved between the ages of 16–25 in most people, after which bone 

mass decreases slowly but continuously (Bono and Einhorn 2003). 

 

Genetics 

Some of the variation in BMD among humans has a genetic basis, and genome-wide 

association studies have identified approximately 80 genetic loci that influence BMD 

(Duncan, Danoy et al. 2011, Estrada, Styrkarsdottir et al. 2012).  It remains unclear, 

however, whether the same genes that determine BMD also affect the rate of bone loss 

with advancing age or the risk of fractures.   

 

Ethnic Variation 

Studies in the US have demonstrated ethnic differences in BMD and fracture risk.  For 

example, African Americans have higher BMD than white Americans, and Asian 

Americans have lower BMD than white Americans.  African Americans have lower 

fracture rates at many skeletal sites, including hip and vertebrae.  Hispanics and Asian 

Americans also have lower hip fracture rates than white Americans.  It is important 

however to note that BMD differences tend to be reduced in magnitude or removed if 

adjusted for body size differences (Looker, Melton et al. 2012). 

 

Environmental Factors 

The acquisition of peak bone mass is significantly dependent on both body size and 

physical activity in youth (Crabtree, Kibirige et al. 2004).  Therefore, optimisation of 

physical activity in younger life is important in later prevention of osteoporosis.  In 

contrast, chronic diseases during childhood can increase the risk of fractures in 
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adulthood caused by suboptimal peak bone mass (Wetzsteon, Kalkwarf et al. 2011).  Risk 

factors for impaired bone accrual in such children include poor growth, delayed 

maturation, malnutrition, muscle deficits, decreased physical activity, chronic 

inflammation, and medications such as glucocorticoids.   

 

Factors relating to the decrease in BMD in older age include oxidative stress, osteoblast 

and osteoclast senescence and deficiency of both oestrogen and androgens.  

Postmenopausal oestrogen deficiency is responsible for a significant burden of 

osteoporosis.  Other factors in later life include lymphocytes and cytokine activity, 

decreased osteocyte viability, glucocorticoid excess and increased oxidised lipids 

(Manolagas 2020).  Low bone mass may also be seen in renal osteodystrophy and can be 

difficult to distinguish from osteoporosis (Miller 2005, Moe, Drüeke et al. 2006).   

 

1.5 Diagnosis, Assessment and Screening 

 

Osteoporosis may be diagnosed by either the presence of a fragility fracture of the hip, 

spine, wrist, humerus, pelvis or ribs; it may also be diagnosed by a T-score of ≤-2.5 SD 

based on BMD measured at any site (Cosman, de Beur et al. 2014, Morin, Lix et al. 2014, 

Siris, Adler et al. 2014).    

 

1.5.1 Diagnosis of Osteoporosis by Fragility Fracture 

While WHO criteria for diagnosis of osteoporosis rely on classification by DXA T-score, a 

clinical diagnosis of osteoporosis may be made based on the presence of a low trauma 

hip fracture or vertebral fracture (Siris, Adler et al. 2014).  Some experts also advocate 

the inclusion of fractures of the wrist, humerus, ribs or pelvis as indicative of osteoporosis.   

 

Fragility fractures may be defined as those fractures which occur spontaneously or from 

minor trauma, such as a fall from a standing height or less.  The mechanical force involved 

in a fragility fracture is considerably less than that which would ordinarily cause in 

fracture.  The spine, hip and wrist are the most common sites of fragility fracture (Siris, 

Adler et al. 2014).   
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1.5.2 Diagnosis by Bone Mineral Density and DXA 

Non-modifiable risk factors for lower BMD and suboptimal bone microarchitecture 

include older age, female sex, white race, personal and parental history of osteoporosis 

and fractures, and small body size.  Modifiable osteoporotic risk factors include low 

calcium intake, reduced exposure to sunlight, prolonged immobilisation, excessive 

alcohol consumption, smoking, eating disorders, low body mass index (BMI) and low 

levels of exercise.  Medications such as glucocorticoids, PPIs, anticonvulsants, 

chemotherapy of breast and prostate cancer are also known to reduce bone density 

(Hernlund, Svedbom et al. 2013, Curtis, Moon et al. 2017). 

 

It has been long established that low BMD is associated with increased risk of fracture, 

irrespective of the technique used for measurement of BMD.  This has been 

demonstrated in numerous studies across many decades (Cummings, Black et al. 1990, 

Ross, Davis et al. 1991, Seeley, Browner et al. 1991, Black, Cummings et al. 1992, 

Cummings, Black et al. 1993, Bauer, Glüer et al. 1995, Schott, Weill-Engerer et al. 1995, 

Hans, Dargent-Molina et al. 1996, Marshall, Johnell et al. 1996, Stewart, Torgerson et al. 

1996, Bauer, Glüer et al. 1997, Thompson, Taylor et al. 1998, Kanis and Glüer 2000, Stone, 

Seeley et al. 2003, Glüer, Eastell et al. 2004, Khaw, Reeve et al. 2004, Johnell, Kanis et al. 

2005, Kanis, Borgstrom et al. 2005, Marín, González-Macías et al. 2006, Leslie, Tsang et 

al. 2007).  It is important to note that the increase in fracture risk per 1.0 SD decrease in 

BMD varies with the technique used to measure BMD, and with the skeletal site at which 

BMD is measured.  Therefore, T-scores derived from different skeletal sites with different 

technologies cannot be considered interchangeable with each other (Kanis 2002, Picard, 

Brown et al. 2004). 

 

In the absence of a person’s having had a fragility fracture, measurement of BMD by 

Dual-energy X-ray Absorptiometry (DXA) is the gold standard for diagnosis of 

osteoporosis according to WHO classification (1994, Cosman, de Beur et al. 2014) in 

conjunction with the International Society for Clinical Densitometry (ISCD) (Baim, Binkley 

et al. 2008). 
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Dual-energy X-ray Absorptiometry 

DXA measures the mineralised content of bone (BMC), in grams, and bone area (BA), in 

square centimetres.  It then calculates a real BMD in g/cm2 by dividing BMC by BA.  DXA 

is the most widely used method for measuring BMD because it provides both precise and 

accurate measurements at clinically relevant skeletal sites and it can be used for 

diagnostic classification, input with fracture risk scores (see section on Fracture Risk 

Assessment Tool (FRAX) below) and monitoring the response to therapy.  The major 

disadvantages of DXA are that the instrument is large (and hence not portable), and it is 

more expensive than most peripheral technologies (Baim, Binkley et al. 2008).  While it 

uses ionising radiation, the dose is low, being equivalent to less than one chest x-ray 

(Njeh, Fuerst et al. 1999).   

 

Bone Mineral Density testing 

DXA is considered the most accurate method for monitoring changes in BMD over time 

(Shuhart, Yeap et al. 2019).  Many features of DXA make it particularly useful in tracking 

BMD changes.  Biomechanical studies have shown significant correlation between 

mechanical strength and BMD measured by DXA (Lotz, Cheal et al. 1991).  It has been 

demonstrated in prospective cohort studies that there is a strong relationship between 

fracture risk and BMD measured by DXA (Marshall, Johnell et al. 1996).  The WHO criteria 

for the diagnosis of osteoporosis are based DXA on reference data. 

 

The FRAX tool, outlined below uses femoral neck BMD measured by DXA as one of its 

input measures.  Many randomized clinical trials showing a reduction in fracture risk with 

osteoporotic drug therapy have chosen subjects based on BMD measured by DXA 

(Cranney, Guyatt et al. 2002).  A strong relationship has been shown between decreased 

fracture risk with drug therapy and the magnitude of BMD increase measured by DXA 

(Wasnich and Miller 2000, Bouxsein, Eastell et al. 2019).  The accuracy and precision of 

DXA are excellent, assuming adherence to operational protocols (Mazess, Chesnut et al. 

1992, Baim, Binkley et al. 2008); radiation exposure is very low (Njeh, Fuerst et al. 1999). 

 

The T-score, which is the value used for diagnosis of osteoporosis, is calculated by 

subtracting the mean BMD of a young adult reference population from the patient's BMD 
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and dividing by the SD of a young adult population.  The mean BMD and SD of the 

reference populations used for these calculations are critical variables in the 

determination of T-scores and Z-scores (Baim, Binkley et al. 2008). 

 

Skeletal Site Selection 

The WHO has recommended that the international standard for diagnosis of 

osteoporosis is made by using the T-score measured by DXA at the femoral neck (Kanis, 

McCloskey et al. 2008).  However, the National Osteoporosis Foundation (NOF) and the 

ISCD suggest that the diagnosis of osteoporosis in clinical practice be made by DXA using 

the lowest T-score of the lumbar spine (L1-L4), total proximal femur, or femoral neck 

(Cosman, de Beur et al. 2014).  With respect to other skeletal sites of BMD measurement 

in the hip; Ward's area, trochanter, and other regions of interest, they should not be used 

for diagnosis of osteoporosis.  In cases where the forearm is measured, then the 33% 

radius (one-third radius) may be used for diagnostic purposes if it is the lowest of the 

skeletal sites measured.  The convention of using the lowest T-score of these skeletal 

sites is justified by the fact that all are good predictors of fracture risk, and the use of the 

lumbar spine, hip, and forearm BMD is consistent with the original WHO diagnostic 

classification of 1994 (Baim, Binkley et al. 2008).   

 

Reference Databases 

Both the WHO and the ISCD recommend calculation of T-score from a uniform, 

standardized reference database in men and women of all ethnic groups, using the 

National Health and Nutrition Examination Survey (NHANES) III database for femoral 

neck measurements in young adult Caucasian women (Kanis, McCloskey et al. 2008). 

Bone Mineral Density Testing in Men 

 

Definitions of osteoporosis by bone densitometry in men is not as well standardized as 

they are in postmenopausal women (Gennari and Bilezikian 2007).   However, it is 

established that for every SD reduction in BMD, men have a relative risk of fracture that 

is approximately similar to, or even greater than, the relative risk in women.  In contrast, 

the age-specific prevalence of osteoporosis and fracture is lower in men than it is in 
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women.  Therefore, men have a lower absolute risk for fracture than do women at any 

bone density T-score (Cummings, Cawthon et al. 2006).   

 

The WHO definitions for osteoporosis in postmenopausal women and in men over the 

age of 50 years are based on the SD difference between a patient’s BMD and the BMD of 

a young adult reference population.  The SDs are reported in T-scores.  A negative T-score 

indicates BMD below the population mean and a positive T-score indicates a BMD above 

the population mean.  The WHO defines DXA diagnosis for osteoporosis based on T-score 

as follows (1994): 

 

 Osteoporosis:   T-score of ≤-2.5, providing that an alternative cause for 

    a low T-score (such as osteomalacia) has been ruled out.   

 

 Osteopaenia:  T-score between -1.1 and -2.4.   

 

 Normal:  T-score -1.0 or above.   

 

It is worth noting that although a T-score denoting osteoporosis is indicative of a higher 

fracture risk, there are more factures in patients with a DXA diagnosis of osteopaenia, 

because many more people have osteopaenia than osteoporosis (Cranney, Jamal et al. 

2007).   

 

Site of Bone Mineral Density Assessment 

BMD is typically measured at the hip and spine and T-scores are derived for the total hip, 

the neck of femur and for the lumbar spine.  A diagnosis of osteoporosis is taken from 

the lowest measured T-score from any of these sites (Baim, Binkley et al. 2008).  In 

addition, T-scores are often derived from the radius, particularly in cases where clinical 

conditions, such as impaired mobility prevent measurement at the hips or spine.   

 

Numerous studies show that fracture risk is inversely proportional to BMD.  1 early study 

on DXA measurements from the 1980s showed that a reduction in BMD of 2 SD was 

associated with a four-to-six-fold increase in vertebral fractures (Ross, Davis et al. 1991).  
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Another large Dutch study of 7,046 subjects in the 1980s showed an age-adjusted 

increase in relative risk for hip fracture amongst women of 2.5 for every decrease of 1 

SD in BMD of the femoral neck; there was a similar increase in relative risk amongst men, 

3.0, for every decrease in SD (De Laet, Van Hout et al. 1998).   

Numerous studies have shown that low BMD measured by DXA at any skeletal site 

(lumbar spine, hip or forearm) can predict osteoporotic fracture (Black, Cummings et al. 

1992, Stone, Seeley et al. 2003, Johnell, Kanis et al. 2005, Leslie, Tsang et al. 2007).   

 

Overall, for every 1 SD decrease in BMD (i.e., every decrease by 1 T-score), there is an 

approximately twofold increase in risk of such fractures.   

 

An American prospective study of 9,700 older women, 2,680 of whom were followed for 

an average of 15 years, found that the risk of vertebral fracture was inversely related to 

bone density at all measurement sites (Cauley, Hochberg et al. 2007).  And the age-

adjusted OR of clinical vertebral fracture for each SD decrease in DXA-measured BMD of 

the lumbar spine and total hip was 2.1 (95% CI 1.8-2.3) and 1.8 (95% CI 1.6-2.0), 

respectively.   

 

In a cohort study of 16,505 Canadian women, every SD decrease in DXA-measured BMD 

of the hip or the lumbar spine was found to be associated with increased risk of 

osteoporotic fracture at any site (HR 1.8 [95% CI 1.7-2.0] for total hip and 1.5 [95% CI 1.4-

1.6] for spine) (Leslie, Tsang et al. 2007).   

 

While low BMD at any skeletal site can predict osteoporotic fracture, site-specific 

measurements of BMD are generally considered better for their respective sites.  For 

example, hip BMD is better at predicting hip fracture, compared with BMD measured at 

other skeletal sites (Cummings, Black et al. 1993, Kanis and Glüer 2000, Stone, Seeley et 

al. 2003, Kanis, Borgstrom et al. 2005, Leslie, Tsang et al. 2007).  A large metanalysis of 

prospective cohort studies with over 90,000 person-years of observation demonstrated 

that every 1 SD decrease in BMD at the femoral neck in women is associated with a 

relative risk of 2.6 (95% CI 2.0-3.5) for hip fracture and 1.6 (95% CI 1.4-1.8) for all fractures.  

And a 1 SD decrease in lumbar spine BMD is associated with a RR of 2.3 (95% CI 1.9-2.8) 
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for vertebral fracture and 1.5 (95% CI 1.4-1.7) for all fractures (Marshall, Johnell et al. 

1996). 

 

It is possible to predict fracture risk by measurement of BMD at many skeletal sites.  

Although BMD measurements at peripheral skeletal sites predict global fracture risk 

(Black, Cummings et al. 1992, Siris, Miller et al. 2001), the risk for fracture at a particular 

skeletal site is best estimated by measuring BMD at that skeletal site (Eastell, Wahner et 

al. 1989, Melton, Atkinson et al. 1993, Cummings and Black 1995, Blake and Fogelman 

2001). 

 

The ISCD position on DXA recommends that the WHO criteria are applied to BMD 

measured by DXA, using the lowest T-score of the lumbar spine (preferably L1-L4), 

femoral neck or total proximal femur.  If it is not possible to measure BMD at either of 

these skeletal sites due to structural abnormalities, such as osteoarthritis, existing 

lumbar vertebral compression fractures or surgical artifact, then the distal 33% (one-

third radius) should also be measured and considered for diagnostic classification 

(Binkley, Novotny et al. 2007).  

 

Repeat Dual X-ray Absorptiometry 

The utility of a repeat DXA in predicting fracture risk may be lower in older patients than 

in their younger counterparts, as older adults are unlikely to experience further dramatic 

declines in BMD (Huang, Ross et al. 1998, Melton, Crowson et al. 2003, Hillier, Stone et 

al. 2007).  In 4,124 healthy, community-dwelling women 65 years and older who 

participated In the Study of Osteoporotic Fracture (SOF), a repeat BMD measurement 

was performed a mean of 8 years after the initial measurement, and it did not improve 

the overall predictive value of hip, spine, or non-spine fracture risk (Hillier, Stone et al. 

2007).  These results, however, are not necessarily applicable to younger women who 

may have accelerated bone loss for reasons such as early menopause, or to women being 

treated for osteoporosis, or to men in general (Duppe, Gardsell et al. 1997, Kanis, Johnell 

et al. 2000). 
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Validity of Comparisons 

It is difficult to make reliable comparison of BMD measured with different instruments 

made by the same manufacturer or by a different manufacturer as there may be 

significant variation in the means of data acquisition.  When comparison is made, it 

should be done using BMD in g/cm, not T-score, since changes in reference databases 

may cause spurious T-score changes (Binkley, Kiebzak et al. 2005, Baim, Binkley et al. 

2008). 

 

Interpretation of Bone Mineral Density Changes 

In patients on antiresorptive therapy for osteoporosis who are adherent to therapy, 

stability or an increase in BMD is considered consistent with response to therapy, and 

larger increases in BMD are associated with greater reduction in fracture risk (Bouxsein, 

Eastell et al. 2019).  It has been recommended by a working group of the American 

Society of Bone and Mineral Research and NOF that treating to a target T-score (e.g., >-

2.0) is a practical approach to monitoring response to therapy (Cummings, Cosman et al. 

2017).  A post hoc analysis of data in 2,984 women from the Fracture Intervention Trial 

(FIT) of alendronate showed that greater fracture reduction occurred in those who 

gained BMD, while those with stable BMD still had fewer fractures than those whose 

BMD decreased (Hochberg, Ross et al. 1999).  A reduction in BMD of more than the least-

significant-change of the DXA machine employed is considered a possible marker of poor 

adherence to therapy (Ravnikar 1987, Miller 1997, Caro, Ishak et al. 2004, McCombs, 

Thiebaud et al. 2004) or of previously unrecognized contributing factors that may require 

additional investigation and intervention (Lewiecki 2003).   

 

Vertebral Fracture Assessment 

Vertebral fractures (VFs), which are the most common type of fragility fracture, are a 

strong predictor of future fractures of all types.  However, approximately two-thirds of 

VFs are not clinically detected (Cooper, Atkinson et al. 1992).  Vertebral fracture 

assessment (VFA) by DXA is a method of visualizing the spine to assess for the presence 

of VFs (Ferrar, Jiang et al. 2005).  Many centres incorporate VFA into routine DXA 

protocols, so that patients will have VFA performed with their BMD assessment (Lewiecki 

and Laster 2006).  VFA is as sensitive as spine radiographs in detecting moderate and 
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severe VFs but is less sensitive for diagnosing mild VFs (Schousboe and Debold 2006, 

Hospers, van der Laan et al. 2009).  In a study of women aged 65 years and older, the 

sensitivity and specificity of VFA in diagnosing moderate and severe VFs was 87 to 93% 

and 93 to 95% respectively (Schousboe and Debold 2006).  Because the presence of VFs 

may falsely elevate the measured BMD at the lumbar spine, the successful identification 

of previously undetected VFs may change the diagnostic classification and clinical 

management (Baim, Binkley et al. 2008). 

 

1.5.3 Diagnosis by Other Means 

 

Quantitative Ultrasonography 

Quantitative ultrasonography (QUS) does not measure BMD.  Instead, it measures the 

transmission of ultrasound waves through accessible limb bones or the reflectance of the 

ultrasound waves from the bone surface.  The parameters that are measured by 

transmission ultrasound include broadband ultrasound attenuation (BUA), speed of 

sound (SOS), and calculated values such as quantitative ultrasound index (QUI) or 

stiffness index (SI).  Some potential advantages of QUS compared with measurement of 

BMD include lower expense, portability and lack of radiation exposure.  In QUS, 

measurements are most commonly made at the calcaneus (heel), which  is composed 

primarily of cancellous bone, similar to the spine  (Krieg, Barkmann et al. 2008) 

 

Fracture Prediction by QUS 

QUS has been demonstrated to be a reliable predictor of osteoporotic fracture risk in 

numerous studies (Bauer, Glüer et al. 1995, Schott, Weill-Engerer et al. 1995, Hans, 

Dargent-Molina et al. 1996, Stewart, Torgerson et al. 1996, Bauer, Glüer et al. 1997, 

Thompson, Taylor et al. 1998, Glüer, Eastell et al. 2004, Khaw, Reeve et al. 2004, Marín, 

González-Macías et al. 2006, Dobnig, Piswanger-Sölkner et al. 2007).  For example, in a 

large, prospective study of 6,189 postmenopausal women over the age of 65 years, QUS 

of the calcaneus was found to be as accurate a predictor of hip fracture as a DXA of the 

calcaneus or femoral neck (Bauer, Glüer et al. 1997).  Furthermore, in another study, 

each SD reduction in calcaneal BUA was associated with a doubling of the risk for hip 

fractures (RR 2.0, 95% CI 1.5-2.7).  A larger study of 14,824 patients (including younger 
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women as well as men aged 42 to 82 years), calcaneal QUS also was a good predictor of 

hip fracture risk and total fracture risk (Khaw, Reeve et al. 2004).  Other studies have 

found that QUS is at least as good as clinical risk factors for predicting women at risk for 

osteoporosis (Stewart and Reid 2000, Hodson and Marsh 2003).  

 

Fracture Risk Assessment 

Factors other than BMD that are known to contribute to fracture risk include advancing 

age, previous fracture, falls, glucocorticoid therapy, family history of hip fracture and 

current smoking (Kanis 2002, Schuit, van der Klift et al. 2004, Siris, Chen et al. 2004, 

Wainwright, Marshall et al. 2005).   

 

When risk factors that are independent of BMD are taken into account, the sensitivity of 

fracture risk assessment increases and thereby can improve treatment intervention 

strategies (Kanis, Johnell et al. 2002).  Both univariate and multivariate analyses suggest 

that age, prior fracture history, and BMD are the strongest predictors of fracture risk 

(Kanis, Borgstrom et al. 2005).   

 

Fracture Risk Assessment Tool 

In 2008, the University of Sheffield launched a FRAX website which estimates the 10-year 

probability of hip fracture and major osteoporotic fracture (hip, clinical spine, proximal 

humerus, or forearm), and is  applicable to untreated patients between ages 40 and 90 

years using easily obtainable clinical risk factors for fracture and femoral neck BMD if 

available (Kanis, Johnell et al. 2008).  BMD derived from quantitative computed 

tomography (QCT) measurements may also be used with FRAX (Engelke, Lang et al. 2015) 

if DXA is unavailable.  The FRAX score is based on data collected from large, prospective, 

observational studies of both men and women of different ethnicities and from different 

world regions in which clinical risk factors, BMD, and fractures were evaluated (Kanis, 

Oden et al. 2001, Kanis, Borgstrom et al. 2005).  It has been validated in approximately 

26 independent cohorts, mainly comprised of women (Marques, Ferreira et al. 2015).   
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1.5.4 Laboratory Tests used in Assessment for Osteoporosis 

The main purpose of performing laboratory bloods tests in the assessment for 

osteoporosis if to rule out such conditions as osteomalacia, hyperparathyroidism and 

hyperthyroidism which could contribute to low bone mass; and to uncover potentially 

reversible causes of osteoporosis (Hofbauer, Hamann et al. 2010, Miller 2012, Diab and 

Watts 2013, Hudec and Camacho 2013).  A study in the US performed screening bloods 

(complete blood count, chemistry profile, 24-hour urinary calcium, 25(OH)D and PTH) on 

173 women attending an osteoporosis clinic and found previously undiagnosed disorders 

of bone and mineral metabolism in 32% of subjects (Tannenbaum, Clark et al. 2002).   

 

Calcium 

Calcium is necessary for the mineralisation of the bone, and is mainly contained in dairy 

products, which may have calcium and vitamin D added.  For men and women aged more 

than 50 years, the RNI is a minimum of 1000 mg of calcium per day (Kanis, McCloskey et 

al. 2013).  

 

Vitamin D 

Adults over the age of 65 years with low serum 25(OH)D concentrations (<10 ng/mL (25 

nmol/L)) are at greater risk for loss of muscle mass, decreased strength and hip fractures 

(Visser, Deeg et al. 2003, Cauley, Lacroix et al. 2008).   

 

Parathyroid Hormone 

Serum PTH is measured in all patients to assess for hyperparathyroidism, but particularly 

in those patients with hypercalcemia, hypercalciuria or a history of renal stones.   

 

24-hour Urine Calcium 

24-hour urine collection for calcium and creatinine measurement can be used to assess 

for adequate calcium intake and absorption in patients with gastrointestinal disorders, 

such as inflammatory bowel disease and celiac disease, or after gastrointestinal surgery, 

such as gastrectomy.  The evaluation of urinary calcium is also necessary in those with 

kidney stones, and may be helpful in identifying idiopathic hypercalciuria (Ryan and Ing 

2012).   
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Myeloma Screen 

Multiple myeloma should be considered in patients who also have hypercalcemia, 

otherwise unexplained anaemia, weight loss or proteinuria.  It can be screened for by 

measurement of urine and serum protein electrophoresis (SPEP).   

Coeliac screen 

Serum tissue transglutaminase (TTG) may be measured to screen for coeliac disease, as 

if it is diagnosed, a gluten-free diet may result in improvement in BMD (Bai, Gonzalez et 

al. 1997).  The risk of fracture is 43% greater in those with coeliac disease compared to 

general population based on a systematic review and meta-analysis from 2008 (Olmos, 

Antelo et al. 2008).  And a Swedish review from 2007 reported an increased risk of hip 

fracture in those with coeliac disease compared with the general population (HR 2.1, CI 

1.8-2.4) (Ludvigsson, Michaelsson et al. 2007).  The current British Society of 

Gastroenterology (2014) recommend performing assessment of patients diagnosed with 

Coeliac Disease for osteoporosis (Ludvigsson, Bai et al. 2014).   

 

1.6 Biochemical Markers of Bone Turnover 

 

Biochemical markers have been identified that reflect the overall rates of bone 

resorption and formation.  Laboratory testing is widely available and has been used 

extensively in research to elucidate the pathogenesis of osteoporosis and responses to 

therapy.  The values of these markers are generally higher in patients with osteoporosis 

than in matched normal subjects, but there is substantial overlap between the groups 

(McLaren, Hordon et al. 1992, Seibel, Cosman et al. 1993, Bettica, Taylor et al. 1996).  

Markers can provide information about fracture risk in addition to that available from 

measurements of BMD and could help to inform a decision for or against pharmacologic 

intervention (Christiansen, Riis et al. 1987, Hansen, Overgaard et al. 1991). 

 

Bone is constantly being remodelled in adults, first being broken down (resorption) and 

then being rebuilt (formation).  The cycle of bone remodelling is important for repair of 

microfractures and to allow modification of structure in response to stress and other 

biomechanical forces.  Formation and resorption are normally tightly coupled, so that 
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total bone mass does not change.  Osteoporosis occurs, in part, due to an uncoupling of 

formation and resorption, when the latter outstrips the former.  Several laboratory 

assays are available that measure bone turnover markers (BTMs).  They measure 

collagen breakdown products and other molecules, which are released from osteoclasts 

and osteoblasts during the process of bone resorption and formation.  Markers of bone 

formation include bone-specific alkaline phosphatase (BSAP), osteocalcin (OC) and N-

terminal propeptide of type 1 procollagen (P1NP); markers of bone resorption include N-

terminal telopeptide of type I collagen (NTX), C-terminal telopeptide of type I collagen 

(CTX) and pyridinoline cross-links.  Measurement of BTMs is relatively common in clinical 

trials, and they have helped clarify the mechanism of action of therapeutic agents.  

However, the role or these markers in the care of individual patients is not well 

established.  Biologic variability in BTM values has confounded their widespread use in 

clinical practice (Kanis, McCloskey et al. 2013, Rosen 2020).  

 

Measurement of BTMs is complicated by their large, random, within-patient variability, 

their biologic variability (including age, gender, BMI and circadian variation), as well as 

poor standardization of most assays (Bell, Hayen et al. 2012, Hlaing and Compston 2014).  

Thus, there is nebulous value to their widespread clinical utility.  In 2012, the National 

Bone Health Alliance (NBHA) commenced a project to standardise BTM sample collection 

procedures in the US and to establish reference ranges of P1NP (bone formation) and 

CTX (bone resorption).  These are the markers that they, the International Osteoporosis 

Foundation (IOF), and the International Federation of Clinical Chemistry and Laboratory 

Medicine (IFCC) identified as most promising for clinical use (Vasikaran, Eastell et al. 2011, 

Bauer, Krege et al. 2012).   

 

In the measurement of baseline and post-treatment bone turnover markers, serum 

samples should be obtained under standardized conditions (fasting morning sample) and 

sent to the same lab (Schlemmer and Hassager 1999, Qvist, Christgau et al. 2002, 

Vasikaran, Eastell et al. 2011).  Each of the BTMs demonstrate different responses to 

treatment, such that the anticipated reduction varies for each marker.  For serum CTX 

and P1NP, a 30% decline from baseline is considered clinically significant after treatment 
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with an antiresorptive agent  (Christgau, Rosenquist et al. 1998, Rosen, Moses et al. 2000, 

Bauer, Black et al. 2004). 

 

1.6.1 Bone Loss and Fracture Risk 

BTMs have been shown to be predictive of the rate of bone loss and, in some studies, 

risk of fracture (Vasikaran, Eastell et al. 2011).  Many studies have shown that BTMs are 

useful in predicting rates of bone loss (Johansen, Riis et al. 1988, Bonde, Qvist et al. 1995, 

Chesnut, Bell et al. 1997, Ross and Knowlton 1998, Bauer, Sklarin et al. 1999, Chaki, 

Yoshikata et al. 2000, Ivaska, Lenora et al. 2008).  For example, in a prospective cohort 

study of 1,044 older women, participants with the highest BTMs over 5 years suffered 

the greatest bone loss (Ivaska, Lenora et al. 2008).  And in the control arm of a different 

trial of 236 postmenopausal women randomly assigned to postmenopausal hormone 

therapy and calcium versus calcium alone (control), women with the highest quartile 

value of NTX during the study had the greatest bone loss compared with those with the 

lowest quartile value (Chesnut, Bell et al. 1997).  In yet another study of 682 men 

(Osteoporotic Fractures in Men), higher baseline levels of bone turnover P1NP and beta 

C-terminal telopeptide of type I collagen (betaCTX), were associated with greater hip 

bone loss over 5 years of follow-up (Bauer, Garnero et al. 2009). 

 

Several studies have shown that elevated BTMs are associated with increased risk of 

vertebral and nonvertebral fracture in both postmenopausal women and men, with the 

risk being independent of BMD (Garnero, Hausherr et al. 1996, van Daele, Seibel et al. 

1996, Garnero, Sornay-Rendu et al. 2000, Gerdhem, Ivaska et al. 2004, Meier, Nguyen et 

al. 2005, Sornay-Rendu, Munoz et al. 2005, Delmas, Licata et al. 2006, Ivaska, Gerdhem 

et al. 2010).  However, other studies have reported findings to the contrary (Melton, 

Crowson et al. 2003, Johnell, Kanis et al. 2004, Bauer, Garnero et al. 2009, Crandall, Vasan 

et al. 2018).  For instance, the Epidemiology of Osteoporosis (EPIDOS) study found that 

older women with elevated levels of urinary CTX or free deoxypyridinoline (DPD) had 

twice the risk of hip fracture as compared with other women (Garnero, Hausherr et al. 

1996).  In contrast to this, in a subset of placebo patients in the Multiple Outcomes of 

Raloxifene Evaluation (MORE) study, neither osteocalcin nor urinary CTX elevation 

influenced fracture risk (Johnell, Kanis et al. 2004).  
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1.6.2 Effect of Osteoporosis Therapy on BTMs 

BTMs usually demonstrate large and rapid responses to osteoporosis treatments, with 

the effect of osteoporosis therapy on BTMs depending on the mechanism of action of 

the specific therapy.  Antiresorptive agents, such as bisphosphonates are known to cause 

a rapid decrease in markers of bone resorption followed shortly thereafter by a decrease 

in bone formation markers (Vasikaran, Eastell et al. 2011).  In contrast, anabolic agents 

such as recombinant human PTH, will be expected to cause a rapid increase in bone 

formation markers followed by an increase in markers of bone resorption.  For example, 

increase in markers of bone formation (C-terminal propeptide of type I procollagen (PICP) 

and BSAP) one month after initiation of PTH has been associated with improvement in 

bone structure (Dobnig, Sipos et al. 2005). 

 

An association between the decrease in BTMs after initiation of antiresorptive therapy 

and long-term antifracture efficacy have been demonstrated in several trials (Bjarnason, 

Sarkar et al. 2001, Eastell, Barton et al. 2003, Bauer, Black et al. 2004, Reginster, Sarkar 

et al. 2004, Sarkar, Reginster et al. 2004, Eastell, Hannon et al. 2007, Bauer 2019).  One 

example of these is the post hoc analysis of the Fracture Intervention Trial (FIT).  In this 

analysis, the greater the decline in BSAP and P1NP after initiation of alendronate, the 

greater was the reduction in spine and hip fracture (Bauer, Black et al. 2004).  In addition, 

in the MORE trial, fracture risk reduction correlated better with changes in BTMs than it 

did with improvements in BMD (Bjarnason, Sarkar et al. 2001, Sarkar, Reginster et al. 

2004).  For risedronate vertebral fracture trials, the greatest decrease in fracture risk was 

seen in participants with a decrease in urine NTX of more than 40% and urine CTX of 

more than 60% (Eastell, Barton et al. 2003).  

 

Reduction in BTMs after initiation of antiresorptive therapy is associated with a decrease 

in fracture but the optimal threshold for each marker is not well established.  Considering 

the aforementioned trials, a reduction in BTMs of approximately 50% in urine markers 

or 30% in serum markers, could be considered indicative of a successful clinical response 

to therapy  (Eastell, Barton et al. 2003, Eastell, Hannon et al. 2007). 
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1.6.3 Improving Compliance 

Long-term compliance with oral anti-osteoporosis therapy is poor, possibly as low as 50%.  

Some data suggests that sharing results of BTMs with patients improves compliance with 

therapy, and for this reason there may be a clinical role in measuring markers when 

patient adherence to therapy is unclear (Clowes, Peel et al. 2004, Delmas, Vrijens et al. 

2007, Halasi, Kincse et al. 2018).  

 

1.6.4 Monitoring Response 

Reduction in urinary NTX excretion of 50% or serum CTX of 30%, provides evidence of 

compliance and drug efficacy (Christgau, Rosenquist et al. 1998, Rosen, Moses et al. 1998, 

Ravn, Hosking et al. 1999, Rosen, Moses et al. 2000).  It should be noted that poor 

compliance may not be the only reason for failure of biochemical suppression of bone 

turnover markers; a blunted response to therapy may be due to reasons such as the 

patient’s ingesting the medication on a full stomach and thus measuring markers may 

provide an opportunity for patient education and optimisation of therapy.   

 

1.6.5 Duration of Therapy 

It has been discussed that use of bone turnover markers may be employed to guide 

duration of therapy on antiresorptive agents, however, no consensus exists on this 

matter (Bauer, Schwartz et al. 2014, Bauer 2019).  Nevertheless, some clinicians follow 

BTMs after discontinuing bisphosphonates and restart when the BTM is in the midrange 

of young adults (Khosla, Bilezikian et al. 2012) or more than 20% above the mean 

premenopausal level (Singer and Eyre 2008).  

 

1.6.6 Dental Procedures  

Some oral surgeons have proposed that CTX levels could be used to assess risk and guide 

treatment of patients who are taking bisphosphonates and require invasive dental 

procedures (Marx, Cillo et al. 2007).  It is speculated that CTX levels may be particularly 

suppressed in patients diagnosed with osteonecrosis of the jaw (ONJ).  However, it is 

impossible to identify a particular CTX level at which the risk of ONJ increases without 

also measuring CTX in a large cohort of bisphosphonate-treated individuals without ONJ 

(Khosla, Burr et al. 2008, Baim and Miller 2009). 
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1.7 Non- Pharmacological Treatment of Osteoporosis 

 

1.7.1 Lifestyle Factors 

 

Smoking 

Smoking cigarettes accelerates bone loss.  In one study evaluating female twins, smoking 

1 packet per day throughout adult life was associated with a 5-10% reduction in bone 

density (Hopper and Seeman 1994).  In this study, monozygotic and dizygotic twins who 

were discordant for smoking by more than 5 pack-years were examined by measurement 

of bone mineral density at the lumbar spine, femoral neck and femoral shaft.  BMD of 

each twin was compared with the other twin in their pair.  The study population pairs 

had a mean discordance for smoking of 23 pack-years.  For every 10 pack-years of 

smoking, the bone density of the twin who smoked more heavily was 2.0% lower at the 

lumbar spine (P = 0.01), 0.9% lower at the femoral neck (P = 0.25) and 1.4% lower at the 

femoral shaft (P = 0.04).  Smoking has also been shown to negate the beneficial effect of 

oestrogen therapy in postmenopausal women (Kiel, Baron et al. 1992, Komulainen, 

Kröger et al. 2000).  Two meta-analyses have shown that smoking is associated with 

reduced BMD (Ward and Klesges 2001) as well as increased risk of fracture (Kanis, Johnell 

et al. 2005).   

 

Alcohol 

Excess alcohol is detrimental to skeletal health for many reasons (Kanis, Johansson et al. 

2005).  However, moderate alcohol consumption is associated with higher bone mineral 

density (Felson, Zhang et al. 1995, Sampson 2002) and reduced fracture risk (Siris, Miller 

et al. 2001). 

 

Exercise 

Exercise was associated with a reduced risk of hip fracture in older women in 2 

prospective cohort studies (Gregg, Cauley et al. 1998, Feskanich, Willett et al. 2002).  A 

2013 meta-analysis of 10 trials found that exercise reduced the overall occurrence of 

fractures in older adults (4.8% versus 10.9% in the control group; RR 0.49, 95% CI 0.31-
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0.76)(Kemmler, Häberle et al. 2013).  However, the reduction in vertebral fractures was 

not statistically significant (Kemmler, Häberle et al. 2013), but the number of patients 

included in the vertebral fracture trials was small.  In addition to fracture reduction, 

exercise has been found to have beneficial effects on BMD in premenopausal and 

postmenopausal women (Friedlander, Genant et al. 1995, Howe, Shea et al. 2011).  A 

metanalysis of 43 randomized trials, covering over 4,000 participants, of exercise and 

BMD in postmenopausal women showed a significant positive effect of exercise on 

lumbar spine BMD and trochanter BMD compared with controls (Howe, Shea et al. 2011).  

The most efficacious exercise type for BMD of the femoral neck was non-weight-bearing, 

high-force exercise, such as progressive resistance strength training.  For lumbar spine 

BMD, a combined program of weight-bearing and non-weight-bearing was most 

effective (Howe, Shea et al. 2011).  Limitations of the metanalysis included loss to follow-

up and the poor quality of allocation concealment and blinding. 

 

Overall, the impact of exercise on BMD is small but potentially significant.  And to the 

extent that exercise has a bearing on fracture risk, it may relate to factors such as 

increased muscular strength and decreased risk of falls as opposed to BMD changes 

(Gregg, Cauley et al. 1998, Turner 1998).  

 

1.7.2 Diet, Calcium and Vitamin D 

The optimal treatment of osteoporosis includes an adequate intake of calories (mainly 

to avoid malnutrition), calcium and vitamin D.  Postmenopausal women with adequate 

dietary calcium intake (approximately 1200mg/day) do not need to take calcium 

supplements.  However, those with inadequate dietary intake should take supplemental 

elemental calcium, generally at doses of 500-1000mg/day, such that their total calcium 

intake approximates 1200 mg/day (Eastell 1998).  The UK NOGG guidelines advise a 

calcium intake of 700 -1200 mg daily achieved, if possible, through dietary intake and/or 

with supplements if necessary (Compston, Cooper et al. 2017). 

 

Both the American Geriatrics Society and the NOF recommend a vitamin D 

supplementation of 800 to 1000 IUs daily, as well as calcium supplements, to older adults 

(≥65 years) to reduce the risk of fractures and falls (2014, Cosman, de Beur et al. 2014). 
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Combined calcium and vitamin D supplements appear to reduce the risk of fracture, but 

use of vitamin D alone does not (DIPART 2010, Avenell, Mak et al. 2014, Bolland, Grey et 

al. 2018).  In a recent meta-analysis in 2019 of six randomised controlled trials (n=49,282) 

of combined vitamin D (400- 800 IU daily) and calcium (1000-1200 mg daily) there was a 

6% reduction in any fracture and 16% risk of hip fracture (Yao, Bennett et al. 2019).  

Furthermore, in the WHI trial there was an increased BMD and reduced fracture risk 

associated with combined supplementation (Jackson, LaCroix et al. 2006).  In this trial of 

over 36,000 post-menopausal women, subjects were randomised to receive either 1000 

mg of elemental calcium as calcium carbonate with 400 IU of vitamin D3 daily or placebo 

and were followed for an average of 7 years.  BMD at the hip was 1.06% higher in the 

calcium plus vitamin D group than in the placebo group (P<0.01).  Participants receiving 

calcium plus vitamin D supplementation had a HR of 0.88 for hip fracture (95% CI 0.72-

1.08), 0.90 for clinical spine fracture (95% CI 0.74-1.10) and 0.96 for total fractures (95% 

CI 0.91-1.02).  Some other trials of combined vitamin D and calcium did not show a 

reduction in fracture risk, but some were underpowered to detect a difference, used low 

doses of vitamin D, had intermittent treatment regimens or a short duration of the 

therapy; and other factors that could have led to negative results include higher baseline 

vitamin D status, calcium intake and lower initial fracture risk (Grant, Avenell et al. 2005, 

Porthouse, Cockayne et al. 2005, Jackson, LaCroix et al. 2006, Salovaara, Tuppurainen et 

al. 2010). 

 

Calcium 

Calcium is necessary for the mineralisation of bone and is mainly contained in dairy 

products, which may have calcium and vitamin D added.  For men and women aged more 

than 50 years, the RNI is a minimum of 1000 mg of calcium per day (Kanis, McCloskey et 

al. 2013).  When it is not possible to maintain calcium intake via diet, calcium 

supplements of 500-1200 mg a day are recommended, especially in patients receiving 

bone-protective therapy (Bischoff-Ferrari, Kiel et al. 2009, Ström, Borgström et al. 2011).  

Calcium and vitamin D supplements can decrease secondary hyperparathyroidism, hence 

reducing bone resorption.  
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Vitamin D 

Antiresorptive agents such as bisphosphonates and denosumab may be less effective in 

patients with untreated vitamin D deficiency.  In addition, hypocalcaemia may occur in 

patients with vitamin D deficiency who are treated with potent antiresorptives, 

particularly intravenous zoledronic acid or denosumab, prior to repletion of vitamin D 

status (Rosen and Brown 2003, Maalouf, Heller et al. 2006). 

 

Nephrolithiasis 

Higher intake of dietary calcium does not appear to increase the incidence of kidney 

stone formation in healthy individuals; in fact, calculi seem to be reduced with higher 

dietary calcium intake (Curhan, Willett et al. 1997).  However, intake of calcium 

supplements may increase the risk of renal calculi (Curhan, Willett et al. 1997). In their 

1997 publication, Curhan and Willet describe the incidence of symptomatic renal calculi 

in 91,731 women participating in the “Nurses' Health Study I” over a 12-year period; 864 

cases of kidney stones were documented.  After adjustment for confounders, they found 

that higher intake of dietary calcium was associated with lower risk of renal stones and 

that use of calcium supplements was associated with higher risk of renal stones.  The 

relative risk of stones in women in the highest quintile of dietary calcium intake 

compared with those in the lowest quintile was 0.65 (95% CI 0.50-0.83).  The relative risk 

of stones in women taking supplemental calcium compared with those who did not was 

1.20 (95% CI 1.02-1.41).   About 70% of renal stones are comprised of calcium oxalate 

with higher urinary oxalate levels increasing the risk (Lieske, Rule et al. 2014). This is 

important as calcium taken with a meal (normal dietary intake) may reduce the 

gastrointestinal absorption of oxalate, but supplemental calcium – not taken with a meal 

– may have no effect on its absorption. In this way, the reduction in renal calculi may be 

linked to reduced oxalate in those with higher dietary intake, compared with those on 

supplements (Lemann 1993). However, other factors – such as constituents of dairy 

products – could also play a role (Taylor and Curhan 2013).  The WHI trial also reported 

an increased risk of kidney stones amongst postmenopausal women taking combined 

calcium and vitamin D supplements when compared with those on placebo (Jackson, 

LaCroix et al. 2006).  In this randomised control trial of over 36,000 postmenopausal 
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women, it was reported that the risk of renal calculi increased with calcium plus vitamin 

D (HR 1.17, 95% CI 1.02-1.34).  

 

Hypercalciuria has been reported to be associated with a slightly higher plasma 

concentration of calcitriol (1,25-dihydroxyvitamin D3), although the values noted were 

rarely above the upper limit of the reference range (Bataille, Achard et al. 1991, Lemann, 

Worcester et al. 1991).  Higher calcitriol levels can increase calcium excretion through 

increasing intestinal calcium absorption (absorptive hypercalciuria) and by promoting 

bone resorption (resorptive 

 

hypercalciuria), thereby theoretically increasing the chance of calcium stone formation 

(Adams, Gray et al. 1982).  Modest intake of supplemental vitamin D does not appear to 

increase the risk of stone formation in most individuals, but excessive intake could 

increase the risk, particularly in combination with calcium supplements (Jackson, LaCroix 

et al. 2006, Ferraro, Taylor et al. 2017).   

 

Cardiovascular Disease 

The effect of calcium supplementation on the risk of cardiovascular disease, particularly 

the risk of myocardial infarction (MI), is controversial with many conflicting results on 

the subject (Hsia, Heiss et al. 2007, Bolland, Avenell et al. 2010, Wang, Manson et al. 

2010, Bolland, Grey et al. 2011, Lewis, Calver et al. 2011, Bauer 2013).  

 

In one study, neither calcium supplements (up to 1000 mg daily), increased dietary intake 

of calcium nor vitamin D supplements were shown to increase all-cause (Langsetmo, 

Berger et al. 2013) or cardiovascular (Chung, Tang et al. 2016) mortality.  In a meta-

analysis of trials that compared vitamin D (with or without calcium) with no treatment 

or placebo, calcium-plus-vitamin-D was associated with reduced all-cause mortality in 

older adults (HR 0.91, 95% CI 0.84-0.98) (Rejnmark, Avenell et al. 2012).  While general 

consensus is towards combined calcium and vitamin D supplementation, the NOF 

considers normal dose calcium supplementation to pose no significant cardiovascular 

risk (Kopecky, Bauer et al. 2016). 
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Concerns about calcium supplements being associated with an increased risk of MI were 

raised in two meta-analyses evaluating calcium or calcium with or without vitamin D.  

One analysis showed a RR of 1.27 (95% CI 1.01-1.59) for MI in patients randomly assigned 

calcium versus placebo; and another showed a RR of 1.27 (95% CI 1.01-1.59) for MI in 

those taking calcium with or without vitamin D versus placebo (Bolland, Avenell et al. 

2010, Bolland, Grey et al. 2011).  There were many limitations to the metanalysis, 

including the fact that the trials were not designed to explore cardiovascular outcomes 

and the overall calcium intake for many participants exceeded normal recommended 

intake.   

 

Conclusion on Calcium and Vitamin D supplementation  

Adequate calcium and vitamin D level are both important in reducing the risk of 

osteoporosis and fractures.  Evidence would suggest that optimising dietary intake in the 

first instance should be the preferred strategy, as it is less likely to be associated with 

nephrolithiasis or cardiovascular sequalae.  Studies show a fracture reduction in favour 

of combined calcium and vitamin D supplements. The increased risk of renal calculi and 

the low risk of cardiovascular side effects must be balanced against the importance of 

reducing the risk of fractures.   

 

Protein Intake 

There is conflicting evidence surrounding protein consumption and its effect on BMD and 

fracture risk.  Some studies suggest that greater dietary protein intake may be associated 

with a lower risk of hip fractures (Wengreen, Munger et al. 2004) and bone loss (Schürch, 

Rizzoli et al. 1998, Hannan, Tucker et al. 2000, Rizzoli and Bonjour 2004, Kim, Kim et al. 

2013).  Other studies have however calculated that high protein intake may increase 

bone resorption and calcium excretion (Kerstetter, Mitnick et al. 1999).  As it is accepted 

that impaired protein assimilation is common in older people, their RDA of protein 

should be increased from 0.80 g/kg body weight per day to 1.0 or 1.2 g/kg per day (Rizzoli, 

Branco et al. 2014). 
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1.8 Pharmacologic Therapy for Osteoporosis 

 

Consensus recommendations are for pharmacologic therapy for osteoporosis for 

postmenopausal women and men over 50 years of age with a history of fragility fracture 

of the hip or spine or with osteoporosis based upon BMD measurement (T-score ≤-2.5) 

(Cosman, de Beur et al. 2014).   

 

Pharmacologic therapy is indicated for the treatment of high-risk patients with T-scores 

in the osteopaenic range (between -1.0 and -2.5); risk in this case is based on assessment 

with the FRAX score (outlined previously).   

 

The UK National Osteoporosis Guideline Group (NOGG) has recommended that an age 

dependent intervention threshold should be employed for risk stratification for 

osteoporosis treatment.  They suggest that fracture risk ranging from 7.5-30% for ages 

50 to 80 years (Kanis, Hans et al. 2011) warrant pharmacologic intervention.  In one 

analysis, pharmacologic treatment was cost effective at all ages when the 10-year 

probability of major osteoporotic fracture was greater than 7% (Kanis, McCloskey et al. 

2008).  

The benefit of treatment based upon 10-year probability of fracture (i.e., relying solely 

on FRAX risk calculation), rather than BMD criteria alone, has not been assessed in clinical 

trials.  There can be wide discrepancies on decisions to treat based on fracture risk score 

versus T-scores derived from BMD.  In an analysis  of data from the SOF, with a 

prospective cohort of women ≥65 years of age, application of the revised NOF treatment 

guidelines would recommend for pharmacologic therapy for 72% of women over 65 

years of age and 93% of women over 75 years (Donaldson, Cawthon et al. 2009).  

However, if BMD T-score criteria for osteoporosis were applied it would result in a 

treatment recommendation for only 50% of women in both age groups. 

 

1.8.1 Choice of Initial Drug 

There are no high quality trials directly comparing different oral bisphosphonates, 

therefore, the choice of first line drug for osteoporosis therapy should be based on 

criteria such as safety, efficacy, convenience, cost, tolerability and other patient-related 
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factors (Crandall, Newberry et al. 2014, Cummings, Cosman et al. 2017, Barrionuevo, 

Gionfriddo et al. 2019, Barrionuevo, Kapoor et al. 2019, Eastell, Rosen et al. 2019, 

Shoback, Rosen et al. 2020).  

 

A 2019 meta-analysis of 107 trials which evaluated pharmacologic therapies in 

postmenopausal women with osteoporosis, found that alendronate, zoledronic acid, 

risedronate, denosumab, romosozumab and oestrogen with progesterone all reduced 

the risk of hip fracture (Barrionuevo, Kapoor et al. 2019).   

 

Furthermore, alendronate, zoledronic acid, risedronate, ibandronate, denosumab, 

abaloparatide, teriparatide, parathyroid hormone 1-84, romosozumab, raloxifene, 

bazedoxifene, lasofoxifene, oestrogen with progesterone, tibolone, and calcitonin all 

reduced the risk of VFs.  And the anabolic agents (teriparatide, abaloparatide, 

romosozumab) and denosumab were associated with the highest relative efficacy in 

fracture reduction although, there are few trials directly comparing the drugs' fracture 

reduction potential (Barrionuevo, Kapoor et al. 2019). 

 

BMD has been shown to improve in postmenopausal women with osteoporosis treated 

with alendronate, risedronate, ibandronate and zoledronic acid (Zhang, Wang et al. 2012, 

Yates 2013).  A systematic review of trials that were published from 2005 to 2019 

confirmed that alendronate, risedronate, zoledronic acid and ibandronate were 

efficacious in vertebral fracture prevention, compared with placebo (Crandall, Newberry 

et al. 2014, Barrionuevo, Kapoor et al. 2019).  It was also demonstrated that alendronate, 

risedronate and zoledronic acid reduce the risk of hip and other nonvertebral fractures 

(Freemantle, Cooper et al. 2013, Crandall, Newberry et al. 2014, Barrionuevo, Kapoor et 

al. 2019). 

 

1.8.2 Antiresorptive Agents 

Most experts recommend oral bisphosphonates as first line therapy for osteoporosis, 

mainly because of their low cost and safety.  Oral bisphosphonates are not generally 

prescribed as initial therapy for patients with oesophageal disorders, an inability to 

follow the dosing requirements (e.g., take tablet on an empty stomach and stay upright 
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for at least 30 to 60 minutes) or CKD (eGFR <30 mL/min).  When oral bisphosphonates 

are either not tolerated or are contraindicated, IV zoledronic acid or denosumab are 

generally considered the next most suitable first-line agents for patients at high risk for 

fracture.  Denosumab is favoured in those with impaired renal function, although, there 

is emerging data that has raised concern about increased risk of vertebral fracture after 

discontinuation of denosumab.  Anabolic agents are rarely used as initial therapy, but 

they could be prescribed as an alternative to IV zoledronic acid for postmenopausal 

women with severe osteoporosis of the spine (T-score of ≤-3.5 even in the absence of 

fractures or T-score of ≤-2.5 plus a fragility fracture).   

 

Chronic Kidney Disease 

Neither oral nor IV bisphosphonates are routinely used in patients with CKD and an eGFR 

<30 mL/min.  There is a paucity of data which evaluates fracture prevention efficacy and 

long-term adverse effects in patients with reduced renal function.  

 

Pre-treatment Dental Evaluation 

In advance of starting bisphosphonates, patients should be evaluated if a dental implant 

or extraction is already planned.  Although there is limited evidence in this area, expert 

consensus advises to delay bisphosphonate therapy for a few months until healing of the 

jaw is complete.  There is little data to guide management for when a patient who is 

already taking bisphosphonates requires dental intervention.  Some clinicians ask 

patients to discontinue bisphosphonates and then resume them when healing of dental 

work is complete, while others suggest not stopping bisphosphonates at all.  The 

American Association of Oral and Maxillofacial Surgeons suggest performing 

dentoalveolar surgery, such as extractions and implants as usual in patients who have 

been treated with oral bisphosphonates for less than 4 years and have no clinical risk 

factors (Arce, Moore et al. 2016).  They suggest discontinuing bisphosphonates before 

dental intervention if a patient has been treated for more than 4 years or has taken 

concomitant glucocorticoids.  

 

Bisphosphonates have very poor oral absorption with less than 1% of the dose being 

absorbed from the gastrointestinal tract (Gertz, Holland et al. 1995); they must be taken 
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on an empty stomach for maximal absorption.  Compliance is also important for optimal 

fracture reduction, and it has been shown that poor compliance with oral 

bisphosphonates is limiting to their potential in providing fracture risk reduction (Siris, 

Harris et al. 2006, Brookhart, Avorn et al. 2007, Patrick, Brookhart et al. 2010). 

 

Duration of Therapy 

There is little firm evidence to guide decisions about the optimal duration of therapy on 

bisphosphonates (Fink, MacDonald et al. 2019, Siu, Allore et al. 2019).  A 2019 systematic 

review showed that after 3-5 years of bisphosphonate therapy, continuation of the drug 

reduced the risk of fracture compared with discontinuation.  Specifically, continuation of 

zoledronic acid reduced the risk of radiographic vertebral fractures and continuation of 

alendronate reduced the risk of clinical vertebral fracture but the risk of nonvertebral 

fractures was not reduced (Fink, MacDonald et al. 2019).   

 

If Bisphosphonates Contraindicated 

A 2018 double-blind double-placebo controlled trial which compared teriparatide with 

risedronate in 680 postmenopausal women (mean age 72.1 years) with severe 

osteoporosis (mean number of prevalent fractures 2.7) found that there were fewer new 

radiographic vertebral fractures in the teriparatide group (5.4% versus 12%) and fewer 

clinical fractures at all sites (4.8% versus 9.8%) (Kendler, Marin et al. 2018).  There was 

no difference however in the incidences of nonvertebral fractures, including hip fracture.  

The majority of women had received at least 1 previous osteoporosis medication with 

the median duration of previous bisphosphonate therapy being 3.6 years. 

 

Adherence to Therapy 

While patients may have a good knowledge of what osteoporosis is, they generally have 

a low level of understanding of the importance of medications and the role of lifestyle 

modification (Conley, Adib et al. 2020).  While it has been reported that adherence to 

oral bisphosphonates is as low as 50% after 1 year, and this has often been attributed to 

unintentionally missing doses, there is evidence that most instances of non-adherence 

are intentional, due to elderly patients carrying out an (erroneous) risk/benefit analysis 

on their own behalf (Tafaro, Nati et al. 2013). 
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1.8.3 Anabolic Agents 

Teriparatide is the longest established anabolic agent with the largest amount of safety 

data.  Romosozumab however, is an alternative (Shoback, Rosen et al. 2020).  

Romosozumab induces a greater BMD response than either abaloparatide or teriparatide, 

but treatment is indicated for only 1 year, as clinical experience is limited and the long-

term side effects uncertain.   

 

1.8.4 Monitoring Response to Therapy 

It is long established that monitoring or measuring the response to therapy is important 

for identifying patients who may require a change in osteoporosis medications.  For 

instance, up to one-sixth of women taking alendronate continue to lose bone (Ravn, 

Hosking et al. 1999).  While there are a number of approaches to monitoring therapy, 

including repeat BMD measurements and biochemical markers of bone turnover, there 

is no consensus on the optimal approach (Adler and Favus 2009, Watts, Lewiecki et al. 

2009, Combs, Rappaport et al. 2013, Kanis, McCloskey et al. 2013).  

 

Serial DXA measurements are typically used to assess the BMD response, although most 

of the efficacy of bisphosphonates in fracture reduction is not captured by DXA.  

Biochemical markers of bone turnover are infrequently used but may be helpful in select 

circumstances.  For patients starting on therapy, most experts suggest a follow-up DXA 

of hip and spine after 2-3 years, and if BMD is stable or improved, less frequent 

monitoring thereafter (Cosman, de Beur et al. 2014). 

 

Repeat DXA and BMD Change 

The International Society of Clinical Densitometry (ISCD) recommends follow-up BMD 

testing with DXA of the spine and hip when the expected change in BMD equals or 

exceeds the least significant change (LSC) for the DXA machine in question.  This is 

typically 1-2 years after initiation or change of therapy, with longer intervals once 

therapeutic effect is established (Baim, Binkley et al. 2008). 

 

The NOF recommends repeat BMD assessments with DXA of the spine or hip 1-2 years 

after initiating therapy and then every 2 years thereafter, with more frequent testing in 
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certain clinical situations (Cummings, Cosman et al. 2017).  The American Association of 

Clinical Endocrinologists (AACE) recommends repeat DXA of the lumbar spine and total 

hip every 1-2 years until stability is achieved, and every 2 years or less frequently 

thereafter (Watts, Bilezikian et al. 2010).  The American College of Physicians (ACP) 

recommends against monitoring with DXA during therapy with antiresorptive agents 

(bisphosphonates and denosumab) as many women treated with antiresorptive therapy 

have a reduction in fracture risk even when BMD does not increase (Qaseem, Forciea et 

al. 2017).   

 

Bone Mineral Density Stable or Increased 

Stable or improving BMD is considered evidence of a response to therapy.  Some studies 

suggest that changes in BMD during therapy correlate with reduction in fracture risk 

(Hochberg, Ross et al. 1999, Wasnich and Miller 2000, Hochberg, Greenspan et al. 2002, 

Eastell, Vrijens et al. 2011, Leslie, Majumdar et al. 2016).  But other studies have found 

the contrary (Sarkar, Mitlak et al. 2002).  In a 1999 study, gain in BMD correlated with 

greatest fracture risk reduction, but those with stable BMD still had fewer fractures than 

those whose BMD declined during the study period (Hochberg, Ross et al. 1999).  A 2002 

meta-analysis of 12 clinical trials found that improvement in spine BMD accounts for a 

significant proportion of the reduction in fracture risk, but does not account for the 

overall effect of antiresorptive agents in fracture risk reduction (Cummings, Karpf et al. 

2002). 

 

Bone Mineral Density Decreased or Fracture During Therapy 

In the event of a BMD decrease that is greater than the LSC for the DXA machine, or in 

the event of a new fracture while on therapy, additional evaluation for contributing 

factors, which may include poor adherence to therapy, inadequate gastrointestinal 

absorption, inadequate intake of calcium and vitamin D, or the development of a disease 

or disorder with adverse skeletal effects should be performed (Lewiecki and Watts 2008, 

Adami, Giannini et al. 2009).  
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Post-fracture 

A history of a fragility fracture is an important risk factor for subsequent fracture in both 

men and women.  It is therefore important to inform such patients of the diagnosis of 

osteoporosis (based on the occurrence of a fragility fracture) and the increased risk of 

subsequent fracture (Conley, Adib et al. 2020).  In both Europe and the US, the majority 

of patients who have had fragility fractures, and those who are at risk for fracture, do not 

subsequently receive osteoporosis therapy despite strong data demonstrating a 

beneficial effect in reducing the risk of a second fracture (Siris, Bilezikian et al. 2003, 

Solomon, Brookhart et al. 2004, Solomon, Johnston et al. 2014).  
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CHAPTER 2 

 

OSTEOPOROTIC HIP FRACTURES AND ORTHOGERIATRIC CARE 
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2.1 Introduction 

 

The worldwide annual hip fracture rate in women ranged from <100 to nearly 600 per 

100,000 people (Kanis, Odén et al. 2012).  It is estimated that the annual number of hip 

fractures will increase from 1.66 million in 1990 to 6.26 million in 2050 (Curtis, Moon et 

al. 2017).  Though other studies have projected slightly more conservative estimates of 

4.5 million hip fractures annually by 2050 (Veronese and Maggi 2018). 

 

It has been estimated by the Healthcare Quality Improvement Partnership (Physicians 

2018) that every year, there are approximately 76,000 hip fractures in the UK (Riemen 

and Hutchison 2016).  Mortality in the first year following hip fracture has been 

historically high at 20-30% and remains at levels close to this despite improved pathways 

of care (Johansen, Golding et al. 2017).  And between 25-75% of older adults may not 

regain their premorbid level of function following hip fracture (Dyer, Crotty et al. 2016).   

 

2.2 Incidence of Hip Fractures 

 

Owing to the fact that almost all hip fracture patients are treated in hospital, the reports 

of incidence of hip fracture are more commonly available than reports of other sites of 

fractures (Hernlund, Svedbom et al. 2013).  

 

Western countries (North America, Europe and Oceania) have reported an increase in 

hip fracture incidence during the second half of the 20th century, but a decline since 2000 

(Kanis, Odén et al. 2012, Liu, Curtis et al. 2019).  However, the fall in age-specific 

incidence is outpaced by the ageing demographic in these countries, so the cumulative 

incidence has continued to rise (Veronese and Maggi 2018). 

 

The incidence and reporting of fragility fractures varies between EU countries.  The IOF 

reports marked variance in hip fracture risk between EU 27 countries (Hernlund, 

Svedbom et al. 2013), with lowest annual incidences in Romania and Poland and highest 

rates observed in Denmark and Sweden.  A 2012 systematic review of worldwide hip 

fracture incidence using United Nations data covering a 50-year period found highest 
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incidence of hip fracture in Scandinavian countries and lowest incidence in countries 

closest to the equator, suggesting that vitamin D status might be an important factor 

underlying this distribution (Kanis, Odén et al. 2012).   

 

Possible explanations for reporting of lower incidence of age- and sex-specific incidence 

hip fracture over time may be a higher adherence to anti-osteoporotic medications as 

well as increased use of calcium and vitamin D supplementation, avoidance of smoking 

and alcohol, and more efficacious strategies for the prevention of falls (Brauer, Coca-

Perraillon et al. 2009). 

 

2.3 Burden and Costs of Hip Fractures 

 

There were  610,000 hip fractures sustained among the population of the EU27 countries 

in 2010 (Cheung, Tan et al. 2016).  Despite improvement in models of hip fracture care 

in recent decades, mortality remains high, and ranges from 20-30% in the first-year post 

fracture (Johansen, Golding et al. 2017).  It has been estimated that mortality related to 

low-impact trauma hip fracture in the EU is greater than road traffic accidents and 

equivalent to breast cancer (Hernlund, Svedbom et al. 2013).  The increased risk of 

mortality following hip fracture may persist for several years (Abrahamsen, van Staa et 

al. 2009), and the risk for subsequent osteoporotic fractures is also increased 

(Abrahamsen, van Staa et al. 2009). 

 

A 2017 systematic review (Williamson, Landeiro et al. 2017) found the healthcare costs 

during the first year after hip fracture (USD $43,669) to be greater than for acute 

coronary syndrome (USD $32,345) and ischaemic stroke (USD $34,772).  In 80% of studies, 

the presence of comorbidities prior to hip fracture were associated with significantly 

higher costs and development of complications following fracture was similarly 

associated with increased cost.   

 

The estimated cost for treatment of hip fractures is approximately USD $10.3 to 15.2 

billion per year in the US (Dy, McCollister et al. 2011).  Slight decline in the incidence of 

hip fractures in the US over the first decade of the 21st century may be attributed to 
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increased use of calcium and vitamin D supplements and bisphosphonates, as well as 

lifestyle and dietary measures to improve bone health (Brauer, Coca-Perraillon et al. 

2009) 

 

Morbidity and Mortality 

In older patients, hip fractures substantially increase the risk of major morbidity and 

death (Wolinsky, Fitzgerald et al. 1997, Bentler, Liu et al. 2009).  Such risks are 

significantly higher among nursing home residents, particularly men, patients over the 

age of 90, those with cognitive impairment, dementia and other comorbidities, 

individuals treated nonoperatively and those who cannot mobilise independently 

(Neuman, Silber et al. 2014, Mariconda, Costa et al. 2015, Lunde, Tell et al. 2019).   

 

Historically, around 50% of patients are unable to regain their ability to live 

independently following hip fracture (Morrison, Chassin et al. 1998).  Most deaths from 

hip fractures occur during the first 3–6 months, of which 20–30% are causally related to 

the fracture itself (Kanis, Oden et al. 2003). 

 

In-hospital mortality rates following hip fracture range from approximately 1-10% 

depending upon patient characteristics.  Mortality rates are generally higher in men 

(Alvarez-Nebreda, Jiménez et al. 2008, Alzahrani, Gandhi et al. 2010, Frost, Nguyen et al. 

2011, Wu, Jen et al. 2011, Orces 2013, Yong, Ganesan et al. 2020).  Large national 

database studies have found 30-day mortality following hip fracture to be approximately 

6.9–8.2% (Åhman, Siverhall et al. 2018, Asheim, Nilsen et al. 2018, Physicians 2018).  

 

1-year mortality rates have historically ranged from 12-37% (Wolinsky, Fitzgerald et al. 

1997, LeBlanc, Hillier et al. 2011, Panula, Pihlajamäki et al. 2011), but may be declining 

(Brauer, Coca-Perraillon et al. 2009)].  In a 2010 meta-analysis of prospective studies, the 

mortality risk in older adults (≥ age 80 years) following hip fracture was elevated during 

the first 3 months, and the risk was higher in men compared with women; HR 7.95 (95% 

CI 6.13-10.30) for men and HR 5.75 (95% CI 4.94-6.67) for women (Haentjens, Magaziner 

et al. 2010).  Although the risk of mortality decreases over time, the increased risk of 

death likely persists, tailing off slowly (Haentjens, Magaziner et al. 2010, Panula, 
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Pihlajamäki et al. 2011, Yong, Ganesan et al. 2020).  However, a large 2011 prospective 

case-control study in fact found no increased risk of mortality after the first year 

following a hip fracture among women 70 years or older (LeBlanc, Hillier et al. 2011).  In 

a case control study of 1,385 older adults with hip fracture, factors associated with 

increased mortality have been reported to include increasing age (OR 1.06), higher 

American Society of Anaesthesiologists (ASA) score (ASA 3 OR 2.43, ASA 4-5 OR 7.05), 

higher Charlson Comorbidity Index (CCI) (CCI 1-2 OR 1.46, CCI 3-4 OR 1.59, CCI 5 OR 2.71), 

malnutrition (OR 2.01), physical limitations in activities of daily living (OR 2.35) and 

decreasing Barthel Index (BI) (OR 0.96) (Folbert, Hegeman et al. 2017).   

 

Concomitant Fractures 

A hip fracture is often associated with a fracture of another bone, acquired during the 

fall.  A Serbian study from 2019 reported that 16 patients of a cohort of 341 patients over 

the age of 65 admitted over a 12-month period with acute hip fracture sustained 

concomitant radial fractures, all of which were ipsilateral (Dubljanin-Raspopović, Lj et al. 

2019).  And a study from Taiwan from 2014 reported 35 simultaneous hip and radial 

fractures over a 6-year period of observation of 2,835 patients with hip fracture; implying 

1.2% incidence of concomitant radial fracture, 94% of which were ipsilateral (Lin, Hung 

et al. 2015).   

 

2.4 Risk Factors for Hip Fracture 

 

The major risk factors for hip fractures among older patients include osteoporosis and 

falls.  It has been estimated that 30-60% of community-dwelling older adults suffer a fall 

each year (Rubenstein and Josephson 2002).  Nearly 95% of hip fractures are associated 

with a fall (Vieira, Palmer et al. 2016).  And a large Danish review of a national syncope 

database found that almost 20% of older adults with syncope suffered a hip fracture 

associated with the syncopal episode (Numé, Carlson et al. 2018).   

 

It has been estimated that approximately 90% of hip fractures in older patients occur 

after a fall from the standing position.  And women may sustain hip fractures from falls 

more often than men due to their higher rates of osteoporosis.  The lifetime risk of hip 
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fracture has been reported as 17.5 % for women and 6% for men (Melton 2000).  It has 

been long-accepted that hip fractures occur with increasing frequency with age in 

patients between the ages of 65 and 99 years in the US (Karagas, Lu-Yao et al. 1996), with 

femoral neck fractures occurring about 3 times more often in women.  In this analysis, 

intertrochanteric extracapsular fractures also occurred in a 3:1 female to male ratio.  

Subtrochanteric fractures, however, showed a bimodal distribution peaking between the 

ages of 20-40 years, and again over the age of 60 years (Brunner, Eshilian-Oates et al. 

2003). 

 

Apart from falls as a mechanism of fracture, there is also the phenomenon of 

“spontaneous” hip fractures, which are fractures that occur in the absence of trauma.  A 

1988 study from Tokyo identified a 2.9% rate of spontaneous fractures of the hip in their 

cohort of 1,449 patients (Horiuchi, Igarashi et al. 1988).  And a 1997 study from the UK 

identified a 5% rate of spontaneous fractures of the hip in their cohort of 1,212 patients 

(Parker and Twemlow 1997).  In both these studies, pathological fractures of the hip were 

ruled out.   

 

Low socioeconomic status has been associated with an increased incidence of hip 

fracture (Brennan, Henry et al. 2011, Guilley, Herrmann et al. 2011, Quah, Boulton et al. 

2011). 

 

Cardiovascular disease may be associated with an increased risk of hip fracture in older 

adults (Sennerby, Melhus et al. 2009).  In addition, the risk of hip fracture may be 

increased in the presence of endocrine disorders such as diabetes mellitus and 

hyperthyroidism, and in instances where patients are prescribed medications that 

increase the likelihood of falling, such as benzodiazepines (Wagner, Ross-Degnan et al. 

2007), opioids and antidepressants, or medications associated with lower BMD 

(Cumming and Le Couteur 2003, Bakken, Engeland et al. 2013, Thorell, Ranstad et al. 

2014, Waade, Molden et al. 2017).  The following conditions have also been associated 

with increased hip fracture risk: impaired vision (Felson, Anderson et al. 1989); cognitive 

impairment (Guo, Wills et al. 1998) and alcohol intake (Cawthon, Harrison et al. 2006).   
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It has been found that people with a low body mass index (BMI <22kg/m2) appear to be 

at higher risk of hip fracture compared with those with a higher BMI (22 to 25) (Søgaard, 

Holvik et al. 2016).  Although fracture risk seems to level off at BMIs of 25 or more in 

younger individuals, among women aged 70 to 79 the risk of hip fracture continues to 

decrease with increasing BMI.  In addition, the concept of sarcopaenic obesity, whereby 

an elevated BMI occurs in the presence of reduced muscle mass (Batsis and Villareal 

2018), could increase the risk of falls and hence fractures.   

 

People with hip fractures are at increased risk for a second fracture; risk of a second 

fracture is greater for older adults and those who have a higher functional level, perhaps 

due to greater risk of falls from higher amounts of mobility (Berry, Samelson et al. 2007, 

Neuman, Silber et al. 2014).  And polypharmacy can increase the risk of falls in older 

adults (Zaninotto, Huang et al. 2020).   

 

While most hip fractures occur in the community, a recent British study found that 8.7% 

of 1,424 hip fractures over a two-year period occurred amongst hospital inpatients who 

had been admitted for other reasons (Singh, Hooton et al. 2020).  This study found that 

mortality and need for new admission to nursing home care were significantly higher in 

those with inpatient fractures than those whose fractures had occurred in the 

community.   

 

Infection and the delirium that may be accompanied by it has been implicated in the 

aetiology of hip fractures.  A study from China published in 2020 identified 7.9% of their 

cohort (n=1,386) had pneumonia at time of admission based on chest x-ray or computed 

tomography and signs and symptoms with severity of infection graded using the CURB-

65 score (Shen, Zhang et al. 2020).  A study from the US published in 2000 reported that 

13.5% of their cohort (n=682) had delirium at that the time of their admission from the 

community with a hip fracture.  Pathological fractures and fractures in those living in 

nursing homes were excluded in this study, as were patients with dementia (Dolan, 

Hawkes et al. 2000).  And an Australian report on hip fracture incidence and 

hospitalisations for 2015-2016 identified that 6.5% of the cohort (n=19,900) had 

influenza or pneumonia at time of admission with hip fracture (AIHF 2018).   
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2.5 Classification of Hip Fractures 

 

Hip fractures can be classified by anatomic location and by fracture type.  The general 

categories of hip fracture include intracapsular (femoral neck and head) and 

extracapsular (intertrochanteric and subtrochanteric) fractures.  Due to the risk of 

disturbance of vascular supply, intracapsular fractures have a higher rate of non-union 

or malunion and they are more likely to lead to avascular necrosis of the femoral head.  

Subtrochanteric fractures have an increased need for implant devices, such as 

intramedullary nails or rods and they have higher rates of implant failure due to the high 

stresses placed upon this part of the bone (Foster 2020). 

 

Femoral Neck Fractures 

Complications such as avascular necrosis are increased in femoral neck fractures due to 

its relatively tenuous blood supply.  Fracture-dislocation further increases such risks.  

Nondisplaced femoral neck fractures are typically treated with screw fixation and 

displaced femoral neck fractures are treated with arthroplasty (Mears 2014).  In a 2006 

systematic review of this subject that included 19 trials encompassing 3,044 participants, 

internal fixation was found to result in lower morbidity in several categories, including 

blood loss and risk of deep wound infection when compared with arthroplasty (Parker 

and Gurusamy 2006).  However, patients for whom arthroplasty was performed had 

significantly lower reoperation rates.  There were no differences identified in mortality 

or regaining previous residential status.  A retrospective analysis of a database of 9,640 

patients undergoing operative repair of a hip fracture reported that open reduction and 

internal fixation (ORIF) of femoral neck fractures was associated with the highest 

percentage of total adverse events and major adverse events, primarily death, whereas 

hemiarthroplasty was associated with a higher percentage of minor adverse events such 

as urinary tract or wound infections (Sathiyakumar, Greenberg et al. 2015).  An 

international randomized trial performed in 80 medical centres and involving 1,495 

ambulatory patients with displaced femoral neck fracture reported no significant 

differences in outcome at 2 years between those treated with total arthroplasty and 

those treated with hemiarthroplasty (Bhandari, Einhorn et al. 2019).  The primary 
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endpoint was the requirement for a secondary hip procedure within 24 months; 

secondary outcomes included death, complications and quality-of-life measures.  

 

Intertrochanteric Fractures 

As they are extracapsular, intertrochanteric fractures are at lower risk for complications 

related to interruption of the blood supply but are at risk of displacement.  A systematic 

review which evaluated arthroplasty versus internal fixation for  extracapsular hip 

fractures did not find sufficient evidence to suggest one option was superior to the other 

(Parker and Handoll 2006).  A dynamic hip screw or intramedullary nails are usually used 

for intertrochanteric fractures (Mears 2014, Fernandez, Griffin et al. 2015).  

 

2.6 Management of Hip Fractures 

 

It is well recognised that operative management of hip fractures is the only effective 

means of reducing mortality, even in the frailest of patients.  Non-operative management 

is reserved for patients with late presentation of non-displaced fractures or for those 

considered too moribund to survive an operation (Handoll and Parker 2008).  

 

In recent decades, an increasing body of evidence (as outlined below) has emerged on 

the benefit of systematic and collaborative care for older adults with hip fracture (Lisk 

and Yeong 2014).  In 2007 the British Orthopaedics Association and the British Geriatrics 

Society jointly produced the seminal publication, “The Care of Patients with Fragility 

Fracture” (Crome 2007).  It set out 6 standards of hip fracture care with a view to 

reducing post-operative morbidity and mortality.  These 6 key performance indicators 

(KPIs) of hip fracture care, now known as the “Blue Book Standards”, are as follows: 

 

1. Time from presentation to admission to orthopaedic ward 

2. Time from presentation to theatre 

3. Perioperative geriatrician assessment 

4. Pressure ulcer assessment and reduction in incidence 

5. Falls risk assessment 

6. Bone health assessment 
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Since 2012, the Irish National Hip Fracture Database has collected data on these KPIs, the 

results of which are summarised in the table below (National Office of Clinical Audit 2015, 

National Office of Clinical Audit 2016, National Office of Clinical Audit 2017, National 

Office of Clinical Audit 2018).   

 

Table 2.1 
Irish Hip Fracture Database National Report Data 

 2015 2016 2017 2018 

Total number of hip 
fractures (% women) 

2962  
(70.3%) 

3159  
(69.4%) 

3497  
(71%) 

3751 
(69%) 

Time-to-surgery-
within 48 hours  
(combined figures of 
within and outside of 
working hours) 

73.8% 74.68% 72% 74% 

Time to ward-within 4 
hours 

9.7% 13.83% 11% 17% 

Time to ward-after 4 
hours 

77.5% 75.15% 77% 74% 

% seen by Geriatrician 
pre-operatively 

14.8% 11.78% 15% 26% 

% seen by Geriatrician 
at any other time 
during admission 

38.3% 45.08% 35% 43% 

% receiving falls risk 
assessment during 
admission 

48% 54.11% 46.57% 70% 

% undergoing bone 
health review during 
admission 

75% 57% 73% 84% 

% mobilised after 
surgery (day of or day 
after) 

72.8% 76.76% 77% 77% 

% developing ≥ grade 
2 pressure ulcer on 
that admission 

3.9% 4.51% 5% 3% 

Mean length of stay 
(days) 

20 20 20 19 

Median length of stay 
(days) 

13 12 13 12 

This table summarises the results of national KPI data collection from 2015-2018. 
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2.6.1 Integrated Care for Hip Fractures and Orthogeriatric Models of Care 

The standard of care for all older adults with hip fracture is now accepted to be 

orthogeriatric co-management.  In multiple studies it has been shown to decrease length 

of stay, time-to-surgery, in-hospital complications and in-hospital mortality, compared 

to traditional care (Ranhoff, Holvik et al. 2010, Giusti, Barone et al. 2011, Middleton, Wan 

et al. 2017, Moyet, Deschasse et al. 2019, Patel, Klein et al. 2019).   

 

The British Geriatrics Society (BGS) has defined orthogeriatric care as ‘medical care for 

older patients with orthopaedic disorders that is provided collaboratively by orthopaedic 

services and programs catering for older people’ (Sabharwal and Wilson 2015).  The BGS 

characterises four different models of orthogeriatric care (Sabharwal and Wilson 2015): 

 

1. Reactive or usual model of care: Patients are admitted under orthopaedic 

surgeons with geriatrician review when requested.   

2. Orthogeriatric liaison model of care: Patients are admitted under an orthopaedic 

team, with regular geriatrician review on the orthopaedic ward with 

multidisciplinary input on patient care.   

3. Post-operative geriatric rehabilitation unit: Peri-operative care is provided by the 

orthopaedic surgeons on their ward with early post-operative discharge to a 

geriatric rehabilitation unit.   

4. Joint model of care: Patients are admitted to a dedicated orthopaedic ward with 

shared responsibility for the patient by the orthopaedic surgeon and geriatrician.   

 

These are not the only models of orthogeriatric care, and indeed different hospitals in 

different or the same jurisdictions may follow permutations and combinations of the 

above models in delivering integrated care to older adults with hip fractures (Middleton, 

Wan et al. 2017).  For instance, models of geriatric-led care with orthopaedic 

consultation have also been described (Giusti, Barone et al. 2015).  The key distinction 

between models of care seems to be whether or not a geriatrician has a consistent and 

continued role in patient care, as opposed to more reactive or consultative input, with 

the former demonstrating better outcomes than the latter (Giusti, Barone et al. 2015, 

Middleton, Wan et al. 2017).  Dedicated orthogeriatric wards appear to have more 
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consistent results in reducing mortality compared to other models of 

orthopaedic/geriatric collaboration (Moyet, Deschasse et al. 2019).  The use of a geriatric 

consulting team without continual responsibility for care, has demonstrated only small 

benefits compared to traditional care, and therefore that approach should now be 

considered outdated (Middleton, Wan et al. 2017). There is also strong evidence that 

Comprehensive Geriatric Assessment (CGA) reduces mortality, increases the number of 

patients discharged back to their own homes and reduces length of stay following hip 

fracture (Welsh, Gordon et al. 2014). 

 

Integrated orthogeriatric care refers to the intensive collaboration between orthopaedic 

surgeons and geriatricians in the care of frailer older adults with hip fractures (Folbert, 

Hegeman et al. 2017).  The key aspect of integration is that the role of the geriatrician is 

intrinsic to patient care as part of a broader multidisciplinary pathway from arrival in the 

emergency department (ED) to discharge, as described by both Folbert and Moyet 

(Folbert, Hegeman et al. 2017, Moyet, Deschasse et al. 2019).  In practice, the terms 

“orthogeriatric care” and “integrated care” are used synonymously in relation to the care 

of older adults with hip fracture, insofar as they describe a pathway that endeavours to 

deliver the optimal care to patients in those cohort.  However, it is not strictly the case 

that all orthogeriatric pathways have a geriatrician integrated into the model of care 

(Moyet, Deschasse et al. 2019).   

 

2.6.2 Surgery for Hip Fractures 

Surgery is indicated for almost all patients with hip fracture; rarely an non-operative 

management can be justified (Bhandari and Swiontkowski 2017).  A 2016 retrospective 

study of 340 patients in a single centre found that mortality in patients who chose 

nonoperative treatment was fourfold higher at one year and threefold higher at 2 years 

than patients who had the fracture repaired.  All patients in the study were mobilized 

early and received mechanical prophylaxis for deep vein thrombosis (Tay 2016).  And a 

more recent meta-analysis of outcomes of non-operative management of frail older 

adults with hip fracture reported one-year mortality of 60% (Loggers, Van Lieshout et al. 

2020).  Rarely, if a patient is considered to be terminally ill, palliative rather than 

operative intervention may be indicated (Ko and Morrison 2014).   
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2.6.3 Timing of Surgical Intervention 

A longer wait time for surgery for hip fracture has been associated with increased 30-day 

mortality (Pincus, Ravi et al. 2017).  Large retrospective studies of nearly 28,000 older 

patients (mean age 80 years) have found 30-day mortality was lower in those who 

received early hip fracture surgery within 24 hours of diagnosis, compared with matched 

patients receiving surgery more than 24 hours after diagnosis (5.8% versus 6.5%) (Pincus, 

Ravi et al. 2017, White, Altermatt et al. 2018).  Therefore, development of integrated 

care pathways to decrease wait time for emergency surgery may benefit older patients 

(White, Altermatt et al. 2018).  Longer time-to-surgery (more than 24-48 hours after the 

fracture) is associated with increased mortality and is also associated with a longer 

hospital stay (Maggi, Siviero et al. 2010). 

 

The timing of surgical intervention may have an important impact upon patient 

outcomes, with delay in surgery being associated with increased morbidity and mortality 

(Bhandari and Swiontkowski 2017).  It is considered reasonable to temporarily delay 

surgery in order to treat significant acute medical comorbidities such as congestive 

cardiac failure or pneumonia, as failure to stabilize coexisting medical conditions prior to 

surgery may increase the risk of post-operative complications (McLaughlin, Orosz et al. 

2006). 

 

Many studies have examined the association of operative timing on postsurgical 

outcome and demonstrated conflicting outcomes based on time-to-surgery (Kenzora, 

McCarthy et al. 1984, Davis, Woolner et al. 1987, Davis, Sher et al. 1988, Dolk 1990, 

Bredahl, Nyholm et al. 1992, Rogers, Shackford et al. 1995, Zuckerman, Skovron et al. 

1995, Hamilton, Hamilton et al. 1996, Hamlet, Lieberman et al. 1997, Hoenig, Rubenstein 

et al. 1997, Ho, Hamilton et al. 2000, Grimes, Gregory et al. 2002, Orosz, Magaziner et al. 

2004, Bottle and Aylin 2006, Vidán, Sánchez et al. 2011).  Many of the earlier studies 

were small and underpowered, and most did not control for the presence or severity of 

comorbidities or excluded patients with complicating medical conditions, therefore it is 

difficult to interpret results overall.  Subsequent studies that attempted to control for 

comorbidities had similarly variable outcomes (Davis, Woolner et al. 1987, Bredahl, 

Nyholm et al. 1992, Rogers, Shackford et al. 1995, Zuckerman, Skovron et al. 1995, 
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Grimes, Gregory et al. 2002, Orosz, Magaziner et al. 2004, Bottle and Aylin 2006, Vidán, 

Sánchez et al. 2011).  More recent studies have demonstrated clearer benefits to swift 

surgical intervention.  For instance, surgical repair within 24 hours is associated with 

reduced pain and a decreased length of stay compared with delayed surgery (>24 hours) 

(Orosz, Magaziner et al. 2004, 2020).   

 

Although the hypothesis that performing surgery immediately on admission to hospital 

may accrue benefit for patients, a randomized trial including almost 3,000 patients with 

hip fracture showed no reduction in mortality or the rate of major complications among 

those undergoing accelerated surgery (within 6 hours of admission) compared with 

standard care (surgery within 24 hours of admission) (2020).   

 

In a meta-analysis of 5 prospective studies which controlled for comorbidities, risk of 

mortality was lower among patients undergoing earlier surgery (within 72 hours) 

compared with delayed surgery (RR 0.81, 95% CI 0.68-0.96) (Simunovic, Devereaux et al. 

2010).  A retrospective population-based cohort study of 42,230 people with hip fracture, 

found that those who had surgery within 24 hours of admission had lower 30-day 

mortality compared with those who had surgery >24 hours after admission; 5.8% versus 

6.5% (Absolute Risk Reduction (ARR) 0.79%, 95% CI 0.23-1.35) (Pincus, Ravi et al. 2017).  

The absolute risk reduction in this study was relatively small but may have been 

attenuated by confounding variables such as comorbidities.   

 

Surgery for hip fracture performed after 24 hours of arrival has been reported to delay 

the recovery of post-operative ambulatory function, although this finding is not 

consistent across studies (Ogawa, Aoki et al. 2019, Villa, Koressel et al. 2019).  Two large 

studies which controlled for confounding comorbid conditions did however find that 

time-to-surgery was a marker of comorbidity (Grimes, Gregory et al. 2002, Vidán, 

Sánchez et al. 2011).  

 

A 2002 retrospective study of 8,383 patients found mortality rates were not different 

among patients who had surgery more than 96 hours after admission compared with 

those who had surgery 24-48 hours after admission, having adjusted for demographic 
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characteristics and underlying medical comorbidities (Grimes, Gregory et al. 2002).  The 

risk of pressure ulceration was associated with delayed surgery (OR 2.2, 95% CI 1.6-3.1).  

A 2011 prospective cohort study of 2,250 people with hip fracture found no association 

of in-hospital mortality or complications with surgical delays of ≤120 hours after 

adjusting for demographic characteristics and comorbid conditions (Vidán, Sánchez et al. 

2011).  Higher rates of mortality and medical complications were associated with surgical 

delays >120 hours.  These studies could now be considered somewhat outdated by 

newer evidence as outlined above, so consensus opinion remains very much in favour of 

early surgery.   

 

2.6.4 Analgesia 

Pain is often undertreated in older adults, which can increase the risk of delirium and 

hospital length of stay, result in impaired functional recovery, and can increase the risk 

of the development of chronic pain syndromes (Titler, Herr et al. 2003).  Peripheral nerve 

blocks may be helpful in managing pain and minimizing sedation and other potential 

complications caused by opioids.  It has been shown that single-injection or continuous 

blocks may be used preoperatively in patients awaiting surgery and can also be continued 

for post-operative analgesia (Foss, Kristensen et al. 2007, Godoy Monzon, Iserson et al. 

2007, Abou-Setta, Beaupre et al. 2011, Beaudoin, Haran et al. 2013, Ritcey, Pageau et al. 

2016, Garlich, Pujari et al. 2020).   

 

2.6.5 Anaesthesia 

Options for anaesthesia for hip fracture repair include general anaesthesia, spinal 

anaesthesia, and peripheral nerve block.  The choice should be based on patient 

comorbidities and the proposed procedure (Soffin, Gibbons et al. 2019).   

 

The influence of anaesthetic technique for hip fracture on post-operative morbidity and 

mortality is not entirely clear.  UK national audits have shown that a wide variety of 

anaesthesia techniques are used, and that there is a lack of conclusive evidence for 

superiority of one technique over another (White, Moppett et al. 2014, Physicians 2019).  

 



66 
 

The Fragility Fracture Network (FFN) published international consensus 

recommendations in 2018 which detail the organisational and interdisciplinary aspects 

of anaesthesia care that hip fracture patients should be expected to receive in any 

hospital worldwide (White, Altermatt et al. 2018).  These guidelines focus on the need 

for standardised approach to anaesthesia as opposed to the choice of one anaesthetic 

technique over another.  These recommendations have been endorsed in the 2020 

update of the 2012 Association of Anaesthetists UK guidelines, developed in association 

with the British Geriatrics Society (Griffiths, Babu et al. 2020).  There are several large 

retrospective studies which have reported a reduction in both pulmonary complications 

and mortality with regional anaesthesia compared with general anaesthesia for hip 

fracture (Neuman, Silber et al. 2012, Chu, Weng et al. 2015).  A matched pairs cohort 

study including over 1,700 patients who underwent surgery for hip fracture found a weak 

association between spinal anaesthesia and lower 90-day mortality, compared with 

general anaesthesia (RR 0.74, 95% CI 0.48-1.0) (Malhas, Perlas et al. 2019).  Spinal 

anaesthesia was also associated with reduced rates of pulmonary embolism (PE) and 

major blood loss, and reduced length of hospital stay.  In contrast, an analysis of 

prospectively collected observational data on over 11,000 hip fracture surgeries found 

no difference in mortality at 5 days or 30 days between spinal and general anaesthesia 

(White, Moppett et al. 2016).  

 

Many of the randomized trials comparing anaesthetic techniques for hip fracture have 

low number of participants and significantly varying methodologies.  This was illustrated 

in a meta-analysis of 28 randomized trials between 1977 and 2013 comparing different 

methods of anaesthesia for hip fracture surgery in 2,976 patients; the overall quality of 

data varied greatly, as did outcomes of post-operative complications, including delirium 

and mortality (Guay, Parker et al. 2016).  Overall, the meta-analysis did not support a 

clear benefit of spinal anaesthesia above general anaesthesia.  

 

The American Society of Anaesthesiologists (ASA) Physical Status Classification, which 

indicates the severity of systemic disease, is an established predictor of adverse 

outcomes after surgery in patients of all ages (Hamel, Henderson et al. 2005, Turrentine, 

Wang et al. 2006).  However, it does not take age into account as a factor.  It is 
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nonetheless predictive of mortality in hip fracture populations (Narula, Lawless et al. 

2020, Ek, Meyer et al. 2021).   

 

Regional versus General Anaesthesia 

Spinal anaesthesia may reduce pulmonary complications, particularly in older patients 

with chronic obstructive pulmonary disease (COPD) (van Lier, van der Geest et al. 2011, 

Guay, Choi et al. 2014, Chu, Weng et al. 2015, Hausman, Jewell et al. 2015). 

 

Neuraxial techniques are often selected for older patients undergoing urgent or 

emergency hip fracture surgery (Urwin, Parker et al. 2000, Matot, Oppenheim-Eden et 

al. 2003, Chu, Weng et al. 2015, Van Waesberghe, Stevanovic et al. 2017, McIsaac, 

Wijeysundera et al. 2018, Weinstein, Poultsides et al. 2018).  Advantages include possible 

reduction in blood loss and decrease in incidence of deep vein thrombosis, as well as 

reducing opioid requirements and providing analgesia in the immediate post-operative 

period (Rodgers, Walker et al. 2000, Urwin, Parker et al. 2000, Matot, Oppenheim-Eden 

et al. 2003, Nishimori, Low et al. 2012). 

 

A 2017 systematic review which included 20 retrospective observational studies and 3 

randomized trials in patients with hip fractures, mean age of 65 years concluded that 

those receiving neuraxial anaesthesia (epidural or spinal; n = 150,964) had lower in-

hospital mortality (OR 0.85, 95% CI 0.76- 0.95) and shorter hospital stays (-0.26 days), 

compared with those receiving general anaesthesia (n = 249,408) (Van Waesberghe, 

Stevanovic et al. 2017). However, a large 2016 systematic review of 24 randomized trials 

with more than 2,100 patients undergoing hip fracture surgery did not find lower 

incidences of adverse outcomes such as mortality, myocardial infarction, stroke, 

pneumonia or acute confusional states with neuraxial compared with general 

anaesthesia; however, the quality of evidence was rated as low for all outcomes (Guay, 

Parker et al. 2016). 

 

In general, the potential beneficial effects of spinal versus general anaesthesia should be 

based on individual patient assessment, and there is little firm evidence to routinely 

favour one approach above the other.   
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2.6.6 Early Mobilisation 

Early mobilisation impacts long-term functional status and improves the likelihood of 

achieving full mobility recovery (Hulsbæk, Larsen et al. 2015).  Analyses of data from large 

databases has confirmed that patients mobilised on the day of, or the day following 

surgery have better mobility function 30 days after discharge (Su, Newson et al. 2018). 

 

A Danish study found that mobilisation of hip fracture patients within 24 hours post-

operatively was the process with the strongest association with lower 30-day mortality, 

readmission risk and shorter length of stay (Kristensen, Thillemann et al. 2016). 

 

2.6.7 Geriatrician Evaluation and Management 

A meta-analysis of randomized trials of inpatient geriatric medicine consultation found 

benefit for short-term (6-8 month) survival but no effect on functional status, 

readmission, or length of stay (Leff, Reider et al. 2009).  2 meta-analyses of inpatient 

consultation for CGA showed little benefit (Stuck, Siu et al. 1993, Boult, Reider et al. 2011).  

Many principles of inpatient CGA consultation have been incorporated into co--

management programmes.  Co-management with a geriatrician may reduce mortality, 

complications, delirium and rehospitalization among patients with hip fracture on the 

surgical service (Ganz, Koretz et al. 2010, Ellis, Whitehead et al. 2011, Deschodt, Flamaing 

et al. 2013, Reuben, Ganz et al. 2013).  

 

A 2017 meta-analysis of surgical co-management demonstrated decreased length of stay 

and suggested, but did not confirm, the possibility of decreased inpatient mortality 

(Shields, Henderson et al. 2017).  In another meta-analysis, CGA for older adults with hip 

fracture provided as a consultation service, or on an inpatient unit, reduced the 

likelihood of being discharged to an assisted living facility or nursing home, compared 

with discharge home; it also suggested a non-significant benefit on inpatient mortality 

(Ellis, Whitehead et al. 2011). 

 

2.6.8 Falls Risk Assessment 

Falls risk assessment can independently predict fall-related injury, fall-related head injury 

and hip fracture, and all-cause mortality in older adults (Nilsson, Eriksson et al. 2016).  
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Most fractures in older people are related to falls, with the exception of the vertebrae.  

Poor bone health increases the risk of fracture, but from the population perspective, risk 

of falling is more predictive of fractures than bone mineral density (Kaptoge, 

Benevolenskaya et al. 2005).  Thus, reducing the risk of falls is equally or more important 

than treating osteoporosis if the ultimate aim is fracture reduction (Järvinen, Sievänen 

et al. 2008).  

 

2.6.9 Bone Health Assessment 

It has been noted that a second hip fracture can be devastating for older adult patients 

(Gjertsen 2019), which makes it especially important to assess bone health and future 

fracture risk during an inpatient admission with hip fracture.  The process of investigation 

and treatment of osteoporosis are detailed in earlier sections, and those principles 

should be followed post hip fracture.   

 

2.7 Complication following Hip Fracture 

 

Older age is a significant risk factor for adverse outcomes after surgery (Fleisher, 

Pasternak et al. 2004, Hamel, Henderson et al. 2005, Turrentine, Wang et al. 2006, 

Kheterpal, O'Reilly et al. 2009).  Frailty has been used to predict perioperative outcomes 

in older patients (Zenilman, Chow et al. 2011).  Older adults account for a 

disproportionately large fraction of all surgical procedures performed in the US (Neuman 

and Bosk 2013).  Frail surgical patients are at increased risk for mortality and discharge 

to a long-term care facility (Makary, Segev et al. 2010, McIsaac, Moloo et al. 2017, Shem 

Tov and Matot 2017).  The American College of Surgeons and the American Geriatrics 

Society recommends preoperative evaluation of the older patient for frailty (Chow, 

Rosenthal et al. 2012).  

 

The presence of frailty, irrespective of its method of diagnosis, has been shown to predict 

post-operative mortality, complications and prolonged length of stay (Lin, Watts et al. 

2016).  Approximately one-third of hip fracture patients have significant frailty with a 

high risk of poor outcomes, one-third have no markers of frailty and about one-third have 
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an intermediate condition (Krishnan, Beck et al. 2014).  A substantial increase in mortality 

occurs mainly in severe comorbid medical conditions (Cha, Ha et al. 2019).   

 

Myocardial infarction, stroke, pneumonia and PE are commonly diagnosed within a week 

of surgery and surgical-site infection and deep vein thrombosis are often diagnosed later 

(Bohl, Samuel et al. 2018).  

 

Prolonged time-to-surgery is an established risk factor for mortality and post-operative 

complications such as pneumonia and pressure ulcers (Simunovic, Devereaux et al. 2010).  

Patients with significant frailty are likely to have the greatest benefit from early surgery 

and early post-operative mobilisation (Pioli, Lauretani et al. 2012). 

 

Pressure Ulcers 

In 2005, it was reported that pressure ulcers may occur in 10-40% percent of patients 

hospitalized for hip fracture, and they are associated with increase rates of hospital-

acquired infection and longer lengths of stay (Beaupre, Jones et al. 2005).  A subsequent 

prospective study of 650 patients over the age of 65 following hip fracture surgery, found 

that the incidence of pressure ulcers was greater during the acute hospital period than 

in the subsequent rehabilitation or nursing home setting over a period of 32 days 

(Baumgarten, Margolis et al. 2009).  Use of pressure-relieving mattresses, compared with 

usual care, may reduce the incidence of pressure ulcers (Beaupre, Jones et al. 2005).  

More recent studies have shown decreased incidence of circa 10%, which doubles when 

grade 1 ulcers are included, indicating improvement in care, but a persistent challenge 

(Lindholm, Sterner et al. 2008, Chiari, Forni et al. 2017). 

 

Pressure-induced skin and soft tissue injuries are highly prevalent in hospitalised patients 

or those requiring long-term institutional care (de Laat, Pickkers et al. 2007).  The 

prevention of pressure ulcers has been shown to be a cost-effective approach that 

positively impacts health status (Inman, Sibbald et al. 1993, Padula, Mishra et al. 2011, 

Pham, Stern et al. 2011, Pham, Teague et al. 2011, Pham, Teague et al. 2011).  Preventing 

pressure ulcers in high-risk hospital patients may save both money and increase quality-

adjusted life-years (Padula, Pronovost et al. 2019).   
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Dementia and Post-operative Cognitive Dysfunction 

Approximately 40% of patients who sustain a hip fracture have a pre-existing diagnosis 

of dementia (Seitz, Adunuri et al. 2011, Physicians 2018).  These patients have more 

complex care needs, greater risks of complications, physical disabilities and social care 

requirements compared to those without dementia (Centre 2017).  Daily review by a 

geriatrician, starting before or within 24 hours of hip fracture surgery, with application 

of multiple types of treatment, has been shown to reduce delirium occurrence by 36% 

and severe delirium by 60% (Marcantonio, Flacker et al. 2001).  All types of dementia 

increase the risk of post-operative delirium and cognitive dysfunction, as well as other 

complications (Lee, Mears et al. 2011, Seitz, Gill et al. 2014, Freter, Koller et al. 2017, H, 

Mohan et al. 2017, Sprung, Roberts et al. 2017, O'Hanlon and Rechner 2018).   

 

Preoperative use of psychotropic medications, such as a benzodiazepines and 

antipsychotics, may be associated with increased risk for development of post-operative 

delirium (Watt, Tricco et al. 2018).  Advanced age has been shown in numerous studies 

to be a risk factor for perioperative neurocognitive disorders (Paredes, Cortínez et al. 

2016, Beishuizen, Scholtens et al. 2017, H, Mohan et al. 2017, Evered, Silbert et al. 2018, 

Evered and Silbert 2018, Schulte, Roberts et al. 2018).  Around 12% of older adults 

develop a mild or major neurocognitive disorder during recovery from noncardiac 

surgery (Paredes, Cortínez et al. 2016). 

 

Delirium 

Delirium has been long-recognised as a complication for older adults in hospital, having 

been reported as occurring in as many as 61% of patients with hip fracture (Gustafson, 

Berggren et al. 1988).  Delirium affects about one-third of older patients with hip 

fractures.  It has a detrimental effect on functional and clinical outcomes, resulting in 

longer length of hospitalisation and slow and incomplete recovery.  All the known 

subtypes of delirium may occur following hip fracture.  In about two-thirds of patients, 

delirium arises without agitation, as hypoactive or normal psychomotor variants and 

therefore is often underdiagnosed (Albrecht, Marcantonio et al. 2015).  Patients with 

dementia are at particularly high risk of developing perioperative delirium and 
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orthogeriatric management has been shown to reduce the incidence of delirium after hip 

fracture by one-third and severe delirium by a half (Marcantonio, Flacker et al. 2001). 

 

Post-operative delirium is relatively common after any major surgery in general (as 

opposed to hip fracture surgery specifically) in older adult adults; it has been variously 

reported as ranging from 4- 55% in various studies.  A higher incidence of delirium has 

been observed in patients scheduled for emergency, cardiac, or orthopaedic hip or knee 

surgery (Bitsch, Foss et al. 2004, Dasgupta and Dumbrell 2006, Lee, Mears et al. 2011, 

Rudolph and Marcantonio 2011, 2015, Scholz, Oldroyd et al. 2016, Culley, Flaherty et al. 

2017, H, Mohan et al. 2017, Sprung, Roberts et al. 2017, Zenilman 2017, Watt, Tricco et 

al. 2018).  Persistent post-operative delirium has been consistently associated in 

numerous studies with variable degrees of cognitive decline in subsequent weeks (Bickel, 

Gradinger et al. 2008, Saczynski, Marcantonio et al. 2012, Inouye, Marcantonio et al. 

2016, Hughes, Patel et al. 2017, Sauër, Veldhuijzen et al. 2017, Sprung, Roberts et al. 

2017, Brown, Probert et al. 2018).  Up to 40% of older adults who develop post-operative 

delirium will never return to their preoperative cognitive baseline (Saczynski, 

Marcantonio et al. 2012, H, Mohan et al. 2017).  Post-operative delirium is also a 

predictor of a greater decline in functional status (Bickel, Gradinger et al. 2008, Rudolph, 

Inouye et al. 2010, Hshieh, Saczynski et al. 2017), as well as a greater risk of subsequent 

dementia (Lundström, Edlund et al. 2003, Witlox, Eurelings et al. 2010, Evered, Silbert et 

al. 2016, Aranake-Chrisinger and Avidan 2017, Hughes, Patel et al. 2017, Lingehall, 

Smulter et al. 2017, Sprung, Roberts et al. 2017, Sprung, Roberts et al. 2017), although 

causation is still uncertain.  Post-operative delirium is further associated with longer 

length of stay in the hospital, higher rate of discharge to a nursing home and a higher 

incidence of mortality (Witlox, Eurelings et al. 2010, Beishuizen, Scholtens et al. 2017). 

 

Delirium risk has been found to be increased with opioids, benzodiazepines and 

antihistamines (Clegg and Young 2011).  Pharmacological prevention of delirium through 

the administration of a low dose of neuroleptic drugs is still a matter of debate, without 

any evidence to support their use (Yoo, Kim et al. 2017).  

 



73 
 

The 4 “A”s Test (4AT) is a useful tool for delirium screening and monitoring (Tieges, 

MacLullich et al. 2020) and has been validated in patients with hip fracture (Bellelli, 

Morandi et al. 2014).  

 

The type of anaesthesia, whether spinal or general, does not appear to affect the 

incidence of delirium, but deep sedation has been associated with a higher risk of post-

operative delirium (Orena, King et al. 2016). 

 

Pneumonia/Respiratory Complications 

The most common causes of death following hip fracture surgery are respiratory or 

cardiac failure and infections, mainly pneumonia or sepsis from other sources (Sheikh, 

Hossain et al. 2017).  All older patients, irrespective of pre-morbid health, have a 

substantial risk of pulmonary complications after surgery (Smetana, Lawrence et al. 

2006).  In a systematic review of older patients following non-cardiothoracic surgery, 

those aged 50 to 59 years, 60 to 69 years, 70 to 79 years, and ≥80 years had OR of 1.50 

(95% CI 1.31-1.71), 2.28 (95% CI 1.86-2.80), 3.90 (95% CI 2.70-5.65), and 5.63 (95% CI 

4.63-6.85), respectively for respiratory complications, compared with patients <50 years 

old (Smetana, Lawrence et al. 2006).  Two  significant risk factors for pulmonary 

complications are pre-existing COPD and chronic heart failure (CHF) (Smetana, Lawrence 

et al. 2006).  Both pneumonia and exacerbation of chronic lung disease occur in 

approximately 4% of older adults with hip fractures and account for one-third of post-

operative deaths (Sheikh, Hossain et al. 2017).  Patients with an admission diagnosis of 

COPD have more than double the risk of developing chest infections during a hospital 

stay and a substantial excess of mortality compared with patients without COPD (Buss, 

McKeever et al. 2018).  Additional risk factors for post-operative pneumonia include 

disorders of the central nervous system, anaemia, diabetes mellitus and the use of 

medication that reduces alertness (Lv, Yin et al. 2016).  Furthermore, dysphagia – 

irrespective of its cause – increases the risk of aspiration pneumonia (Marik and Kaplan 

2003).   

 

The risk of respiratory complications may be mitigated by cessation of smoking for more 

than 3 months before surgery in those who use tobacco, though this would not be 
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possible in the context of acute hip fractures, which are an unplanned occurrence (Zhang, 

Zhang et al. 2017).  The risk of respiratory failure is exacerbated if the patient is frail and 

more susceptible to respiratory fatigue (Cedborg, Sundman et al. 2014). 

 

Raised Inflammatory Markers 

C-reactive protein (CRP) is a marker of acute inflammation and can be associated with 

infection, and a CRP level of <5 mg/L is considered normal in most laboratories.  Levels 

of CRP can vary widely amongst patients with hip fractures on presentation to hospital.  

A 2019 Danish study of 698 hip fracture patients reported CRP levels ranging from 10-32 

mg/L prior to surgical intervention, and that higher CRP was associated with an increased 

risk of 30-day mortality (Norring-Agerskov, Bathum et al. 2019).  A 2016 South Korean 

study of 905 patients (pathological fractures excluded) reported CRP levels ranging from 

24-149 mg/L prior to surgical intervention, and this was associated with greater 1-year 

mortality (Kim, Lee et al. 2016).  A study from Israel, published in 2007, recorded an 

average CRP of 15 mg/L in their cohort of 41 patients before surgical intervention 

(Beloosesky, Hendel et al. 2007).   

 

Constipation 

Most patients following hip fracture surgery have mild constipation for the first post-

operative days and a normal defecation pattern is re-established only after several days 

(Trads and Pedersen 2015).  And constipation is a risk factor for delirium in older adults 

(Pryor and Clarke 2017).   

 

Urinary Incontinence 

Urinary incontinence may be prevalent in up to 40% of women aged 70 years and older 

(Milsom and Gyhagen 2019), and a Norwegian study has reported pre-hip fracture rates 

of urinary incontinence of 50%, irrespective of gender (Sørbye and Grue 2013).  This same 

study reported that the use of indwelling catheters for patients with incontinence post 

hip fracture was associated with delirium, polypharmacy and higher number of 

comorbidities.   
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Nutrition, Sarcopaenia, Hand-grip Strength and Albumin 

 

Nutritional Supplementation 

Patients are at high risk of malnutrition after hip fractures, and nutritional assessment is 

routine amongst most care pathways.  It is estimated that in the post-operative period, 

a quarter of patients ingest less than 25% of meals offered by the hospital, and about 

half of patients consume between 25-50% of meals (Goisser, Schrader et al. 2015).  In a 

recent study of geriatric orthopaedic patients (half of whom had hip fractures) only 1.5% 

of patients were able to achieve their recommended energy need and only 21% the 

resting energy expenditure estimated at 20 calories per kilo bodyweight per day 

(Rosenberger, Rechsteiner et al. 2019).  

 

Low food intake post-operatively, poor nutrition and malnourishment preoperatively are 

associated with worse recovery of mobility and function (Goisser, Schrader et al. 2015, 

Goisser, Schrader et al. 2015) and oral nutritional supplementation may be of benefit in 

reducing minor post-operative complications in patients with hip fracture, preserving 

body protein stores and in some cases reducing the overall length of stay (Delmi, Rapin 

et al. 1990, Avenell and Handoll 2010, Anbar, Beloosesky et al. 2014).  However, 

systematic reviews of nutritional interventions found low-quality evidence to support the 

effectiveness of multi-nutrient supplements in the prevention of complications (Avenell 

and Handoll 2010, Avenell, Smith et al. 2016).  

 

Numerous studies demonstrate that malnutrition is common in older adults with hip 

fracture and that dietician assessment can improve overall nutritional status (Ness, 

Hickling et al. 2018).  However, models of nutrition care tend to focus on highly 

individualised assessments and interventions provided by dietitians or medical nutrition 

specialists (Bell, Young et al. 2018) and in many orthopaedic settings01 timely access to 

specialist clinical nutrition care is limited or absent (Jensen, Compher et al. 2013).  

The Malnutrition Screening Tool (MST) is a common screening tool used to assess for 

inpatient malnutrition (Ferguson, Bauer et al. 1999, Tinivella, Barbera et al. 2001).  While 

it has been validated in general hospital populations, its applicability to patients with 

acute hip fracture is still uncertain as it is less sensitive and specific for malnutrition in 
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this population, compared with anthropometric parameters such as BMI (Bell, Bauer et 

al. 2013).   

 

Sarcopaenia 

Decreased muscle mass has been associated with lower level of physical function in older 

adults as well as higher rates of disability and increased risk for hip fracture (Lang, 

Koyama et al. 2008).  The term sarcopaenia was suggested by Rosenberg for the well-

recognised loss of muscle with ageing (Rosenberg 1989).  It is a significant component of 

frailty and the diagnosis, treatment and prevention of sarcopenia is recommended to 

become part of routine clinical practice (Cruz-Jentoft and Sayer 2019).  A 2014 systematic 

review on the prevalence of sarcopenia by the European Working Group on Sarcopenia 

in Older People (EWGSOP) reported a variable prevalence of 1-29% in people living in the 

community, compared with 14–33% in those living in long-term care facilities and 10% 

for those in acute hospital care (Cruz-Jentoft, Landi et al. 2014).  However, in a population 

of previously home-dwelling older adults with hip fracture (mean age 79 years), 38% had 

sarcopenia according to the EWGSOP 2010 definition (Steihaug, Gjesdal et al. 2018). 

 

A consensus definition and approach to screening and classification was first proposed 

by EWGSOP established by the European Geriatric Medicine Society in 2010, and with a 

revised version in 2018 (Cruz-Jentoft, Bahat et al. 2019).  Grip strength was chosen for 

this definition as it is a portable, simple, reliable and valid proxy measure of body 

strength, and has a good correlation with lower limb physical performance.  Low grip 

strength in older people is associated with falls, increased incidence of disability and 

earlier mortality.  It has also been shown to predict slower and less complete functional 

recovery from illness in men (Roberts, Syddall et al. 2012).  The EWGSOP2 consensus 

(Cruz-Jentoft, Bahat et al. 2019) defines sarcopaenia in terms of grip strength, as any 

value lower than 27 kg in men, and lower than 16 kg in women.   

 

Hand Grip Strength and Hip Fracture 

A 2018 systematic review of 11 studies, comprising 21,197 participants reported that 

hand grip strength was significantly reduced in those with hip fractures compared with 

controls (p < 0.001) (Denk, Lennon et al. 2018).  A prospective observational study of 63 



77 
 

older Asian adults with low trauma hip fracture found that male patients with a handgrip 

strength above 20.5 kg and female patients with a handgrip strength above 11.5 kg 

suggest a high likelihood of early post-operative ambulation and a lower risk of 

complications after the hip surgery (Chang, Lee et al. 2021).  Another recent cohort study 

found that amongst 242 patients following hip fracture, low hand grip strength was a 

predictor of 1-year mortality (HR, 1.080, 95% CI 1.024-1.139) (Choi, Kim et al. 2021).  Yet 

another prospective study of 258 women following hip fracture, examined the success 

of rehabilitation outcomes based on whether participants’ hand grip strength was above 

or below the EWGSOP2 16 kg threshold for sarcopenia in women mentioned above (Di 

Monaco, Castiglioni et al. 2020).  The authors reported that those participants whose grip 

strength was >16 kg were significantly more likely to achieve successful rehab (as 

measured by Barthel Index), with odds ratio 2.68 (95 % CI 1.19-6.04, p=0.018).  A further 

observational study of 670 Mexican adults following hip fracture found that 6-month 

mortality was significantly associated with low hand grip strength (as measured during 

the inpatient admission with fracture), though it noted that low grip strength was also 

associated with older age, high Charlson Comorbidity Index and history of dementia 

(Gutiérrez-Hermosillo, de León-González et al. 2020).   

 

Albumin 

There is strong evidence that albumin lower than 35 g/L is associated with a 2-3-fold 

increased risk of post-operative complications and mortality (Li, Zhang et al. 2019).  This 

meta-analysis of 13 studies aimed to determine if hypoalbuminaemia could predict 

clinical outcomes and mortality after hip fracture surgery in older adults.  

Hypoalbuminemia was significantly associated with higher total mortality and higher risk 

of in-hospital death (both p<0.001).  It was also found that albumin was a better predictor 

of post-operative outcomes than other nutritional indicators, including nutritional 

assessment (Li, Zhang et al. 2019).   

 

Low serum albumin, recent weight loss and dependency have been shown to increase 

the risk of post-operative respiratory complications (Arozullah, Conde et al. 2003). 
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While the above-mentioned studies have identified low serum albumin as a risk factor 

for poorer outcome after hip fracture, it must also be noted that albumin is a negative 

acute phase reactant (Gabay and Kushner 1999).  Therefore, the finding of low albumin 

in a person hospitalised with hip fracture could be caused by an intercurrent infection 

(such as pneumonia) or by the fracture itself, as opposed to being the result of underlying 

poor nutritional status.  And hence, any adverse outcome associated with 

hypoalbuninaemia could be attributed equally to an acute inflammatory process as to 

suboptimal nutrition (Gabay and Kushner 1999).   

 

Obesity 

Obesity contributes to reduced gas exchange through reduced lung volume and in severe 

cases can lead to hypercapnic respiratory failure.  However, there is no evidence that 

patients with hip fracture and an elevated BMI (between 25-40) have an increased rate 

of post-operative complications (Batsis, Huddleston et al. 2009).  BMI does however 

show a U-shaped relationship regarding the risk of post-operative complications 

(Akinleye, Garofolo et al. 2018), with the highest risk in low-weight (BMI < 20) and 

morbidly obese (BMI > 40) patients.   

 

Vitamin D 

Vitamin D deficiency, which is largely prevalent in people with hip fractures, has been 

associated with poor functional recovery in frail subjects (Pioli, Lauretani et al. 2016).  

Greater discussion on the role of vitamin D in the management of osteoporosis has been 

outlined in earlier chapters.   

 

Blood Transfusion and Anaemia 

Anaemia on admission to hospital is an independent predictor of poor outcome, and it 

has been found to be present in about 10–12% of those presenting with hip fracture 

(White, Moppett et al. 2014).  Approximately 40% of patients with hip fracture have 

haemoglobin levels below population norms on admission and values may further drop 

before surgery with an average fall of 0.9 g/dL after 1 day, greater in extracapsular than 

intracapsular fractures (Puckeridge, Terblanche et al. 2019).  Patients over the age of 75, 

those with initial haemoglobin less than 12g/L and those with peritrochanteric fracture 
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are at higher risk of requiring post-operative blood transfusion (Adunsky, Lichtenstein et 

al. 2003, Dillon, Collins et al. 2005).  Intracapsular fractures are associated with lower 

blood loss than extracapsular fractures or intertrochanteric or subtrochanteric fractures 

(Foss and Kehlet 2006).  

 

Renal Dysfunction 

CKD is common in older adults and it has been associated with excess surgical morbidity 

(Salifu 2015).  In addition, falls can be associated with a long lie which is a known cause 

of rhabdomyolysis and acute kidney injury (AKI) (Wongrakpanich, Kallis et al. 2018).  

Transient worsening of renal function is common post-operatively, particularly in 

patients with pre-fracture impairment of glomerular filtration.  Patients with stage 1 and 

2 acute kidney injury have similar survival curves but worse when compared to those 

with no AKI (Porter, Moppett et al. 2017), which may suggest that a post-operative 

deterioration of renal function is probably a marker of frailty rather than the direct cause 

of death.   

 

Venous Thromboembolism 

The incidence of symptomatic venous thromboembolic events (VTE) ranges from 1-9% 

and symptomatic PE 0.2–1.7% following hip fracture surgery. 

 

Bladder Catheterization 

If used, catheters should be removed within 24 hours of surgery to prevent urinary 

infection, and patients can be managed subsequently with intermittent catheterization 

if needed (Michelson, Lotke et al. 1988, Skelly, Guyatt et al. 1992, Johansson, Athlin et al. 

2002). 

 

Fat Embolism 

Fat embolism syndrome occurs in approximately 0.5% of patients with long bone 

fractures, and is more common with bilateral fractures, and in those who undergo 

femoral intramedullary nailing (Giannoudis, Tzioupis et al. 2006), and with delayed 

surgery (Mellor and Soni 2001). 
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Cardiovascular Complications 

Ischemic heart disease and cardiac failure account for more than one-third of early 

deaths after hip fracture (Sheikh, Hossain et al. 2017).  Up to one-third of patients show 

an increase of troponin perioperatively, most of them without electrocardiogram (ECG) 

ischaemic changes (Hietala, Strandberg et al. 2014).  

 

Supraventricular Arrhythmias 

New onset atrial fibrillation is a very frequent complication after hip fracture surgery 

occurring in 3–6% of patients (Gupta, Steckelberg et al. 2015, Leibowitz, Abitbol et al. 

2017) and has been consistently associated with a higher risk of mortality within 1 year 

after fracture (Gupta, Steckelberg et al. 2015, Leibowitz, Abitbol et al. 2017).  Atrial 

fibrillation after surgery is a risk factor for post-operative cognitive dysfunction (POCD) 

(Krenk, Kehlet et al. 2014). 

 

Urinary Tract Infection 

Urinary tract infection is amongst the most common complications after hip fracture 

surgery, occurring in almost one-quarter of all individuals.  It is associated with an 

increased incidence of delirium, prolonged length of hospital stay and poorer functional 

outcomes (Bliemel, Buecking et al. 2017).  

 

Gastrointestinal Complications 

The reported incidence of perioperative acute upper gastrointestinal bleeding varies 

widely but is currently considered to be at a low risk of occurring (Liu, Gupta et al. 2018).  

 

2.8 Longitudinal Outcomes after Hip Fracture 

 

Male patients, people living in supported accommodation, those with poorer mobility 

pre-fracture and those with depression or dementia are at particular risk of poorer 

outcomes following hip fracture (Magaziner, Simonsick et al. 1990, Hannan, Magaziner 

et al. 2001, Beaupre, Cinats et al. 2007).  
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Although mortality following hip fracture has been found to be higher in men than 

women, ultimate recovery in mobility is the same across genders (Hannan, Magaziner et 

al. 2001, Osnes, Lofthus et al. 2004).  

 

For nursing home residents, the factors most strongly associated with mortality or new 

total mobility dependence are age greater than 90, severe cognitive impairment and 

nonoperative management of the hip fracture (Neuman, Silber et al. 2014).  

 

2.8.1 Geriatric Rehabilitation 

Transitions across multiple locations for rehabilitation may increase the risk of errors in 

medication orders, discontinuity in rehabilitation interventions, patient confusion and 

depression (Hung, Egol et al. 2012).  Evidence shows that early and frequent 

physiotherapy helps improve outcomes following hip fracture (Chudyk, Jutai et al. 2009), 

yet prolonged physiotherapy – with resulting longer inpatient admission – may be 

required to reach maximal functional outcomes (Auais, Eilayyan et al. 2012, Sylliaas, 

Brovold et al. 2012, Latham, Harris et al. 2014).  There is little evidence to show greater 

benefit of rehabilitation received in acute versus subacute inpatient settings, after 

accounting for length of stay (Mallinson, Deutsch et al. 2014).  A 2009 systematic review 

suggested that multidisciplinary inpatient rehabilitation for older patients following hip 

fracture improved short-term outcomes compared with usual care, but results were not 

statistically significant (Handoll, Cameron et al. 2009).  The benefits of multidisciplinary 

care for older adults with hip fractures have been demonstrated in many studies.  In 

particular, patients who received multidisciplinary care with involvement of geriatricians 

experienced shorter length of stays and lower rates of complications, including delirium 

(Marcantonio, Flacker et al. 2001, Vidán, Serra et al. 2005, Grigoryan, Javedan et al. 2014).  

Several systematic reviews and meta-analyses have conclusively demonstrated that 

rehabilitation programmes improve outcomes for patients after hip fracture compared 

with the absence of such structured approaches (Crotty, Unroe et al. 2010, Handoll, 

Sherrington et al. 2011, Diong, Allen et al. 2016).  Cognitive impairment has been shown 

to impact recovery (Morghen, Gentile et al. 2011).  However, hip fracture patients with 

concomitant cognitive impairment have been found to still significantly benefit from 

rehabilitation (Vidán, Serra et al. 2005).  Patients with dementia are less likely to receive 



82 
 

rehabilitation (Hannan, Magaziner et al. 2001, Seitz, Gill et al. 2014), but for those who 

do receive rehabilitation, improvements are comparable to other populations but may 

take longer (Allen, Koziak et al. 2012).   

 

2.8.2 Frailty as a Predictor of Outcome  

Frailty in older adults has been defined as a decrease in physiological reserve that 

exceeds what might be expected from advanced age alone (O'Hanlon and Rechner 2018). 

 

In many studies, frailty has been shown to predict post-operative mortality and morbidity 

including delirium, longer hospital stay, discharge to nursing home, cognitive impairment 

and functional decline (Makary, Segev et al. 2010, Afilalo, Mottillo et al. 2012, Bagnall, 

Faiz et al. 2013, Kim, Han et al. 2014, Furukawa and Tanemoto 2015, Pelavski, De Miguel 

et al. 2017, Watt, Tricco et al. 2018).  The identification of preoperative frailty may inform 

a patient regarding surgical approaches, post-operative recovery strategies and likely 

outcomes (Alvarez-Nebreda, Bentov et al. 2018, O'Hanlon and Rechner 2018).   

 

Frailty is a predictor of lower BMD, an increased likelihood of falls and vertebral and hip 

fractures (Ensrud, Ewing et al. 2007, Sternberg, Levin et al. 2014).  Sarcopaenia and 

osteoporosis are often found to co-exist in an individual and as they share risk factors, 

this has given rise to the notion of osteosarcopaenia (Hassan and Duque 2017).  For older 

adults with osteoporosis, there is a general consensus for the benefit of a 

multicomponent exercise programme including resistance and balance training 

(Giangregorio, Papaioannou et al. 2014).  Frailty has been associated with longer hospital 

length of stay and reduced chance of returning home within 30 days after hip fracture 

(Krishnan, Beck et al. 2014). 

 

Rockwood Clinical Frailty Scale 

The Rockwood Clinical Frailty Scale (CFS) is a commonly-used observer-based score to 

assess for frailty (Rockwood, Song et al. 2005).  It scores level of frailty from 1 (very fit) 

to 9 (terminally ill).  It is highly predictive of both mortality and transition to institutional 

care, with higher scores being indicative of greater mortality and greater risk of entry 

into institutional care.  In a 2017 retrospective cohort study of 266 older Canadian adults 
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(mean age was 76.5 ± 7.8 years) admitted to hospital with a variety of surgical traumas, 

pre-admission frailty as per the CFS (CFS 6 or higher) was independently associated with 

both inpatient mortality and discharge to institutional care (OR 5.1, 95% CI 2.0- 13.2, p 

<0.001) (Cheung, Haas et al. 2017).  Similar findings were demonstrated in hip fracture 

patients in a 2019 retrospective cohort study of 423 patients over the age of 65 with 

acute hip fracture (Chan, Wong et al. 2019).  It found preadmission frailty was 

independently associated with adverse discharge destination (ARR 23.0, 95% CI 3.0-

173.5) and in-hospital complications (ARR 4.8, 95% CI 2.1-10.8), and that this was in 

greater magnitude than traditional risk factors such as age, male sex, time-to-surgery and 

mode of anaesthesia.  Increasing frailty also correlated positively with longer length of 

stay in this study (p <0.001).  A recent antipodean retrospective study of 509 patients 

with acute proximal femoral fracture found that CFS demonstrated superior 

discriminative ability in predicting mortality (Area Under the Curve (AUC) 0.699, 95% CI 

0.651-0.747) when compared with the patient’s ASA Physical Status Classification (AUC 

0.634; 95% CI 0.576 to 0.691) and chronological age groups (AUC 0.585, 95% CI 0.523-

0.648) (Narula, Lawless et al. 2020).  And another Australian retrospective study of hip 

fracture rehabilitation outcomes in 2021 found that higher CSF was a greater predicter 

of poorer outcome than was admission from nursing home (Low, Wee et al. 2021).  And 

a UK study of over 2,400 older adults with low trauma hip fracture reported that the CSF 

was predictive of both inpatient and 1-year mortality, but not of hospital length-of-stay 

(Thorne and Hodgson 2021).   

 

2.8.3 The Influence of Comorbidities on Outcome Following Hip Fracture 

The Charlson Comorbidity Index (CCI) is a scale for the prediction of mortality in the 

outpatient setting (Charlson, Szatrowski et al. 1994).  It has more recently been validated 

for the prediction of mortality among hospitalised patients (Sundararajan, Henderson et 

al. 2004).  Points are scored for various comorbid conditions and for their severity.  

Variables accounted for in the score include age, diabetes, myocardial infarction, stroke, 

congestive cardiac failure, COPD, dementia, CKD, peripheral vascular disease, malignancy, 

depression and chronic liver disease.  A higher CCI has been associated with increased 

number of readmissions to hospital following hip fracture in a Spanish study of 207 older 

adults with hip fracture (da Casa, Pablos-Hernández et al. 2019).  The applicability of the 
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CCI to hip fracture populations has been further demonstrated in a large Swedish 

retrospective cohort study of over 165,000 adults with hip fracture from 1997 to 2017 

(Ek, Meyer et al. 2021).  It compared CCI with the ASA Physical Status Classification, and 

found a stepwise increase in mortality for increasing values of both ASA Physical Status 

Classification and CCI.  Hazard ratios for highest ASA Physical Status Classification (4-5) 

were 3.8 (95% CI 3.5-4.2) for women and 3.2 (95% CI 2.8-3.6) for men in the fully adjusted 

models.  Adjusted HRs for the highest CCI (4 +) were 3.6 (95% CI 3.3-3.9) for women and 

2.5 (95% CI 2.3-2.7) for men.  Another retrospective chart review of 485 older adults with 

hip fracture found that CCI ≥ 6 was positively associated with 30-day mortality (OR 2.6, 

95% CI 1.20-5.65, p = .015), but the study also found a strong association with age and 

30-day mortality independent of CCI (OR 2.74, 95% CI 1.27-5.95, p = .012), which leads 

to the suspicion that age is a strong a predictor of mortality as are comorbidities (Kirkland, 

Kashiwagi et al. 2011).   

 

2.8.4 Length of Stay 

A 2017 systematic review of hip fractures between 1990 and 2015 (mainly in the US and 

western European countries) found the mean length of hospital stay was 8.6 days but 

varied significantly by region (Williamson, Landeiro et al. 2017).  Studies from North 

America reported the shortest lengths of stay and those from Asia the longest lengths of 

stay.   

 

A 2015 US study of 188,000 patients (admitted from 2000 to 2011) with acute hip 

fracture reported an average length of stay of 8.1 days (decreasing from 12.9 days in 

2000 to 5.6 days in 2011) and found that a shorter length of stay (<5 days and <10 days) 

was associated with decreased 30-day mortality (Nikkel, Kates et al. 2015).  

 

It has also been shown that CGA decreases the risk of complications and death post hip 

fracture (Nordström, Gustafson et al. 2015).  And it is postulated that if a patient is 

discharged exceedingly early after fracture, the opportunity for CGA may be missed and 

hence the patient may not benefit from the ensuant reduction in mortality.   
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2.8.5 Loss of Function Following Hip Fracture 

Between 25-75% of community-living older adults who sustain hip fractures do not 

recover pre-injury functional status (Rubenstein and Josephson 2006).  Socioeconomic 

factors such as income, employment, education skills and training have been found to 

influence recovery from hip fracture (Dyer, Crotty et al. 2016, Auais, Al-Zoubi et al. 2019). 

 

40-60% of people who survive hip fracture are likely to recover their pre-fracture level of 

mobility.  And while up to 70% of people may regain their pre-fracture level of 

independence for composite measures of basic activities of daily living (ADLs), this 

proportion is likely to be lower for those with higher levels of dependence pre-fracture 

(Dyer, Crotty et al. 2016).  However, only half will regain their pre-fracture level of 

independence in instrumental activities of daily living (IADLs); most will reach this level 

within 6 months; range 4-11 months (Dyer, Crotty et al. 2016).   

 

Barthel Index 

The Barthel index (BI) is a widely used observer-based instrument to measure physical 

function and has been validated in geriatric medicine rehabilitation settings.  The BI is an 

ordinal scale, which measures performance of 10 basic ADLs such as dressing, mobility, 

and grooming in the domain of activities of the International Classification of Functioning, 

Disability and Health (Mahoney and Barthel 1965, Bouwstra, Smit et al. 2019).  The 

original BI awarded 5 points to each item of function within the 10 groups, with highest 

potential score of 100 (in increments of 5).  Later versions have modified the BI to score 

increments of 1 point (rather than increments of 5 points), so the BI score for an 

individual person is now usually reported as a score from 0-20, with 0 indicating severe 

dependence and 20 indicating independence (Bouwstra, Smit et al. 2019).  This may lead 

to a degree of initial confusion in interpreting the BI in instances where the older version 

of scoring is employed.  In this study I have used the current version of the BI which 

reports a minimum score of 0 and a maximum score of 20.  A study of 207 older adults 

with hip fracture from 2014 to 2018 examined correlation between BI and survival to 55-

months post-fracture (da Casa, Pablos-Hernández et al. 2019).  It found that patients with 

a poorer functional status as recorded on BI (those with scores of 0-55 versus those with 

superior scores of 60-100) had higher 55-month mortality (HR 2.37, 95% CI 1.59,3.53).  A 
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2019 prospective observational study of 208 older adults with hip fracture reported the 

mean Barthel Index prior to fracture was 76.63, decreasing to 64.91 at 1-year follow-up 

(p <0.01) (Mayoral, Ibarz et al. 2019), indicating the BI is an adequate tool in assessing 

change in function post-fracture.  A small cohort study of 100 patients with hip fracture 

demonstrated a decrease in BI from pre-fracture baseline to 90-days post-fracture 

(González-Zabaleta, Pita-Fernandez et al. 2015).  It found a mean decrease in BI from 

75.2±28.2 to 56.5±31.8) (p <0.0001), and those with a higher baseline BI were more likely 

to maintain independence.  Another study of 328 patients with hip fracture found that 

patients over the age of 85 years had a lower BI on admission compared to their younger 

counterparts, but that both groups showed significant improvement in BI from post-

surgery to discharge (Mazzola, Floris et al. 2018).  And a larger Dutch case control study 

examining the efficacy of orthogeriatric care reported on the BI as a predictor of 1-year 

mortality (Folbert, Hegeman et al. 2017).  It found that a low Barthel Index on admission 

was an independent risk factor for mortality at 1 year.   

 

New Mobility Score 

The New Mobility Score (NMS) is a self-reported measure of mobility which has been 

validated in hip fracture populations and is based on the previously-used Parker Mobility 

Score (Parker and Palmer 1993).  It quantifies a person’s ability to complete 3 functional 

activities: indoor walking, outdoor walking and shopping.  A score is given to each activity 

on a 4-point scale and combined to provide a final number from 0 to 9, where 9 is 

independent with no aid in all 3 activities and 0 is not able to carry out any of the activities 

(Kristensen, Bandholm et al. 2008, Kristensen, Foss et al. 2010).  A 2005 prospective study 

of 426 Danish patients with acute hip fracture examined the pre-fracture NMS as a 

predictor of post-operative complications, length of hospital stay and 30-day mortality 

compared with admission cognitive status and post-operative mobility progress (Foss, 

Kristensen et al. 2006).  It reported that superior levels of post-operative mobility were 

the strongest predictor of survival, low complications and shorter length of stay.  

However, a higher pre-fracture NMS was associated with fewer complications, shorter 

length of stay and lower 30-day mortality.  Given that the NMS is a simple and quick 

assessment to perform, it can serve a useful purpose in identifying patients at higher risk 

of poorer outcome following fracture.  It should be noted however, that derivation of the 
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score would often involve collecting collateral history from a patient’s next of kin as the 

high prevalence of delirium and dementia in older adults with hip fracture may impair 

their ability to give reliably accurate information on their pre-fracture mobility and 

function.  Another study by the same authors in 2010 followed 280 community-dwelling 

older adults with acute hip fracture (Kristensen, Foss et al. 2010).  It reported patients 

with a low pre-fracture NMS would be 18 times more likely not to regain independence 

in basic mobility during the hospital stay than patients with a high pre-fracture level.  It 

was also reported that age and fracture site were less strong predictors of outcome than 

NMS.   

 

New Admission to Residential Care 

Hospitalisations from falls resulting in hip fracture or other injuries lead to worse 

outcomes and a greater chance of nursing home admissions compared with 

hospitalisation due to other conditions (Gill, Murphy et al. 2013).  Between 10- 20% of 

patients following hip fracture are newly admitted to residential/institutional care within 

a year of their fracture (Dyer, Crotty et al. 2016).  

 

Other Longer-term Functional Outcomes 

Some studies have found that people with hip fracture have higher incidence of 

depression (Cristancho, Lenze et al. 2016) and higher use of anti-depressant medications 

(Iaboni, Seitz et al. 2015).  
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CHAPTER 3 

 

INTRAVENOUS ZOLEDRONIC ACID AND  

OSTEOPOROTIC HIP FRACTURES 
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3.1 Introduction 

 

Intravenous zoledronic acid is a potent antiresorptive agent used in the treatment of 

osteoporosis and is usually administered as a once yearly infusion.  It has been shown to 

improve BMD of the hip and spine and decrease the RR of hip fracture by more than a 

third (Black, Delmas et al. 2007, Lyles, Colón-Emeric et al. 2007).   

 

Intravenous bisphosphonates can be useful alternatives to oral bisphosphonates for 

patients who cannot tolerate them or who have difficulty with dosing requirements 

including an inability to sit upright for 30-60 minutes or to swallow a pill.  Zoledronic acid 

is administered yearly and must be infused over a period of at least 30 minutes; 

ibandronate is administered every 3 months as a 15- to 30-second IV injection. 

 

3.2 Dosage and Administration 

Zoledronic acid for osteoporosis is usually given as a once-yearly infusion at a dose of 

5mg.  Prior to receiving intravenous bisphosphonates, patients should be assessed for 

hypocalcaemia, vitamin D deficiency and renal impairment by measuring serum calcium, 

creatinine and 25(OH)D.  While hypocalcaemia may occur in any patient treated with 

intravenous bisphosphonates, it is more likely in those individuals with vitamin D 

deficiency and therefore can be minimized by vitamin D and calcium supplementation.  

 

3.3 Use in Chronic Kidney Disease 

As it is renally excreted, treatment with intravenous zoledronic acid is not recommended 

in those with creatinine clearance below 35 mL/min (Kuehn 2009).  Zoledronic acid 

should be infused over a period of at least 30 minutes.  Owing to the small risk of 

nephrotoxicity, patients taking other nephrotoxic drugs or diuretics, periodic post-

infusion measurement of serum creatinine should be considered.  Those with CKD and 

creatinine clearance above 30 to 35 mL/min are usually managed similarly to patients 

with normal renal function (Linnebur and Milchak 2004, Miller 2005, Miller, Roux et al. 

2005).  There is little data about fracture prevention efficacy and long-term adverse 

effects in patients with reduced renal function.   
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3.4 Efficacy 

The efficacy of zoledronic acid for the treatment of osteoporosis is proven in several 

studies (Reid, Brown et al. 2002, Black, Delmas et al. 2007, Lyles, Colón-Emeric et al. 

2007). 

 

In the Health Outcomes and Reduced Incidence with Zoledronic Acid Once Yearly 

(HORIZON) Pivotal Fracture Trial, 7,765 postmenopausal women with osteoporosis were 

randomly assigned to receive either 5 mg of zoledronic acid or placebo.  The study drug 

and placebo were administered as once-yearly intravenous infusions for 3 consecutive 

years (Black, Delmas et al. 2007, Lyles, Colón-Emeric et al. 2007).  BMD was found to 

increase at the spine, total hip and femoral neck and markers of bone turnover decreased 

in the zoledronic acid group compared with the placebo group.  There was also a 

significant reduction in fracture.  The 3-year incidence of vertebral fracture was 3.3% in 

the zoledronic acid group versus 10.9% in the placebo group, a reduction of 70% (RR 0.30, 

95% CI 0.24-0.38).  The incidence of hip fracture was 1.4% in the zoledronic acid group 

and 2.5% in the placebo group, constituting a 41% reduction (HR 0.59, 95% CI 0.42-0.83). 

 

There were no differences in serious adverse events and there was no discontinuation 

because of adverse events.  However, zoledronic acid was associated with an expected 

increase in post-infusion flu-like symptoms and mild transient hypocalcaemia in both 

HORIZON studies.  Of note, there was an unexpected increase in rates of atrial fibrillation 

in the Pivotal Fracture Trial, which was not seen in the Recurrent Fracture Trial (described 

below).  There were no long-term adverse effects on renal function.  A search of the 

safety database for the HORIZON study yielded 2 cases of potential ONJ, 1 in the 

zoledronic acid group and 1 in the placebo group.  The HORIZON studies demonstrated 

that yearly intravenous zoledronic acid was associated with an improvement in BMD, a 

decrease in spine and hip fractures in postmenopausal women with osteoporosis (Pivotal 

Fracture Trial) and a decrease in recurrent clinical fractures in men and women with 

recent hip fracture (Recurrent Fracture Trial, described in more detail below).  The 

infusions were relatively well tolerated by participants given the known association 

between intravenous bisphosphonates and flu-like symptoms.   

 



91 
 

The HORIZON Recurrent Fracture Trial studied the effect of zoledronic acid in men and 

women with osteoporotic hip fractures.  2,127 men and women with hip fracture were 

randomly assigned to receive either yearly (5 mg yearly dose) or placebo within 3 months 

of surgical repair (Lyles, Colón-Emeric et al. 2007).  Participants also received vitamin D 

and calcium supplementation.  A vitamin D dose of 50,000 to 125,000 IUs was given 14 

days prior to infusion, if 25(OH)D concentration was <15 mg/dL or unknown; and 800 to 

1200 IUs were given daily thereafter for all participants.  Median follow-up was 1.9 years.  

New fractures occurred in 8.6% of participants in the zoledronic acid group and 13.9% of 

participants in the placebo group.  This represented a RR reduction of 35% (HR 0.65, 95% 

CI 0.50-0.84).  The all-cause mortality, which was a secondary safety endpoint, was lower 

in the zoledronic acid group compared with placebo group (HR 0.72, 95% CI 0.56-0.93). 

 

A separate trial studied the effect of zoledronic acid in men with primary or 

hypogonadism-associated osteoporosis.  1,199 participants with a mean T-score at the 

femoral neck of -2.23, approximately 30% of whom had previous vertebral fractures, 

were randomly assigned to zoledronic acid 5mg IV or placebo groups (Boonen, Reginster 

et al. 2012).  All participants received calcium and vitamin D supplementation.  After 2 

years, there were fewer radiological vertebral fractures in the zoledronic acid group 

compared with the placebo group 1.6% versus 4.9% incidence respectively (RR 0.33, 95% 

CI 0.16-0.70).   

 

Additional summaries of studies on changes in BMD and markers of bone turnover are 

outlined in the tables below.   
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Table 3.1 

Summary of Studies Investigating Change in BMD and/or Fracture Reduction in Patients Treated with IV Zoledronic Acid 

 Author,  
year of 
publication 

Type of 
study 

Study 
length 

Cohort size Country Intervention Statistical 
BMD 
improvement 

Statistically 
significant 
reduction in 
new fracture 
rate 

Other 

1 Liu Z et al, 
2019 (Liu, Li 
et al. 2019) 

Randomize
d 
controlled 
trial 

2 
years 

Total-482 
Treatment-353 (164 F, 
189 M) 
Control-129 
(breakdown not 
specified) 

China Single IVZA 
dose given 
within 1 
week after 
hip fracture. 

Yes  Yes Recruited after a hip 
fracture.  Statistical 
improvement in 
bone markers also 
noted. 

2 Sargin et al, 
2019 (Sargin, 
Konya et al. 
2019) 

Prospectiv
e 
controlled 
trial 

1 year Total-73 
(39 F, 34 M) 
Group I-26 
Group II-24 
Group III-23 

Turkey Single IVZA 
dose given 
within 4 
weeks after 
hip fracture. 

Yes N/A Recruited after hip 
fracture. 

3 Liu B et al, 
2018 (Liu, 
Gan et al. 
2018) 

Retrospect
ive cohort 
study 

2 
years 

Total-104 
Treatment-52 (39 F 13 
M) 
Control-52  
(34 F 18 M)  

China Single dose 
of IVZA given 
during 
admission for 
vertebroplast
y. 

Yes  
 

N/A Statistical 
improvement in 
bone markers also 
noted. 

4 Xu et al, 2018 
(Xu, Xiang et 
al. 2018) 

Cohort 
study 

2 
years 

Total-306  
(306 F) 

China Single IVZA 
dose given at 
day 0 and at 
1 year. 

Yes  N/A Patients did not have 
hip fracture but had 
documented 
osteoporosis. 

5 Liang et al, 
2017 (Liang, 

Double-
blind 
randomize

2 
years 

Total-250 
Treatment-155 (155 F) 
Control-95  

China Single IVZA 
dose given at 

Yes Yes Patients did not have 
hip fracture but had 
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Shi et al. 
2017) 

d control 
trial 

(95 F) day 0 and at 
1 year. 

documented 
osteoporosis. 
Statistical 
improvement in 
bone markers also 
noted. 

6 Nakamura et 
al, 2017 
(Nakamura, 
Fukunaga et 
al. 2017) 

Double-
blind 
randomize
d control 
trial 

2 
years 

Total-661 
Treatment-330  
(309 F, 21 M) 
Control-331  
(312 F, 19 M) 

Japan Single IVZA 
dose given 
twice (yearly 
interval). 

Yes  
 

Yes Patients did not have 
hip fracture but had 
documented 
osteoporosis. 

7 Greenspan et 
al, 2015 
(Greenspan, 
Perera et al. 
2015) 

Double-
blind 
randomize
d control 
trial 

2 
years 

Total-181 
Treatment-89  
(89 F) 
Control-92 
(92 F) 

America Single IVZA 
dose given at 
day 0. 

Yes  
 

No Patients did not have 
hip fracture but had 
documented 
osteoporosis.  
Statistical 
improvement in 
bone markers also 
noted. 

8 Hansen et al, 
2013 
(Hansen, 
Hauge et al. 
2013) 

Prospectiv
e cohort 
study 

1.5 
years 

Total-71 
Treatment 1-33 
(33 F) 
Treatment 2-18 
(18 F) 
Treatment 3-20 
(20 F) 

Denmar
k 

Single IVZA 
dose 
(Treatment 
1) or PTH 
(Treatments 
2+3) 

Yes N/A Patients did not have 
hip fracture but had 
documented 
osteoporosis. 
Statistical 
improvement in 
bone markers also 
noted. 

9 Cosman et al, 
2011 
(Cosman, 
Eriksen et al. 
2011) 

Double-
blind 
randomize
d control 
trial 

1 year Total-412 
Treatment 1-137 (137 
F) 
Treatment 2-138 (138 
F) 

Multiple Single IVZA 
dose or 
combination 
(Treatment 
1) with 

Yes Yes Patients did not have 
hip fracture but had 
documented 
osteoporosis. 
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Treatment 3-137 (137 
F) 

Teriparatide 
or 
Teriparatide 
alone 
(Treatments 
2+3). 

Statistical 
improvement in 
bone markers also 
noted. 

10 Orwoll et al, 
2010 (Orwoll, 
Miller et al. 
2010) 

Double-
blind 
randomize
d control 
trial 

2 
years 

Total-302 
Treatment 1-154 (154 
M) 
Treatment 2-148 (148 
M) 

Multiple Single IVZA 
dose given 
day 0 and at 
1 year 
(Treatment 
1) or weekly 
Alendronate 
(Treatment 
2). 

No N/A Study cohort was all 
male with 
documented 
osteoporosis. 

11 Grey et al, 
2009 (Grey, 
Bolland et al. 
2009) 

Double-
blind 
randomize
d control 
trial 

2 
years 

Total-50 
Treatment-25  
(25 F) 
Control-25  
(25 F) 

New 
Zealand 

Single IVZA 
dose after 
recruitment. 

Yes  Results 
suggested 
this. 

Recruited patients 
had osteopaenia not 
osteoporosis. 
Statistical 
improvement in 
bone markers also 
noted. 

12 McClung et 
al, 2009 
(McClung, 
Miller et al. 
2009) 

Double-
blind 
randomize
d control 
trial 

2 
years 

Total-581 
Treatment 1-198 (198 
F) 
Treatment 2-181 (181 
F) 
Placebo-202  
(202 F) 

United 
States 

Single dose 
IVZA at 0 and 
2 years or at 
0 years only 
for 
Treatment 2 
and 1 
respectively. 

Yes  N/A Some participants 
had osteopaenia 
rather than 
osteoporosis 
diagnosis. 
Statistical 
improvement in 
bone markers also 
noted. 
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13 Black et al, 
2007 (Black, 
Delmas et al. 
2007) 

Double-
blind 
randomize
d control 
trial 

3 
years 

Total-7765 
Treatment-3889 (3889 
F) 
Control-3876 (3876 F) 

Multiple Single IVZA 
given at 0, 1 
and 2 years. 

Yes  
 

Yes Patients had not had 
hip fracture but had 
documented 
osteoporosis. 

14 Borba et al, 
2007 (Borba, 
Paz-Filho et 
al. 2007) 

Prospectiv
e cohort 
study 

1.5 
years 

Total-18 
(16 F, 2 M) 

Brazil Single IVZA 
dose at day 0 
(4mg). 

Yes N/A Patients had not had 
hip fracture but had 
documented 
osteoporosis. 
Statistical 
improvement in 
bone markers also 
noted. 

15 Lyles et al, 
2007 (Lyles, 
Colón-Emeric 
et al. 2007) 

Double-
blind 
randomize
d control 
trial 

5 
years 

Total-2127 
Treatment-1065 (817 
F, 248 M) 
Control-1062 (802 F, 
260 M) 

Multiple Single IVZA 
given yearly 
for up to 5 
years. 

Yes Yes Recruited and 
treated within 90 
days of hip fracture. 
Statistical 
improvement in 
bone markers also 
noted. 

16 Reid et al, 
2002 (Reid, 
Brown et al. 
2002) 

Double-
blind 
randomize
d control 
trial 

1 year Total-316 
Treatment 1-60 (60 F) 
Treatment 2-58 (58 F) 
Treatment 3-53 (53 F) 
Treatment 4-61 (61 F) 
Treatment 5-60 (60 F) 
Control-59  
(59 F) 

Multiple Various 
regimens of 
IVZA 
administered 
over 1 year-
period. 

Yes N/A Patients had not had 
hip fracture but had 
documented 
osteoporosis. 
Statistical 
improvement in 
bone markers also 
noted. 

This table summarises the result of a literature search to identify all published data pertaining to the use of IVZA in the treatment of osteoporosis (IVZA-Intravenous 
Zoledronic Acid). 
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 Table 3.2 
 Sub-table for Paper-Specific BMD Changes Pre and Post IV Zoledronic Acid (Post-IVZA % change is change after 1 year unless 

otherwise stated) 

 Study Author BMD Lumbar Spine BMD Total Hip BMD Femoral Neck BMD Distal Radius 

  Pre-IVZA 
(g/cm2) 

Post-IVZA 
(% change) 

Pre-
IVZA 

(g/cm2) 

Post-IVZA 
(% change) 

Pre-
IVZA 

(g/cm2) 

Post-IVZA 
(% change) 

Pre-IVZA 
(g/cm2) 

Post-IVZA 
(% change) 

1 Liu Z et al, 2019* 0.70> 21 - - - - - - 

2 Sargin et al, 2019 0.73>> 8.2 0.68 25 - - - - 

3 Liu B et al, 2018 0.61 14.8 - - - - - - 

4 Xu et al, 2018* 0.76 1.6 0.73 1.4 - - - - 

  0.77 2.2 0.72 2.7 - - - - 

5 Liang et al, 2017 0.63 2.9 0.75 2.0 - - - - 

6 Nakamura et al, 2017 0.66 6.0 0.65 2.5 0.53 3.0 - - 

7 Greenspan et al, 2015 0.93 3.0 0.68 2.8 0.61 2.1 - - 

8 Hansen et al, 2013 0.72 2.4 0.70 0.7 - - 0.26 0.6 

9 Cosman et al, 2011 0.72 4.4 0.68 2.2 - - - - 

10 Orwoll et al, 2010 0.85 4.1 0.78 1.8 - - - - 

11 Grey et al 2009 1.06 4.8 0.85 3.7 - 2.4 - - 

12 McClung et al, 2009 0.86 2.33 0.82 2.33 0.69 1.51 0.5 -0.09 

13 Black et al, 2007 0.79 6.71 0.65 6.02 0.53 5.06 - - 

14 Borba et al, 2007 0.70 6.0 0.66 2.5 - - - - 

15 Lyles et al, 2007 - - 0.70 2.6 0.65 0.8 - - 

16 Reid et al, 2002** 0.73 4.8 - - 0.74 2.4 0.43 0.8-1.6 
This table shows the BMD for the study cohorts identified in the previous table and the percentage change of BMD at 1 year post IVZA administration (IVZA-Intravenous 
Zoledronic Acid, * Post-IVZA % change at 2 years, > BMD listed as Kg/m2, >> Average BMD of the 3 groups, ** Multiple IVZA doses used, differs from my study doses, results 
are using 4mg IVZ
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Table 3.3 

Summary of Studies Investigating Change in Markers of Bone Turnover in Patients on IV Zoledronic Acid 

 Author, year of 
publication 

Type of study Length 
of study 

Cohort size Country Intervention Statistically 
significant 
reduction 
in bone 
turnover 
markers 

Other 

1 Liu Z et al, 
2019(Liu, Li et al. 
2019) 

Randomized 
controlled 
trial 

2 years Total-482 
Treatment-353 (164 F, 
189 M) 
Control-189 (breakdown 
not specified) 

China Single IVZA dose 
given within 1 
week after hip 
fracture. 

Yes   

2 Zhou et al, 
2019(Zhou, Liu et 
al. 2019) 

Randomized 
single-blind  
controlled 
trial 

1 year Total-32 
Treatment-16 (16 F) 
Control-16 (16 F) 

China Single dose IVZA 
given 5-7 days 
after total hip 
arthroplasty. 

Yes Treatment group had 
total hip arthroplasty 
for “hip disorder”. All 
patients had 
osteoporosis diagnosis 
also. 

3 Liu B et al, 
2018(Liu, Gan et 
al. 2018) 

Retrospective 
cohort study 

2 years Total-104 
Treatment-52  
(39 F 13 M) 
Control-52  
(34 F 18 M)  

China Single dose IVZA 
given during 
admission for 
vertebroplasty. 

Yes  
 

 

4 Liang et al, 
2017(Liang, Shi 
et al. 2017) 

Double-blind 
randomized 
control trial 

2 years Total-250 
Treatment-155 (155 F) 
Control-95 (95 F) 

China Single IVZA dose 
given at day 0. 

Yes  

5 Shiraki et al, 
2017(Shiraki, 
Tanaka et al. 
2017) 

Prospective 
cohort study 

1 year Total-24 
Treatment 1-12 (12 F) 
Treatment 2-12 (12 F) 

Japan Single IVZA dose 
given at day 0. 

Yes Treatment 1 4mg and 
treatment 2 5mg. 
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6 Greenspan et al, 
2015(Greenspan, 
Perera et al. 
2015) 

Double-blind  
randomized 
control trial 

2 years Total-181 
Treatment-89 (89 F) 
Control-92 (92 F) 

America Single IVZA dose 
given at day 0. 

Yes  
 

 

7 Hansen et al, 
2013(Hansen, 
Hauge et al. 
2013) 

Prospective 
cohort study 

1.5 years Total-71 
Treatment 1-33 
Treatment 2-18 
Treatment 3-20 

Denmark Single IVZA dose 
(Treatment 1) or 
PTH (Treatment 
2+3) 

Yes  

8 Dempster et al, 
2012(Dempster, 
Zhou et al. 2012) 

Double-blind 
randomized 
control trial 

1 year Total-69 
Treatment 1-35 (35 F) 
Treatment 2-34 (34 F) 

Multiple Single IVZA dose 
(Treatment 1) or 
Teriparatide 
(Treatment 2). 

Yes Patients did not have 
hip fracture but had 
documented 
osteoporosis. 
 

9 Hadji et al, 
2012(Hadji, 
Gamerdinger et 
al. 2012) 

Prospective 
controlled 
cohort study 

1 year Total-495 
Treatment 1-349 (349 F) 
Treatment 2-146 (146 F) 

Germany Treatment 1 
received single 
IVZA dose at 
day 0. 
Treatment 2 
received weekly 
Alendronate. 

Yes Patients did not have 
hip fracture but had 
documented 
osteoporosis. 
 

10 Cosman et al, 
2011(Cosman, 
Eriksen et al. 
2011) 

Double-blind 
randomized 
trial 

1 year Total-412 
Treatment 1-137 (137 F) 
Treatment 2-138 (138 F) 
Treatment 3-137 (137 F) 

Multiple Single IVZA dose 
or combination 
with 
Teriparatide or 
Teriparatide 
alone. 

Yes Patients did not have 
hip fracture but had 
documented 
osteoporosis. 
 

11 Orwoll et al, 
2010(Orwoll, 
Miller et al. 2010) 

Double-blind 
randomized 
control trial 

2 years Total-302 
Treatment 1-154 (154 M) 
Treatment 2-148 (148 M) 

Multiple Single IVZA dose 
given day 0 and 
at 1 year 
(Treatment 1) or 
weekly 

No Study cohort was all 
male with 
documented 
osteoporosis. 
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Alendronate 
(Treatment 2). 

12 McClung et al, 
2009(McClung, 
Miller et al. 2009) 

Double-blind 
randomized 
control trial 

2 years Total-581 
Treatment 1-198 (198 F) 
Treatment 2-181 (181 F) 
Placebo-202  
(202 F) 

United 
States 

Single dose IVZA 
at 0 and 2 years 
or at 0 years 
only for 
Treatment 2 
and 1 
respectively. 

Yes Some participants had 
osteopaenia rather 
than osteoporosis 
diagnosis. 

13 Grey et al, 
2009(Grey, 
Bolland et al. 
2009) 

Double-blind 
randomized 
control trial 

2 years Total-50 
Treatment-25 (25 F) 
Control-25 (25 F) 

New 
Zealand 

Single IVZA dose 
after 
recruitment. 

Yes   

14 Black et al, 
2007(Black, 
Delmas et al. 
2007) 

Double-blind 
randomized  
control trial 

3 years Total-7765 
Treatment-3889 (3889 F) 
Control-3876 (3876 F) 

Multiple Single IVZA 
given at 0, 1 and 
2 years. 

Yes  
 

 

15 Borba et al, 
2007(Borba, Paz-
Filho et al. 2007) 

Prospective 
cohort study 

1.5 years Total-18 (16 F, 2 M) Brazil Single IVZA dose 
at day 0 (4mg). 

Yes  

16 Reid et al, 
2002(Reid, 
Brown et al. 
2002) 

Double-blind 
randomized  
control trial 

1 year Total-316 
Treatment 1-60 (60 F) 
Treatment 2-58 (58 F) 
Treatment 3-53 (53 F) 
Treatment 4-61 (61 F) 
Treatment 5-60 (60 F) 
Control-59 (59 F) 

Multiple Various 
regimens of 
IVZA 
administered 
over 1 year-
period. 

Yes  

This table summarises the result of a literature search to identify all published data which recorded markers of bone turnover when using IVZA in the treatment of 
osteoporosis (IVZA-Intravenous Zoledronic Acid). 
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 Table 3.4 
 Sub-Table for Paper Specific Markers of Bone Turnover 

 Author, year CTX P1NP OC 

  Pre-
treatment 

(ng/mL) 

Post-
treatment (% 

difference) 

Pre-treatment 
(ng/mL) 

Post-
treatment (% 

difference) 

Pre-treatment 
(ng/mL) 

Post-
treatment (% 

difference) 

1 Liu et al, 2019 0.94 -26.6 - - - - 

2 Zhou et al, 2019 0.613 -49.0 72.64 -27.6 - - 

3 Liu et al, 2018 1.01 -77.2 - - 16.02 -35.8 

4 Liang et al, 2017 0.534 -70.0 58.489 -48.0 - - 

5 Shiraki et al, 2017 - - 65.81 -60.0 9.83 -25.0 

  - - 55.47 -62.0 8.03 -10.0 

6 Greenspan et al, 2007 0.425 -22.4 49.6 -44.2 - - 

7 Hansen et al, 2013 0.43 -50.0 43.8 -46.0 - - 

8 Dempster et al, 2012 0.42 -51.0 52.88 -50.0 24.92 
Similar trend to P1NP as per paper 

9 Hadji et al, 2012 - - 48.1 -60.4 - - 

10 Cosman et al, 2011 0.44 -61.4 53.64 -54.0 - - 

11 Orwoll et al, 2010 0.414 -58.9 39.63 -49.5 - - 

12 McClung et al, 2009 0.62 -54.8 58.9 -52.5 - - 

13 Grey et al, 2009 0.49 -65.0 55.0 -48.0 23 -49.0 

14 Black et al, 2007 0.39 -59.0 52.0 -58.0 - - 

15 Borba et al, 2007 0.32 -66.4 - - - - 

16 Reid et al, 2002 5.1 nmol/L -52.9 - - 24 -58.3 
This table shows the levels of BTMs for the study cohorts identified in the previous table and their percentage change post IVZA administration (BTM-Bone Turnover 
Marker, IVZA-Intravenous Zoledronic Acid
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3.5 Use of Bisphosphonates Immediately after Fracture 

 

As a history of a fragility fracture is an important risk factor for subsequent fracture, 

pharmacologic therapy (typically bisphosphonates) should be initiated to prevent 

subsequent fracture (Conley, Adib et al. 2020).  There is theoretical concern that 

bisphosphonates may impair fracture healing as they inhibit bone resorption by 

suppressing osteoclast activity and the coupled activity of osteoclasts and osteoblasts 

forms an important component of callous formation and fracture healing.  Important 

questions remain as to the optimal time to commence bisphosphonates in the immediate 

post-fracture period and whether there is delayed fracture healing in patients who 

fracture while on therapy.  There is little conclusive data to guide these clinical decisions 

in this area (Goldhahn, Féron et al. 2012, Larsson and Fazzalari 2014, Ng, Yue et al. 2014, 

Molvik and Khan 2015). 

 

Treatment-Naïve Patients 

In the HORIZON Recurrent Fracture Trial, older adults with hip fracture were randomly 

assigned to receive either intravenous zoledronic acid or placebo within 3 months of 

surgical repair of an acute hip fracture (Lyles, Colón-Emeric et al. 2007).  In a secondary 

analysis of this data, the overall incidence of delayed healing in the zoledronic acid and 

placebo groups was similar 3.2% and 2.7% respectively (Colón-Emeric, Nordsletten et al. 

2011).  A separate post hoc analysis examined whether the timing of the zoledronic acid 

infusion influenced rates of non-union of fracture.  It found no difference in non-union 

rates between zoledronic acid and placebo when zoledronic was administered early: 

either within 2 weeks, between 2-4 weeks, between 4-6 weeks or 6 weeks after hip 

fracture repair (Colón-Emeric, Nordsletten et al. 2011). 

 

A 2012 trial was specifically designed to assess the effect of bisphosphonates on fracture 

healing.  In it, 50 women who had surgical repair of an osteoporotic distal radial fracture 

were randomly assigned to initiation of oral bisphosphonates 2 weeks or 3 months after 

the surgery (Gong, Song et al. 2012).  There was no significant difference between the 2 

groups in time to radiographic union which was 6.7 weeks.  Similarly, in a 2012 study, the 

initiation of risedronate either 1 week, 1 month or 3 months after internal fixation for 
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repair of an intertrochanteric fracture did not show any effect on mean time to fracture 

healing, rate of non-union at 24 weeks or functional outcomes at 1 year (Kim, Ha et al. 

2012).   

 

Patients Already Taking Bisphosphonates 

It is unclear as to whether patients who had been taking bisphosphonates prior to and at 

the time of a fracture will experience delayed healing time; there does not appear to be 

evidence to support that a prior history of bisphosphate use (particularly less than 5 

years) will have negative clinical effect on post-fracture bone union.  In a retrospective 

study, 196 patients treated for distal radial fractures were evaluated (Rozental, Vazquez 

et al. 2009), and patients not taking bisphosphonates (n=153) were compared with those 

taking them at the time of the injury.  It found that the bisphosphonate group had a 

longer mean time to radiographic union (55 versus 49 days) although this difference is 

unlikely to be clinically relevant.  A case-control study of 19,731 patients with fractures 

of the humerus found that radiographic non-union occurred in 0.4% of patients in total 

(Solomon, Hochberg et al. 2009).  There was no difference in pre-fracture 

bisphosphonate use in patients with non-union and 810 matched controls without non-

union (3.7% and 3.5% respectively). 

 

3.6 Dosing 

A 2-year interim analysis of a 3-year trial of zoledronic acid (single dose of 5 mg) versus 

placebo in postmenopausal women with osteopaenia found that biochemical markers of 

bone turnover remained decreased and BMD remained higher in the zoledronic acid 

group compared with placebo (Grey, Bolland et al. 2009).  This appears to indicate that 

a single 5 mg dose of zoledronic acid may have continued benefit for up to 2 years.  

However, antifracture efficacy of longer-interval regimens is unknown. 

 

3.7 Side effects  

 

Flu-like Symptoms 

Intravenous bisphosphonates are often associated with an acute phase reaction within 

24 to 72 hours of the infusion which can be characterized by low-grade fever, myalgia 
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and arthralgia.  Treatment with antipyretic agents (ibuprofen or acetaminophen) 

generally improves the symptoms and the recurrence of symptoms decreases with 

subsequent infusions.  However, extreme caution should be exercised in prescribing 

ibuprofen in an older population due to its nephrotoxic effect.  The most commonly 

reported side effects of zoledronic acid in the HORIZON trial were fever, flu-like 

symptoms, myalgia, headache and arthralgia which occurred within 3 days after the first 

infusion in 32% of participants in the zoledronic acid group (Black, Delmas et al. 2007).  

Post-dose symptoms decreased in frequency of their occurrence in the zoledronic acid 

group after the second and third infusion with rates of 6.6% and 2.8% respectively.  

Paracetamol or ibuprofen is sometimes administered to prevent or treat flu-like 

symptoms (Wark, Bensen et al. 2012).  However, the use of ibuprofen in an older 

population must be balanced against its own risk of nephrotoxicity.   

 

Hypocalcaemia 

Both oral and intravenous bisphosphonates have been found to cause transient 

hypocalcaemia, but it occurs more frequently after intravenous administration.  It has 

been found that the risk of hypocalcaemia is higher, and its duration is longer in those 

with hypoparathyroidism, vitamin D deficiency or inadequate calcium intake 

(Schussheim, Jacobs et al. 1999, Rosen and Brown 2003, Maalouf, Heller et al. 2006).  In 

the Health HORIZON trial, hypocalcaemia (calcium <2.075 mmol/L) occurred more 

commonly with intravenous zoledronic acid than with placebo (1.3% versus 0.02%) (Black, 

Delmas et al. 2007).  The reported hypocalcaemia was at 9-11 days post-infusion and was 

found to be transient and asymptomatic.  All patients in this trial received daily oral 

calcium and vitamin D supplementation.   

 

Musculoskeletal Pain 

Rarely patients experience musculoskeletal pains after commencing bisphosphonate 

therapy (Wysowski and Chang 2005).  The US Food and Drug Administration has advised 

clinicians prescribing bisphosphonates to discuss musculoskeletal symptoms with their 

patients (Kuehn 2009).  
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Renal Side Effects 

There have been isolated reports of renal impairment and acute renal failure after 

zoledronic acid administration.  They have occurred mainly in patients with multiple 

myeloma but also rarely in those treated for osteoporosis and those receiving concurrent 

diuretic therapy (Markowitz, Fine et al. 2003, Kuehn 2009).  This occurrence may be 

related to zoledronic acid being infused too rapidly.  

 

Ocular Side Effects 

Ocular side effects including pain, blurred vision, conjunctivitis, uveitis and scleritis have 

been reported with most bisphosphonates, both oral and intravenous (Etminan, 

Forooghian et al. 2012).  These complications appear to be rare and are generally not a 

barrier to offering otherwise potentially beneficial therapy (Fietta, Manganelli et al. 2003, 

Fraunfelder and Fraunfelder 2003, Pazianas, Clark et al. 2013, Patel, Bolland et al. 2015).   

 

Atrial Fibrillation 

In general, bisphosphonates have not been associated with atrial arrhythmias.  However, 

the HORIZON Pivotal Fracture Trial reported a significant increase in atrial fibrillation in 

the treated group.  It reported a 1.3% incidence of arrhythmia, including serious atrial 

fibrillation in the zoledronic acid group, compared with only 0.5% in the placebo group 

(Black, Delmas et al. 2007).  In contrast, however, an increase in atrial arrhythmia was 

not seen in the HORIZON Recurrent Fracture Trial which included older individuals and 

identical dosing of zoledronic acid to the Pivotal Fracture Trial.  To further confound the 

original observation of AF, an increase in AF was not noted in the HORIZON Pivotal 

Fracture Extension Trial (Black, Reid et al. 2012).  It is postulated that hypocalcaemia may 

be related to AF.  However, most of the AF events occurred more than 30 days after 

infusion, at which time the reported mild transient hypocalcaemia would have resolved.  

It is unclear as to whether the acute-phase reaction known to occur with zoledronic acid 

contributes to the risk of AF (Pazianas, Compston et al. 2010).  The observation of 

increased incidence of AF in the HORIZON Pivotal Fracture Trial led to further 

investigation of this potential side effect but subsequent trials were mainly in oral rather 

than intravenous bisphosphonates.  In a meta-analysis of datasets from 4 randomized 

trials of bisphosphonates versus placebo for osteoporosis or fracture, bisphosphonates 
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were associated with increased risk of serious AF events with an OR of 1.47 (95% CI 1.01-

2.14), but not all AF events (Loke, Jeevanantham et al. 2009).  

 

A large population-based case-control study from Denmark evaluated 13,586 patients 

with atrial arrhythmia and 68,054 population controls.  It found that current, former or 

new use of bisphosphonates (etidronate and alendronate) was not associated with an 

increased risk of AF or flutter (adjusted RR for current use compared with nonuser 0.95, 

95% CI 0.84-1.07) (Sørensen, Christensen et al. 2008).  In another case-control study from 

the US (719 women with AF, 966 control subjects), ever use of alendronate was 

associated with a higher risk of AF (Heckbert, Li et al. 2008).  However, the risk of AF was 

increased in past but not current users.  It was also noteworthy that the risk was not 

temporally related to the interval since first prescription or dose of alendronate.  Overall, 

the data on the potential increased risk of AF with bisphosphonates is conflicting 

(Cummings, Schwartz et al. 2007, Karam, Camm et al. 2007, Heckbert, Li et al. 2008, 

Sørensen, Christensen et al. 2008, Abrahamsen, Eiken et al. 2009, Bunch, Anderson et al. 

2009, Grosso, Douglas et al. 2009, Loke, Jeevanantham et al. 2009).  However, the 

available data would point towards the risk of AF being small and perhaps not clinically 

significant.  The observed association between intravenous zoledronic acid and AF is 

plausible but a causal link has not been proven.  It is noteworthy that osteoporosis and 

AF are both more common in older adults and they share similar risk factors which may 

explain the reported findings (Abrahamsen, Eiken et al. 2009, Bunch, Anderson et al. 

2009). 

 

Osteonecrosis of the Jaw 

ONJ or avascular necrosis of the jaw is a condition often associated with pain, swelling, 

exposed bone, local infection and pathologic fracture of the jaw.  It is a rare complication 

of bisphosphonate therapy (Fedele, Porter et al. 2010, Khan, Morrison et al. 2015, Adler, 

El-Hajj Fuleihan et al. 2016).  It is universally accepted that when it occurs in a patient 

treated with bisphosphonates for osteoporosis, therapy should be discontinued (Adler, 

El-Hajj Fuleihan et al. 2016).  It is estimated that the risk of ONJ is approximately 1 in 

10,000 to 1 in 100,000 patient-years in patients taking bisphosphonates for osteoporosis 

and that the risk is likely cumulative over time (Khan, Morrison et al. 2015).  Risk factors 
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for developing ONJ while taking bisphosphonates include intravenous administration, 

cancer and chemotherapy or radiotherapy, higher dose and longer duration of exposure, 

dental extractions, dental implants, poorly fitting dentures, glucocorticoids, smoking, 

diabetes and pre-existing dental disease (Khan, Morrison et al. 2015).  There is little data 

on the risk of ONJ in patients using intravenous bisphosphonates at doses recommended 

for the treatment of osteoporosis.  In the 2 largest clinical trials of zoledronic acid versus 

placebo for the treatment of osteoporosis, there were 2 potential cases of ONJ; 1 in the 

treated group and 1 in the placebo group (Black, Delmas et al. 2007, Lyles, Colón-Emeric 

et al. 2007).   

 

Atypical Femoral Fractures 

Atypical femoral fractures are a rare complication of chronic bisphosphonate therapy 

with median time to occurrence of 7 years (Shane 2010, Shane, Burr et al. 2014, Adler, 

El-Hajj Fuleihan et al. 2016).  Treatment of osteoporosis with bisphosphonates for up to 

5 years is seldom associated with atypical fractures and is not a reason to defer 

bisphosphonate therapy in those who are at high risk for osteoporotic fracture 

(Gedmintas, Solomon et al. 2013).  In patients with atypical femoral fractures who have 

been taking bisphosphonates, discontinuation of bisphosphonates is recommended as 

delayed healing has been reported in such patients (Edwards, Bunta et al. 2013). 

 

3.8 Duration of Therapy 

Alendronate, risedronate and zoledronic acid have shown efficacy in fracture reduction 

over periods of 10, 7, and 6 years respectively (Bone, Hosking et al. 2004, Mellström, 

Sörensen et al. 2004, Black, Reid et al. 2012, Fink, MacDonald et al. 2019). 

 

The HORIZON Pivotal Fracture Trial mentioned above, demonstrated the beneficial 

effects of a 3-year course of zoledronic acid in postmenopausal women with 

osteoporosis (5 mg yearly) (Black, Delmas et al. 2007).  A 3-year extension of this trial in 

which a subset of women (n=1,233 of 3,889) who had received zoledronic acid (5 mg 

yearly) for 3 years in the core study were randomly assigned to 3 more years of zoledronic 

acid or placebo found broadly similar outcomes for those treated for 6 years and those 
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for 3 years (Black, Reid et al. 2012).  The mean change in femoral neck BMD from year 3 

to 6 was +0.24% in the extended treatment group and -0.80% in the placebo group.  The 

mean change in lumbar spine BMD was +3.2% and +1.18%, in the treatment and placebo 

groups respectively.  There were fewer radiological vertebral fractures in the group that 

received zoledronic acid for 6 years (3% versus 6.2%; OR 0.51, 95% CI 0.26-0.95).  

However, the overall fracture rate was low which reduced the precision of the analysis.  

They found no significant difference in the incidence of nonvertebral, clinical vertebral 

or all clinical fractures.  Biochemical markers of bone turnover remained below pre-

treatment values in both groups.  A greater proportion of patients in the active treatment 

group had mild transient increases in serum creatinine.  There were no cases of atypical 

femoral fractures and there was 1 case of ONJ in the group receiving zoledronic acid for 

6 years. 

 

In patients at high risk for fractures, such as those with existing vertebral fracture or 

femoral neck BMD T-score <-2.5 after an initial course of therapy, continuing yearly 

zoledronic acid beyond 3 years may provide some benefit.  The potential benefits must 

be considered in light of the potential risks of long-term therapy.  
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4.1 Study Population and Design 

The study comprised of two cohorts outlined below: 1 group was made up of patients 

with acute hip fractures admitted to St James’s Hospital, Dublin 8, Ireland from January 

2015 to March 2016; and 1 group was taken from the TUDA study.   

 

4.1.1 Acute Hip Fracture Cohort 

This cohort was comprised of inpatients in St James’s Hospital Dublin with a diagnosis of 

acute hip fracture from January 2015 to March 2016.  Those over the age of 50 years 

whose hip fracture was low trauma in aetiology were included in the study population.  

Patients whose fracture was high-trauma, non-fragility or malignant in aetiology were 

excluded; patients whose predicted life expectancy was less than the study period of 

approximately 1 year were also excluded; in addition, patients with CKD and/or AKI 

whose creatinine clearance was less than 35ml/min were excluded. 

 

Participants in the acute hip fracture cohort were prescribed calcium and vitamin D 

supplements and received a single infusion of intravenous zoledronic acid 5mg during 

their inpatient admission.  The regimen is outlined in detail below.   

 

All participants were provided with details of the proposed study and gave informed 

consent or assent.  In the instance where a participant lacked capacity to consent for the 

study, but did give assent, their next of kin was also asked to provide written assent for 

participation.  Ethical approval was received from the joint St James’s Hospital and 

Adelaide and Meath Hospital (Tallaght University Hospital) Research Ethics Committee.   

 

Orthogeriatric Integrated Care for Hip Fracture Patients in St James’s Hospital Dublin 

Prior to commencement of this study, St James’s Hospital Dublin had already instituted 

an Acute Hip Fracture Care Pathway, which consisted of an orthogeriatric integrated care 

model for all older adults with hip fractures.  This model of care was not, of itself, part of 

my study protocol or intervention, as it was the existing standard of care during the time 

the study was conducted.  However, as all participants received this model of care, it is 

noteworthy to describe it.  The model of care in place was closely analogous to the British 

Geriatric Society (BGS) joint model of orthogeriatric care (Sabharwal and Wilson 2015), 
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as has been described in detail in Section 2.6.1 previously.  It consisted of an integrated 

care pathway of multidisciplinary, defined roles from the point of presentation in ED to 

ultimate discharge, encompassing ED, nursing, anaesthesiologist, surgical, geriatrician 

and therapist roles.  Of particular note is that a consultant geriatrician and registrar 

jointly co-managed medical care with the orthopaedic surgery team, and had defined 

continuous responsibility for patient care, as opposed to operating a reactive or 

consultation model of care.  The geriatric team provided regular ward rounds for older 

adults with hip fracture and co-ordinate rehabilitation and discharge planning.  In 

addition, a separate bone health consultation was provided to all patients by a bone 

health fellow, and treatment for osteoporosis was offered where appropriate and follow-

up bone health clinic appointments organised.   

 

4.1.2 TUDA Cohort 

The second cohort comprised participants of the TUDA study.  This is a large collaborative, 

cross sectional study that was designed to create a phenotype/genotype database for 3 

cohorts of community dwelling subjects aged over 60 years.  It aimed to explore the 

effect and possible interaction between nutritional and genetic factors on age-related 

diseases.   

 

Participants aged over 60 years, who were able to provide consent and scored 16 or more 

on the Mini Mental State Examination (MMSE) were eligible for entry into the study.  

Recruitment started in January 2009 and was completed by May 2012.  Trained 

researchers and doctors performed the study assessments.  Participants who were 

eligible for recruitment were assessed on the day of their outpatient attendance or were 

retrospectively selected and asked to come back on another occasion.  All participants 

were contacted by telephone in advance and sent study information by post.  All 

participants provided written consent.  Ethical approval was obtained from both Hospital 

and GP ethics committees.  

 

One cohort of the TUDA study consisted of participants with osteopaenia or osteoporosis 

who were recruited from outpatient services at the Department of Medicine for the 

Elderly at St. James’s Hospital, Dublin.  This subgroup is referred to as the TUDA Bone 
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Cohort.  The diagnosis of osteoporosis/osteopaenia was based on DXA results using 

standard WHO criteria.  Participants from this group who had a history of hip fracture 

were selected for this study.     

 

Comparative analysis of bone health and function parameters between the Acute Hip 

Fracture Cohort and the TUDA Bone Cohort were conducted 1 year following hospital 

discharge from admission with acute fracture.   

 

4.2 Overview of Assessments and Intervention 

Participants underwent different assessments depending on whether they belonged to 

the Acute Hip Fracture Cohort or the TUDA Bone Cohort.  Many assessments were the 

same irrespective of the cohort.   

 

4.2.1 Acute Hip Fracture Cohort 

All participants underwent a single assessment lasting approximately 30 minutes during 

their inpatient stay following acute hip fracture.  This included a structured interview, 

recording self-reported information on demographic factors, medical history, current 

medications, diet, smoking and alcohol intake status, physical activity, falls and 

psychosocial history.  Validated questionnaires that screen for frailty were administered 

in addition to neuropsychological testing.  Additional information was gathered from an 

assessment of the participants’ healthcare records (paper chart and electronic record 

including radiological and blood test results).  Further data on participants was also 

collected from the electronic Irish Hip Fracture Database (IHFD).  Biophysical 

measurements and blood tests were also taken.  Repeat assessments were performed 1 

year following fracture at the outpatient Osteoporosis and Bone Clinic in the Department 

of Medicine for the Elderly, St James’s Hospital, Dublin.   

 

Study Intervention 

All participants received zoledronic acid 5mg in a single infusion over 30 minutes, given 

between 2 and 14 days following surgery for acute hip fracture (or within 14 days of acute 

hip fracture if a participant was managed non-operatively).  Each participant received a 

single oral dose of 50,000 IUs of vitamin D3 (cholecalciferol) prior to infusion and 
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thereafter continued a regular daily dose of calcium carbonate 1000mg and 

cholecalciferol 800 IU.  Participants whose baseline creatinine clearance was less than 

50ml/min received an intravenous infusion of 1,000ml of 0.9% normal saline over 8-12 

hours prior to zoledronic acid infusion.  All participants were encouraged to drink 

adequate volumes of fluid the day of and after the zoledronic acid infusion.  All 

participants were offered regular paracetamol from the day of infusion until at least 2 

days following infusion.   

 

Study Scales 

Pre- and post-fracture physical function was measured using the Barthel Index (BI) and 

the New Mobility Score (NMS). Frailty was assessed with the Rockwood Clinical Frailty 

Scale (CFS). 

 

The Barthel index is a widely used observer-based instrument to measure physical 

function and has been validated in geriatric medicine rehabilitation settings (Mahoney 

and Barthel 1965, Bouwstra, Smit et al. 2019).  The BI is an ordinal scale, which measures 

performance of 10 basic activities of daily life, as illustrated in Figure 4.1 below.  These 

ADL groups are: bowels; bladder; grooming; toilet use; eating/feeding; transferring; 

mobility, dressing; stairs; and bathing.  Points are awarded for function in each group, 

with higher number denoting higher function.   The original BI awarded 5 points to each 

item of function within the 10 groups, with highest potential score of 100 (in increments 

of 5).  Later versions have modified the BI to score increments of 1 point (rather than 

increments of 5 points), so the BI score for an individual person is now usually reported 

as a score from 0-20, with 0 indicating severe dependence and 20 indicating 

independence (Bouwstra, Smit et al. 2019).  This may lead to a degree of initial confusion 

in interpreting the BI in instances where the older version of scoring is employed.  In this 

study I have used the current version of the BI, which reports a minimum score of 0, and 

a maximum score of 20.  As previously described in Chapter 2, the BI has been validated 

for use in hip fracture populations and a lower pre-fracture BI is an independent 

predictor of poorer post-fracture outcome, including mortality.  Furthermore, as 

described in Chapter 2, the BI can be used to measure progress in rehabilitation following 

hip fracture.   
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Figure 4.1 Barthel Index 

 

 

The New Mobility Score is a self-reported measure of mobility which has been validated 

in hip fracture populations and is based on the previously-used Parker Mobility Score 

(Parker and Palmer 1993).  It quantifies a person’s ability to complete 3 functional 
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activities: indoor walking, outdoor walking and shopping.  A score is given to each activity 

on a 4-point scale (0-3) and combined to provide a final number between 0 and 9, where 

9 is “independent with no aid” in all 3 activities and 0 is not able to carry out any of the 

activities (Kristensen, Bandholm et al. 2008, Kristensen, Foss et al. 2010).  See Figure 4.2 

below.   

 

 

 
 

 

As previously discussed in Chapter 2, a lower pre-fracture NMS is strongly predictive of 

worse post-operative outcome and the NMS can be used as an accurate measure of 

tracking a patient’s rehabilitation progress.   

 

Clinical Frailty Scale 

The Clinical Frailty Scale is a 9-point observer-based score to measure a person’s global 

level of frailty and is illustrated in Figure 4.3 below.  It has been validated as a predictor 

of mortality and requirement of institutional care (Rockwood, Song et al. 2005).  While 

initially developed for use in outpatient settings, it has been validated for acute inpatient 

admissions (Juma, Taabazuing et al. 2016).  As previously discussed in Chapter 2, the CFS 

has been studied in detail in populations of older adults with hip fractures and has been 

demonstrated to be an accurate predictor of poorer outcomes, including inpatient 

complications, longer length of stay and mortality.   

 

Figure 4.2 New Mobility Score 
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Figure 4.3 Clinical Frailty Scale 

 

 

Charlson Comorbidity Index 

The Charlson Comorbidity Index (CCI) is an ordinal scale for the prediction of mortality 

and has been validated in multiple settings.  Points are scored for various comorbid 

conditions and for their severity (Charlson, Szatrowski et al. 1994).  Variables accounted 

for in the score include age, diabetes, myocardial infarction, stroke, congestive cardiac 

failure, COPD, dementia, CKD, peripheral vascular disease, malignancy, depression and 

chronic liver disease, as illustrated in Figure 4.4 below.  As discussed in Chapter 2, 

previously, the CCI is a strong predictor of mortality in hip fracture patients.  For the 

purpose of this study, I reviewed participants medical histories and manually calculated 

their CCI based on their history and age.  By way of example, a score of 0 on the CCI 

estimates 98% 10-year survival, and score of 5 estimates 21% 10-year survival, and a 

score of 7 or higher estimates 0% 10-year survival (Charlson, Szatrowski et al. 1994).   

 



117 
 

Figure 4.4 Charlson Comorbidity Index  

Score Comorbid Condition 

1 Myocardial infarction 
Congestive heart failure 
Cerebral vascular disease 
Peripheral vascular disease 
Dementia 
Chronic obstructive pulmonary disease 
Connective tissue disease 
Peptic ulcer disease 
Mild liver disease 

2 Diabetes 
Hemiplegia 
Moderate/severe renal disease 
Diabetes with end-organ damage 
Any solid tumour 
Leukaemia 
Lymphoma 

3 Moderate/severe liver disease 

6 Metastatic solid tumour 
AIDS 

 Age (years) 

1 50-59 

2 60-69 

3 70-79 

4 ≥80 

 

 

Diet and Lifestyle 

Participants’ smoking and alcohol consumption history was also recorded and 

categorised as “current”, “past” or “never”. 

 

Malnutrition Screening Tool (MST) 

The Malnutrition Screening Tool (MST) is a consistent and reliable tool for screening for 

malnutrition and has been validated amongst hospital inpatients (Ferguson, Bauer et al. 

1999, Tinivella, Barbera et al. 2001).  It is a self-reported scale where points are accrued 

for weight loss, the magnitude of weight loss and loss of appetite, with higher scores 

being indicative of a greater risk of malnutrition.  See Figure 4.5 below.  For this study, 

the MST was performed by a registered Dietician and recorded in the participants’ 

medical records.   
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Figure 4.5 Malnutrition Screening Tool 

 

 

Medical History and Medications  

All medications that participants were prescribed on discharge were recorded.  Details 

of medical history were also noted including a diagnosis of conditions linked to risk of 

osteoporosis, such as hyperthyroidism, inflammatory bowel disease, coeliac disease, 

epilepsy, hyperparathyroidism and CKD.  Participants also self-reported on a physician 

diagnosis of depression and whether or not they had a fall in the last year.  A fall was 

defined as an event which resulted in a person coming to rest inadvertently on the 

ground, floor or other lower level.  They were also asked if they suffered with dizziness 

on standing up.  

 

American Society of Anaesthesiologists Physical Status Score (ASA Grade) 

The ASA grade is a 5-point score used to indicate the severity of systemic disease.  See 

Figure 4.6 below.  It is an established predictor of adverse outcomes after surgery in 

patients of all ages, but it does not specify age as a factor in deriving the score (Hamel, 

Henderson et al. 2005, Neuman and Bosk 2013).  I determined ASA grade from perusal 

of participants’ medical records, including operative notes.  As has been previously 
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discussed in Chapter 2, a higher ASA grade is associated with increased mortality in older 

adults post hip fracture.   

 

Figure 4.6 American Society of Anaesthesiologists Physical Status Classification 

American Society of Anaesthesiologists 

 

Neuropsychological Assessment   

Cognitive status was assessed with the MMSE (Folstein, Folstein et al. 1975).  In addition, 

a diagnosis of inpatient delirium was determined by examining participants’ medical 

notes and discharge summary for record of either “delirium” or “acute confusion” or 

similar terms that are suggestive of acute rather than chronic cognitive impairment or 

behavioural disturbance.   

  

Biophysical Measurements 

Height was measured with standard tape measure accurate to 1 mm.  Weight was 

measured with a calibrated scale accurate to 0.1 kg and with the subject wearing hospital 

gowns or pyjamas and/or dressing gowns.  BMI (weight/height2) were calculated 

according to the standard definition.   

 

Grip strength was measured with a Jamar hydraulic hand dynamometer, with 

participants attempting three times with both hands; the highest achieved score was 

recorded.  Grip strength was measured in kilograms (kg) (Yorke, Curtis et al. 2015).  As 

previously discussed in Chapter 2, grip strength is indicative of sarcopaenia, and tends to 
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be lower in people who have had a hip fracture, than in matched controls.   Low grip 

strength following hip fracture has been associated with poorer rehabilitation outcomes 

and increased one-year mortality.  For this study, I used the European Working Group on 

Sarcopenia in Older People (EWGSOP2) consensus (Cruz-Jentoft, Bahat et al. 2019) 

definition of sarcopaenia; its standard hand-grip strength definitions of sarcopaenia are 

<16 kg in women and <27 kg in men.   

  

Blood Sampling  

Fasting blood samples were taken on the day of assessment (prior to infusion of 

zoledronic acid) with all blood tests being performed before 11:00 a.m. to standardise 

for diurnal variation in biochemical markers of bone turnover.   

 

Serum biochemical markers of bone turnover measured were: C-terminal telopeptide of 

type 1 collagen, Osteocalcin and N-terminal propeptide of type 1 procollagen.   

 

Biochemical markers of bone turnover were centrifuged within 1 hour of collection and 

stored at –70oC and batched for later analysis at the biochemistry laboratory at St 

James’s Hospital, Dublin which is DEQAS accredited.   

 

In addition, samples were taken for 25(OH)D and PTH.  25(OH)D levels were measured 

by liquid chromatography mass spectroscopy (LC-MS) using a standardised assay 

(MassChrom®).  Blood samples for PTH were stored on ice until delivered to the lab and 

were measured by electrochemiluminescence (Roche Assay).   

 

Other blood tests included Full Blood Count (FBC), including differential white cell count 

(WCC); renal profile (RP), which consists of urea, sodium, potassium, creatinine and 

eGFR; bone profile, consisting of calcium, magnesium and phosphate and albumin 

(calcium was corrected for albumin; C reactive protein (CRP); Thyroid function tests 

(Thyroglobulin and free T4). 
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Mortality 

Inpatient mortality was recorded by examination of the St James’s Hospital Dublin subset 

of the IHFD.  Subsequent mortality over 1 year post discharge was recorded based on 

participants attendance at their 1-year follow-up appointment and if they did not attend, 

by a follow-up telephone enquiry.  Where doubt existed as to a patient’s mortality, the 

hospital electronic patient record (which records mortality data) and the website RIP.ie 

were consulted.   

 

Inpatient Complications 

Participants’ medical records were examined following discharge for incidence of post-

operative complications.  The paper medical notes, discharge summary and electronic 

medical record, including radiology requests and reports were examined.  Post-operative 

complications were categorised for this study based on the following definitions:   

 

Delirium – A diagnosis of delirium was formally recorded, or the participant was recorded 

to have “acute confusion”, “acute agitation”, “acute psychosis” or terminology closely 

approximating to these terms.   

 

Lower respiratory tract infection (LRTI) – A formal diagnosis of respiratory tract infection 

or pneumonia of infective exacerbation of COPD or respiratory sepsis or a closely 

analogous term was recorded, or X-ray or CT reports existed that confirmed such a 

diagnosis.   

 

Urinary tract infection (UTI) – A formal diagnosis of UTI was recorded.  I excluded those 

who had a laboratory result demonstrating bacteria without an associated clinical 

diagnosis of UTI.   

 

Dysphagia/Aspiration – Records specifically referred to a new diagnosis of dysphagia, 

aspiration, swallowing difficulty or a closely analogous term, or radiological requests or 

reports mentioned confirmation or characteristic appearances of aspiration.   
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IV antibiotics – The use of any intravenous antibiotics was recorded; however, I excluded 

the instances of routine post-operative antibiotics which were prescribed exclusively for 

the purpose of prophylaxis of wound infections.   

Pressure Ulcers – The recoding of pressure ulcers was taken from the St James’s Hospital 

subset of the Irish Hip Fracture database.  Where there was a documented history of a 

pressure ulcer existing prior to admission with hip fracture, these cases were excluded.   

 

Constipation – A formal record of inpatient constipation was derived from participant 

records.   

 

Urinary Incontinence – A formal record of urinary incontinence as an inpatient was taken 

from patient records.  A distinction was not made as to whether incontinence was a new 

occurrence post-fracture or whether it may have been a pre-existing condition.   

 

Blood transfusion with red cell concentrate – The administration of red cell concentrate 

was confirmed in participant records.   

 

Key Performance Indictors (KPIs) of Hip Fracture Care 

Data on the 6 KPIs of hip fracture care (time to ward, time to theatre, proportion with 

new pressure ulcers, geriatrician review, bone health review and falls risk assessment) as 

well as secondary outcomes of hip fracture care, fracture type and surgical fixation were 

taken from the St James’s Hospital Dublin subset of the Irish Hip Fracture Database with 

permission.   

 

Bone Mineral Density measurement by DXA 

All surviving participants were offered appointments for BMD and T-scores 

measurement within 2 months of their hospital discharge.  Participants were also invited 

for a repeat DXA 12-months after their initial DXA.  BMD of the spine, total hip and 

femoral neck, and associated T-scores, were measured by DXA in the Osteoporosis and 

Bone Protection Service in St James’s Hospital Dublin.  In cases where it was not possible 

to measure BMD at either the spine or the hip, the 33% radius (one-third radius) was 

used as an alternative site.  Participants also underwent vertebral fracture assessment 
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(VFA) to assess for the presence of vertebral compression fractures.  Initial DXAs were 

performed on a GE Lunar DXA with the majority of repeat DXAs also on the same 

instrument. A small proportion of repeat BMD measurements were done using a 

different DXA machine (Hologic Horizon) However, in such cases the manufacturer’s 

algorithm was used to standardise both BMD measurements allowing for a direct 

comparison to be made. 

 

4.2.2 TUDA Bone Cohort 

All participants underwent a single assessment lasting about 70 minutes which included 

structured interview recording self-reported information on demographic factors, 

education, medical history, current medications, diet, smoking and alcohol drinking 

status, physical activity, sun exposure, falls and psychosocial history.  Validated 

questionnaires that screen for depression and measure functional status were 

administered in addition to neuropsychological testing.  Biophysical measurements and 

blood tests were also taken.  

  

Study Scales  

Physical function was measured using self-report instruments in the domains of 

instrumental ADLs and Physical Self-Maintenance Scale (PSMS) (Lawton and Brody, 1969).  

These scales include questions measuring ability to prepare food and to go shopping.   

 

Lifestyle Factors  

Subjects were asked to report on the current use of any supplements including cod liver 

oil or whether they consumed oily fish, eggs or margarine (foods known to contain 

vitamin D).  They were also questioned on alcohol use and smoking history and asked to 

report on sun holiday travel in the 6 months prior to their assessment, as well their 

preference for spending time in the shade or sun when outside.  

  

Medical History and Medications  

All medications that subjects were taking were recorded.  Details of medical history were 

also noted including a diagnosis of hypertension, diabetes mellitus, myocardial infarction, 

stroke and peripheral arterial disease.  Subjects also self-reported on a physician 
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diagnosis of depression and whether or not they had a fall in the last year.  A fall was 

defined as an event which resulted in a person coming to rest inadvertently on the 

ground, floor or other lower level.  They were also asked if they suffered with dizziness 

on standing up.  

  

Neuropsychological Assessment   

A brief global assessment of cognitive function was also measured with the Mini Mental 

State Examination (MMSE) (Folstein et al., 1975). Other cognitive assessments were also 

performed in this cohort but are not included for the purpose of this study.   

  

Biophysical Measurements  

Height, hip and waist circumference were measured with standard tape measure 

accurate to 1 mm.  Weight was measured with a calibrated scale accurate to 0.1 kg and 

with the subject wearing indoor clothes and shoes.  Body mass index (weight/height2) 

were calculated according to the standard definition.   

  

Blood Sampling  

Non-fasting blood samples were taken either on the day of assessment or within the 

following week.  These included FBC, renal, bone and liver profile, random lipids and 

glucose, glycosylated haemoglobin (Hba1c), CRP, red cell folate and serum vitamin B12.   

  

Bloods were processed on the day of collection and centrifuged within 1 hour.  All of the 

above bloods were analysed at St. James’s Hospital, Dublin.   

  

In addition, samples were also taken for 25(OH)D and PTH.  All vitamin D and PTH samples 

were stored at –70oC and batched for later analysis at the biochemistry laboratory at St 

James’s Hospital, Dublin which is DEQAS accredited. 25(OH) D levels were measured by 

LCMS using a standardised assay (MassChrom®).  Blood samples for PTH were stored on 

ice until delivered to the lab and were measured by electrochemiluminescence (Roche 

Assay).  
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Acute Hip Fracture Cohort 

203 patients with hip fractures were admitted to St James’s Hospital Dublin during the 

study period.  Of these, 165 were included for participation in the study.  38 were 

excluded as they did not meet the inclusion criteria for the study (as previously outlined) 

for the following reasons: 15 were too young (age < 50 yrs); 6 had chronic renal 

impairment (creatinine clearance < 35ml/min); 4 had non-fragility (high trauma or 

pathological) hip fractures; 3 had a predicted life expectancy of less than one year; 10 

declined to participate in the study or were unable to give assent.   

  

TUDA Bone Cohort 

The characteristics of the TUDA Bone Cohort are described in Chapter 15.   

 

Statistical Analysis  

I performed basic descriptive analysis of the Acute Hip Fracture Cohort characteristics.  

All statistical analysis was performed using JMP Edition 14.2.0 (SAS Institute, 2018).  

 

Basic Demographics, Pre-morbid Function and Circumstances Surrounding Fracture 

The demographic, clinical, and lifestyle characteristics, as well as relevant blood test 

parameters for the Acute Hip Fracture Cohort are summarised in the tables below.  The 

mean age of participants was 78.4 ± 10.9 years (range 50-100 years).  Two-thirds of 

participants were female 92% of participants lived at home at the time of fracture and 

the remaining 8% were resident in nursing homes.  Of those from home, almost half lived 

alone and approximately one-third lived with a spouse or partner.  The prevalence of 

current or past alcohol consumption was about 90% and almost 60% were current or 

past smokers.   Almost 20% of participants had a diagnosis of depression.   

 

Most fractures (97%) occurred in the community and the vast majority (97%) were due 

to falls, with only 3% occurring in patients in a hospital admission with an unrelated 

illness.  The mechanism of fall leading to fracture was unspecified in almost half of cases 

though was attributed to mechanical causes in about one-third.  Syncope and alcohol 

consumption were associated with approximately 10% of fractures with other associated 

factors outlined in the tables. 



127 
 

Of patients admitted with hip fracture, approximately 30% had concomitant other 

diagnoses, such as acute respiratory infections and congestive cardiac failure.  Seven 

suffered another non-hip fracture at the same time as their acute hip fracture.   

 

The prevalence of comorbidity in the cohort is outlined in the tables below.  The mean 

Charlson Comorbidity Index was 4.67 ± 1.88.  The most common comorbid diagnoses in 

the cohort were: hypertension (43%); depression (19%); and ischaemic heart disease 

(15%).  93% of participants were independently mobile prior to fracture with 32.7% using 

a mobility aid to walk.  15.5% had a prior history of fracture and 3% had a previous hip 

fracture. Less than one in six (12.1%) had a prior diagnosis of osteoporosis. Only 9.7% 

were on therapy for osteoporosis and fewer (7.9%) were taking vitamin D supplements.   

 

Mean creatinine clearance on admission was 55.4 ml/min/1.73m2 with a wide standard 

deviation of 27.0.  Mean vitamin D level was 51.4 nmol/L ± 33.6 and mean serum PTH 

was 64.1 ± 52.2 pg/mL. 
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Table 5.1 

Acute Hip Fracture Cohort Characteristics (n=165) 

Gender 

Female 110 (66.6 %) 

Male 55 (33.3%) 

Age (yrs) 

Total cohort 78.4 ± 10.87  

Female 79.1 ± 11.24 

Male 77.0 ± 10.01 

Age Categories % of sexes in each age group 

Ages 50-59 (n=12: 9F, 3M) 8% of women 
5.5% of men 

Age 60-69 (n=27: 16F, 11M) 14.5%   of women 
20% of men 

Age 70-79 (n=37: 20F, 17M) 18% of women 
31% of men 

Age 80-89 (n=71: 50F, 21M) 45.5% of women 
38% of men 

Age 90+ (n=18: 15F, 3M) 14% of women 

5.5% of men 

Psychosocial factors  

Living status 

Alone 74 (44.8%) 

Spouse or partner 62 (37.6%) 

Nursing home 13 (7.9%) 

Other 3 (1.8%) 

  

Alcohol (past or current) 147 (89.7%) 

Smoking (past or current) 98 (59.4%) 

History of depression 32 (19.4%) 

MMSE (post-surgery) 21.7 ± 6.4 

Physical Measures  

Height (m)            1.63 ± 0.08 

Weight (kg)            61.42 ± 14.13 

BMI             23.2 ± 5.19 

Low BMI (<18.5) 21 (12.7%) 

Normal BMI (18.5-25.0) 88 (53.3%) 

Elevated BMI (>25.0) 53 (33.9%) 

Inpatient hand-grip strength (kg)            16.1 ± 7.3 

Female  15.2 ± 7.2 (54 low; 45 normal; 11 unable) 

Male  17.9 ± 8.7 (36 low; 10 normal; 9 unable) 

Sarcopaenic (by grip strength) 90 (62%) 

  Acute Hip Fracture Cohort Demographics. 
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     Table 5.2 

Background to Acute Fracture  

Admission: 

From home 152 (92.1%) 

From nursing home 13 (7.9%) 

Fracture occurred: 

Community (home or nursing home) 160 (97.0%) 

in-patient 5 (3.0%) 

Fracture due to: 

Fall 160 (97.0%) 

No trauma 4 (2.4%) 

Road Traffic Accident (RTA) 1 (0.6%) 

Mechanism of fall: 

Unspecified 79 (47.9%) 

Mechanical 55 (33.3%) 

Syncope 10 (6.1%) 

Alcohol excess  6 (3.6%) 

NA (no fall)  5 (3.0%) 

Out of bed  4 (2.4%) 

Gust of wind  2 (1.2%) 

From chair  1 (0.6%) 

From ladder  1 (0.6%) 

Wet floor  1 (0.6%) 

Wandering outside  1 (0.6%) 

Concurrent acute diagnoses: 

Participants with an additional diagnosis 30 (18.2%) 

Other fracture  7 (4.2%): 1 humerus; 1 odontoid; 2 wrist; 2 

olecranon; 1 maxilla 

Acute respiratory tract infection 6 (3.6%) 

Intracranial haemorrhage  3 (1.8%) 

Long lie  3 (1.8%) 

Alcohol withdrawal  2 (1.2%) 

Congestive cardiac failure 2 (1.2%) 

Dementia  2 (1.2%) 

Acute kidney injury 1 (0.6%) 

Bipolar affective disorder 1 (0.6%) 

Diarrhoea  1 (0.6%) 

Hypotension  1 (0.6%) 

Leg ulcers 1 (0.6%) 

Subacute bowel obstruction  1 (0.6%) 

Thrombocytopaenia  1 (0.6%) 

Urinary tract infection 1 (0.6%) 
 

Background to fracture in Acute Hip Fracture Cohort. 
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Table 5.3 

Details of Inpatient Fractures (n=5) 

Age (yrs) 77.5 ± 7.5 

Sex 4 Female 

1 Male 

Residence Home 

Reason for initial admission Stroke (2) 

Subacute bowel obstruction (1) 

CCF (1) 

Progression of dementia (1)  

Length of time from admission to fracture (days) Day 114 ± 120 (rage 2-310) 

Day of admission that fracture occurred: 

Day 2 (1 participant) 

Day 34 (1 participant) 

Day 100-120 (2 participant) 

Day 310 (1 participant) 

  Details of the patients who had a hip fracture while an inpatient. 
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Pre-Fracture Functional Status of Acute Fracture Cohort (n=165) 

New Mobility Score  

Mean 6.6 ± 2.7 

Median 7 

NMS 0-6 (Low functional mobility) 73 (44.2%) 

NMS 7-9 (High functional mobility) 92 (55.8%) 

Indoor mobility: 

- Independent 

- With aid 

- With assistance 

- Unable 

 

108 (65.5%) 

47 (28.5%) 

8 (4.8%) 

2 (1.2%) 

Outdoor mobility: 

- Independent 

- With and aid 

- With assistance 

- Unable 

 

90 (54.5%) 

45 (27.3%) 

14 (8.5%) 

16 (9.7%) 

Shopping: 

- Independent 

- With and aid 

- With assistance 

- Unable 

 

79 (47.9&) 

20 (12.1%) 

16 (9.7%) 

50 (30.3%) 

Use of mobility aid prior to fracture: 

Yes 54 (32.7%) 

No 111 (67.3%)  

Pre-fracture indoor mobility (with or without mobility aid): 

Independent 155 (93.9%) 

Not independent 10 (6.1%) 

Pre-fracture outdoor mobility (with or without mobility aid): 

Independent 135 (81.8%) 

Not independent 30 (18.2%) 

Pre-fracture Barthel Index (Mean) 17.6 ± 2.89 

Clinical Frailty Scale 

Mean 4.81 ± 1.48 

Median 5 

Pre-fracture functional status of Acute Hip Fracture Cohort. 

  

Table 5.4 
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Charlson Comorbidity Index of Acute Hip Fracture Cohort. 

  

Table 5.5 

Charlson Comorbidity Index (n=165) 

Mean 4.7 ± 1.9 

Median 5 

Breakdown by Charlson Index (CCI) Score  

CCI = 1 7 (4.2%) 

CCI = 2 13 (7.9%) 

CCI = 3 19 (11.5%) 

CCI = 4 39 (23.6%) 

CCI = 5 43 (26.1%) 

CCI = 6 20 (12.1%) 

CCI = 7 11 (6.7%) 

CCI = 8 7 (4.2%) 

CCI = 9 3 (1.8%) 

CCI = 10 3 (1.8%) 
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Table 5.6 

Past medical history of the Acute Hip Fracture Cohort. 

 

Relevant Past Medical History of Acute Fracture Cohort (n=165)  

Atrial fibrillation 19 (11.5%) 

Alcoholism 20 (12.1%) 

Anxiety 12 (7.3%) 

Arthritis (any) 22 (13.3%) 

Asthma 6 (3.6%) 

Behavioural and psychological symptoms of dementia 3 (1.8%) 

Bi-polar affective disorder  8 (4.8%) 

Benign prostatic hyperplasia  15 (9.1%) 

Ischaemic heart disease  25 (15.2%) 

Cancer (any) 13 (7.9%) 

Congestive cardiac failure  24 (14.5%) 

Chronic kidney disease  15 (9.1%) 

Chronic obstructive pulmonary disorder 32 (19.4%) 

Dementia 24 (14.5%) 

Mild cognitive impairment 3 (1.8%) 

Depression 32 (19.4%) 

Crohn’s Disease 1 (0.6%) 

Diabetes mellitus 20 (12.1%) 

Lower urinary tract symptoms  12 (7.3%) 

Epilepsy 8 (4.8%) 

Gastritis/gastro-oesophageal reflux/peptic ulcer disease 23 (13.9%) 

Hyperparathyroidism 1 (0.6%) 

Renal calculi 2 (1.2%) 

Hypertension 72 (43.6%) 

Hyperthyroidism 2 (1.2%) 

Hypothyroidism 21 (12.7%) 

Orthostatic hypotension 5 (3.0%) 

Parkinson’s Disease 3 (1.8%) 

Stroke 7 (4.2%) 

Transient ischaemic attack 5 (3.0%) 
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Table 5.7 

History Relevant to Osteoporosis 

Any prior fracture 25 (15.2%) 

Osteoporosis therapy (on admission) 16 (9.7%) 

Fall in the last year 76 (46.1%) 

History of falls 82 (49.7%) 

Known history of osteoporosis 20 (12.1%) 

Prior hip fracture 5 (3.0%) 

Prior vert fracture 9 (5.5%) 

Prior wrist fracture 6 (3.6%) 

Syncope 41 (24.8%) 

Vitamin D supplement (on admission) 13 (7.9%) 

Alcoholism 20 (12.1%) 

Arthritis (any) 22 (13.3%) 

Chronic kidney disease 15 (9.1%) 

Chronic obstructive pulmonary disorder 32 (19.4%) 

Coeliac disease Nil 

Depression 32 (19.4%) 

Epilepsy 8 (4.8%) 

Hyperparathyroidism  1 (0.6%) 

Renal calculi 2 (1.2%) 

Hyperthyroidism 2 (1.2%) 
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Table 5.8 

Acute Hip Fracture Cohort Admission Blood Test Results 

 Mean Normal Range 

Full Blood Count 

White cell count  11.0 ± 4.1 4-11 (10-9/L) 

Haemoglobin 

Female 12.4 ± 1.9 11.5-16.4 (g/dL) 

          Anaemia               30 (27.3%)  

Male 12.5 ± 2.25 13.5-17.5 (g/dL) 

         Anaemia            37 (67.3%)  

Platelets 247 ± 75.1 140-450 (10-9/L) 

Renal Function 

Urea 

Female 7.0 ± 3.0 2.5-7.8 (mmol/L) 

Male 6.9 ± 4.3 2.5-7.8 (mmol/L) 

Creatinine 

Female 79.4 ± 26.3 45-84 (µmol/L) 

Male 89.1 ± 34.8 62-105 (µmol/L) 

eGFR(ml/min/1.73m2) 69.9 ± 19.9  

Creatinine clearance 55.4 ± 27.0  

Miscellaneous 

Albumin 39.3 ± 4.7 35-50 (g/L) 

Low albumin (<35g/dL) (%) 21 (12.7%)  

Corrected calcium 2.24 ± 0.10 2.2-2.6 (mmol/L) 

CRP 31.6 ± 62.0 0-5 (mg/L) 

Median CRP 4.88  

CRP normal  83 (50.3%)  

CRP high (>5) 82 (49.7%)  

Range 5.1-10 19 (11.5%)  

Range 10.1-20 17 (10.3%)  

Range 20.1-100 27 (16.4%)  

Range >100 19 (11.5%)  

INR 1.12 ± 0.46  
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Table 5.9 

Acute Hip Fracture Cohort Admission Blood Test Results Relevant to Osteoporosis     

                                                                                                              Mean Normal Range 

Corrected Calcium 2.24 ± 0.10 2.2-2.6 (mmol/L) 

          Hypocalcaemia 
               Mean calcium 

46 (27.9%) 
2.12 ± 0.06 

 

         Normocalcaemic 119 (72.1%)  

         Hypercalcaemic  Nil  

Vitamin D (serum 25(OH)D) 51.4 ± 33.6  

≥75 (nmol/L) 44 (26.7%) 

          50-74.9 (nmol/L)    30 (18.2%) 

          25-49.9 (nmol/L)    49 (29.7%) 

          <25 (nmol/L)    (25.4%) 

PTH 64.1 ± 52.2 15-65 (pg/mL) 

> 65 51 (30.1%)  

0-65  114 (69.9%)  

65.1-100) 33 (20%)  

100.1-200) 12 (7.3%)  

>200) 6 (3.7%)  

TSH 2.27 ± 2.78 0.27-4.2 (mU/L) 

Low  4 (2.4%)  

Normal  144 (87.3%)   

Elevated  17 (10.3%)  

Free T4 17.9 ± 4.4 12-22 (pmol/L) 

Low 8 (4.8%)  

Normal 141 (85.5%)  

Elevated 16 (9.7%)  

Tissue transglutaminase IgA  2.9 ± 17.3 0-6.99 (units/mL) 

Normal 162 (98.2%)  

Elevated 3 (1.8%) >128 units/mL) 

SPEP abnormality   

Yes 7 (4.2%)  

No 150 (90.9%)  

Not done 8 (4.8%)  

Magnesium 0.78 ± 0.1 0.7-1 (mmol/L) 

Phosphate 0.99 ± 0.2 0.81-1.45 (mmol/L) 

Urate 248.1 ± 102.0 143-339 (µmol/L) 
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6.1 Age and sex 

 

There was a wide range of age in the population, from 50 to 100 years, which was similar 

to age distributions reported in the US as long ago as the late nineteen eighties (Karagas, 

Lu-Yao et al. 1996).  That study also reported a 3:1 female-to-male ratio, while Melton 

calculated in 2000 a lifetime risk of hip fracture for women as being almost three times 

that of men (Melton 2000).  However, a more representative comparison would be that 

of the contemporaneous Irish Hip Fracture Database National Report 2016 (National 

Office of Clinical Audit 2017).  In my study, the mean age was 78.4 years for the entire 

cohort, with a female-to male ratio of 2:1 (66.6% women and 33.3% men).  For the same 

period my study was conducted, the IHFD reported that out of a total of 3,159 people 

with hip fractures in 2016, 69% were women and 31% were men.  Therefore, the sex 

distribution of my cohort is representative of a broader Irish population, and in keeping 

with the higher risk of osteoporosis in women compared with men.   

 

Regarding the cohort’s age, the IHFD reported a mean age of 79 years for men, and 81 

years for women.  And in my study cohort, the mean age for women was 79.1 (±11.2) 

years and for men was 77.0 (±10) years.   A noteworthy caveat in the comparison of age 

distribution of my cohort compared with that of the IHFD is that the IHFD recorded data 

for patients aged 60 and over, whereas I included participants aged 50 and over, to 

include those at risk of osteoporosis by WHO definitions (1994).  That notwithstanding, 

the age distribution – and age distribution by sex – within my cohort was similar to that 

of the IHFD.  The single largest age group in my study was the 80–89-year bracket, 

accounting for 45.5% of women with hip fracture and 38% of men.  The IHFD reported 

43% of women and 41% of men in this group.  The second largest age-group in my cohort 

was the 70-79 years bracket, accounting for 18% of women and 31% of men.  The same 

age bracket in the IHFD report accounted for 31% of men and 28% of women.  The lower 

proportion of women in this age-group in my study cohort is likely in part accounted for 

by the inclusion of the lower age group of 50-59, which contained 8% of women with hip 

fractures.  Similar findings of age and sex distribution were reported in the IHFD 2017 

annual report (National Office of Clinical Audit 2018).  This may highlight a potentially 

significant burden of osteoporotic hip fractures in this younger portion of the population, 
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which may benefit from inclusion in future IHFD reports.  Another caveat in the 

comparison of my study population and that of the IHFD is that the exclusion criteria of 

my study removed those whose life expectancy was less than one year, who had severe 

chronic renal impairment and who declined – or could not assent – to participate.  This 

may have biased the study in favour of exclusion of older or frailer participants or those 

with dementia and delirium, hence making it less easily comparable to the wider 

population reported in the IHFD.   

 

6.2 Domiciliary status 

 

The majority of participants, 92.1%, lived at home at the time of their fracture, and the 

remaining 8.9% lived in nursing homes or other long-stay facilities.  This is in keeping with 

findings of other studies, reporting between 85-95% of patients as living at home prior 

to fracture (Dyer, Crotty et al. 2016, Vieira, Palmer et al. 2016).  For the 

contemporaneous period in Ireland, the IHFD reported that 9% of people admitted with 

a hip fracture resided in residential care facility, which is similar to my findings (National 

Office of Clinical Audit 2017).  This would not be unexpected, given the similarity in ages 

and sex distribution of my cohort compared to that mentioned in the IHFD above.   

 

Almost 45% of my participants were living alone, and a further 37% with a spouse or 

partner.   This indicates a relatively high level of independence and community living 

amongst people who suffer a hip fracture. It highlights the fact that given their existing 

functional independence, the hip fracture risks loss of that independence and function, 

as it has been reported that 25-75% of patients may not regain their pre-fracture level of 

function fracture (Dyer, Crotty et al. 2016).   

 

6.3 Falls and syncope and circumstances of fracture 

 

97% of fractures were reported as secondary to a low trauma fall, 2.4% had no associated 

trauma, and one participant sustained the fracture in a low trauma road traffic collision.  

These findings are in keeping with other studies which have reported that 90-95% of hip 

fractures occur following a fall (Melton, Atkinson et al. 2000, Vieira, Palmer et al. 2016).   
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The IHFD does not include in its data the percentages of fractures due to falls, so there is 

no national cohort for direct comparison.  However, my finding that the vast majority of 

fractures are secondary to falls, in keeping with long-established international data, 

would support the IHFD methodology of not reporting falls as mechanism of fracture, 

given that they are a near-universal feature, but moreover, focussing on providing falls-

risk assessments for all patients following a hip fracture (National Office of Clinical Audit 

2017).   

 

For 3% (5 participants), their fracture occurred as a result of a fall during a hospital 

admission.  This is a lower – but similar – rate of inpatient fractures as was reported in a 

recent British study which found that over a 2-year period 8.7% of hip fractures occurred 

amongst hospital inpatients who had been admitted for other reasons (Singh, Hooton et 

al. 2020).  For these five participants who had an inpatient fracture, two were initially 

admitted with a stroke, one with subacute bowel obstruction, and two with decline in 

function and mobility in the context of a known diagnosis of dementia.  Their mean age 

was 77.6 years and all five of these patients were admitted from home, although three 

were ultimately discharged to long term residential care.  4 of the 5 participants had a 

history of falls, and four had a Clinical Frailty Scale (CSF) score of 6 or higher, indicating a 

high vulnerability to inpatient complications during hospital admission (Chan, Wong et 

al. 2019).   Two of these participants had their falls relatively early in their admission: one 

on Day 2, and another on D 34.  The remaining three participants suffered their fracture 

more than three months after admission, while already waiting for transfer to a nursing 

home.  While the number of inpatient fractures represented a small proportion of the 

cohort, and to the extent that subgroup analysis could not be statistically powered, it is 

nonetheless cautionary that falls risks assessments and falls-avoidance measure are 

important for older adults in hospital.  This is especially so, as inpatient falls rates can be 

in the region of 9 per 1,000 bed days (Singh, Hooton et al. 2020).   

 

49% of participants had a prior history of falls, with most of them having had a fall within 

the preceding twelve months.  This is in keeping with the reports that 30-60 percent of 

community-dwelling older adults suffer a fall each year (Rubenstein and Josephson 2002).  

There was a high prevalence of a history of syncope (24.8%), despite the fact that very 
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few participants were recorded as having had a syncope at the time of fracture.  It has 

been reported in a large Danish review of a national syncope database found that almost 

20% of older adults with syncope suffered a hip fracture associated with the syncopal 

episode (Numé, Carlson et al. 2018).  However, admission documentation only recorded 

syncope as being associated with 6% of presentations with fracture in my cohort, while 

33.3% of falls were recorded as being of “mechanical” cause, and 47.9% were 

unspecified. This raises the possibility of syncope going undetected as an admission 

diagnosis amongst my study participants.  It may also highlight a gap in the manner of 

documenting clinical findings in medical notes.   

 

Noteworthy also is the fact that 5 participants (3%) did not suffer any trauma as an 

identifiable cause of the fracture, leading to the suspicion of a spontaneous hip fracture.  

This rate is similar to the 2.9% reported in a Japanese study (Horiuchi, Igarashi et al. 1988), 

and a 1997 study from the UK identified a 5% rate of spontaneous fractures (Parker and 

Twemlow 1997).   

 

6.4 Concomitant diagnoses 

 

On admission with acute hip fracture, 30 participants had at least one other concomitant 

medical or surgical diagnosis.  The most common additional presentation diagnosis was 

another fracture, which occurred for 7 participants (4.2%): two had wrist fractures, two 

olecranon fractures, one humerus fracture, one odontoid and one maxillary fracture.  

This is similar to other studies, which have reported 5% (Dubljanin-Raspopović, Lj et al. 

2019) and 1.2% (Lin, Hung et al. 2015) rates of concomitant radial fractures.  Three 

participants had an admission presentation of intracranial haemorrhage; it is uncertain 

as to whether in their cases a spontaneous haemorrhage caused the fall that resulted in 

fracture, or whether a traumatic haemorrhage was a sequala of the fall.  Acute 

respiratory tract infection was a co-presenting diagnosis in 6 participants (3.6%), which 

is keeping with other reports of pneumonia and exacerbation of chronic lung disease 

occurring in approximately 4% of older adults with hip fractures and accounting for one-

third of post-operative deaths (Sheikh, Hossain et al. 2017).  One participant had 

concurrent admission diagnosis of urinary tract infection.  However, it is surprising that 
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despite the relatively low prevalence of concurrent diagnoses of infections, the serum C-

Reactive Protein (CRP) of the cohort was relatively elevated at the time of presentation.  

The mean CRP was 31.64 ± 62.04 mg/L (normal range ≤5 mg/L).  83 participants had CRP 

in the normal range, and the CRP of 82 participants (49.7%) was above the normal level.  

Of those with elevated CRP, 36 were mildly elevated (5.1-20 mg/L), 27 were more 

significantly elevated (20.1-100 mg/L), and 19 were markedly elevated (<100 mg/L).  An 

elevated CRP is not unexpected for a patient presenting with a fracture, owing to the 

resultant acute injury, however, it is also noted that chronically elevated CRP is of itself 

an independent risk factor for fracture (Schett, Kiechl et al. 2006, Cauley, Danielson et al. 

2007).  Furthermore, the presence of moderately or markedly elevated CRP in a total of 

46 participants, while infection was only diagnosed in 7 participants at presentation may 

be indicative of a missed opportunity to diagnose and treat incipient infection in this 

population.  The wide range of CRP amongst my study participants is similar to findings 

of other studies, which have reported CRP on presentation with hip fracture to be 10-32 

mg/L prior to surgical intervention (Norring-Agerskov, Bathum et al. 2019), 24-149 mg/L 

(Kim, Lee et al. 2016), and an average 15 mg/L (Beloosesky, Hendel et al. 2007).   

 

The phenomenon of a co-presentation with a fall, raised inflammatory markers, infection 

and possible delirium, as I found in my study, is not uncommon.  Various studies have 

reported 7.9% incidence of pneumonia (Shen, Zhang et al. 2020), 6.5% incidence of 

influenza or pneumonia (AIHF 2018), and 13.5% incidence of delirium (Dolan, Hawkes et 

al. 2000) in patients presenting with hip fracture.  The fact that the rate of respiratory 

tract infections was lower than this in my study, as well as the fact that CRP was elevated 

in a high number of patients, suggests an under-detection or under-reporting of 

infections at the time of admission.  In addition, the lack of documented delirium at the 

time of admission is similarly suggestive of a missed opportunity for diagnosis of this 

condition.  At the time of my study, the 4AT (Bellelli, Morandi et al. 2014), a screening 

instrument for detection of delirium was being trialled in our hospital.   As it has since 

been validated in patients with hip fracture (Tieges, MacLullich et al. 2020), I would 

recommend its routine use in this cohort.   
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3 participants had a long lie associated with fracture, a complication which has been 

associated with rhabdomyolysis and acute kidney injury (Wongrakpanich, Kallis et al. 

2018). However, none of these three patients suffered these complications.   

 

6.5 Medical comorbidities and risk factors for osteoporosis and fractures 

 

Charlson Comorbidity Index 

Apart from specific acute comorbid diagnoses, as discussed above, there was a high 

burden of chronic disease amongst the cohort.  This was characterised by a median 

Charlson Comorbidity Index (CCI) of 5.  The CCI was originally developed as a scale for 

the prediction of mortality in the outpatient setting (Charlson, Szatrowski et al. 1994).  It 

has more recently been validated for the prediction of mortality among hospitalised 

patients (Sundararajan, Henderson et al. 2004).   I have described the CCI in greater detail 

in Chapters 2 and 4.  The median CCI of 5 amongst my study cohort would estimate a 

21% chance of ten-year survival survival (Charlson, Szatrowski et al. 1994).  Indeed, there 

was a wide range of CCI scores from 1-10.  Compared with other studies, the CCI was 

similar and high.  For instance, Folbert and Hegman in 2017 recorded CCI in 850 older 

Dutch adults with hip fracture, and (when adjusted for age) reported CCI 0-3 in 24.2% of 

their cohort, CCI 4-5 in 46.4%, CCI 6-7 in 22.1%, and CCI ≥8 in 7.3% (Folbert, Hegeman et 

al. 2017).  The CCIs in my cohort were higher.  Of my participants, 23.6% had CCI 1-3, 

49.7% had CCI 4-5, 18.8% had CCI 6-7, and 7.8% had CCI ≥8.  This highlights the 

vulnerability of the cohort in my study, especially given their mean age of 78.4 years is 

slightly younger than that in the Dutch cohort.  As has been described previously, higher 

CCI is associated with increased mortality.  When adjusted for age, CCI 4-5 imparted an 

odds ratio (OR) of 1.46 for 1-year mortality, and CCI 6-7 an OR of 1.59, and CCI 8 an OR 

of 2.71 (Folbert, Hegeman et al. 2017).  Therefore, the cohort I studied would be at high 

risk of one-year mortality, a topic which I discuss in greater detail in Chapter 9.   

 

Quite apart from the burden of disease characterised by the high CCI in my cohort, there 

was also a significant number of specific comorbid conditions associated with 

osteoporosis.  These included alcoholism, depression, COPD, diabetes mellitus and 
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chronic kidney disease, all of which can be associated with an increased risk of 

osteoporosis (Cosman, de Beur et al. 2014).   

 

Alcohol and tobacco 

12.1 % of my study cohort had a history of alcoholism, with 2 participants suffering 

alcohol withdrawal syndrome during their acute admission; and 3.6% of falls leading to 

the presenting hip fracture were associated with alcohol intoxication.  Only 10.3% of 

participants were life-long non-drinkers.   As alcohol is known to have a strong dose 

dependent link to all fractures (Kanis, Johansson et al. 2005), and that alcohol 

consumption in excess of two drinks per day is associated with an increased risk of hip 

fracture specifically (RR 1.39, 95% CI 1.08-1.79) (Berg, Kunins et al. 2008), the high 

prevalence of alcohol consumption and history of alcoholism in this cohort is not 

unexpected.   

 

59.4% of participants reported a current or past history of smoking, which is of 

importance as cigarette smoking is associated with both increased risk of fracture and 

reduction in BMD (Ward and Klesges 2001, Kanis, Johnell et al. 2005), with the risk being 

greater for current smokers. 

 

Body Mass Index 

The BMI of the population was 23.2 ± 5.19.  However, the wide standard deviation is 

indicative of the significant number of participants who were either underweight (21 

participants, 12.7%) or overweight (53 participants, 33.9%).  Classically, a lower BMI is 

associated with an increased risk of osteoporosis and fracture, and for older adults an 

increasing BMI is protective against hip fracture (Søgaard, Holvik et al. 2016), so it is 

surprising that more than a third of those with fracture in fact had elevated BMI.   

However, the concept of sarcopaenic obesity, whereby an elevated BMI occurs in the 

presence of reduced muscle mass, could account for increased risk of fracture in 

participants with normal or high BMI (Batsis and Villareal 2018).   In addition, in other 

studies, BMI has shown a U-shaped relationship regarding the risk of post-operative 

complications (Akinleye, Garofolo et al. 2018), with the highest risk in low-weight (BMI < 

20) and morbidly obese (BMI > 40) patients.  The relationship of BMI with post-operative 
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complications in my study will be discussed in later chapters (Chapters 8 and 11), 

however, it is significant here to note that there is a wide distribution of BMI, but no 

participants were in the morbidly obese category (BMI>40).    

 

History of osteoporosis and fractures 

A hip fracture, by definition, constitutes a clinical diagnosis of osteoporosis, so it can be 

taken that all participants in fact had osteoporosis at the time of presentation.  However, 

only 12.1% had a known history of the disease, and only 9.7% were on pharmacological 

treatment for osteoporosis at the time of fracture, with even fewer (only 7.9%) taking 

vitamin D supplements.  This was despite a 15.2% prevalence of a prior history of fracture 

in the cohort; of these prior fractures, 5 were hip fractures, 9 were vertebral fractures 

and 6 were wrist fractures.  This is in keeping with a prior history of fracture being a major 

risk factor for new hip fractures (Berry, Samelson et al. 2007).    

 

Although the mean vitamin D level of the cohort was replete, it was at the very lowest 

end of the reference range for normality, and there was a wide variation, meaning that 

a significant proportion were vitamin D deplete, which may have contributed to their risk 

of fracture (Pioli, Lauretani et al. 2016).  Specifically, I found that the only 26.7% of the 

cohort were vitamin D replete (≥75 nmol/L); 18.2% had insufficient levels of vitamin D 

(50-74.9 nmol/L); 29.7% were vitamin D deficient (25-49.9 nmol/L); and over a quarter, 

25.4%, were severely vitamin D deficient (<25 nmol/L).  A recent study vitamin D levels 

in over 33,000 adults from the same catchment area as my study has reported that in 

adults over the age of 60 years, 10-21% had vitamin D levels ≤30nmol/L and 17% had 

vitamin D levels of 30-49nmol/L (Scully, Laird et al. 2020).  Thus, my own cohort was more 

vitamin D deficient than might be expected of the general population from which they 

came.  As has been discussed earlier (Chapter 1), suboptimal vitamin D, particularly at 

levels below 50nmol/L are associated with increased risk of osteoporosis and fractures 

(Adami, Bertoldo et al. 2009), and studies have found that secondary 

hyperparathyroidism and markers of bone disease are minimized when vitamin D is at or 

above this level (Chapuy, Preziosi et al. 1997, Thomas, Lloyd-Jones et al. 1998, Heaney 

2003).  Despite, however, the relatively low level of vitamin D in my cohort and the high 

prevalence of vitamin D deficiency and severe deficiency, which could pose a risk of 
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hypocalcaemia (Chapuy, Preziosi et al. 1997, Thomas, Lloyd-Jones et al. 1998, Heaney 

2003), the mean serum corrected calcium level was normal, 2.24 ± 0.1 nmol/L.  It is 

noteworthy to mention that a total of 46 participants (27.9%) did record serum calcium 

levels in the hypocalcaemic range (<2.2 nmol/L).  However, for this hypocalcaemic group, 

the mean serum calcium was 2.12 ± 0.06 nmol/L, indicating that hypocalcaemia – when 

it was present – was mild.  Another factor relevant to vitamin D insufficiency is its risk for 

secondary hyperparathyroidism (Chapuy, Preziosi et al. 1997, Thomas, Lloyd-Jones et al. 

1998, Heaney 2003, Cosman, de Beur et al. 2014).  While the mean serum parathyroid 

hormone for my study cohort was normal 64.1 ± 52.2 (normal range 15-65 pg/mL), the 

wide standard deviation is indicative of a significant number of participants’ having 

hyperparathyroidism.  In fact, a total of 51 participants (30.1%) had serum PTH levels 

above the normal range.  Of these 51 participants with elevated serum PTH, 33 had 

relatively mild elevation (65.1-100 pg/mL), 12 had moderate elevation (100.1-200 pg/mL), 

and 6 had marked elevation with a level in excess of 200 pg/mL.  For patients with 

elevated serum PTH, additional investigations as per clinical need were conducted, and 

specialist referrals were made if indicated, as per the study protocol.   

 

During their inpatient admission with hip fracture, 3 participants were formally 

diagnosed with secondary hyperparathyroidism, which is unsurprising in the context of 

the prevalence of vitamin D deficiency in the cohort. This is indicative of the risk posed 

by the low vitamin D levels amongst my cohort, as hypovitaminosis D is a cause of 

secondary hypoparathyroidism and consequently fracture risk is increased (Chapuy, 

Preziosi et al. 1997, Thomas, Lloyd-Jones et al. 1998, Heaney 2003).  One participant was 

diagnosed with primary hyperparathyroidism.  There were no diagnoses of tertiary 

hyperparathyroidism, but my study protocol excluded participants with renal failure.  Of 

note, two participants had a past history of renal calculi, one of whom also had a prior 

history of hyperparathyroidism.  Neither of these two participants were taking calcium 

of vitamin D supplements at the time of admission, and both had calcium and vitamin D 

levels in the normal range.  This was reassuring, as supplementary (as opposed to dietary) 

calcium intake can increase the risk of kidney stones (Curhan, Willett et al. 1997), and 

the risk of calculi may also be increased with combined calcium and vitamin D 

supplements (Jackson, LaCroix et al. 2006).  However, vitamin D supplementation in 
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isolation, providing vitamin D level does not reach excess is not considered a risk factor 

for calculi (Jackson, LaCroix et al. 2006, Ferraro, Taylor et al. 2017).  Therefore, it could 

be considered safe to offer vitamin D supplements to these older adults with hip fracture, 

despite the prior history of calculi.   

 

A small number of patients had a history of Parkinson’s disease, orthostatic hypotension 

and previous strokes, all of which could contribute to their risk of falls and hence 

fractures.  Other diagnoses prevalent amongst my study cohort associated with an 

increased risk of fracture were COPD (32 participants, 19.4%), depression (32 

participants, 19.4%), arthritis (22 participants, 13.3%), chronic kidney disease (15 

participants, 9.1%), epilepsy (8 participants, 4.8%), renal calculi (2 participants, 1.2%), 

hyperthyroidism (2 participants, 1.2%) and hyperparathyroidism (1 participant, 0.6%).   

 

COPD is associated with an increased  risk of fractures, likely through its association with 

smoking and prescribed corticosteroids (Cosman, de Beur et al. 2014), but it also 

increases the risk of post-hip fracture pulmonary complications (Smetana, Lawrence et 

al. 2006), and can contribute to the risk of post-operative deaths (Sheikh, Hossain et al. 

2017).  Those with an admission diagnosis of COPD have more than double the risk of 

developing chest infections during a hospital stay and a substantial excess of mortality 

compared with patients without COPD (Buss, McKeever et al. 2018).   

 

The high prevalence of depression in the cohort is also significant, as depression itself 

has been associated with an increased risk of fracture in some studies (Mezuk, Eaton et 

al. 2008), and antidepressant medications, in particular SNRIs have been associated with 

lower BMD (Power, Duffy et al. 2019).  Another important consideration is that an 

underlying diagnosis of depression, or the presence of depressive symptoms, following 

hip fracture is itself a risk factors for worse outcome in terms of mobility and discharge 

destination (Magaziner, Simonsick et al. 1990, Liu, Yang et al. 2018) .   

 

While only two participants had a recorded prior history of hyperthyroidism, which is a 

risk factor for low bone mineral density and osteoporosis (Cosman, de Beur et al. 2014), 

21 participants (12.7%) were known to have hypothyroidism.  There was a high 
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prevalence of abnormal thyroid function tests (TFTs) on presentation, with abnormalities 

of thyroid stimulating hormone (TSH) in 21 participants, and abnormalities in Free T4 in 

21 participants.  These abnormalities were mild, and probably indicative in the most part 

of subclinical hyperthyroidism or hypothyroidism or sick euthyroid syndrome which has 

been reported in hip fracture patients (M, R et al. 2020).   

 

While none of the participants reported (nor their medical records recorded) a history of 

coeliac disease, 3 participants were found to have elevated serum TTG on screening 

blood tests (Table 5.9).  Elevated TTG is indicative of coeliac disease, which is a risk factor 

for low BMD and fractures (Cosman, de Beur et al. 2014).  In fact, it may impart a 43% 

greater risk of all fractures (Olmos, Antelo et al. 2008), and an increased risk of hip 

fracture specifically compared with the general population (HR 2.1, CI 1.8-2.4) 

(Ludvigsson, Michaelsson et al. 2007).  This indicates a potential gap whereby improved 

screening in the community may have allowed intervention at an earlier stage to address 

the risk of osteoporosis and fracture.  In the case of my study, participants were referred 

to gastroenterology for further assessment and/or diagnostic gastroscopy.   

 

Other comorbid diagnoses 

Other comorbid diagnoses, not directly linked with osteoporosis included: Hypertension, 

72 participants (43.6%); ischaemic heart disease (IHD), 25 participants (15.2%); atrial 

fibrillation (AF), 19 participants (11.5%); congestive cardiac failure (CCF), 24 participants, 

(14.5%); diabetes mellitus (DM), 20 participants (12.1%); dementia, 24 participants, 

(14.5%); and mild cognitive impairment (MCI), 3 participants (1.8%).  This is indicative of 

a high burden of vascular disease and vascular risk factors, and a high burden of 

dementia.  Of note, dementia is a risk factor for worse functional outcome after hip 

fracture and increased need for nursing home care (Beaupre, Cinats et al. 2007) and 

patients with dementia are at significantly increased risk of developing post-operative 

delirium half (Marcantonio, Flacker et al. 2001).  Further to the finding of a cumulative 

16.3% prevalence of dementia and cognitive impairment, the mean MMSE of the cohort 

was 21.7 ± 6.4, and a total of 99 participants had an MMSE of 25 or below, which is 

considered below the normal reference range (Folstein, Folstein et al. 1975).  This high 

prevalence of low MMSE, as measured in the post-operative period is possibly more 
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likely indicative of post-operative delirium than underlying cognitive impairment or 

dementia, but may also reflect a significant number of participants with an underlying 

undiagnosed cognitive disorder.   

 

In addition, based on diagnosis by admission blood tests, there was a high prevalence of 

anaemia in the study cohort.  27.3% of female participants had a haemoglobin in the 

anaemic range (<11.5 g/dL), and 67.3% of men (Hb < 13.5g/dL).  As these values were 

measured at the point of admission to hospital (or at the time of fracture in the case of 

those with inpatient fractures), the presence of anaemia can be considered a true 

baseline characteristic, as opposed to “dilutional anaemia” from fluid resuscitation, or 

from intraoperative blood loss.  This level of anaemia is greater than what would be 

expected of a those presenting to hospital with hip fracture.  Other studies have reported 

anaemia to in 10–12% of those presenting with hip fracture (White, Moppett et al. 2014), 

with  other studies reporting approximately 40% of patients with hip fracture have 

haemoglobin levels below population norms on admission (Puckeridge, Terblanche et al. 

2019).  This higher prevalence of anaemia in my cohort may be explained by the high 

burden of comorbid conditions, which could cumulatively increase the risk of anaemia 

from various causes.   

 

Over all comments on comorbidities 

The high Charlson Comorbidity of the cohort, similar to that reported in other studies, is 

indicative of a vulnerable population at high risk of post-operative complications and 

subsequent mortality.  In addition, there was a dearth of pre-fracture diagnosis of 

osteoporosis and treatment, despite the prevalence of risk factors for osteoporosis, falls 

and fractures.  This all underlines the importance of integrated orthogeriatric care to 

meet the needs of this complex and vulnerable group, as well as the need for increased 

screening for osteoporosis in the community.   

 

6.6 Frailty, sarcopaenia and pre-morbid functional status 

 

The pre-morbid level of function of participants was high, with mean Barthel Index 17.6 

and New Mobility Score median 7, in keeping with an active community-dwelling cohort, 
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despite a significant burden of comorbidity.  The cohort could also be considered frail, 

with a median Clinical Frailty Scale (CFS) of 5.   

 

Mobility 

Specifically, in regard to the New Mobility Score (NMS), 44% of my participants had a 

NMS of 0-6 (indicative of low premorbid functional mobility), and 55% had a NMS of 7-9 

(indicative of a high premorbid functional mobility).  This compares favourably with the 

Irish Hip Fracture Database (IHFD) annual reports, which list national rates of 52% in the 

“0-6, low premorbid functional mobility” category in 2016 (National Office of Clinical 

Audit 2016) and 53% in this category in 2017 (National Office of Clinical Audit 2017).  Of 

my study cohort, 65% were independent without aid for indoor mobility, compared with 

only 54% of the IHFD cohort in 2016 and 2017.  Similarly, my study cohort had higher 

outdoor independent mobility, 55%, compared with 46% and 47% reported by the IHFD 

in 2016 and 2017 respectively.  In keeping with this, 48% of my cohort were independent 

in the task of shopping prior to fracture, compared with 42% reported in the IHFD in both 

2016 and 2017.  The slightly superior functional mobility in my cohort may be explained 

by the fact that my study population included people as young as 50 years of age, while 

the IHFD collects data on those 60 years and older.   

 

Examining functional mobility by age, the IHFD began reporting on this in 2017, and for 

the 60-69 age group it lists 76% of people as having high functional mobility (NMS 7-9), 

compared with 89% in my study cohort.  For 70–79-year-olds, the IHFD reported high 

functional mobility in 62%, compared with 57% in my study.  For those aged 80-89 years, 

the IHFD reports 38% as having high functional mobility, compared with 45% in my 

cohort.  Finally, for people aged 90 years and older, the IHFD reports high functional 

mobility in 18%, and I found the corresponding figure in my study to be 17%.  Taking into 

account, then, the different age profile of my cohort, the level of functional mobility 

could be considered similar to that reported in contemporaneous IHFD reports, and 

therefore my study cohort is broadly representative of the national reference population 

of older adults with hip fracture.   
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The fact that 44% of my cohort had a low NMS (0-6) is indicative of their vulnerability, as 

a a higher pre-fracture NMS is associated with fewer complications, shorter length of 

stay and lower 30-day mortality (Foss, Kristensen et al. 2006), and patients with a low 

pre-fracture NMS would be 18 times less likely to regain independence in basic mobility 

during the hospital stay, than patients with a high pre-fracture level (Kristensen, Foss et 

al. 2010).   

 

Barthel Index and functional ADLs 

The Barthel Index (BI) of my cohort was relatively high, 17.6 ± 2.9 (max score on BI = 20).  

This could be considered a protective factor, as numerous studies have found a higher BI 

to be predictive of better outcomes following hip fracture.  For example, in a case control 

study of 1385 older adults with hip fracture, a decreasing BI, independent of other factors, 

was associated with increased mortality (Folbert, Hegeman et al. 2017).  And a study of 

207 older adults with hip fracture from 2014 to 2018 found that patients with a poorer 

functional status as recorded on BI (those with scores of 0-11, versus those with superior 

scores of 12-20) had higher 55-month mortality (hazard ratio 2.37 [95%CI = 1.59,3.53]) 

(da Casa, Pablos-Hernández et al. 2019).  As the BI is not recorded in the IHFD, there is 

no national reference for comparison, however, the BI in my cohort is slightly higher than 

some other international studies, such as a 2019 Spanish prospective observational study 

of 208 older adults with hip fracture which found the mean BI value prior to fracture was 

15.26 (Mayoral, Ibarz et al. 2019).  Examining the BI by age-group, the median score was 

20 for those aged up to 70 years, 19 for those in their eighth decade, 18 for those aged 

up to 90 years, and 17 for those aged ninety and over, all of which is in keeping with a 

decreased functional status may accompany the comorbidities occurring with age.   

 

Frailty and the Clinical Frailty Scale 

My study population could be considered frail, with a median Clinical Frailty Scale (CFS) 

of 5, which is indicative of mild frailty (Rockwood, Song et al. 2005).  However, the burden 

of frailty increased with the age of the cohort, with those aged under 70 having a median 

CFS of only 3 and those aged over 80 years having a median CSF of 6.  This higher burden 

of frailty in an already older population post hip fracture is significant, insofar as 

numerous studies have shown frailty to predict post-operative mortality and morbidity 
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including delirium, longer hospital stay, discharge to nursing home, cognitive impairment, 

and functional decline (Makary, Segev et al. 2010, Afilalo, Mottillo et al. 2012, Bagnall, 

Faiz et al. 2013, Kim, Han et al. 2014, Furukawa and Tanemoto 2015, Pelavski, De Miguel 

et al. 2017, Watt, Tricco et al. 2018).  Following hip fracture, a higher CFS has been 

associated with adverse discharge destination and in-hospital complications, in greater 

magnitude than traditional risk factors such as age, male sex, time-to-surgery, and mode 

of anaesthesia fracture (Chan, Wong et al. 2019).  And a UK study of over 2,400 older 

adults with low trauma hip fracture reported that the CSF was predictive of both 

inpatient and 1-year mortality, but not hospital length-of-stay (Thorne and Hodgson 

2021).   

 

Sarcopaenia 

As well as being relatively frail, the study cohort had a high prevalence of sarcopaenia, 

as measured by hand-grip strength.  Of the 145 participants for whom hand-grip strength 

data was available, 62.1% were in the sarcopaenic range (<16 kg in women or < 27 kg in 

men), based on the European Working Group on Sarcopenia in Older People (EWGSOP2) 

consensus definition of sarcopaenia (Cruz-Jentoft, Bahat et al. 2019).  A higher 

proportion of male participants (78%) had sarcopaenia by hand-grip strength compared 

with women (54.5%).  It is unsurprising that hand-grip strength was low in my study 

population, as low scores have been reported to be associated with hip fracture, such as 

in a 2018 systematic review of eleven studies, comprising 21,197 participants, where 

hand grip strength was significantly reduced in those with hip fractures compared with 

controls (p < 0.001) (Denk, Lennon et al. 2018).  Furthermore, the fact that the 

measurement was taken in the post-operative period may have contributed to a poorer 

performance in the context of potential post-operative complications.  On the other 

hand, however, grip strength results in my cohort may be biased towards participants 

who were more physically robust, as the missing data from twenty participants was 

mainly due to their being too unwell to perform the test, or unable to understand 

instructions due to delirium or cognitive impairment.  Therefore, it is possible that I may 

have underestimated the true prevalence of sarcopaenia.  Whatever the case, the 

burden of sarcopaenia is relevant to the post-operative course of patients following hip 

fracture, as low grip strength has been associated with higher one-year mortality (HR, 
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1.080; 95% CI, 1.024-1.139) (Choi, Kim et al. 2021), and poorer rehabilitation outcomes 

as measured by Barthel Index (Di Monaco, Castiglioni et al. 2020).  

 

Finally, in relation to sarcopaenia, there is strong evidence that an albumin level lower 

than 35 g/L is associated with a 2-3-fold increased risk of post-operative complications 

and mortality (Li, Zhang et al. 2019).  However, despite the previously-mentioned 

elevation in CRP, and the high prevalence of sarcopaenia by grip-strength, the admission 

albumin level in my cohort was not low, 39.3 g/L ± 4.7 (Reference range 35-50 g/L).  

However, most participants’ albumin level was within the lower end of the normal range 

and also could have been lower as a consequence of it being a negative acute phase 

reactant.   

 

 

6.7 Study strengths and limitations 

 

Strengths of my study include the breadth of data recorded for each participant, covering 

areas of clinical and social history, biometric measurements, functional scores and blood 

test results.  However, the fact that certain data, particularly that in relation to hand-grip 

strength is not complete for all participants, makes its interpretation less reliable.  

Furthermore, my study protocol excluded participants with end-stage renal failure as 

Zoledronic Acid is contraindicated in this group.  Similarly, patients with life-expectancy 

less than one year were excluded, and some patients were unable to assent to 

participate, owing to dementia.  Thus, it is likely that the oldest and frailest patients were 

not included in my study, and all results must be interpreted in that context.  However, 

the converse of this is that I included participants as young as 50 years of age in my study, 

which is younger than those contemporaneously reported in the IHFD.  Therefore, I was 

able to capture data on the vulnerable younger hip fracture patients who may not have 

been included in other studies.  Nonetheless, the age and gender make-up of my study 

population was similar to that reported in the Irish Hip Fracture Database, indicating that 

the population I studied was broadly representative of a contemporaneous Irish cohort.  

Another strength of the study is that one third of participants were men, which is in 

contrast to many other osteoporosis studies, whose participants are more 
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predominantly post-menopausal women.  Thus, my study can add to the body of 

literature on care of hip fractures and osteoporosis in both genders.   

 

6.8 Conclusions 

 

Age and sex 

While the age profile of my cohort was similar to that reported nationally, it is 

noteworthy that over 7% of hip fractures in my study occurred in participants under the 

age of 60, which highlights the risk of osteoporosis in “younger older adults”, and 

presents an opportunity to screen and treat osteoporosis at earlier points to prevent 

longer burdens of ill-health.  While resources can be scarce, it highlights the importance 

of screening younger adults with risk factors for osteoporosis as well as males who 

account for a significant proportion of all hip fractures.  

 

Falls and circumstances of fracture 

The fact that over 92% of fractures occurred as a result of falls, and almost half the 

participants had a prior history of falls, and one quarter had a prior history of syncope 

indicates that there were potential opportunities to diagnose and treat risks of falls – and 

hence fracture – that may have been missed in the months and years prior to the 

admission fracture.  Comprehensive Geriatric Assessment, encompassing falls risk 

assessment, can be used to identify those at risk of falls and offer intervention to mitigate 

the risk.  I would recommend greater resources could be employed at both local and 

national level to support better access to such assessments, with the goal of reducing the 

incidence of falls, and hence hip fractures.  However, the small number of spontaneous 

hip fractures could not have been predicted by falls risk, so specific osteoporosis 

screening is also indicated for older adults.   

 

Concomitant diagnoses 

The long-established maxim that a low-trauma hip fracture represents osteoporosis by 

definition was supported by the prevalence of concomitant fractures of the wrist, elbow 

and shoulder fractures.  This finding strengthens the case for early pharmacologic 

treatment of osteoporosis in the absence of further confirmation by DXA.  The discordant 
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results between elevated CRP and the diagnoses of acute infection in my cohort raises 

the concern that opportunities could be missed to treat acute infections in older adults, 

especially those who may be delirious.  As literature gives mixed reports of expected CRP 

levels amongst acute hip fracture patients, I would propose further research in relation 

to this metric in particular, so that it can be better interpreted in hip fracture patients in 

particular.  The potential for missing a diagnosis of delirium can be largely obviated by 

the routine use of the 4AT screening tool, which has become commonplace since my 

study period.   

 

Medical comorbidities and risk factors for OP and fracture 

The high Charlson Comorbidity Index of my study population is indicative of their 

underlying vulnerability, and the fact that their CCI was higher than other studies 

imparted a greater overall risk of mortality.  In addition, there was a high burden of 

predictable risk factors for osteoporosis, including several cases of undiagnosed coeliac 

disease.  And despite many participants having a known history of osteoporosis and 

fracture and low vitamin D levels, few participants were on pharmacologic treatment for 

osteoporosis or taking vitamin D supplements.  This is concerning, as evidence supports 

screening for osteoporosis and its secondary causes as a means of fracture reduction.  I 

would hope that data from this study can be used to support the development of wider 

osteoporosis screening programmes at a national level with a view to reducing the 

burden of osteoporosis and hip fractures.   

 

Frailty, sarcopaenia, function and mobility 

The high pre-fracture function and mobility of my cohort belied an underlying frailty, and 

is demonstrative of the fact that despite being vulnerable to ill-health, most older adults 

live independently at home prior to the sentinel event of a hip fracture.  The higher CFS 

of the older portion of my cohort in particular would leave them vulnerable to myriad 

short-term and longer-term adverse outcomes of fracture.  Hence, the inclusion of the 

CFS would be a useful adjunct in risk identification for older Irish adults with hip fracture.  

Similarly, the measurement of hand-grip strength identified a high prevalence of 

sarcopaenia in my study population, which is in keeping with their frailty and not 

unexpected in the context of a fracture.  I explore the correlation of sarcopaenia with 
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other outcomes in later chapters, however, as the test is quick and cheap to perform, it 

may prove beneficial in identifying at-risk patients in the post-operative period.   

 

In summary, the population I studied was characterised by a high burden of 

comorbidities, frailty and sarcopaenia.  But despite this, most participants remained 

relatively independent and mobile, living largely in their own homes.  Many participants 

had a history of comorbid diagnoses that could be expected to increase their risk of falls 

and hence fractures.  However, few participants had apparently been screened for 

osteoporosis and even fewer were on treatment with either antiresorptive agents or 

vitamin D supplements, despite prevalent vitamin D deficiency.  All this points towards 

an opportunity to screen for falls risk and osteoporosis in the community and offer 

interventions and therapy with the view to prevention of fractures.   
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INPATIENT OUTCOMES FOLLOWING HIP FRACTURE 
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CHAPTER 7 

 

HIP FRACTURES AND KEY PERFORMANCE INDICATORS 
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7.1 Introduction 

 

In 2007 the British Geriatrics Society and British Orthopaedic Association published the 

“Blue Book” on care for patients following acute hip fracture.  The “Blue Book” set out 6 

main standards, or KPIs for the care of older adults in hospital following hip fracture.    

 

The 6 KPIs of hip fracture care are: time-to-surgery (less than 48 hours); time to 

admission to orthopaedic ward (less than 4 hours); incidence of new pressure ulcers; 

review by geriatrician during admission; falls risk assessment and bone health 

assessment.  Secondary indices of hip fracture care include rehabilitation assessment, 

mobilisation the day after surgery and the time from admission to assessment by a 

geriatrician.   

 

A wide body of literature now exists to support the hypothesis that meeting these KPIs 

improve patient outcomes following hip fracture.  Shorter time-to-surgery, earlier 

mobilisation and structured geriatric medical and rehabilitation input have all been 

shown in various degrees to reduce length of hospital admission, reduce mortality and 

improve functional outcomes.   

 

The Irish Hip Fracture Database (IHFD) has collected data on KPIs and hip fracture care in 

Irish hospitals since 2012.  Over the years since the national database was instituted, hip 

fracture outcomes in Ireland have improved along with international trends.   

 

St James’s Hospital Dublin operates an Orthogeriatric Model of care where there is co-

management of older adults with acute hip fracture between orthopaedic and geriatric 

services, whereby orthopaedic surgery is the primary care team and geriatricians have a 

defined role in managing acute medical issues, overseeing rehabilitation in acute and 

subacute care and managing bone health plans.   

 

I aimed to determine the extent to which KPIs were met amongst Acute Hip Fracture 

study participants in my cohort.  I also aimed to explore what underlying cross-sectional 

patient factors in the earlier part of their admission may be associated with successful 
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adherence to these KPIS.  In addition, I aimed to examine if adherence to the KPIs was 

associated with post-operative outcomes such as specified post-operative complications, 

length of stay, functional decline and mortality.   

 

7.2 Methods 

 

Study Population and Design 

The study population comprised patients admitted to St James’s Hospital Dublin who had 

an acute hip fracture from January 2015 to March 2016.  Inclusion and exclusion criteria, 

as well as data collection methodology and blood sampling have been previously 

described in detail in Chapter 4.   

 

Methodology 

I examined the following key performance indicators of hip fracture care: 

1. Time (hours) from presentation to hospital to arrival on an orthopaedic ward. 

2. Time (hours) from presentation to time of going to theatre, and whether surgery 

occurred within 24 or 48 hours of presentation; and time of day of surgery.   

3. The incidence of pressure ulcers. 

4. Whether acute orthogeriatric support was provided by a geriatrician during 

admission, and on what day of admission it occurred (or what day following 

fracture, if the fracture occurred as an inpatient).   

5. Falls risk assessment. 

6. Regarding the KPI of bone health assessment, as the administration of zoledronic 

acid and vitamin D as well as osteoporosis clinic follow-up were an intrinsic 

component of this study design, by definition 100% of participants met this KPI, 

so it was not included as a metric for correlation against other outcomes.   

 

Statistical Analysis 

I performed basic statistical analysis of the adherence to the KPIs.  All relevant 

parameters were inspected for normality and those that were significantly skewed were 

transformed appropriately.  All statistical analysis was performed using JMP Edition 

14.2.0 (SAS Institute, 2018).  
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Study Covariates: 

Length of stay was defined as the number of days from hospital admission to ultimate 

discharge to home or nursing home, and included periods of time spent in on-site or off-

site rehabilitation wards and convalescent care where it was used.  It did not include 

periods of time spent in transition care facilities that were occasionally used for 

participants who had finished their hospital admission but awaited either placement in a 

residential care facility or community support services in advance of returning home.  

Participants were excluded from length of stay analysis if they died during inpatient 

admission.   

 

Mortality was defined as the length of time from hip fracture to death and was recorded 

as previously described.  Mortality data was divided into categories as follows: 30-day 

mortality; 6-month mortality and 1-year mortality.   

 

The occurrence of specific inpatient complications of delirium, UTI, acute LRTI, the use of 

intravenous antibiotics, the administration of red cell concentrate transfusion (blood 

transfusion), constipation, urinary incontinence and dysphagia were defined and 

recorded as outlined previously.   

 

I also recorded participants’ Charlson Comorbidity Index, Clinical Frailty Scale, pre-

fracture and discharge Barthel Index of function and pre-fracture New Mobility Score as 

well as whether the participant used a mobility aid prior to fracture and on discharge 

from hospital.  The details of these scores have been described previously.   

 

If a participant’s Barthel Index was lower on discharge than on admission, I categorised 

them as having deterioration in function post-fracture.  Similarly, if a participant’s indoor 

New Mobility Score was lower on discharge than on admission or if they used a new 

mobility aid on discharge, I categorised them as having a deterioration in mobility post-

fracture.   

 

I also recorded participants’ prior history of dementia, whether they were admitted from 

home or a nursing home and whether they newly took up residence in a nursing home 
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on discharge, having previously lived at home pre-fracture.  I recorded if the acute hip 

fracture occurred as an inpatient and whether or not the participants had a history of 

falls or falls in the last year.  I recorded baseline blood tests as previously described.   

 

Statistical Models 

I examined for correlations between participant characteristics and key performance 

indices using univariate linear and logistic regression analysis (for continuous and 

categorical outcome variables).  My expectation was that patients who were older or 

frailer or who had a higher burden of acute or chronic illness may be less likely to have 

met KPI targets.  I also used multiple linear and logistic regression models to identify if 

Key Performance Indicators of Time-to-surgery, Time to Orthopaedic Ward and Time to 

geriatric review predicted any of several clinical outcomes. These outcomes included: 

length of stay, mortality (inpatient, 30 day and at one year), development of pressure 

sores, lower respiratory tract infections, use of IV antibiotics, constipation, incontinence, 

delirium, nursing home discharge and deterioration in Barthel Index and mobility. Model 

1 adjusted for age and gender with further adjustment for Charlson Comorbidity Index 

in model 2, Clinical Frailty Scale in model 3 and dementia in model 4. Normal criteria for 

inclusion of variables in regression models was applied including normal distribution of 

data and non-collinearity of predictor variables. 

 

7.3 Results  

 

165 participants were enrolled in the study and data was available on all of these.  Mean 

age was 78.4 years (±10.9); two-thirds of the population were women.  The cross-

sectional demographic characteristics of the cohort as well as their medical and bone 

health history and relevant blood tests have been previously described.   

 

2 patients were managed conservatively (without surgery) as their fracture was not 

displaced and therefore were excluded from analysis of time-to-theatre.   
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Key Performance Indicators 

 

Time to ward 

161 participants (97.6%) were admitted to an orthopaedic ward, with 26 participants 

(15.7%) reaching the ward within the target time of 4 hours.  The median length of time 

to admission to an orthopaedic ward was 7.8 hours. One participant had an extreme 

delay of 415 hours in admission to an orthopaedic ward.  The reason for delay to 

orthopaedic ward was that when the patient presented to hospital, their initial X-ray 

demonstrated a non-displaced fracture of the right femoral neck, and the treating 

orthopaedic team opted for conservative management of the fracture; however, on a 

repeat X-ray 15 days following admission, the fracture was noted to be displaced, so 

surgical fixation was performed the following day.  This datapoint was excluded from 

linear regression models for association between KPIs and other outcomes owing to the 

potential for extreme outlying variables to skew such statistical models.   

 

Time to theatre 

Of the 163 participants who had surgery for their acute hip fracture, the median time to 

theatre was 26.32 hours, with one extreme outlying case of 380 hours (15.83 days), 

which has been referred to in the paragraph above.  This outlying value was similarly 

omitted from linear and logistic regression analysis.  134 participants (82.2%) had surgery 

within 48 hours.  Of those who had surgery, 99.4% went to theatre during the target 

times of day (8am to 6pm).   

 

Pressure ulcers 

The incidence of pressure ulcers was 5.5% in the entire cohort.   

 

Geriatrician Assessment 

All participants were assessed by a geriatrician in the acute perioperative period; mean 

time to assessment by a geriatrician was 4.36 days (±2.27).   
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Mobilisation and Falls Risk Assessment 

150 participants (92%) were mobilised the day after surgery.  130 participants (78.7%) 

were recorded as having received a formal falls risk assessment but 100% of participants 

were assessed by a physiotherapist, which likely included an assessment of falls risk even 

if a formal record was not kept of such.   

 

Bone Health Assessment 

All participants had a bone health assessment as part of the study protocol, so this KPI 

was met in 100% of participants by definition.   

 

Length of Stay and Morality 

Mean length of stay for participants was 47.2 days (±37.7).  30-day mortality was 1.82%; 

overall inpatient mortality was 3.6%; 6-month mortality was 13.3% and 12-month 

mortality was 20%.  More detailed exploration of patient mortality is outlined in Chapter 

9.   

 

Post-operative Complications 

The most common post-operative complication was constipation which occurred in 43% 

of participants, followed by delirium in 33% and LRTI in 23.6%.  A total of 27.3% of 

participants were prescribed antibiotics for reasons other than post-operative 

prophylaxis of surgical site infection.  The details of post-operative complications are 

discussed in greater depth in Chapter 8.   

 

Correlates of Key Performance Indicators of Hip Fracture Care 

Few cross-sectional participant characteristics or factors were associated with longer 

times to surgery.  However, participants’ admission from home (as opposed to from a 

nursing home) was positively associated with a longer time-to-surgery (p=0.022); and a 

higher pre-fracture Barthel Index was associated with both a shorter time-to-surgery 

(p=0.024) and a greater over all likelihood of having surgery within 48 hours (p=0.045).  

In addition, a higher Charlson Comorbidity Index correlated positively with having 

surgery performed within 48 hours (p=0.0499), but not within 24 hours.   
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Shorter time from fracture to admission to an orthopaedic ward correlated positively 

with inpatient fracture (p<0.0001) and with admission from home as opposed to nursing 

home (p=0.0006), and also correlated positively with higher pre-fracture Barthel Index 

(p<0.0001).  Admission to an orthopaedic ward within the target time of 4 hours 

negatively correlated with admission white cell count (p=0.036), meaning that those with 

lower white cell count were more likely to get to an orthopaedic ward within the 4-hour 

target time.  The incidence of pressure ulcers was also positively correlated with a higher 

WCC (p=0.034), but not significantly correlated with higher admission CRP (p=0.053).   

 

In the various regression models correlating KPIs with outcome measure, the following 

is a list of findings: A longer time-to-surgery positively correlated with a longer length of 

stay (p=0.044); no significant correlation was found between time-to-theatre, time-to-

ward, time-to-geriatrician review and inpatient mortality, or mortality at 30 days, 6 

months or one year; a longer time-to-surgery was significantly positively associated with 

the post-operative complication of delirium (p=0.012) and remained significant when 

adjusted for both Charlson Comorbidity Index and Clinical Frailty Score.  There was no 

significant correlation between other measured inpatient complications and KPIs, or 

between KPIs and deterioration in mobility and function or new admission to nursing 

homes.   
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Table 7.1   
Correlates of Time-to-surgery 

Univariate Linear regression model 

 Beta Estimate P-value 

Sex (F) 2.535 0.321 

Age -0.238 0.402 

Inpatient fracture 4.618 0.488 

Admission from home 14.569 0.022* 

Pre-fracture New Mobility Score 1.346 0.432 

History of falls -7.289 0.259 

Falls in last year 2.378 0.707 

Pre-Barthel -4.239 0.024* 

Inpatient Clinical Frailty Scale 1.362 0.648 

WCC 0.141 0.809 

Haemoglobin -0.793 0.531 

eGFR 0.012 0.931 

Vitamin D 0.058 0.433 

CRP 0.005 0.902 

Charlson Comorbidity Index 2.043 0.268 
 
Univariate linear regression analysis of time-to-surgery (in hours) versus potential influencing factors 
*Indicates statistically significant result.   
 
 

 
Table 7.2 
Correlates of Surgery Within 24 Hours 

Univariate logistic regression model  

 Beta Estimate P-value 

Sex (F)  -0.098 0.604 

Age  -0.008 0.713 

Inpatient fracture 0.006 0.990 

Admission from home 0.376 0.441 

Pre-fracture New Mobility Score 0.048 0.702 

History of falls  -0.097 0.837 

Falls in last year 0.182 0.694 

Pre-Barthel  -0.188 0.197 

Inpatient Clinical Frailty Scale  -0.120 0.586 

WCC 0.001 0.983 

Haemoglobin  -0.079 0.408 

eGFR  -0.005 0.621 

Vitamin D 0.009 0.107 

CRP  -0.002 0.566 

Charlson Comorbidity Index 0.108 0.429 
 
Univariate logistic regression analysis of surgery within 24 hrs versus potential influencing factors 
*Indicates statistically significant result.   
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Table 7.3 
Correlates of Surgery Within 48 Hours 

Univariate logistic regression model (Chi-Squared Test of significance) 

 Beta Estimate P-value 

Sex (F) 0.229 0.381 

Age  -0.048 0.098 

Inpatient fracture  -0.373 0.622 

Admission from home 0.997 0.142 

Pre-fracture New Mobility Score 0.127 0.448 

History of falls  -9.782 0.998 

Falls in last year 9.454 0.998 

Pre-Barthel  -0.387 0.045* 

Inpatient Clinical Frailty Scale 0.050 0.865 

WCC 0.049 0.363 

Haemoglobin  -0.022 0.855 

eGFR 0.001 0.959 

Vitamin D  -0.0001 0.987 

CRP 0.001 0.682 

Charlson Comorbidity Index 0.330 0.0499* 
 
 Univariate logistic regression analysis of surgery within 48 hours versus potential influencing factors 
*Indicates statistically significant result.   
 
 
 

Table 7.4 
Correlates of Time to Ward 

Linear regression model 

 Beta Estimate P-value 

Sex (F)  -0.618 0.516 

Age  -0.007 0.951 

Inpatient fracture 10.102 <.0001* 

Admission from home 8.111 0.0006* 

Pre-fracture New Mobility Score 0.647 0.312 

History of falls  -0.746 0.755 

Falls in last year  -0.002 0.999 

Pre-Barthel  -2.888 <.0001* 

Inpatient Clinical Frailty Scale  -1.098 0.325 

WCC  -0.004 0.986 

Haemoglobin  -0.333 0.484 

eGFR  -0.030 0.571 

Vitamin D 0.021 0.437 

CRP  -0.014 0.360 

Charlson Comorbidity Index  -0.201 0.769 
Univariate linear regression analysis of time taken to reach the ward after admission versus potential 
influencing factors  
*Indicates statistically significant result.   
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Table 7.5 
Correlates of Time to Ward <4 Hours 

Univariate Logistic regression model  

 Beta Estimate P-value 

Sex (F) 0.512 0.167 

Age  -0.021 0.646 

Inpatient fracture 9.277 0.999 

Admission from home 0.365 0.715 

Pre-fracture New Mobility Score'  -0.293 0.270 

History of falls 9.430 0.999 

Falls in last year  -9.522 0.999 

Pre-Barthel 0.106 0.733 

Inpatient Clinical Frailty Scale  -0.266 0.486 

WCC  -0.157 0.036* 

Haemoglobin  -0.179 0.348 

eGFR  -0.040 0.101 

Vitamin D  -0.016 0.180 

CRP 0.012 0.301 

Charlson Comorbidity Index 0.401 0.247 
Univariate logistic regression analysis of time of less than 4 hours taken to reach the ward after 
admission versus various potential influencing factors  
*Indicates statistically significant result.   
 

 

Table 7.6 
Correlates of Pressure Ulcers 

Logistic regression model (Chi-Squared Test of significance) 

 Beta Estimate Chi-squared Test 

Sex (F)  -0.995 0.105 

Age  -0.016 0.827 

In-patient fracture  -0.186 0.852 

Admission from home 10.755 0.999 

Pre-fracture NMS  -0.588 0.108 

History of falls  -10.900 0.999 

Falls in last year 9.200 0.999 

Pre-Barthel  -0.332 0.340 

In-patient Clinical Frailty Scale  -0.289 0.673 

WCC 0.283 0.034* 

Haemoglobin  -0.183 0.473 

eGFR 0.055 0.138 

Vitamin D 0.033 0.096 

CRP 0.011 0.053 

Charlson Index 0.281 0.528 
Univariate logistic regression analysis of time of less than 4 hours taken to reach the ward after 
admission versus various potential influencing factors  
*Indicates statistically significant result.   
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Table 7.7 
Relationship between Length of Stay and Key Performance Indicators 

Multiple linear regression models 

 Model 1 Model 2 Model 3 Model 4 

Beta 
Estimate 

P-
value 

Beta 
Estimate 

P-
value 

Beta 
Estimate 

P-
value 

Beta 
Estimate 

P-
value 

Time to 
transfer 
to ward 
(hours) 

0.197 0.484 0.202 0.475 0.108 0.701 0.164 0.565 

 

 

 

Time-to-
surgery 
(hours) 

0.239 0.044* 0.230 0.058 0.218 0.068 0.210 0.078 
 

Time to 
Geriatric 
review 
(days) 

0.031 0.981 -0.018 0.989 0.225 0.863 0.221 0.865 

 
Multiple linear regression analysis of length of stay in days versus Key Performance indicators  
*Indicates statistically significant result.   
 
Model 1: Adjusted for age and sex 
Model 2: Model 1 & Charlson Comorbidity Index.   
Model 3: Model 2 & Clinical Frailty Scale. 
Model 4: Model 3 & dementia 
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Table 7.9 

Relationship between 1-Year Mortality and Key Performance Indicators 

Logistic regression model  

 Beta Estimate P-value 

Time to transfer to ward (hours) 0.005 0.744 

Time-to-surgery (hours) 0.006 0.364 

Time to Geriatric review  
(Days after admission) 

0.058 0.562 

Logistic regression analysis of 1-year mortality in days versus key performance indicators. 
Model adjusted for sex and age 
*Indicates statistically significant result.   
 

 
 
 
  

Table 7.8 

Relationship between 30-Day Mortality and Key Performance Indicators 

Logistic regression models  

 Model 1 Model 2 Model 3 

Beta 
Estimate 

P-value Beta 
Estimate 

P-value Beta 
Estimate 

P-value 

Time to 
transfer to 
ward 
(hours) 

0.233 0.528 43.925 0.997 39.292 0.997 

Time-to-
surgery 
(hours) 

-0.030 0.035* -1.679 0.997 -1.268 0.997 

Time to 
Geriatric 
review 
(Days 
after 
admission) 

-0.024 0.966 29.999 0.998 -10.802 0.999 

Logistic regression analysis of 30-day mortality versus key performance indicators with subsequent 
adjustment for various factors which may influence this. 
*Indicates statistically significant result.   
All models are adjusted for sex and age.   
Model 1: Adjusted for age and sex 
Model 2: Model 1 & Charlson Comorbidity Index.   
Model 3: Model 2 & Clinical Frailty Scale. 
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Table 7.10 

Relationship between Inpatient Mortality and Key Performance Indicators 

Logistic regression model  

 Beta Estimate P-value 

Time to transfer to ward (hours) 0.020 0.262 

Time-to-surgery (hours) 0.019 0.058 

Time to Geriatric review  
(Days after admission) 

-0.049 0.821 

Logistic regression analysis of mortality in days versus key performance indicators. 
Model adjusted for sex and age 
*Indicates statistically significant result.   
 

 

 
 
Table 7.11 

Relationship between Pressure Ulcers and Key Performance Indicators 

Logistic regression models 

 Model 1 Model 2 Model 3 

Beta 
Estimate 

P-value Beta 
Estimate 

P-value Beta 
Estimate 

P-value 

Time to 
transfer to 
ward 
(hours) 

0.035 0.160 0.032 0.199 0.033 0.194 

Time-to-
surgery 
(hours) 

-0.029 0.228 -0.032 0.187 -0.033 0.183 

Time to 
geriatric 
review 
(Days after 
admission) 

-0.133 0.430 -0.121 0.474 -0.126 0.462 

Logistic regression analysis of occurrence of pressure ulcers versus key performance indicators 
*Indicates statistically significant result.   
 
Model 1: Adjusted for age and gender  
Model 2: Model 1 & Charlson Comorbidity Index.   
Model 3: Model 2 & Clinical Frailty Scale.   
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Table 7.12 
Relationship between Lower Respiratory Tract Infection and Key Performance 
Indicators 

Logistic regression models  

 Model 1 Model 2 Model 3 

Beta 
Estimate 

P-value Beta 
Estimate 

P-value Beta 
Estimate 

P-value 

Time to transfer 
to ward (hours) 

-0.008 0.681 -0.015 0.406 -0.013 0.482 

Time-to-surgery 
(hours) 

0.004 0.556 0.002 0.763 0.001 0.892 

Time to geriatric 
review (Days after 
admission) 

-0.070 0.430 -0.045 0.622 -0.070 0.454 

Logistic regression analysis of occurrence of respiratory tract infection versus key performance  
indicators with subsequent adjustment for various factors which may influence this. 
*Indicates statistically significant result.   
 
Model 1: Adjusted for age and sex  
Model 2: Model 2 & Charlson Comorbidity Index.   
Model 3: Model 3 & Clinical Frailty Scale.   

 
Table 7.13 
Relationship between Intravenous Antibiotic Use and Key Performance Indicators 

Logistic regression models  

 Model 1 Model 2 Model 3 

Beta 
Estimate 

P-value Beta 
Estimate 

P-value Beta 
Estimate 

P-value 

Time to transfer 
to ward (hours) 

-0.005 0.747 -0.012 0.445 -0.009 0.585 

Time-to-surgery 
(hours) 

0.009 0.141 0.008 0.226 0.006 0.341 

Time to geriatric 
review (Days after 
admission) 

-0.008 0.917 0.014 0.865 -0.023 0.792 

Logistic regression analysis of use of intravenous antibiotics versus key performance indicators with  
subsequent adjustment for various factors which may influence this. 
*Indicates statistically significant result.   
   
Model 1: Adjusted for age and sex   
Model 2: Model 1 & Charlson Comorbidity Index.   
Model 3: Model 2 & Clinical Frailty Scale.   
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Table 7.14 
Relationship between Constipation and Key Performance Indicators 

Logistic regression models  

 Model 1 Model 2 Model 3 

Beta 
Estimate 

P-value Beta 
Estimate 

P-value Beta 
Estimate 

P-value 

Time to transfer to 
ward (hours) 

-0.026 0.221 -0.030 0.154 -0.031 0.141 

Time-to-surgery 
(hours) 

0.002 0.694 0.001 0.869 0.002 0.782 

Time to geriatric 
review (Days after 
admission) 

-0.099 0.197 -0.089 0.250 -0.080 0.309 

Logistic regression analysis of constipation versus key performance indicators with  
subsequent adjustment for various factors which may influence this. 
*Indicates statistically significant result.   
 
Model 1: Adjusted for age and sex 
Model 2: Model 1 & Charlson Comorbidity Index.   
Model 3: Model 2 & Clinical Frailty Scale.   

 
Table 7.15 

Relationship between Incontinence and Key Performance Indicators 

Logistic regression models 

 Model 1 Model 2 Model 3 

Beta 
Estimate 

P-value Beta 
Estimate 

P-value Beta 
Estimate 

P-value 

Time to transfer to 
ward (hours) 

-0.001 0.954 -0.019 0.632 -0.010 0.653 

Time-to-surgery (hours) 0.005 0.509 0.004 0.634 0.004 0.657 

Time to geriatric review 
(Days after admission) 

-0.010 0.936 0.025 0.836 0.019 0.877 

Logistic regression analysis of incontinence versus key performance indicators with subsequent  
adjustment for various factors which may influence this. 
*Indicates statistically significant result.   
All models are adjusted for sex and age.   
Model 1: Adjusted for age and sex 
Model 2: Model 1 & Charlson Comorbidity Index.   
Model 3: Model 2 & Clinical Frailty Scale.   
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Table 7.16 
Relationship between Urinary Tract Infection and Key Performance Indicators 

Logistic regression models  

 Model 1 Model 2 Model 3 

Beta 
Estimate 

P-value Beta 
Estimate 

P-value Beta 
Estimate 

P-value 

Time to transfer to 
ward (hours) 

-0.002 0.925 -0.005 0.796 -0.005 0.794 

Time-to-surgery 
(hours) 

0.005 0.457 0.005 0.502 0.005 0.502 

Time to geriatric 
review (Days after 
admission) 

0.140 0.181 0.149 0.157 0.149 0.160 

Logistic regression analysis of urinary tract infection versus key performance indicators with  
subsequent adjustment for various factors which may influence this. 
*Indicates statistically significant result.   
 
Model 1: Adjusted for age and sex.   
Model 2: Model 1 & Charlson Comorbidity Index.   
Model 3: Model 2 & Clinical Frailty Scale.   

 
 
Table 7.17 
Relationship between Dysphagia and Key Performance Indicators 

Logistic regression models 

 Model 1 Model 2 Model 3 

Beta 
Estimate 

P-
value 

Beta 
Estimate 

P-value Beta 
Estimate 

P-value 

Time to transfer to 
ward (hours) 

0.012 0.590 0.004 0.854 0.002 0.922 

Time-to-surgery 
(hours) 

-0.010 0.457 -0.016 0.303 -0.014 0.350 

Time to geriatric 
review (Days after 
admission) 

-0.001 0.991 0.039 0.758 0.051 0.685 

Logistic regression analysis dysphagia versus key performance indicators with subsequent  
adjustment for various factors which may influence this. 
*Indicates statistically significant result.   
All models are adjusted for sex and age.   
Model 1: Adjusted for age and sex.   
Model 2: Model 1 & Charlson Comorbidity Index. 
Model 3: Model 2 & Clinical Frailty Scale. 
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Logistic regression analysis of delirium versus key performance indicators with subsequent adjustment for 
various factors which may influence this. 
*Indicates statistically significant result.   
   
Model 1: Adjusted for age and sex 
Model 2: Model 1 & Charlson Comorbidity Index.   
Model 3: Model 2 & Clinical Frailty Scale.   

 
 
Table 7.19 
Relationship between New Nursing Home Admission and Key Performance 
Indicators 

Logistic regression models 

 Model 1 Model 2 Model 3 

Beta 
Estimate 

P-
value 

Beta 
Estimate 

P-
value 

Beta 
Estimate 

P-
value 

Time to transfer to 
ward (hours) 

-0.025 0.244 -0.011 0.625 -0.007 0.766 

Time-to-surgery 
(hours) 

-0.013 0.195 -0.014 0.158 -0.017 0.122 

Time to geriatric 
review (Days after 
admission) 

0.248 0.126 0.199 0.217 0.185 0.256 

Logistic regression analysis of new admission to nursing home versus key performance  
indicators with subsequent adjustment for various factors which may influence this. 
*Indicates statistically significant result.   
 
Model 1: Adjusted for age and sex 
Model 2: Model 1 & Charlson Comorbidity Index.   
Model 3: Model 2 & Clinical Frailty Scale.   

 

Table 7.18 

Relationship between Delirium and Key Performance Indicators 

Logistic regression models  

 Model 1 Model 2 Model 3 

Beta 
Estimate 

P-value Beta 
Estimate 

P-value Beta 
Estimate 

P-value 

Time to transfer 
to ward (hours) 

-0.008 0.583 -0.018 0.243 -0.017 0.281 

Time-to-surgery 
(hours) 

0.018 0.012* 0.016 0.025* 0.015 0.033* 

Time to geriatric 
review (Days after 
admission) 

-0.089 0.290 -0.063 0.475 -0.075 0.404 
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Table 7.20 

Relationship between Deterioration in Mobility and Key Performance 
Indicators 

Logistic regression model 

 Beta Estimate P-value 

Time to transfer to ward (hours) -0.011 0.625 

Time-to-surgery (hours) -0.014 0.158 

Time to geriatric review (Days 
after admission) 

0.199 0.217 

Logistic regression analysis of deterioration in mobility versus key performance indicators  
with adjustment for various factors which may influence this. 
*Indicates statistically significant result.   
Model adjusted for age, sex and Clinical Frailty Scale.   

 

 
 
Table 7.21 

Relationship between Deterioration in Barthel Index and Key 
Performance Indicators 

Logistic regression models 

 Beta Estimate P-value 

Time to transfer to ward (hours) -0.011 0.625 

Time-to-surgery (hours) -0.014 0.158 

Time to geriatric review (Days 
after admission) 

0.199 0.217 

Logistic regression analysis of Barthel Index versus key performance indicators  
with adjustment for various factors which may influence this. 
*Indicates statistically significant result.   
Model adjusted for age, sex and Clinical Frailty Scale.   
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7.4. Discussion 

 

This chapter of my thesis deals with Key Performance Indicators of hip fracture care as 

described in “The Care of Patients with Fragility Fracture” (Crome 2007).  My hypothesis 

in this regard is that better adherence to these KPIs should result in better outcomes 

following fracture.  In addition to assessing this hypothesis, having determined in the first 

instance the extent to which KPIs were met in my study cohort, I wished to explore 

underlying factors which may explain why some KPIs were met and why others were not.  

In this discussion, I will first review the extent to which KPIs were met in my cohort, 

compared with national standards.  I will then discuss the significant underlying 

participant characteristics that were associated with KPI metrics.  Finally, I will discuss 

the results relating to association between KPIs and outcomes, such as length of stay, 

loss of function, mortality, and inpatient complications.   

 

Key Performance Indicators of Hip Fracture Care 

 

Regarding the successful adherence to key performance indicators of hip fracture care 

as set out in the ‘Blue Book” (Crome 2007), the results for my study cohort were mixed.  

As a benchmark for comparison, and in order to interpret my own results more fully, I 

have used results from the Irish Hip Fracture Database (IHFD) to contextualise the results 

of my study.  I have chosen the IHFD Annual Reports of 2015 and 2016, as these are 

contemporaneous to my study period.   

 

Time to orthopaedic ward 

The percentage of patients reaching an orthopaedic ward within 4 hours was only 15.7%, 

however this compared favourably with a rate of 9.7% and 13.8% nationally for the years 

in question (National Office of Clinical Audit 2015, National Office of Clinical Audit 2016).  

In the case of one participant, there was a very long delay in admission to the orthopaedic 

ward, as their fracture was initially managed conservatively, under the care of a 

geriatrician; and when a repeat X-ray revealed displacement of the fracture almost two 

weeks later, surgical fixation was quickly arranged, taking place the next day.   
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Time to theatre 

Of the 98.8% of participants who had surgery for their hip fracture, 82% went to theatre 

within 48 hours, which was superior to contemporaneous national figures of 74% and 

75% in 2015 and 2016 respectively (National Office of Clinical Audit 2015, National Office 

of Clinical Audit 2016).  However, it must be noted that two participants did not have 

surgical fixation of their fracture at all, and one patient had a long interval from admission 

to surgery, as outlined in the paragraph above.  This is significant insofar as outcomes are 

known to be poorer for patients not operatively managed, with one-year mortality as 

high as 60% reported in one large meta-analysis (Loggers, Van Lieshout et al. 2020).  The 

fact that the vast majority of those who received operative intervention did so within the 

target time of 48 hours is reassuring.  A prospective multicentre cohort study almost 

4,000 patients with hip fracture over the age of 50 years demonstrated that performing 

surgery within this time is associated with reduced mortality and shorter hospital stay 

(Maggi, Siviero et al. 2010).  And a meta-analysis of five prospective studies, 

encompassing over 13,000 patients, which controlled for comorbidities, risk of mortality 

was lower among patients undergoing earlier surgery within 72 hours compared with 

delayed surgery (relative risk (RR) 0.81, 95% CI 0.68-0.96) (Simunovic, Devereaux et al. 

2010).  However, it is likely that people with hip fracture who undergo surgery within 24 

hours will have even better outcomes.  This was demonstrated in two large retrospective 

studies of cumulatively nearly 28,000 older patients (mean age 80 years) which found 

that 30-day mortality was lower in those who received early hip fracture surgery within 

24 hours of diagnosis, compared with matched patients receiving surgery more than 24 

hours after diagnosis (5.8 versus 6.5 percent) (Pincus, Ravi et al. 2017, White, Altermatt 

et al. 2018).  In my study, the median time to theatre was 26.32 hours, and 70 

participants (43%) had surgery within 24 hours of presentation.  This indicates there is 

scope to improve time to theatre, with a view to improving outcomes.  However, it must 

be noted that most studies examining reasons for delay in surgery highlight the need for 

stabilisation of complex medical comorbidities in some patients prior to anaesthetic 

(Grimes, Gregory et al. 2002, McLaughlin, Orosz et al. 2006).  And delaying surgery to 

stabilise such comorbid conditions as congestive cardiac failure and pneumonia may 

avert later complications (McLaughlin, Orosz et al. 2006).  Given the advanced aged, 

frailty and high Charlson Comorbidity Index of my cohort (as discussed in detail in 
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Chapter 6), it is not surprising that many participants may have had delays in surgery to 

address and stabilise comorbidities.  Only one participant had surgery in under six hours, 

but recent data from the Hip Attack study suggests there is no reduction in mortality or 

the rate of major complications to such ultra-rapid surgery-time targets, compared with 

surgery in <24 hours (2020).   

 

Perioperative geriatrician assessment 

100% of my study participants received a perioperative review by a geriatrician.  This 

review took place independently of the separate bone health assessment; and the 

geriatrician review was not part of the study protocol itself.  This result compares 

favourably with the IHFD results showing that nationally only 38-45% of patients were 

reviewed by a geriatrician at any time during their admission (National Office of Clinical 

Audit 2015, National Office of Clinical Audit 2016).  In my cohort, the mean time from 

admission to review by geriatrician was 4.36 days, which indicates that while most 

reviews took place early in the admission, hardly any occurred pre-operatively and most 

happened more than 24 hours after surgery.  This is explained by the fact that the 

scheduled geriatrician review took place twice a week on the orthopaedic ward, with 

some additional ad hoc reviews and the request of the treating orthopaedic surgical and 

nursing team.  Notwithstanding the timing of geriatrician assessment, this co-

management model of orthogeriatric care – with orthopaedics as the primary team – has 

been found to be superior to reactive or consultation models (Middleton, Wan et al. 

2017), and – along with joint models of care – is known to reduce both length of stay and 

inpatient mortality (Sabharwal and Wilson 2015).  But it is also possible that dedicated 

orthogeriatric wards may have more consistent results in reducing mortality (Moyet, 

Deschasse et al. 2019), and this is an aspect of care which could be developed nationally.   

 

Pressure ulcers 

The 5.5% rate of pressure ulcers in my cohort was similar, but slightly higher than that 

reported by the IHFD of 3.9% in 2015 and 4.5% in 2016 (National Office of Clinical Audit 

2015, National Office of Clinical Audit 2016).  However, the incidence in my cohort was 

lower than internationally reported rates of up to 10% post hip fracture (Beaupre, Jones 

et al. 2005).   It is hard to draw inference from such a small difference.  However, the 
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rates of mobilisation on the day after surgery were high in my study population (92%) 

compared with approximately 75% nationally, which could be considered protective 

against pressure ulceration, and is indeed also protective from a functional recovery and 

mortality point of view (Kristensen, Thillemann et al. 2016).   

 

Bone Health assessment 

As the study protocol included a bone health assessment, 100% of participants met this 

KPI.  The contemporaneous IHFD Annual reports list 75% and 57% of hip fracture patients 

receiving bone health reviews as inpatients in 2015 and 2016 (National Office of Clinical 

Audit 2015, National Office of Clinical Audit 2016).  While the adherence to this KPI is 

clearly higher in my study, the study protocol itself acts as a confounder, so comparison 

is not apt.  It may also be possible that at an overall national level, more bone health 

assessments could have in fact occurred, but may not have been accurately recorded, 

particularly given the variance in data of 75% in 2015 to only 57% in 2016; and this rose 

sharply to 73% in 2017 (National Office of Clinical Audit 2017).  The importance of bone 

health assessment for secondary prevention of fractures has been discussed in detail in 

earlier sections, so I will not revisit it here.  It is however significant that assessing and 

treating osteoporosis in a timely fashion following hip fracture will reduce the risk of 

future fractures and associated morbidity and mortality.  And my study has at least 

demonstrated that under favourable circumstances, it is possible to achieve 100% 

adherence to this KPI.   

 

Falls risk assessment 

The rate of 78% of participants having a falls risk assessment following fracture also 

compares favourably with the reports of the IHFD in 2015 and 2016, which reported rates 

of 48% and 54% respectively (National Office of Clinical Audit 2015, National Office of 

Clinical Audit 2016).  It is also significant that 100% of my study participants were 

assessed by a physiotherapist, as routine physiotherapy assessment includes a falls risk 

assessment, which may indicate that falls risk assessments could have taken place but 

were not recorded in the IHFD record.  Given that most fractures in my study group 

resulted from a fall, and that in general 90% of hip fractures in older adult happen 

following a fall from standing height (Kaptoge, Benevolenskaya et al. 2005), ensuring 
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greater adherence to falls risk assessment is important.  And reducing the risk of falls can 

be equally successful in preventing fractures as pharmacologic treatment for 

osteoporosis (Järvinen, Sievänen et al. 2008).   

 

Other performance indicators 

The length of hospital stay for the study population was significantly longer than national 

data; mean 47 days in the study cohort, compared with mean 20 days nationally, and less 

than 10 days in many international studies (National Office of Clinical Audit 2015, Nikkel, 

Kates et al. 2015, National Office of Clinical Audit 2016, National Office of Clinical Audit 

2017, Williamson, Landeiro et al. 2017, National Office of Clinical Audit 2018).  However, 

the length of stay recorded in my study included both onsite and off-site rehabilitation if 

it occurred and periods of convalescence if utilised.  When these factors were adjusted 

for, mean length of stay in my cohort was 23 days and median 13.  It is possible that 

length of stay in my cohort may also have been prolonged in the case of participants who 

required new admission to nursing homes waiting a lengthy period of time for availability 

of beds or funding.  This raises the important question as to whether or not social care 

and budgetary factors, quite apart from clinical care, may influence outcomes for 

patients following a fracture.   

 

Correlations between KPIs and underlying participant characteristics 

 

In order to understand the baseline participant characteristics which may have been 

associated with successfully meeting the KPIs of hip fracture care, I constructed linear 

and logistic regression models to test for significant correlations.  My expectation was 

that patients who were older or frailer or who had a higher burden of acute or chronic 

illness may be less likely to have KPI targets met.  The results of my study in this regard 

were somewhat conflicting, and in some cases at odds with expectations.   

 

For example, participants who were admitted from home were significantly more likely 

to wait a longer time-to-surgery than those admitted from nursing homes.  It is unclear 

as to why this would be the case, especially as nursing home residents would tend to be 

frailer than those residing at home.  I performed a focused post-hoc analysis comparing 
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participants admitted from home compared to those admitted from nursing home in an 

attempt to elucidate this matter.  This revealed that although those from nursing homes 

were significantly frailer than those from home (median Clinical Frailty Score 7 in nursing 

home patients versus 5 in those from home; p<0.0001, one-way ANOVA test), there was 

less difference in the burden of comorbidities between the groups, though the difference 

was still significant (median Charlson Comorbidity Index 5 for nursing home group and 

4.5 for those from home; p=0.046, one-way ANOVA test).  Therefore, although it was 

unexpected for nursing home residents to wait shorter times for surgery, a possible 

explanation may be that the nursing home participants did not in fact have a clinically 

significantly (as opposed to statistically significantly) greater burden of comorbidities 

than their community-dwelling counterparts, and therefore did not require greater 

delays in surgery to stabilise such conditions.  However, this would not explain the fact 

that nursing home residents got to theatre sooner, as opposed to at the same time 

interval.  It is possible that there are other factors confounding this finding that were not 

recorded in my study, such as the time of day of presentation to hospital, or availability 

of participants’ background medical history or lists of medications to hospital staff in 

preparation for theatre.   

 

Another significant correlation was a higher pre-facture Barthel Index (BI) with a shorter 

time-to-surgery.  It is known that a lower BI on admission with hip fracture is an 

independent risk factor for mortality at one year (Folbert, Hegeman et al. 2017).  And my 

finding that a low BI is linked to longer time-to-surgery may point towards a causative 

explanation for subsequent morality.  However, this was slightly at odds with the finding 

that a higher Charlson Comorbidity Index was associated with a greater likelihood of 

having surgery within 48 hours, but not within 24 hours.  This may be due to the need to 

stabilise chronic medical comorbidities within the first 24 hours of admission, before 

swift operative intervention in the following 24 hours.   

 

The association between inpatient fractures and shorter time to admission to 

orthopaedic ward may be accounted for the fact that those participants whose fracture 

occurred as an inpatient would have bypassed the emergency department, possibly 

expediting their transfer to an orthopaedic ward.  It is unclear why participants from 
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nursing homes appeared to wait longer for admission to an orthopaedic ward compared 

with those being admitted from home.  It may be the case that nursing home residents 

had a requirement for single-occupancy rooms while in hospital, either for infection-

control reasons or to meet their complex care needs including possible delirium and 

dementia.  Thus, it may have been the case that nursing home residents were admitted 

to other wards in some cases until single rooms on an orthopaedic ward became 

available.  However, there may be additional reasons for these findings that were not 

captured in my data collection.  It nonetheless supports the idea that particular care 

should be taken in assessing the more complex needs of vulnerable nursing home 

residents (Neuman, Silber et al. 2014, Mariconda, Costa et al. 2015, Lunde, Tell et al. 

2019).   

 

The association between lower white cell count and meeting the target time of admission 

to an orthopaedic ward within 4 hours could be explained by the fact that those patients 

whose white cell count was elevated on presentation to ED may have received additional 

acute investigations to assess for infection, hence delaying transfer to the orthopaedic 

ward.  Therefore, those with lower WCC were less likely to have had an acute infection 

requiring stabilisation prior to transfer to ward, which may account for their faster time 

to ward.   

 

The incidence of pressure ulcers was positively associated with higher white cell count 

on admission, but not significantly so with admission CRP (although there was a non-

significant trend in this regard).  This is not unexpected insofar as a degree of indolent 

inflammation may be indicative of low grade or evolving pressure ulcers, and hence may 

serve as an alert for extra vigilance.  Another explanation could be that the raised CRP 

was indicative of an infection unconnected with an incipient pressure ulcer, but which 

may have led to a period of immobility, increasing the risk of pressure ulcer.   

 

Association between KPIs and clinical outcomes 

 

One of the overarching hypotheses of my thesis is that success in meeting KPIs in hip 

fracture care will lead to better outcomes for older adults following fracture.  And this 
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section of the discussion examines for evidence for and against this hypothesis in my 

study cohort.  As discussed above, KPIs in my participants were broadly in line with 

contemporaneous national results, and the study population is broadly analogous to the 

national cohort.  Therefore, my investigations focussed on the use of extensive linear and 

logistic regression models (described in the results section of this chapter) to identify if 

there was association between the favourable results of KPIs and the outcomes after 

fracture.  In particular, I examined: length of hospital stay; inpatient mortality, and 

mortality at 30-days and 1-year; inpatient complications (including delirium, infections, 

constipation and pressure ulcers); new admission to nursing homes at the end of 

admission; deterioration in mobility as measured by the New Mobility Score; and 

deterioration in functional status as measured by Barthel Index.   

 

In linear regression modelling, there was no significant relationship between length of 

hospital stay following fracture and either time to orthopaedic ward or time to 

geriatrician review.  There was however a positive association between time-to-surgery 

and length of stay.  This finding is similar to other studies have found that shorter time-

to-surgery is associated with reduced length of hospital stay (Maggi, Siviero et al. 2010).   

However, in extended linear regression models adjusted for the potential confounders 

of Charlson Comorbidity Index, Clinical Frailty Scale and diagnosis of dementia, this 

finding did not remain statistically significant in my cohort.  A possible reason for this is 

that length of hospital stay may have been confounded in my study by a significant 

number of participants’ length of stay being extended due to waiting times for home care 

packages and nursing home placement.  This would be more likely for frailer patients 

with more comorbidities and dementia, as they would be more likely to require home 

care packages or nursing home care.   

 

Regarding mortality, similar extensive logistic regression models found no association 

between mortality as an inpatient, at 30-days or at one year, when correlated with time 

to orthopaedic ward, time-to-surgery or time to geriatrician review.  This is at odds with 

findings in other studies which have in particular reported shorter time-to-surgery to be 

associated with increased 30-day mortality (Pincus, Ravi et al. 2017), and six-month 

mortality (Maggi, Siviero et al. 2010).  However, the relatively small number of 
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participants in my cohort may have allowed an actual association to go undetected.  In 

addition to this, the fact that my study protocol excluded patients whose life expectancy 

was less than one year and those who had end-stage renal impairment, the cohort may 

already have been skewed in favour of those with greater longevity, confounding 

potential associated with time-to-surgery.   

 

There were no statistically significant associations between time-to-surgery, time to 

ward or time to geriatrician review, and the post-operative complications of lower 

respiratory tract infection, urinary tract infection, constipation, continence or pressure 

ulcers.  Again, this is in contrast to other studies which have found higher incidences of 

pneumonia and pressure ulcers with longer delays to surgery (Simunovic, Devereaux et 

al. 2010).  There was however a statistically significant association between longer time 

surgery and the occurrence of post-operative delirium.  This association remained 

significant when adjusted for Clinical Frailty Score and Charlson Comorbidity Index.  This 

association is not unsurprising, given the reported association between longer time-to-

surgery and post-operative complications in general (Pincus, Ravi et al. 2017).  However, 

it must be noted that my results only demonstrate association between delirium and 

longer operative wait times, as opposed to proving causation.  It could be postulated that 

the reason for delay in surgery for some patients would be a requirement to stabilise 

medical conditions (McLaughlin, Orosz et al. 2006), and hence these same unstable 

medical conditions could increase the risk of delirium.  Notwithstanding this, my results 

highlight that those who wait longer for surgery may at least be more vulnerable to 

delirium, and hence renewed vigour should be directed towards fastidious care to reduce 

delirium and its sequalae in this group.   

 

Logistic regression models did not reveal an association between time-to-surgery, time 

to ward or time to geriatrician review with a participant’s likelihood of being discharged 

to nursing home care.  Although the IHFD reports on discharge disposition, few studies 

have examined discharge to nursing home care as a function of whether or not KPIs are 

met.  Given that requirement of new nursing home care following hip fracture is likely a 

marker of poorer functional recovery, it could be postulated that failure to meet KPIs 

would increase the incidence of new nursing home admissions.  The equivocal results in 
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relation to this in my study may be due to the relatively small number of new nursing 

home admissions (only 19 participants in total).  Though it should also be noted that both 

of the two participants whose fractures were managed conservatively (and therefore 

could not be included in regression models for time-to-surgery) were in fact discharged 

home, indicating that if careful consideration is given to the decision for non-operative 

management of hip fractures, a reasonable function outcome may still be achieved.   

 

Again, logistic regression models for deterioration in mobility post-fracture – as 

measured by the New Mobility Score (Kristensen, Bandholm et al. 2008) – or 

deterioration in global function – as measured by the Barthel Index (Mahoney and 

Barthel 1965) – was not associated with the KPIs of time to ward or time-to-surgery, nor 

with time to review by a geriatrician.  However, the lack of statistical significance may be 

due to the small study size, or confounding variables related to participant 

characteristics, and further study on a larger population may achieve more generalisable 

results.   

 

Study strengths and limitations 

 

A strength of my study is the large amount of granular data in relation to patient 

characteristics and outcomes.  However, the modest size of the study population and the 

number of variables examined open the possibility that some statistical associations may 

have occurred by chance, and hence further study on a larger cohort would be beneficial 

to test the reproducibility of my findings.  In addition, there may be some gaps in certain 

data categories, such as the number of patients receiving falls risk assessments, as the 

data collection methodology for the IHFD was still in a process of evolution at the time 

of my study.  Another limitation of my study is that subgroups within the population were 

small; for example, there were fewer than 20 participants admitted from nursing homes 

and only 5 participants who had an inpatient fracture.  Therefore, when there were 

differences in findings for these groups, the numbers were sufficiently small as to create 

difficulty in drawing inference from the findings.   
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Conclusions 

 

In summary, my study demonstrated that the orthogeriatric pathway established in the 

study hospital met and exceeded contemporaneous national results in terms of hip 

fracture care, but that there is still significant scope for improvement in KPIs to match 

international standards that are known to be associated with better functional and 

mortality outcomes.  My study has confirmed the existing knowledge that older adults 

with hip fractures who have more complex medical needs and comorbidities will have 

greater complexities in relation to their surgical management and targets.  However, I 

did not establish clear profiles of which patients were at particular risk of not meeting 

KPIs compared with other patients.   

 

With respect to the hypothesis that meeting KPIs would be associate with better short-

term and longer-term outcomes for participants, I did not find that failure to meet KPIs 

of time-to-surgery, time to ward or time to geriatrician review was associated with worse 

outcomes in general.  A few specific complications – such as delirium – correlated with 

poorer performance in KPIs, but it is unclear as to the causative mechanism.  Given the 

absence of many of the correlations I may have expected, I would propose further study, 

focussing on KPIs and outcomes more specifically, as opposed to the broader approach 

of my study – which encompassed longitudinal aspects of bone health indices.  In this 

way it may be possible to tease out the more nuanced interplay of frailty and 

comorbidities as factors influencing the interpretation of KPIs of hip fracture care.   

 

An optimistic view may be that the lack of association between poorer outcomes and 

failing to meet KPIs, could be accounted for by the mitigation of the quality of geriatric 

management.  I would recommend that placing increased resources into orthogeriatric 

care pathways are likely to results in improvement in adherence to KPIs of hip fracture 

care, and that such care pathways could direct attention in particular into frailer and 

more complex patients as they are vulnerable in the setting of a fracture.   
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CHAPTER 8 

 

COMPLICATIONS FOLLOWING HIP FRACTURE 
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8.1 Introduction 

 

An acute hip fracture can be a sentinel event which leads to significant loss of function 

and independence and is associated with significant morbidity and mortality as high as 

30% in the first year following fracture.  Recognised inpatient complications following 

acute hip fracture include delirium, pressure ulcers, respiratory and urinary tract 

infections, incontinence, constipation, dysphagia, post-operative anaemia and venous 

thromboembolic events (VTEs).  Furthermore, acute hip fracture is associated with loss 

of mobility, loss of functional independence, increased requirement from residential care 

and increased mortality.   

 

A higher rate of post-operative and inpatient complications is known to be linked to 

poorer functional outcomes and higher mortality.   

 

In this study, I aimed to investigate the incidence of significant complications following 

hip fracture and potential risk factors for these complications.  I also aimed to investigate 

if there was correlation between these complications and underlying patient 

characteristics or aspects of care which may serve as predictors of the complications.  I 

further aimed to investigate if these complications were associated with worse overall 

outcomes, such as loss of mobility and independence, increased admission to 

institutional care and mortality.   

 

8.2 Methods 

 

Study Population and Design 

Study population comprised patients admitted to St James’s Hospital Dublin who had an 

acute hip fracture from January 2015 to March 2016.  Inclusion and exclusion criteria, as 

well as data collection methodology and blood sampling have been previously described 

in detail in Chapter 4.   

 

Methodology 

The study examined the incidence of the following specific post-fracture complications: 
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Delirium; LRTI; dysphagia or aspiration; UTI; use of intravenous antibiotics for any reason 

(other than post-operative infection prophylaxis); pressure ulcers; post-operative RCC 

transfusion; total number of other inpatient complications.   

 

Statistical Analysis 

I performed basic statistical analysis was on the incidence of post-operative 

complications.  All relevant parameters were inspected for normality and those that were 

significantly skewed were transformed appropriately.  All statistical analysis was 

performed using JMP Edition 14.2.0 (SAS Institute, 2018).  

 

Study Covariates 

Length of hospital stay, mortality, Charlson Comorbidity Index, Clinical Frailty Scale, pre-

fracture and discharge Barthel Index of function and pre-fracture New Mobility Score as 

well as whether the participant used a mobility aid prior to fracture and on discharge 

from hospital were all defined and recorded as described previously.   

 

I also recorded participants’ prior history of dementia, depression, ischaemic heart 

disease (IHD), hypertension, alcohol and smoking history, whether they were admitted 

from home or a nursing home and whether they newly took up residence in a nursing 

home on discharge having previously lived at home pre-fracture.  I recorded if the acute 

hip fracture occurred as an inpatient and whether or not the participants had a history 

of falls or falls in the last year.  I recorded baseline blood tests as previously described 

and type of anaesthesia used for operative fixation of fracture.   

 

Statistical Models 

I constructed logistic regression models to investigate the relationship between post-

operative complications and underlying participant characteristics and cross-sectional 

data at the time of admission.  A linear regression model was used to explore the 

relationship of the total number of inpatient complications with the same participant 

factors.  All models were adjusted for age and sex.   
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Further linear and logistic regression models were constructed to explore the 

relationship between the occurrence of post-operative complications and the longer-

term outcomes of length of stay, function decline, new admission to nursing home and 

1-year mortality.   
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8.3 Results 

 

Incidence of post-operative complications (Table 8.1) 

165 participants were enrolled in the study and data was available on all of these.  

Delirium was recorded in one-third of participants, constipation in 43%, LRTI in 23.6% 

and UTI in 15.8%.  25 participants had a post-operative blood transfusion and 9 were 

recorded to have pressure ulcers.   

 

Table 8.1  
Incidence of Post-Operative Complications in Acute Hip Fracture Cohort (n=165) 

 n (%) 

Dysphagia/Aspiration 15 (9.1%) 

LRTI 39 (23.6%) 

IV Antibiotics 45 (27.3%) 

Constipation 71 (43%) 

Incontinence 18 (10.9%) 

Delirium 55 (33.3%) 

RCC transfusion 25 (15.2%) 

UTI 26 (15.8%) 

Pressure ulcers 9 (5.5%) 

Mean total number of complications 1.84 ± 1.82 (Range 0-7) 
Recorded complications post-surgery in the Acute Hip Fracture Cohort. 

 

ASA Grade and Anaesthesia (Tables 8.2 and 8.3) 

The median ASA grade was 3.5.  125 participants had spinal anaesthetic for their 

operation and 38 had general anaesthetic.  2 participants did not have anaesthesia as 

their fractures were undisplaced and they were managed conservatively.   

 

Table 8.2 
ASA Physical Status Classification of Acute Hip Fracture Cohort (n=165) 

 n (%) 

1 5 (3.0%) 

2 66 (40.0%) 

3 89 (53.9%) 

4 5 (3.0%) 

Median ASA grade 3.5 
Recorded ASA Physical Status Classification of the Acute Hip Fracture Cohort (ASA-American Society of 
Anaesthesiologists). 
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Table 8.3 
Anaesthetic Type Utilised During Surgery in Acute Fracture Cohort (n=163) 

 n (%) 

Spinal anaesthetic only 100 (60.6%) 

General anaesthetic only 32 (19.4%) 

Spinal anaesthetic and nerve block 25 (15.2%) 

General anaesthetic and nerve block 6 (3.6%) 
Type of anaesthetic used in the Acute Hip Fracture Cohort. 

 
 

Correlates of Post-operative Complications 

 

Correlates of delirium (Table 8.4) 

Significant positive correlates of delirium were admission from home (p=0.003), higher 

ASA grade (p=0.023), higher CFS (p=0.003) and depression (p=0.0097).  General 

anaesthesia used in isolation (without nerve block) was negatively associated with 

delirium (p=0.033), as was female sex (p=0.005).  Never having been a smoker was 

negatively associated with delirium (p=0.032), indicating that never having smoked was 

associated with a lower incidence of delirium.  I performed a separate contingency 

analysis to assess for an association between constipation and delirium.  This revealed a 

statistically significant association between the two (Fisher’s exact test, p<0.0005).   

 

Correlates of LRTI and dysphagia (Tables 8.5 and 8.6) 

Higher admission WCC was positively correlated with LRTI (p=0.0001), as was higher ASA 

grade (p=0.013).  A higher pre-fracture New Mobility Score was negatively associated 

with dysphagia (p=0.006).  There was positive correlation between higher admission 

eGFR and dysphagia (p=0.017).  I performed a separate contingency analysis to assess for 

an association between LRTI and dysphagia, which revealed a statistically significant 

association between the two (Fisher’s exact test, p<0.001).   
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Correlates of UTI (Table 8.7) 

There were no significant correlates identified between underlying participant 

characteristics and UTI.  In particular, a higher admission WCC or CRP were not correlated 

with UTI.   

 

Correlates of intravenous antibiotics (Table 8.8) 

Requirement for intravenous antibiotics was significantly positively correlated with 

inpatient fracture (p=0.033), higher Charlson Comorbidity Index (p=0.0033), ASA grade 

(p=0.031) and admission WCC (p=0.0011), but not admission CRP.  It correlated 

negatively with admission haemoglobin (p=0.044), a diagnosis of dementia (p=0.024) and 

IHD (p=0.012).   

 

Correlates of pressure ulcers (Table 8.9) 

There were no significant correlations between pressure ulcers and underlying 

participant characteristics, including frailty, comorbidities and pre-morbid mobility and 

function.   

 

Correlates of RCC transfusion (Table 8.10) 

RCC transfusion was significantly negatively associated with admission haemoglobin 

(p=0.003) but was not significantly associated with other factors.     

 

Correlates of constipation (Table 8.11) 

Constipation correlated positively with older age (p=0.015) and correlated negatively 

with admission CRP (p=0.035), with being a “never-smoker” (p=0.040) and being a 

current consumer of alcohol (p=0.037).  As mentioned above, I performed a separate 

contingency analysis to assess for an association between constipation and delirium, 

which revealed a statistically significant association between the two (Fisher’s exact test, 

p<0.0005).   

 

Correlates of total number of complications (Table 8.12) 

The total number of complications was positively correlated with higher ASA grade 

(p=0.035), higher admission CRP (p=0.039), higher eGFR (p=0.019).  The total number of 
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complications was significantly negatively correlated with being a current smoker 

(p=0.021), higher pre-fracture Barthel Index (p=0.021) and a history of dementia 

(p=0.025). 

 

Correlates of functional and mortality outcomes (Tables 8.13 to 8.17) 

When models for longer-term outcomes were examined, I found that a longer length of 

stay in hospital following hip fracture positively correlated with delirium (p=0.014) and 

pressure ulcers (p=0.016).  Deterioration in Barthel Index correlated positively with 

Clinical Frailty Scale (p=0.003) and positively with use of intravenous antibiotics.  A 

deterioration in mobility from admission to discharge correlated positively with 

dysphagia (p=0.021), but not with other covariates.  New admission to nursing home 

correlated positively with both Clinical Frailty Scale (p=0.029) and the hip fracture having 

occurred as an inpatient (p=0.007).  1-year mortality was positively associated with 

Clinical Frailty Scale (p=0.0005) but not with other covariates.   
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Table 8.4 
Correlates of Delirium 

Logistic regression model   

 Beta Estimate P-value 

Sex (F) -0.724 0.005* 

Age 0.031 0.299 

Admission from home 2.010 0.003* 

Inpatient fracture -0.414 0.573 

Charlson Comorbidity Index 0.265 0.141 

Inpatient Clinical Frailty Score 0.979 0.003* 

ASA Grade 1.170 0.023* 

CRP  -0.00004 0.990 

WCC  0.063 0.243 

Haemoglobin  -0.068 0.557 

eGFR 0.020 0.166 

Current smoker 0.080 0.825 

Never smoker -0.733 0.032* 

Current alcohol intake 0.138 0.725 

Never alcohol intake -0.286 0.582 

Pre-fracture Barthel Index -0.330 0.083 

Pre-fracture New Mobility Score -0.046 0.748 

Dementia -0.140 0.721 

Depression 0.739 0.0097* 

Ischaemic heart disease 0.219 0.533 

Hypertension -0.171 0.456 

Anaesthesia (General anaesthetic 
and nerve block) 

1.082 0.323 

Anaesthesia (General anaesthetic 
only) 

-1.298 0.033* 

Anaesthesia (NA) 1.408 0.306 

Anaesthesia (SA and nerve block) -0.315 0.642 

Logistic regression analysis of delirium versus various factors which may influence its occurrence in  
the Acute Hip Fracture Cohort. 
*Indicates statistically significant result.   
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Table 8.5 
Correlates of Lower Respiratory Tract Infection 

Logistic regression model  

 Beta Estimate P-Value 

Sex (F) -0.356 0.216 

Age 0.006 0.865 

Admission from home 0.668 0.362 

Inpatient fracture 0.532 0.487 

Charlson Comorbidity Index 0.275 0.163 

Inpatient Clinical Frailty Score 0.471 0.237 

ASA Grade 1.642 0.013* 

CRP  0.005 0.148 

WCC  0.258 0.0001* 

Haemoglobin  -0.138 0.300 

eGFR 0.010 0.558 

Current smoker 0.457 0.261 

Never smoker -0.428 0.268 

Current alcohol intake 0.325 0.498 

Never alcohol intake -0.323 0.621 

Pre-fracture Barthel Index -0.065 0.765 

Pre-fracture New Mobility Score -0.295 0.105 

Dementia -0.852 0.069 

Depression 0.042 0.904 

Ischaemic heart disease 0.750 0.071 

Hypertension -0.277 0.298 

Anaesthesia (General anaesthetic 
and nerve block) 

3.756 0.999 

Anaesthesia (General anaesthetic 
only) 

2.790 0.999 

Anaesthesia (NA) -12.568 0.999 

Anaesthesia (SA and nerve block) 3.193 0.999 

Logistic regression analysis of lower respiratory tract infection versus various factors which may  
influence its occurrence in the Acute Hip Fracture Cohort. 
*Indicates statistically significant result.   
 

 

 

  



198 
 

Table 8.6 
Correlates of Dysphagia 

Logistic regression model 

 Beta Estimate P-value 

Sex (F) -0.439 0.370 

Age -0.031 0.656 

Admission from home 10.099 1.000 

Inpatient fracture 0.809 0.382 

Charlson Comorbidity Index 0.164 0.671 

Inpatient Clinical Frailty Score 1.216 0.204 

ASA Grade 2.217 0.071 

CRP   -0.001 0.930 

WCC  0.070 0.565 

Haemoglobin  0.092 0.698 

eGFR  0.077 0.017* 

Current smoker 0.469 0.514 

Never smoker  -0.051 0.951 

Current alcohol intake 0.349 0.684 

Never alcohol intake 1.569 0.105 

Pre-fracture Barthel Index 0.544 0.150 

Pre-fracture New Mobility Score  -1.214 0.006* 

Dementia 0.167 0.794 

Depression  -0.059 0.925 

Ischaemic heart disease  -0.494 0.443 

Hypertension  -0.016 0.973 

Anaesthesia (General anaesthetic 
and nerve block) 

5.951 0.999 

Anaesthesia (General anaesthetic 
only) 

2.165 1.000 

Anaesthesia (NA)  -14.148 1.000 

Anaesthesia (SA and nerve block) 3.559 1.000 
Logistic regression analysis of dysphagia versus various factors which may influence its occurrence in  
the Acute Hip Fracture Cohort. 
*Indicates statistically significant result.   
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Table 8.7 
Correlates of Urinary Tract Infection 

Logistic regression model 

 Beta Estimate P-value 

Sex (F) 0.249 0.394 

Age 0.026 0.424 

Admission from home 1.162 0.139 

Inpatient fracture 0.840 0.218 

Charlson Comorbidity Index 0.253 0.173 

Inpatient Clinical Frailty Score 0.821 0.056 

ASA Grade -0.223 0.660 

CRP 0.004 0.347 

WCC -0.050 0.468 

Haemoglobin -0.227 0.106 

eGFR 0.014 0.389 

Current smoker 0.241 0.580 

Never smoker -0.248 0.502 

Current alcohol intake -0.403 0.300 

Never alcohol intake 0.106 0.846 

Pre-fracture Barthel Index -0.097 0.612 

Pre-fracture New Mobility Score 0.003 0.986 

Dementia -0.667 0.194 

Depression -0.177 0.637 

Ischaemic heart disease 0.766 0.137 

Hypertension 0.105 0.690 

Anaesthesia (General anaesthetic 
and nerve block) 

-14.256 0.999 

Anaesthesia (General anaesthetic 
only) 

2.959 0.999 

Anaesthesia (NA) 3.727 0.999 

Anaesthesia (SA and nerve block) 3.676 0.999 

Logistic regression analysis of urinary tract infection versus various factors which may influence its  
Occurrence in the Acute Hip Fracture Cohort. 
*Indicates statistically significant result.   
 
 

 

 
 
  



200 
 

Table 8.8 
Correlates of IV Antibiotic Use 

Logistic regression model  

 Beta Estimate P-value 

Sex (F) -0.082 0.752 

Age -0.032 0.333 

Admission from home 1.225 0.121 

Inpatient fracture 1.383 0.033* 

Charlson Comorbidity Index 0.543 0.003* 

Inpatient Clinical Frailty Score 0.574 0.105 

ASA Grade 1.213 0.031* 

CRP 0.003 0.482 

WCC  0.201 0.001* 

Haemoglobin  -0.252 0.044* 

eGFR 0.018 0.241 

Current smoker -0.145 0.714 

Never smoker -0.533 0.137 

Current alcohol intake 0.660 0.155 

Never alcohol intake -0.446 0.482 

Pre-fracture Barthel Index -0.279 0.212 

Pre-fracture New Mobility Score -0.029 0.865 

Dementia -0.999 0.024* 

Depression 0.218 0.485 

Ischaemic heart disease -1.043 0.012* 

Hypertension 0.440 0.078 

Anaesthesia (General anaesthetic 
and nerve block) 

3.278 0.999 

Anaesthesia (General anaesthetic 
only) 

3.251 0.999 

Anaesthesia (NA) -13.298 0.999 

Anaesthesia (SA and nerve block) 3.366 0.999 

Logistic regression analysis of use of IV antibiotics versus various factors which may influence its  
Occurrence in the Acute Hip Fracture Cohort (IV-Intravenous). 
*Indicates statistically significant result.   
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Table 8.9 
Correlates of Pressure Ulcers 

Logistic regression model  

 Beta Estimate P-value 

Sex (F) 0.121 0.851 

Age -0.027 0.759 

Admission from home -8.759 1.000 

Inpatient fracture -1.797 0.419 

Charlson Comorbidity Index 0.589 0.337 

Inpatient Clinical Frailty Score -0.800 0.282 

ASA Grade 0.001 1.000 

CRP  -0.008 0.304 

WCC -0.266 0.143 

Haemoglobin 0.222 0.505 

eGFR -0.068 0.100 

Current smoker -0.586 0.534 

Never smoker 0.736 0.506 

Current alcohol intake -14.264 0.999 

Never alcohol intake 5.000 1.000 

Pre-fracture Barthel Index 0.048 0.931 

Pre-fracture New Mobility Score 0.472 0.281 

Dementia 2.104 0.379 

Depression 0.172 0.863 

Ischaemic heart disease -1.539 0.068 

Hypertension -0.324 0.614 

Anaesthesia (General anaesthetic 
and nerve block) 

-5.655 1.000 

Anaesthesia (General anaesthetic 
only) 

-3.054 1.000 

Anaesthesia (NA) 13.593 1.000 

Anaesthesia (SA and nerve block) -2.722 1.000 

Logistic regression analysis of pressure ulcer versus various factors which may influence its  
Occurrence in the Acute Hip Fracture Cohort. 
*Indicates statistically significant result.   
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Table 8.10 
Correlates of Red Cell Concentrate Transfusion 

Logistic regression model 

 Beta Estimate P-value 

Sex (F) -0.195 0.526 

Age 0.042 0.241 

Admission from home -0.657 0.421 

Inpatient fracture -10.849 0.999 

Charlson Comorbidity Index -0.203 0.389 

Inpatient Clinical Frailty Score 0.392 0.439 

ASA Grade -0.015 0.979 

CRP  -0.002 0.699 

WCC 0.039 0.570 

Haemoglobin -0.535 0.003* 

eGFR  -0.027 0.079 

Current smoker 0.492 0.279 

Never smoker -0.471 0.267 

Current alcohol intake 6.950 1.000 

Never alcohol intake -14.377 1.000 

Pre-fracture Barthel Index 0.139 0.624 

Pre-fracture New Mobility Score 0.034 0.871 

Dementia 0.600 0.233 

Depression 0.559 0.124 

Ischaemic heart disease 0.152 0.731 

Hypertension -0.206 0.470 

Anaesthesia (General anaesthetic 
and nerve block) 

4.713 1.000 

Anaesthesia (General anaesthetic 
only) 

4.317 1.000 

Anaesthesia (NA) -16.587 1.000 

Anaesthesia (SA and nerve block) 4.052 1.000 

Logistic regression analysis of administration of a red cell concentrate transfusion versus various  
factors which may influence its occurrence in the Acute Hip Fracture Cohort. 
*Indicates statistically significant result.   
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Table 8.11 
Correlates of Constipation 

Logistic regression model  

 Beta Estimate P-value 

Sex (F) -0.220 0.295 

Age 0.061 0.015* 

Admission from home 0.378 0.467 

Inpatient fracture 0.946 0.127 

Charlson Comorbidity Index -0.060 0.695 

Inpatient Clinical Frailty Score 0.444 0.078 

ASA Grade 0.365 0.334 

CRP -0.010 0.035* 

WCC  0.018 0.722 

Haemoglobin  -0.210 0.053 

eGFR 0.017 0.170 

Current smoker 0.146 0.642 

Never smoker -0.586 0.040* 

Current alcohol intake -0.656 0.037* 

Never alcohol intake 0.034 0.934 

Pre-fracture Barthel Index 0.245 0.148 

Pre-fracture New Mobility Score -0.189 0.168 

Dementia 0.252 0.456 

Depression 0.050 0.846 

Ischaemic heart disease 0.532 0.087 

Hypertension -0.281 0.169 

Anaesthesia (General anaesthetic 
and nerve block) 

-0.091 0.925 

Anaesthesia (General anaesthetic 
only) 

-0.077 0.901 

Anaesthesia (NA) 0.143 0.937 

Anaesthesia (SA and nerve block) -0.051 0.936 

Logistic regression analysis of constipation versus various factors which may influence its occurrence  
in the Acute Hip Fracture Cohort. 
*Indicates statistically significant result.   
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Table 8.12 
Correlates of Total Number of Complications 

 Linear regression model 

 Beta Estimate P-value 

Sex (F) -0.107 0.288 

Age 0.009 0.425 

Admission from home 0.516 0.051 

Inpatient fracture -0.155 0.575 

Charlson Comorbidity Index 0.132 0.074 

Inpatient Clinical Frailty Score 0.595 0.105 

ASA Grade 0.379 0.035* 

CRP  0.003 0.039* 

WCC  0.037 0.117 

Haemoglobin  -0.091 0.070 

eGFR  0.014 0.019* 

Current smoker -0.352 0.021* 

Never smoker 0.093 0.484 

Current alcohol intake 0.201 0.190 

Never alcohol intake 0.325 0.122 

Pre-fracture Barthel Index -0.187 0.021* 

Pre-fracture New Mobility Score 0.100 0.122 

Dementia -0.384 0.025* 

Depression 0.020 0.874 

Ischaemic heart disease -0.110 0.471 

Hypertension 0.090 0.358 

Anaesthesia (General anaesthetic 
and nerve block) 

0.568 0.189 

Anaesthesia (General anaesthetic 
only) 

-0.087 0.742 

Anaesthesia (NA) -0.536 0.442 

Anaesthesia (SA and nerve block) 0.080 0.773 

Standard least squares analysis of total number of complications as outcome versus various factors  
that may influence it in the Acute Hip Fracture Cohort. 
*Indicates statistically significant result.   
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Table 8.13 
Correlates of Length of Stay 

Linear regression model 

 Beta Estimate P-value 

Sex (F) -4.199 0.140 

Age 0.595 0.070 

Inpatient dysphagia 7.582 0.189 

Inpatient pneumonia -9.538 0.095 

Inpatient IV antibiotics 5.930 0.281 

Inpatient constipation 4.370 0.121 

Inpatient incontinence 2.054 0.723 

Inpatient delirium 9.277 0.014* 

Inpatient UTI (clinical) 6.210 0.150 

Inpatient RCC transfusion -0.935 0.808 

Pressure ulcers 16.585 0.016* 

Inpatient fracture 8.584 0.278 

Charlson Comorbidity Index 0.295 0.878 

Inpatient Clinical Frailty Scale 1.967 0.402 
Standard least squares analysis of length of stay versus sex, age and various complications in the Acute  
Hip Fracture Cohort. 
*Indicates statistically significant result.   
 

 
Table 8.14 
Correlates of Deterioration in Barthel Index 

Logistic regression model  

 Beta Estimate P-value 

Sex (F) 0.218 0.310 

Age 0.071 0.007* 

Inpatient dysphagia -0.076 0.863 

Inpatient pneumonia -0.185 0.645 

Inpatient IV antibiotics 0.784 0.048* 

Inpatient constipation -0.142 0.495 

Inpatient incontinence 0.038 0.931 

Inpatient delirium 0.236 0.373 

Inpatient UTI (clinical) 0.249 0.432 

Inpatient RCC transfusion -0.185 0.517 

Pressure ulcers -0.439 0.350 

Inpatient fracture 0.0002 1.000 

Charlson Comorbidity Index -0.118 0.410 

Inpatient Clinical Frailty Scale 0.499 0.003* 
Logistic regression analysis of Barthel Index versus sex, age and various complications in the Acute  
Hip Fracture Cohort. 
*Indicates statistically significant result.   

 
  



206 
 

Table 8.15 
Correlates of Deterioration in Mobility 

Logistic regression model  

 Beta Estimate P-value 

Sex (F) 0.378 0.089 

Age 0.074 0.005* 

Inpatient dysphagia 1.003 0.021* 

Inpatient pneumonia -0.572 0.146 

Inpatient IV antibiotics 0.561 0.141 

Inpatient constipation 0.155 0.450 

Inpatient incontinence 0.486 0.239 

Inpatient delirium -0.047 0.861 

Inpatient UTI (clinical) -0.502 0.124 

Inpatient RCC transfusion 0.170 0.538 

Pressure ulcers -0.553 0.320 

Inpatient fracture -0.248 0.657 

Charlson Comorbidity Index 0.101 0.472 

Inpatient Clinical Frailty Scale -0.110 0.527 
Logistic regression analysis of deterioration in mobility versus sex, age and various complications in 
the Acute Hip Fracture Cohort. 
. 

 
Table 8.16 
Correlates of New Nursing Home Admission 

Logistic regression model  

 Beta Estimate P-value 

Sex (F) 0.882 0.083 

Age 0.207 0.006* 

Inpatient dysphagia 0.414 0.560 

Inpatient pneumonia 0.203 0.809 

Inpatient IV antibiotics 0.007 0.993 

Inpatient constipation -0.169 0.661 

Inpatient incontinence -1.362 0.201 

Inpatient delirium 0.928 0.067 

Inpatient UTI (clinical) -1.407 0.062 

Inpatient RCC transfusion -0.912 0.164 

Pressure ulcers -11.761 0.998 

Inpatient fracture 3.843 0.007* 

Charlson Comorbidity Index 0.110 0.691 

Inpatient Clinical Frailty Scale 0.953 0.029* 
Logistic regression analysis of new nursing home admission versus sex, age and various correlates in  
the Acute Hip Fracture Cohort. 
*Indicates statistically significant result.   
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Table 8.17 
Correlates of 1-Year Mortality 

Logistic regression model  

 Beta Estimate P-value 

Sex (F) -0.314 0.244 

Age 0.063 0.065 

Inpatient dysphagia -0.106 0.809 

Inpatient pneumonia -0.075 0.866 

Inpatient IV antibiotics 0.622 0.164 

Inpatient constipation -0.191 0.457 

Inpatient incontinence -0.143 0.723 

Inpatient delirium -0.106 0.732 

Inpatient UTI (clinical) 0.206 0.559 

Inpatient RCC transfusion 0.061 0.848 

Ulcers 0.208 0.746 

Inpatient fracture -9.476 0.999 

Charlson Comorbidity Index 0.240 0.132 

Inpatient Clinical Frailty Scale 0.931 0.0005* 
Logistic regression analysis of 1-year mortality versus sex, age and various complications in the  
Acute Hip Fracture Cohort. 
*Indicates statistically significant result.   
 
 

 

 

  



208 
 

8.4 Discussion 

 

There was a significant burden of post-fracture complications in my cohort, including 

delirium (33%), lower respiratory tract infection (23%) and constipation (43%).  It is well 

known that older adults are at greater risk of such complications following surgery 

(Fleisher, Pasternak et al. 2004, Hamel, Henderson et al. 2005, Turrentine, Wang et al. 

2006), and that frailty is also a risk for poorer peri-operative outcomes (Zenilman, Chow 

et al. 2011).  Given the age and relatively high frailty of my participants, a high risk of 

post-fracture complications is not unexpected.  In the discussion below, I will examine 

the main complications that occurred and their correlation with underlying patient 

characteristics, and how the occurrence of the various complications correlated with 

outcomes such as length of stay, mortality and function.   

 

Delirium 

The recorded rate of delirium in my study was moderately high at 33.3%.  This is similar 

to other reported rates post hip fracture, where it has ranged from 12% to 60% 

(Gustafson, Berggren et al. 1988, Marcantonio, Flacker et al. 2001, H, Mohan et al. 2017).  

It is possible that the rate of delirium in my cohort may have been significantly higher, 

but gone undetected, as has been reported in other studies.  For instance, although 

delirium was significantly more likely to be recorded in participants who were admitted 

from home rather than from nursing homes (p=0.003), this does not necessarily mean 

that the true rate of delirium was in fact higher in this group; the difference between the 

two could potentially be attributed to an under-recognition of delirium in those 

participants from nursing homes, who may have had fewer surviving relatives visiting to 

highlight to staff their change in cognition.  The association between higher CFS and 

delirium is again indicative of the vulnerability that accompanies frailty and the higher 

risk for post hip fracture complications it is known to impart (Chan, Wong et al. 2019).  

The negative association between delirium and female sex – meaning women were less 

likely to experience delirium than men were women – is a confusing finding.  I performed 

post hoc contingency analysis to investigate if men were more likely than women to have 

other risk factors for delirium, including infections, constipation admission from home, 

older age, dementia, higher CFS or higher ASA grade I found no significant differences in 
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these characteristics between men and women.  Therefore, the correlation remains 

unclear, and further research would be required to elucidate it.  The negative association 

between delirium and never being a smoker may indicate a lower vulnerability to 

respiratory tract infections; however, such an explanation is countered by the lack of 

association between lower respiratory tract infections and smoking (discussed below).  

The finding that delirium was associated with depression was perhaps in keeping with 

established evidence that underlying neurocognitive vulnerability predisposes to the risk 

of delirium (Lee, Mears et al. 2011, Seitz, Gill et al. 2014, Freter, Koller et al. 2017, H, 

Mohan et al. 2017, Sprung, Roberts et al. 2017, O'Hanlon and Rechner 2018).  And the 

finding that a higher ASA grade was associated with delirium is supportive of the 

established evidence that poorer health is a risk factor for delirium.  I did not find a 

significant correlation between the incidence of delirium and an underlying diagnosis of 

dementia, despite the fact that there is an abundance of extant literature demonstrating 

that all types of dementia increase the risk of post-operative delirium and cognitive 

dysfunction (Lee, Mears et al. 2011, Seitz, Gill et al. 2014, Freter, Koller et al. 2017, H, 

Mohan et al. 2017, Sprung, Roberts et al. 2017, O'Hanlon and Rechner 2018).  Delirium 

was significantly positively associated with longer length of stay, as has been reported in 

other studies (Lin, Watts et al. 2016).  However, delirium was not significantly associated 

with deterioration in function as measured by the Barthel Index, nor with deterioration 

in mobility, nor new admission to one year mortality.  While there was no statistically 

significant association between delirium and new admission to a nursing home, there 

was a trend towards this (p=0.067).  My study did not thus reproduce the findings of 

other research which had demonstrated post-operative delirium to be predictive of 

decline in functional status (Bickel, Gradinger et al. 2008, Rudolph and Marcantonio 

2011, Hshieh, Saczynski et al. 2017).   However, the lack of association may have been 

due to an under-diagnosis of delirium, or indeed of better treatment of delirium when 

recognised.  The association between delirium and types of anaesthesia is discussed 

below in the section on Anaesthesia.   

 

Lower respiratory tract infections and dysphagia 

Almost a quarter of participants were diagnosed with a lower respiratory tract infection 

during their admission, which is higher than the 4% incidence following hip fracture 
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reported in a retrospective review of 1,356 hip fracture patients (Sheikh, Hossain et al. 

2017).  The diagnosis of LRTI was made based on a combination of radiological findings 

or clinical diagnosis as outlined in Chapter 4.  In contrast to other studies, I did not find 

that LRTI was associated with worse outcomes such as one-year mortality.  The fact that 

a high admission white cell count was associated with post-operative lower respiratory 

tract infection is not a surprising finding and may be indicative of participants’ having 

been already developing infection due to immobility in the period from fall to 

presentation.  But interestingly, participants who were active smokers did not have a 

significantly higher chance of developing a respiratory infection than those who did not 

smoke; this may be attributable to chest infections being secondary in some part to 

dysphagia and aspiration, which is a risk independent to smoking.  The positive 

association between higher ASA grade and respiratory infection is consistent with its 

being an established predictor of adverse outcomes after surgery in patients of all ages 

(Hamel, Henderson et al. 2005, Turrentine, Wang et al. 2006), as well as being a predictor 

of mortality in hip fracture populations (Narula, Lawless et al. 2020, Ek, Meyer et al. 2021).  

The 9.1% incidence of document dysphagia and/or aspiration in my cohort could be an 

explanation of the relatively high incidence of respiratory tract infections, especially as 

dysphagia was significantly associated with lower respiratory tract infections in my 

cohort, and dysphagia is known to increases the risk of aspiration pneumonia (Marik and 

Kaplan 2003).  I did not however analyse for correlation between dysphagia and CXR 

changes specifically, which may have added more clarity to my findings.  Those with 

dysphagia were more likely to experience a deterioration in mobility, which may be 

linked to poorer oral nutritional intake and the sarcopaenia which could ensue (Goisser, 

Schrader et al. 2015, Goisser, Schrader et al. 2015).  The positive association between 

higher admission eGFR and dysphagia is harder to explain, as one would expect that 

those with dysphagia may be more likely to be dehydrated and hence present with 

poorer renal indices.  It may have been the case that those with dysphagia were more 

likely to have been prescribed intravenous fluids prophylactically to avoid dehydration, 

and hence may have had preserved renal indices.  This anomalous finding is one which 

could be explored in further studies with higher numbers of participants to test 

reproducibility.   
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Anaesthesia 

With respect to the choice of anaesthetic agent for hip fracture surgery, I did not find any 

difference in post-operative complications between general anaesthetic and spinal 

anaesthetic.  This is in keeping with numerous other studies, which have failed to find 

significant difference in outcomes for different anaesthetic approaches (White, Moppett 

et al. 2014, Guay, Parker et al. 2016, Physicians 2019).  While I found a negative 

association between delirium and general anaesthesia, this only bore out when it was 

used in isolation without nerve block as opposed to in conjunction with nerve block, 

which is a somewhat inconclusive finding; this is however supportive of the existing body 

of knowledge which does not favour one form of anaesthesia above another in the 

prevention of delirium.   

 

Intravenous antibiotics 

The requirement for IV antibiotics during hospital admission is a general marker of all 

infections as opposed to the specifically addressed complications of respiratory, urinary 

tract infections.  Therefor it was an expected finding that IV antibiotic use was associated 

with inpatient fractures, higher comorbidity index, admission white cell count, low 

haemoglobin and ASA grade, as all these factors are indicative of a greater burden of ill-

health or infection.  In keeping with this, the use of intravenous antibiotics was 

associated with a deterioration in function as measured by the Barthel Index, indicative 

of the vulnerability of those who contracted infections post-fracture.  It was somewhat 

conflicting however that IV antibiotics were negatively associated with dementia and 

ischaemic heart disease.  In the case of dementia, the explanation may lie in more 

qualitative factors not recorded in my study, such as the fact that people with dementia 

may be less willing to undergo intravenous cannulation.  It is less clear why participants 

with a history of ischaemic heart disease were less likely to receive intravenous 

antibiotics, and further research on a larger cohort may be more illustrative in this area.   

 

Constipation, incontinence and urinary tract infections 

The incidence of constipation was high, at 43% and may be indicative of the requirement 

for opioid analgaesia in the post-operative period, though the rate in my study was lower 

than the 69% rate of constipation following hip fracture reported elsewhere (Trads and 
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Pedersen 2015).  The fact that delirium was more common amongst participants who 

suffered constipation than those who did not is consistent with the constipation being a 

risk factors for delirium (Pryor and Clarke 2017).  The positive association of older age 

with constipation may be explained by the fact that older participants may have been 

less able to mobilise to the lavatory and hence more at risk of constipation.  The negative 

association between CRP and constipation could be explained by the likelihood of those 

with infectious diarrhoea having a higher CRP level in keeping with acute inflammation 

(Norring-Agerskov, Bathum et al. 2019).  The reason for the negative association 

between constipation and being a current alcohol drinker or a “never smoker” is unclear.  

Alcohol withdrawal may precipitate changes in bowel habit, so those who were current 

drinkers at the time of admission could have been more likely to experience loose bowel 

motions, though such an explanation is speculative at best.  Those with a history of 

cigarette smoking may have been more likely to be treated with nicotine replacement 

therapy, side effects of which include diarrhoea, and hence they may have been less 

likely to experience constipation.  As I did not collect such granular data, it is similarly 

difficult to speculate on reasons for the association.   

 

The prevalence of urinary incontinence of 10.9% was lower than the reported rate of up 

to 40% in women over the age of 70 years (Milsom and Gyhagen 2019).  The incidence 

of urinary tract infections, occurring in 15.8% of participants, was lower than the 25% 

reported in other studies (Bliemel, Buecking et al. 2017).  However, UTIs were not 

associated with the increased incidence of delirium, prolonged length of hospital stay or 

poorer functional outcomes that have been reported elsewhere (Bliemel, Buecking et al. 

2017).   

 

Pressure ulcers 

The 5.5% incidence of pressure ulcers in my study participants is similar to national and 

international figures, as discussed in Chapter 7 previously.  There were no significant 

underlying participant characteristics associated with developing pressure ulcers, nor 

was there an association between developing pressure ulcers and achieving a worse 

functional, mobility or mortality outcome.  However, pressure ulcers were associated 

with a longer length of stay in hospital.   This broadly in keeping with summarised findings 
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from a comprehensive literature review which suggests that pressure ulcers are generally 

a marker of poorer outcomes such as hospital-acquired infections and longer lengths of 

stay (Beaupre, Jones et al. 2005).    

 

RCC transfusion 

The negative association with RCC transfusion and admission haemoglobin was an 

expected finding, insofar as it is logical that those with higher admission haemoglobin 

were less likely to require a blood transfusion during their admission.  However, I did not 

find that the requirement of a blood transfusion was predictive of adverse longitudinal 

outcomes, such as length of stay or mortality, which have been associated with anaemia 

in other studies (White, Moppett et al. 2014).  It may be the case that there was careful 

selection by the treating surgical and anaesthetic team to identify those who would 

benefit most from transfusions.  Therefore, while a RCC transfusion of itself may be a 

marker of worse health, the remedial effect of a participant’s being in receipt of the 

transfusion could result in the desired protection against morbidity and mortality.   

 

Correlates of total number of complications 

It was unsurprising that the total number of post-operative complications was associated 

with a higher ASA grade.  Numerous studies have shown found association between 

higher ASA grade and adverse outcomes such as higher mortality (Folbert, Hegeman et 

al. 2017), and complications of surgery in general (Hamel, Henderson et al. 2005, 

Turrentine, Wang et al. 2006).  Similarly, the association between higher admission CRP 

and number of complications in my cohort could elucidate the mechanism behind the 

association reported in other hip fracture studies between higher admission CRP and 30-

day mortality (Norring-Agerskov, Bathum et al. 2019), and 1-year mortality (Kim, Lee et 

al. 2016).  As a marker of acute inflammation, an elevated CRP is often indicative of 

infection, which may explain the risk of complications in general.  However, I did not find 

an association between elevated admission CRP and either respiratory tract infections, 

urinary tract infections or use of intravenous antibiotics.  This may indicate that a normal 

CRP level on admission should not be considered a reassurance of the lack of current or 

incipient infection, and should be interpreted in the context of broader clinical 

assessment.  The association between more admission complications and higher eGFR 
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remains unclear, and warrants further study, perhaps with a larger cohort.  It might 

reasonably be expected that a higher eGFR would be a marker of more robust health, 

insofar as it is indicative of preserved renal function.  Indeed, CKD is a known risk factor 

for hip fractures and stage 4 CKD is associated with higher mortality following hip fracture 

(Robertson, Black et al. 2018).   The fact that this was not the case in relation to its 

association with a larger number of total complications in my study is confusing, and may 

well have been anomalous, or be attributable to an obscure confounding variable.    The 

negative association between active smoking and the number of complications is also 

surprising, as smoking is a known risk factor for post-operative respiratory complications 

(Zhang, Zhang et al. 2017).  It is difficult to explain this finding; it is possible that my data 

collection did not capture all those who were smokers; another explanation could be that 

those who were active smokers were more likely to be motivated to mobilise out of bed 

with the aim of reaching the outside environment where smoking was permitted, thus 

paradoxically augmenting their recovery following fracture.  Further study would be 

required to explore this theory.   

 

However, the negative correlation of complications with higher Barthel Index – meaning 

those with higher BI had fewer complications – is as would be expected, as a higher BI is 

indicative of higher levels of function, and other studies have found lower BI to be 

associated with increased mortality post hip fracture (Folbert, Hegeman et al. 2017).   

 

The negative association between complications and known history of dementia is 

curious.  This is because those with dementia who suffer a hip fracture are known to be 

at greater risk of complications, physical disabilities and social care requirements 

compared to those without dementia (Centre 2017).  A possible explanation for my 

counter-intuitive finding could be that people with dementia may experience barriers in 

communication, and hence are less able to report their symptoms to clinicians, and the 

opportunity to diagnose complications of hip fracture may thus be frustrated.  While the 

explanation for this finding is unclear, it underlines the need for fastidious attention to 

the care of vulnerable adults with dementia following fracture, and it strengthens the 

case for orthogeriatric models of care.   
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Correlates of functional and mortality outcomes 

I have discussed the associations between poorer outcomes and delirium, pressure 

ulcers, intravenous antibiotics and dysphagia in the relevant sections above.  With regard 

to length of hospital stay it is noteworthy that only the complications of delirium and 

pressure ulcers showed a significant association with this.  One would expect that other 

complications such as pneumonia and UTIs may have had a bearing, but I did not find 

this to be the case.  It is possible that these findings are an anomaly and might not be 

reproducible in other studies.  Another possible explanation is that – as discussed in 

Chapter 7, the length of stay in my cohort was longer than comparable groups, and this 

may have been due to non-medical factors such as waiting for social care supports.  

Therefore, the strength of association between LOS and complications could have been 

diluted by such confounders.  The correlation of deterioration in Barthel Index with 

increasing Clinical Frailty Score supports the findings of other studies which associate a 

higher CFS in hip fracture patients with poorer functional outcomes (Chan, Ip et al. 2019, 

Low, Wee et al. 2021).  A higher CFS was also associated with a higher chance of requiring 

new admission to a nursing home on discharge, which has been reported in other studies 

(Cheung, Haas et al. 2017, Chan, Wong et al. 2019, Low, Wee et al. 2021).  And CFS was 

also associated with one-year mortality, as has been reported in other studies (Rockwood, 

Song et al. 2005, Thorne and Hodgson 2021).  New admission to nursing home was also 

positively associated with the fracture having occurred as an inpatient, which has been 

found in other studies (Singh, Hooton et al. 2020), and demonstrates the fact that those 

who sustain a fracture while in hospital are amongst the most vulnerable of groups.   

 

Study strengths and limitations 

 

A potential weakness of the study was that its relatively small numbers made it more 

difficult to draw statistical significance from the complications as compared with a wide 

variety of potential covariates.  In addition, the recording and reporting of delirium was 

sufficiently variable as to create doubt as to the exact accuracy of its documentation; 

indeed, those participants with dementia may have been at higher risk of delirium going 

undetected.  Since my study period, the hospital has adopted use of the 4AT screening 

tool for delirium, and I would support its continued use as it has been validated for 
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patients with hip fracture (Bellelli, Morandi et al. 2014).  Similarly, the collection of data 

in relation to dysphagia was hampered by the lack of standardised documentation in 

medical notes, and hence the validity of its association with respiratory tract infections 

must be interpreted with caution.  These factors notwithstanding, the level of granular 

data available in relation to mortality, length of stay and functional outcome, allowed 

adequate investigation of correlation with most of the complications studied.   

 

Conclusions 

 

The incidence of post-operative complications, particularly delirium, respiratory tract 

infections and constipation were high in my study participants.  These results are in 

keeping with the older age and significant comorbidities and frailty of the cohort.  Of 

particular note, however, was the fact that delirium was not associated with an 

underlying diagnosis of dementia, which is at odds with other studies and points towards 

a possibility of underdiagnosis of hypoactive delirium in particular in this vulnerable 

group.  Therefore, I would propose special focus on screening for delirium in patients 

with dementia.  In addition, the fact that there was no clear trend for specific 

characteristics that predicted a likelihood of post-operative complications, suggests that 

almost all patients with hip fractures are vulnerable to complications, and hence vigilance 

should be observed in their care.  The expected association between frailty and certain 

adverse outcomes (delirium, length of stay, new nursing home admission and mortality) 

supports findings of other studies and demonstrates the utility of the Clinical Frailty Scale 

in identifying patients at risk following fracture, and I would propose that it should be 

encompassed as a screening tool for all older adults with hip fracture.  The association 

between inpatient fractures and new institutional care is an area that has not been 

extensively researched, possibly owing to its relatively low occurrence, however, further 

in-depth analysis of the reasons leading to inpatient falls and fractures would be of 

benefit, as some of the falls may have been preventable.   
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LONGITUDINAL OUTCOMES FOLLOWING HIP FRACTURE 
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CHAPTER 9 

 

MORTALITY FOLLOWING HIP FRACTURE 
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9.1 Introduction 

 

Mortality is high following acute hip fractures.  30-day mortality has been variously 

reported as between 1-10% (Alvarez-Nebreda, Jiménez et al. 2008, Alzahrani, Gandhi et 

al. 2010, Frost, Nguyen et al. 2011, Wu, Jen et al. 2011, Orces 2013, Yong, Ganesan et al. 

2020).  And despite significant improvements in hip fracture care in recent decades, 1-

year mortality remains at rates as high as 20-30% studies (Wolinsky, Fitzgerald et al. 

1997, Bentler, Liu et al. 2009, Johansen, Golding et al. 2017).   

 

Various factors are linked with mortality following hip fracture.  In the early post-

operative period, pneumonia is a leading cause of mortality (Sheikh, Hossain et al. 2017).  

The fact that age and frailty are underlying risk factors for hip fracture may additionally 

account for mortality in the first year following fracture.   

 

I aimed to determine the mortality amongst the study population at 30 days, 6-months 

and 1-year following hip fracture.  I further aimed to determine factors associated with 

mortality such as baseline population characteristics, admission blood tests, inpatient 

complications, and other hip fracture management factors.   

 

9.2 Methods 

 

Study Population and Design 

Study population comprised patients admitted to St James’s Hospital Dublin who had an 

acute hip fracture from January 2015 to March 2016.  Inclusion and exclusion criteria, as 

well as data collection methodology and blood sampling have been previously described 

in detail in Chapter 4.   

 

Methodology 

Data on inpatient mortality were gathered from the St James’s Hospital Dublin subset of 

the IHFD and hospital charts and electronic patient records.  Data on subsequent 

mortality were ascertained from hospital records, follow-up phone calls with the patient 

or their family if they did not attend for scheduled follow-up at 1-year and were cross-
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referenced with the hospital’s electronic patient record and the website, RIP.ie, if lack of 

clarity existed.    Participants were divided into categories according to mortality at 30-

days, 6-months and 12-months.   

 

Statistical Analysis 

I performed basic statistical analysis on rates of post-operative mortality and on relevant 

covariates.  All relevant parameters were inspected for normality and those that were 

significantly skewed were transformed appropriately.  All statistical analysis was 

performed using JMP Edition 14.2.0 (SAS Institute, 2018).  

 

Study Covariates 

Data on KPIs of hip fracture care, type of fracture, type of surgical intervention and ASA 

grade were collected as described previously.  Post-operative complications, as well as 

length of hospital stay, mortality, Charlson Comorbidity Index, Clinical Frailty Scale, pre-

fracture and discharge Barthel Index of function and pre-fracture New Mobility Score, as 

well as whether the participant used a mobility aid prior to fracture and on discharge 

from hospital were all defined and recorded as described previously.  The total number 

of discharge medications, as a marker of polypharmacy on discharge from hospital, were 

recorded from participants’ discharge summary prescription.   

 

I included the additional covariate of whether or not a participant’s care was transferred 

from the orthopaedic team to the geriatric team, as studies have shown that dedicated 

geriatrician input can improve outcomes for older adults with hip fractures.   

 

Statistical Models 

I constructed multiple logistic regression models to explore the relationship between 

mortality and potentially associated factors, encompassing the study covariates listed in 

the paragraphs above.  One model examined the relationship between 6-month 

mortality and inpatients complications, events and cross-sectional participant 

characteristics; I applied this model to mortality at 6-month (Table 9.1) and mortality at 

12-month (Table 9.2).  I constructed a second model to examine the relationship 

between mortality and admission blood tests and applied this model to mortality at 6-
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months (Table 9.3) and mortality at 12-months (Table 9.4).     All models were adjusted 

for age and sex.  In addition, I used Fisher’s exact test to examine for significant difference 

in 12-month mortality between those participants whose care was transferred to a 

geriatrician and those who were not.   
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9.3 Results 

 

165 acute hip fracture patients were enrolled, the characteristics of whom have been 

described previously.  Inpatient mortality was 3.6% (6 participants).  30-day mortality 

was 1.8% (3 participants), all of whom died during their inpatient admission.  90-day 

mortality was 7.3%, 6-month mortality was 13.3% and 1-year mortality was 20% (33 

participants).   

 

53 participants were transferred to the care of a geriatrician during their admission, and 

112 participants were not.  One-year mortality for participants whose care was 

transferred to a geriatrician was 11.3%, compared with 24.1% for those who were not 

(p=0.04, Fisher’s exact test).    

 

As the total number of participants who died within 30 days or as inpatients was small, 

it was not possible to draw statistical inference from regression models as to underlying 

correlations.  Therefore, I report findings on regression models for the occurrence of 

mortality at 6 months and at 1 year.   

 

Correlates of 6-month mortality and 1-year mortality 

A higher Charlson Comorbidity Index correlated positively with mortality at 6 months 

(p=0.047), but not at 1 year (p=0.171).  Clinical Frailty Scale was positively associated with 

mortality at 12 months (p=0.009), but not at 6 months (p=0.577).  Where participants’ 

care was transferred to a geriatrician for inpatient management, there was a negative 

correlation with mortality at both 6 months (p=0.012) and 12 months (p=0.011).  Models 

for admission blood tests as predictors of mortality at 6 months or 1 year showed 

significant negative association between admission haemoglobin and 1-year mortality 

(p=0.014), but not 6-month mortality.   
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Table 9.1 
Correlates of 6-Month Mortality 

 Logistic regression model  

 Beta Estimate P-value 

Sex (F) -0.282 0.619 

Age 0.102 0.169 

Inpatient dysphagia 1.576 0.187 

Inpatient pneumonia -0.371 0.672 

Inpatient IV antibiotics 2.183 0.072 

Inpatient constipation -0.580 0.336 

Inpatient incontinence -2.652 0.109 

Inpatient delirium -0.041 0.952 

Inpatient UTI (clinical) 0.084 0.911 

Inpatient RCC transfusion 0.652 0.262 

Inpatient MMSE 0.030 0.76 

Inpatient grip strength -0.083 0.406 

Inpatient Clinical Frailty Scale 0.398 0.577 

Inpatient fracture -7.704 0.999 

Charlson Comorbidity Index 0.709 0.047* 

Time to ward (hours) -0.0002 0.997 

Time-to-surgery (hours) -0.009 0.686 

ASA Grade 0.011 0.992 

Transfer of care to Geriatrics  -2.969 0.012* 

Pre- fracture Barthel Index 0.091 0.767 

Total number of medications 
on discharge 

-0.091 0.523 

Current smoker 0.910 0.266 

Never smoker -0.830 0.327 

Current alcohol intake -0.195 0.842 

Never alcohol intake 0.128 0.910 

Logistic regression analysis of 6-month mortality versus various factors in the Acute Hip Fracture  
Cohort. 
*Indicates statistically significant result.   
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Table 9.2 
Correlates of 1-Year Mortality 

Logistic regression model  

 Beta Estimate P-value 

Sex (F) -0.347 0.405 

Age 0.114 0.062 

Inpatient dysphagia 0.472 0.500 

Inpatient pneumonia -0.326 0.595 

Inpatient IV antibiotics 0.947 0.118 

Inpatient constipation -0.475 0.229 

Inpatient incontinence -0.130 0.827 

Inpatient delirium -0.211 0.657 

Inpatient UTI (clinical) 0.450 0.428 

Inpatient RCC transfusion 0.286 0.518 

Inpatient MMSE 0.071 0.317 

Inpatient grip strength -0.013 0.857 

Inpatient Clinical Frailty Scale 1.468 0.009* 

Inpatient fracture -9.962 1.000 

Charlson Comorbidity Index 0.357 0.171 

Time to ward (hours) -0.014 0.455 

Time-to-surgery (hours) 0.008 0.597 

ASA Grade -0.059 0.934 

Transfer of care to Geriatrics  -1.307 0.011* 

Pre- fracture Barthel Index 0.340 0.104 

Total number of medications 
on discharge 

0.083 0.413 

Current smoker 0.220 0.725 

Never smoker -0.606 0.282 

Current alcohol intake 0.171 0.808 

Never alcohol intake -0.923 0.371 

Logistic regression analysis of 1-year mortality versus various factors in the Acute Hip Fracture Cohort. 
*Indicates statistically significant result.   
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Table 9.3 
Blood Tests and Functional Status as Correlates of 6-Month Mortality 

Logistic regression model  

 Beta Estimate P-value 

White cell count  -0.044 0.478 

CRP 0.004 0.468 

Vitamin D 0.003 0.716 

Creatinine 0.011 0.542 

eGFR  0.008 0.762 

Haemoglobin  0.126 0.372 
Logistic regression analysis of blood test results and functional status versus 6-month mortality in the  
Acute Hip Fracture Cohort. 
*Indicates statistically significant result.   

 

 
Table 9.4 
Blood Tests as Correlates of 1-Year Mortality  

 Logistic regression model  

 Beta Estimate P-value 

WCC  0.073 0.163 

CRP -0.003 0.469 

Vitamin D -0.005 0.508 

Creatinine 0.-007 0.664 

eGFR  0.021 0.406 

Haemoglobin  -0.300 0.014* 
Logistic regression analysis of blood test results versus 1-year mortality in the Acute Hip Fracture  
Cohort. 
*Indicates statistically significant result.   
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9.4 Discussion 

 

The 30-day mortality in my study was low, at 1.8%, compared with other studies, where 

rates of 1-10% were reported (Alvarez-Nebreda, Jiménez et al. 2008, Alzahrani, Gandhi 

et al. 2010, Frost, Nguyen et al. 2011, Wu, Jen et al. 2011, Orces 2013, Yong, Ganesan et 

al. 2020).  However, it should be noted that my study exclusion criteria omitted those 

patients who whose life expectancy was predicted to be less than one year, so patients 

who were known to be in end-of-life stages of care in the post-operative period were not 

included in my study; this accounted for another 3 patients in total, and I did not collect 

data in relation to their outcomes.  Therefore, the true inpatient mortality rate was 

almost certainly higher than that which I have recorded.  Nonetheless, I hope that the 

data analysed in logistic regression models for mortality at 6-months and 12-months 

provides useful insights into what conditions and complications may be associated with 

mortality following fracture.  With respect to risk factors for inpatient mortality, the small 

number of participants in this category meant it was not possible to achieve statistical 

power for logistic regression models.   

 

The 20% one-year mortality I observed was in the mid-rage of the 10-30% spectrum of 

one-year mortality seen in other studies (Wolinsky, Fitzgerald et al. 1997, Bentler, Liu et 

al. 2009, Johansen, Golding et al. 2017).  The figures for 30% mortality are from older 

studies, and more modern literature reports rates of closer to 10-20% for one-year 

mortality.  However, as mentioned above, it is likely that the exclusion criteria of my 

study resulted in a slight underestimation of mortality rate.   

 

Correlates of mortality 

 

A higher Charlson Comorbidity Index was associated with mortality at 6-months, but not 

at 12 months.  Other studies have found the CCI to be a predictor of 30-day mortality 

after hip fracture comorbidities (Kirkland, Kashiwagi et al. 2011), and of one-year 

mortality 2017 (Ek, Meyer et al. 2021).  It is unclear as to why in my cohort the CCI was 

associated with mortality at 6-months but not at one year.  One possible explanation for 
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this counter-intuitive finding is that those with a greater burden of comorbidities may 

have been more likely to have died in the first six months following fracture, and hence 

those who died in the latter six months (i.e., between 6-months and 1-year) may have 

died for reasons other than those accounted for by the CCI.  To test this hypothesis, I 

performed a focused post hoc analysis of the Charlson Comorbidity Index of those who 

died in the first 6-months (22 participants), compared with those who died in the second 

6-months (11 participants).    The mean CCI of those who died in the first 6-months was 

6.41 and the mean CCI of those who died in the second 6-months was 5.55.  However, a 

one-way ANOVA test showed no significant difference between the CCI of the two groups 

(p=0.24).   

 

In a similar fashion, it was unexpected that a higher Clinical Frailty Score was associated 

with one-year mortality, but not 6-month mortality.  Other studies have demonstrated 

clear link between higher CFS and adverse outcomes, such as inpatient mortality and 

one-year mortality (Thorne and Hodgson 2021).  It is unclear, however, as to why CFS 

correlated only with mortality at one-year in my study, as opposed to earlier mortality 

also, as has been found in other research (Cheung, Haas et al. 2017, Narula, Lawless et 

al. 2020).  To elucidate this further, I performed a focussed post hoc analysis of CFS in 

those who died in the first 6-months (22 participants) compared with those who died in 

the second 6-months (11 participants).  The mean CFS of those who died in the first 6-

months was 6.0, and for those who died in the second 6-months it was 6.09, with no 

significant difference between the two groups (p=0.803, one-way ANOVA test).  

Therefore, while frailty would appear to be a significant risk factor for mortality following 

hip fracture in my study, there are likely other factors influencing early mortality, such as 

the cumulative impact of comorbidities and loss of function.   

 

Noteworthy also is the fact that In contrast to other studies, I did not find that older age 

or male sex had a significant association with increased mortality at either 6-month or 

one-year (Haentjens, Magaziner et al. 2010).   

 

The fact that I did not find an association between various serious post-fracture 

complications (such as delirium, infection and pressure ulcers) and mortality, may be 
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accounted for the fact that these conditions are generally considered to pose greatest 

risk of early or inpatient mortality, as opposed to longer-term mortality (Witlox, Eurelings 

et al. 2010, Beishuizen, Scholtens et al. 2017).  Had my study encompassed a larger 

number of participants there may have been statistical power to demonstrate an 

association between these complications and early mortality.   

 

Despite ASA grade being an accepted predictor of mortality following hip fracture, as 

demonstrated in numerous studies (Hamel, Henderson et al. 2005, Neuman and Bosk 

2013, Narula, Lawless et al. 2020, Ek, Meyer et al. 2021), I did not find it to be associated 

with mortality at either 6 or 12 months in my cohort.  As has been discussed previously, 

ASA grade does not take into account a patient’s age, and in some studies has been 

shown to be inferior to CFS in predicting mortality after hip fracture (Narula, Lawless et 

al. 2020).  The results of my study are therefor in keeping with recent evidence that CFS 

may be a useful predictor of mortality after hip fracture, and may indeed be more useful 

than using the ASA grade for this purpose.   

 

Nor did I find an association between poorer pre-fracture Barthel Index (BI) and mortality 

in the models described, which included complications of fractures.  This again is at odds 

with a large case-control study that found BI to be a predictor of 1-year mortality 

following hip fracture (Folbert, Hegeman et al. 2017), or a study showing BI was also a 

predictor of 55-month mortality (da Casa, Pablos-Hernández et al. 2019).  However, in 

separate regression models, examining functional indices specifically, which I describe in 

Chapter 10 (Table 10.6), I did in fact find a significant association between a lower 

admission BI and one year mortality.  The absence of an association between BI and 

mortality in the model described in Table 9.2) may be due to the multiple different 

covariates acting as confounders.   

 

A significant finding was that mortality was reduced at both 6-months and 12-months in 

association with a patient’s care being transferred to a geriatric medicine team during 

their inpatient admission.  This may add to the weight of evidence demonstrating 

improved functional and mortality outcomes for patients who received formal geriatric 
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medicine care following hip fracture (Ranhoff, Holvik et al. 2010, Giusti, Barone et al. 

2011, Middleton, Wan et al. 2017, Moyet, Deschasse et al. 2019, Patel, Klein et al. 2019).   

Correlates with blood tests 

 

There was no correlation between admission blood test and mortality at either 6 or 12 

months, apart from for admission haemoglobin, which correlated negatively with 

mortality at 12-months only; this indicates that a lower admission haemoglobin is 

associated with a greater chance of mortality at one year, which is consistent with 

reported literature (White, Moppett et al. 2014).  However, this is in conflict with the fact 

that lower haemoglobin was not associated with 6-month mortality.  Possible 

explanations for this apparent contradiction are the fact that those with low admission 

haemoglobin are more likely to have had a blood transfusion, which may have been 

protective against mortality in the short-to-medium term, but the beneficial effect of 

such a transfusion may have dissipated after 6 months; in addition, other factors may 

have confounded interpretation of haemoglobin levels, such as the fact that different 

types of fracture are associated with different levels of anaemia (Foss and Kehlet 2006).  

In my study I did not analyse outcomes based on classification of hip fracture, and this is 

an area which could benefit from further investigation in a larger study.   

 

While many studies have shown vitamin D to be a marker of general good health and 

decreased morbidity and mortality (Bischoff-Ferrari, Giovannucci et al. 2006), and that it 

is associated with poorer functional recovery after hip fracture (Pioli, Lauretani et al. 

2016), in my study vitamin D level on admission did not correlate with mortality at either 

6 months or 12 months.  An explanation for the fact that admission vitamin D levels were 

not a predictor of mortality is that all my study participants were prescribed high dose 

vitamin D before their infusion of intravenous zoledronic acid, and all participants were 

prescribed vitamin D on discharge from hospital.  Therefore, there was a high likelihood 

that those participants whose vitamin D level was low at presentation would have been 

replete in vitamin D within a few months of fracture, subject to concordance with 

prescriptions.  This would serve to counteract any deleterious effect of hypovitaminosis 

D, and confound its use as a predictor of mortality.  In order to make a more robust 

comment on the role of vitamin D as a predictor of mortality in patients post hip fracture, 
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it would be necessary to track vitamin D levels over time to determine if a persistently 

low level of vitamin D is associated with increased mortality post hip fracture.  Although 

my study did measure repeat Vitamin D levels at one year, these results are not suitable 

for mortality correlation analysis, as by definition there was a selection bias for those 

who had survived one year to be able to return for follow-up.  

 

Study strengths and limitations 

 

A strength of the study was the ability to compare mortality with internationally studies 

metrics such as Charlson Comorbidity Index, Clinical Frailty Scale and Barthel Index.  

Notwithstanding this, however, one limitation was the fact that I could at best cautiously 

interpret the correlation – or lack thereof – between admission blood test results, such 

as haemoglobin and vitamin D, with mortality, since both anaemia and hypovitaminosis 

D were likely to have been remediated during inpatient admission.  Hence it is hard to 

safely extrapolate on their longer-term effects.   

 

Conclusions 

 

The mortality rates I observed were within the range of what would be expected, though 

at the higher end of the range, and this may be due to the high burden of comorbidities 

and frailty in my study group.  The finding that geriatric care was associated with reduced 

mortality is in keeping with existing literature.  This finding in particular supports the case 

for dedicated geriatric medicine care following hip fractures as opposed to more 

traditional consultation models.  In addition, my findings support the theory that a 

patient’s comorbidities and frailty are more relevant to their risk of mortality than is their 

chronological age.  The lack of association between post-fracture complications and 

mortality, may be indicative of the fact that these complications are more likely to have 

a bearing on inpatient and early mortality, and the distribution of mortality within my 

study prevented statistically significant analysis of this.   I would recommend further 

study on these topics with larger cohorts to better test these hypotheses.  In addition, in 

order to better analyses the association of admission blood tests and mortality, it would 

be useful to compare trends in vitamin D and haemoglobin over time with later mortality.    
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CHAPTER 10 

 

FUNCTIONAL OUTCOMES AND  

READMISSION FOLLOWING HIP FRACTURE 
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10.1 Introduction 

 

Acute hip fracture results in immediate immobilisation until surgical fixation has occurred 

and usually requires a period of rehabilitation (either long or short) with the aim of 

regaining pre-fracture mobility.  Between 25-75% of community-dwelling adults do not 

regain their pre-morbid level of function following a hip fracture.  In addition, hip fracture 

is a major risk factor for requiring long-term residential care; between 10-20% of older 

adults will require permanent nursing home care following hip fracture.   

 

I aimed to determine aspects of loss of function following acute hip fracture and explore 

the factors associated with this and whether or not a deterioration in baseline function 

during an acute admission was associated with longer-term outcomes such as hospital 

readmission, new entry into long-term residential care and 1-year mortality.   

 

I also aimed to establish what factors may be associated with subsequent readmission to 

hospital over a 12-month period from initial discharge.   

 

10.2 Methods 

 

Study Population and Design 

Study population comprised patients admitted to St James’s Hospital Dublin who had an 

acute hip fracture from January 2015 to March 2016.  Inclusion and exclusion criteria, as 

well as data collection methodology and blood sampling have been previously described 

in detail in Chapter 4.   

 

Methodology 

Data on participant demographics and medical progress during their hospital admission 

was collected as described previously in Chapter 4.   

 

I used the New Mobility Score (NMS) as a measure of participants’ mobility to determine 

if mobility had deteriorated from admission to discharge; and I used the Barthel Index BI) 

as a measure of participants’ pre-morbid functional status compared with BI on discharge.   
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The New Mobility Score, as described previously in Chapters 2 and 4, is an assessment 

tool used to quantify a person’s level of independent mobility.  In an ordinal score, it 

measures a person’s ability to complete three functional activities: indoor walking, 

outdoor walking, and shopping.  A score is given to each activity on a four point scale and 

combined to provide a final number between 0 and 9, where 9 is independent with no 

aid in all three activities, and 0 is not able to carry out any of the activities (Kristensen, 

Bandholm et al. 2008, Kristensen, Foss et al. 2010)  It has been validated in hip fracture 

populations and is based on the previously-used Parker Mobility Score (Parker and 

Palmer 1993).  The New Mobility Score and its association with outcomes following hip 

fracture has been discussed in greater detail in Chapter 2.  For the purpose of follow-up 

scores at the end of hospital admission, I used only the indoor component of the NMS 

for comparison to the pre-fracture baseline.  This was because at the time of discharge, 

participant’s ability to mobilise outdoors or perform shopping had not been assessed.   

 

As has been described in greater detail in Chapters 2 and 4, the Barthel index (BI) is an 

observer-based instrument used to measure physical function and has been validated in 

geriatric medicine rehabilitation settings.  An ordinal scale, it measures performance of 

10 basic activities of daily life (ADL) such as dressing, mobility, and grooming in the 

domain of activities of the International Classification of Functioning, Disability, and 

Health (Mahoney and Barthel 1965, Bouwstra, Smit et al. 2019).   

 

Decline in function during admission was defined as a participant having a lower Barthel 

Index on discharge compared with on admission.   

 

Decline in mobility was defined as either a lower indoor New Mobility Score on discharge 

(as outdoor mobility was not measured prior to discharge) or use of a new or higher-level 

mobility ais (e.g., progressing from using a stick to using a frame).   

 

Readmission to hospital was determined by examination of participants’ electronic 

patient record to calculate the number of subsequent readmissions to hospital following 

initial discharge and the separate and cumulative duration of readmissions.  I did not 
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interrogate records to determine reason that led to the subsequent readmission to 

hospital.   

 

Statistical Analysis 

I performed basic statistical analysis on the incidence of post-operative complications.  

All relevant parameters were inspected for normality and those that were significantly 

skewed were transformed appropriately.  I used the Wilcoxon signed rank test to 

determine for significant change between pre-fracture and discharge Barthel Index and 

pre-fracture and discharge indoor New Mobility Score.  All statistical analysis was 

performed using JMP Edition 14.2.0 (SAS Institute, 2018).   

 

Study Covariates 

Age, gender, Charlson Comorbidity index, KPIs of hip fracture care, inpatient 

complications (such as infection and delirium), dementia, grip strength, MMSE, transfer 

of care to geriatrics and anaesthetic type.   

 

Statistical Models 

I used linear regression models to explore potential underlying associations between the 

magnitude of functional decline (as measured by the change in Barthel Index and New 

Mobility Score), and potential risk factors such as comorbidities and inpatient 

complications.  I also used logistic regression models to examine factors associated with 

the categorical variables of “decline in Barthel Index” versus “no decline in Barthel 

Index”; I similarly used logistic regression models to examine factors associated with the 

categorical variables of either “decline in mobility” versus “no decline in mobility”.   

 

I used multiple linear and logistic regression models to explore the relationship between 

functional decline post-fracture and outcomes of mortality, institutional care and re-

admission rates.  Tables 10.1 to 10.5 give the results of models correlating decline in 

mobility (as measured by the NMS or use of a new mobility aid) and function (as 

measured by the BI) with the same covariates that are expected to be predictive of such 

decline (e.g., post-operative complications, comorbidity, frailty and dementia).  Tables 

10.6 gives the results of a model correlating one-year mortality with covariates of 
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function and mobility, as well as frailty, and comorbidities.  Table 10.7 gives the results 

of a model correlating new admission to nursing home with the same covariates as Table 

10.6.  Tables 10.8 to 10.1 are models exploring the relationship between subsequent 

hospital admissions and cumulative length of readmissions with relevant covariates, such 

as functional and mobility indices (Tables 10.8), and discharge medications and inpatient 

complications (Tables 10.9 and 10.10).   
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10.3 Results 

 

165 participants were enrolled in the study and data was available on all of these.  The 

baseline characteristics of the cohort have been described previously, including baseline 

functional scores.  6 participants died during their inpatient admission; discharge 

functional scores were available on the remaining 159 participants who survived to 

discharge.   

 

The mean pre-fracture Barthel Index was 17.7 and mean discharge Barthel Index was 

16.6.  72 participants had a decrease in Barthel Index (45.3%).  The mean decrease in 

Barthel Index from admission to discharge was 1.076 and was statistically significant 

(p<0.0001, Wilcoxon signed rank test).   

 

 

 

Figure 10.1. Pre-Fracture and Discharge Barthel Index 

 

The mean pre-fracture New Mobility Score was 6.7 ± 2.62 (median 7).  The mean pre-

fracture indoor New Mobility Score was 2.6 ± 0.64 and the mean discharge score was 

2.29 ± 0.75.  Mean difference was -0.3082 (p<0.001, Wilcoxon signed rank test).   
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Figure 10.2. Pre-Fracture and Discharge Indoor New Mobility Score 

 

 

A deterioration in mobility from admission to discharge was reported in 52 participants 

(33.7%).  48 participants used a mobility aid on admission (30%) and 84 on discharge 

(52.8%).   

   

Correlates of change in mobility indices (Tables 10.1 to 10.3) 

In logistic regression models older age was significantly positively associated with overall 

decline in mobility on discharge (p=0.018), as was the finding of dysphagia or aspiration 

(p=0.044) and increasing Clinical Frailty Score (p=0.026), but there were no other 

significant associated factors.  There were no factors significantly associated with the use 

of a new mobility aid on discharge.   A decline in indoor New Mobility Score was positively 

associated with older age (p=0.019) and with higher Clinical Frailty Score (p=0.032), but 

not statistically significantly associated with other covariates.   
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Correlates of Changes in Barthel Index (Table 10.4 and 10.5) 

The finding of any decline in Barthel Index was positively associated with the use of 

intravenous antibiotics as an inpatient (p=0.046) and with increasing Clinical Frailty Scale 

(p=0.046) and with older age (p=0.016).  And it was negatively associated with higher 

grip strength (p=0.021), meaning those with higher grip strength were less likely to have 

a decline in BI.  However, antibiotics and age did not remain significant in linear 

regression models for the degree of change of Barthel Index.  The degree of change 

(decline) in Barthel Index was negatively associated with female sex (p=0.039), meaning 

that in this model (Table 10.5), men were more likely to experience a greater decline in 

BI from pre-fracture to discharge than were women.  The degree of decline in BI was 

positively associated with increased Clinical Frailty Score (p=0.012) and with the fracture 

having occurred as an inpatient.  There was negative association between the degree of 

decline in BI and higher hand-grip strength, meaning those with higher hand grip strength 

had lesser decline in BI.   

 

Functional and mobility correlates of 1-year mortality (Table 10.6) 

1-year mortality was positively associated with having any decline in Barthel Index 

(p=0.017) as well as with a higher inpatient Charlson Comorbidity Index a (p=0.008) and 

a higher Clinical Frailty Scale (p=0.003).  It was negatively associated with a higher pre-

fracture Barthel Index (p=0.002), meaning that those with higher pre-fracture BI were 

more likely to survive beyond one year.   

 

Correlates of new admission to nursing home (Table 10.7) 

A total of 19 participants (11.5% of entire cohort) were newly admitted to a nursing home 

on discharge from hospital following hip fracture.  The requirement for new admission 

to long-term residential care following fracture was positively associated with advancing 

age (p=0.014), with a decline in Barthel Index (p=0.036) and with increasing Clinical 

Frailty Score (p=0.024).  It was negatively associated with pre-fracture BI (p=0.025) and 

pre-fracture NMS (p=0.018), meaning that those with higher pre-fracture BI and NMS 

were less likely to enter a nursing home after hip fracture.   
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Correlates of subsequent hospital readmission over one year (Tables 10.8 to 10.10) 

40 participants (25.2%) had at least one subsequent readmission to hospital over the 

year following discharge after fracture.  31 participants had 1 readmission; 8 had 2 

readmissions; and 1 participant had 3 readmissions.  I did not interrogate medical records 

to determine the reason for subsequent readmissions, and therefor did not assess for 

correlates of the reasons for theses admissions.   

Subsequent admissions to hospital following the initial discharge were not associated 

with markers of functional change, such as the Barthel Index or the New Mobility Score.   

 

Subsequent readmissions were negatively associated with female sex (p=0.0009) and 

negatively associated with higher baseline serum albumin (p=0.004), meaning that men 

and those with lower baseline albumin were more likely to have a subsequent 

readmission.   

 

Cumulative total days of subsequent readmission were associated positively with initial 

length of stay (p=0.0435) and with a higher number of total medications on discharge 

(p=0.008).  Cumulative length of readmissions was associated negatively with use of 

antidepressant medications on discharge prescription (p=0.006), and with baseline 

serum albumin, meaning that those prescribed antidepressants and those with higher 

albumin were less likely to have lengthier readmissions.    
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Table 10.1 
Correlates of Any Decline in Mobility from Pre-Fracture to Discharge 

Logistic regression model  

 Beta Estimate P-value 

Sex (F) 0.226 0.393 

Age 0.072 0.018* 

Charlson Comorbidity Index 0.009 0.954 

Inpatient Clinical Frailty Scale 0.268 0.026* 

Time-to-surgery (hours) -0.011 0.270 

Dementia 0.383 0.258 

Inpatient grip strength 0.011 0.775 

Inpatient MMSE -0.019 0.671 

No transfer of care to Geriatrics 0.094 0.716 

Inpatient fracture -0.730 0.303 

Other admission diagnosis -0.0315 0.918 

Inpatient dysphagia/aspiration 0.972 0.044* 

Inpatient pneumonia -0.545 0.230 

Inpatient IV antibiotics 0.624 0.148 

Inpatient constipation 0.241 0.316 

Inpatient incontinence 0.346 0.462 

Inpatient delirium -0.370 0.239 

Inpatient UTI (clinical) -0.343 0.358 

Inpatient RCC transfusion 0.220 0.474 

Logistic regression analysis of decline in mobility versus various factors which may influence it in the  
Acute Hip Fracture Cohort. 
*Indicates statistically significant result.   
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Table 10.2 
Correlates of New Requirement of a Mobility Aid on Discharge 

Logistic regression models  

 Beta Estimate P-value 

Sex (F) -0.054 0.833 

Age 0.056 0.062 

Charlson Comorbidity Index -0.051 0.750 

Inpatient Clinical Frailty Scale -0.016 0.898 

Time-to-surgery (hours) -0.008 0.391 

Dementia 0.620 0.064 

Inpatient grip strength 0.012 0.753 

Inpatient MMSE 0.0319 0.465 

No transfer of care to Geriatrics 0.066 0.802 

Inpatient fracture -0.316 0.650 

Other admission diagnosis -0.106 0.722 

Inpatient dysphagia/aspiration 0.308 0.515 

Inpatient pneumonia -0.608 0.194 

Inpatient IV antibiotics 0.275 0.516 

Inpatient constipation 0.264 0.260 

Inpatient incontinence -0.014 0.976 

Inpatient delirium -0.295 0.351 

Inpatient UTI (clinical) 0.118 0.735 

Inpatient RCC transfusion -0.045 0.884 

Logistic regression analysis new mobility aid requirement versus various factors which may influence it  
in the Acute Hip Fracture Cohort. 
*Indicates statistically significant result.   
 
. 
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Table 10.3 
Correlates of Change (Decline) in Indoor New Mobility Score 

Linear regression models 

 Beta Estimate P-value 

Sex (F) 0.054 0.292 

Age 0.014 0.019* 

Charlson Comorbidity Index 0.011 0.730 

Inpatient Clinical Frailty Scale 0.041 0.032* 

Time-to-surgery (hours) -0.001 0.298 

Dementia 0.128 0.083 

Inpatient grip strength 0.002 0.802 

Inpatient MMSE 0.002 0.805 

No transfer of care to Geriatrics 0.077 0.162 

Inpatient fracture -0.125 0.361 

Other admission diagnosis -0.016 0.798 

Inpatient dysphagia/aspiration 0.168 0.087 

Inpatient pneumonia -0.122 0.196 

Inpatient IV antibiotics 0.138 0.123 

Inpatient constipation 0.036 0.463 

Inpatient incontinence 0.045 0.646 

Inpatient delirium -0.079 0.237 

Inpatient UTI (clinical) -0.050 0.495 

Inpatient RCC transfusion 0.049 0.460 

Univariate linear regression models of change in Indoor New Mobility Score versus various factors which 
may  
influence it in the Acute Hip Fracture Cohort. 
*Indicates statistically significant result.   
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Table 10.4 
Correlates of Any Decline in Barthel Index 

Logistic regression mode 

 Beta Estimate P-value 

Sex (F) 0.211 0.336 

Age 0.067 0.016* 

Charlson Comorbidity Index -0.111 0.443 

Inpatient Clinical Frailty Scale 0.406 0.046* 

Time-to-surgery (hours) 0.005 0.447 

Dementia -0.370 0.223 

Inpatient grip strength -1.03 0.021* 

Inpatient MMSE -0.069 0.121 

No transfer of care to Geriatrics 0.065 0.769 

Inpatient fracture 0.463 0.491 

Other admission diagnosis -0.380 0.0655 

Inpatient dysphagia/aspiration -0.0297 0.949 

Inpatient pneumonia -0.2167 0.593 

Inpatient IV antibiotics 0.774 0.046* 

Inpatient constipation -0.040 0.853 

Inpatient incontinence 0.019 0.963 

Inpatient delirium 0.150 0.579 

Inpatient UTI (clinical) 0.196 0.547 

Inpatient RCC transfusion -0.075 0.792 

Logistic regression analysis of decline in Barthel Index versus various factors which may influence it in the  
Acute Hip Fracture Cohort. 
*Indicates statistically significant result.   
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Table 10.5 
Correlates of Change (Decline) in Barthel Index 

Linear regression model 

 Beta Estimate P-value 

Sex (F) -0.229 0.039* 

Age 0.017 0.206 

Charlson Comorbidity Index 0.077 0.302 

Inpatient Clinical Frailty Scale 0.053 0.012* 

Time-to-surgery (hours) 0.0004 0.876 

Dementia 0.039 0.816 

Inpatient grip strength -0.077 0.003* 

Inpatient MMSE -0.033 0.129 

No transfer of care to Geriatrics 0.079 0.512 

Inpatient fracture 0.309 0.012* 

Other admission diagnosis 0.712 0.193 

Inpatient dysphagia/aspiration 0.105 0.633 

Inpatient pneumonia -0.141 0.514 

Inpatient IV antibiotics 0.294 0.155 

Inpatient constipation 0.127 0.244 

Inpatient incontinence 0.001 0.995 

Inpatient delirium 0.122 0.399 

Inpatient UTI (clinical) 0.193 0.266 

Inpatient RCC transfusion -0.023 0.872 
Linear regression analysis of change in Barthel Index versus various factors which may influence it in the  
Acute Hip Fracture Cohort. 
*Indicates statistically significant result.   
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Table 10.6 
Functional and Mobility Correlates of 1-Year Mortality 

Logistic regression model  

 Beta Estimate P-value 

Pre-fracture Barthel Index -0.279 0.002* 

Drop in Barthel Index (Yes) 1.129 0.017* 

Change in Barthel Index 0.343 0.269 

Deterioration in mobility from admission to 
discharge (No) 

0.198 0.813 

New mobility aid on discharge (No) -0.777 0.095 

Pre-fracture New Mobility Score 0.394 0.341 

Change in indoor New Mobility Score 0.813 0.532 

Charlson Comorbidity Index 0.483 0.008* 

Inpatient Clinical Frailty Scale 0.946 0.003* 

Age 0.044 0.251 

Dementia -0.437 0.237 
Logistic regression analysis of 1-year mortality versus various functional decline measures in the  
Acute Hip Fracture Cohort. 
*Indicates statistically significant result.   

 
 
 
Table 10.7 
Functional and Mobility Correlates of New Nursing Home Admission 

Logistic regression model 

 Beta Estimate P-value 

Sex (F) 0.230 0.552 

Age 0.123 0.014* 

Charlson Comorbidity Index -0.046 0.851 

Inpatient Clinical Frailty Score 0.692 0.023* 

Time-to-surgery (hours) 0.004 0.439 

Pre-fracture Barthel Index -0.168 0.025 

Change (decline) in Barthel 0.505 0.036* 

Pre-fracture New Mobility Score -0.699 0.018* 

Change in indoor New Mobility Score -0.430 0.551 

Dementia 0.638 0.061 
Logistic regression analysis of new nursing home admission versus various factors which may influence it  
in the Acute Hip Fracture Cohort. 
*Indicates statistically significant result.   
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Table 10.8 
Functional and Mobility Correlates of Any Subsequent Readmissions  

Logistic regression model 

 Beta Estimate P-value 

Change in Barthel Index -0.006 0.972 

Deterioration in mobility from admission to 
discharge (No) 

1.073 0.105 

New mobility aid on discharge (No) -0.308 0.386 

Change in indoor New Mobility Score -1.385 0.175 

Charlson Comorbidity Index -0.242 0.066 

Inpatient Clinical Frailty Scale -0.226 0.211 

Age 0.023 0.332 

Dementia 0.290 0.330 
Logistic regression analysis of readmission versus change in functional status in the Acute Hip Fracture  
Cohort. 
*Indicates statistically significant result.   
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Table 10.9 

Correlates of Subsequent Readmission and Underlying Factors 

Logistic regression model 

 Beta Estimate P-value 

Sex (F) -0.828 0.0009* 

Age -0.006 0.820 

Charlson Comorbidity Index -0.037 0.871 

Inpatient Clinical Frailty Scale 0.404 0.076 

Benzodiazepine -0.118 0.764 

Z-Drugs 0.067 0.854 

Any opioid on discharge -0.082 0.768 

Any anti-depressant drug -0.327 0.296 

Any anti-psychotic drug -0.022 0.956 

CRP  -0.0003 0.938 

WCC  0.039 0.518 

eGFR -0.0003 0.981 

Albumin -0.145 0.004* 

No transfer of care to Geriatrics -0.243 0.395 

Inpatient dysphagia/aspiration -0.415 0.391 

Inpatient pneumonia 0.758 0.131 

Inpatient IV antibiotics -0.577 0.247 

Inpatient constipation -0.393 0.118 

Inpatient incontinence 0.008 0.986 

Inpatient delirium 0.033 0.921 

Inpatient UTI (clinical) 0.144 0.677 

Inpatient RCC transfusion -0.404 0.229 

Dementia -0.250 0.482 

Time to surgery (hours) 0.009 0.901 

Total number of discharge medications -0.003 0.963 

Length of stay from admission to ultimate 
discharge (Days) 

0.004 0.618 

Logistic regression analysis of readmission versus various factors which may influence it in the  
Acute Hip Fracture Cohort. 
*Indicates statistically significant result.   
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Table 10.10 
Correlates of Cumulative Days of Readmission 

Linear regression model 

 Beta Estimate P-value 

Sex (F) -3.341 0.070 

Age -0.315 0.092 

Charlson Comorbidity Index -0.078 0.635 

Inpatient Clinical Frailty Scale 1.988 0.224 

Benzodiazepine 1.052 0.688 

Z-Drugs 3.313 0.230 

Any opioid on discharge 2.310 0.233 

Any anti-depressant drug -6.171 0.006* 

Any anti-psychotic drug 0.304 0.916 

CRP 0.0203 0.455 

WCC 0.150 0.720 

eGFR -0.027 0.768 

Albumin -0.801 0.029* 

No transfer of care to Geriatrics 0.898 0.664 

Inpatient dysphagia/aspiration -4.344 0.220 

Inpatient pneumonia 0.574 0.874 

Inpatient IV antibiotics -3.942 0.228 

Inpatient constipation -2.751 0.111 

Inpatient incontinence 3.271 0.340 

Inpatient delirium 3.776 0.106 

Inpatient UTI (clinical) -1.571 0.544 

Inpatient RCC transfusion -2.753 0.230 

Dementia 0.654 0.794 

Time to surgery (hours) 0.009 0.856 

Total number of discharge medications 1.033 0.020* 

Length of stay from admission to ultimate 
discharge (Days) 

0.105 0.044* 

Standard least squares analysis of total days of readmission versus various factors which may influence  
it in the Acute Hip Fracture Cohort.   
*Indicates statistically significant result.   
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10.4 Discussion 

 

Hip fractures often result in a loss of function and independence, marked by reduced 

mobility, increased use of mobility aids, new admission to residential care facilities 

(nursing homes) and readmission to hospital and increased mortality (Dyer, Crotty et al. 

2016).  My results showed that overall, participants experienced significant deterioration 

in these realms following hip fracture.  In this section I will discuss the nature and realms 

of functional decline, as well as underlying participant characteristics associated with loss 

of function following fracture, and what longer term sequalae may be linked to any 

decline in functional metrics.   

 

My cohort represented a relatively mobile and functional independent group prior to 

fracture, as demonstrated by the median pre-fracture Barthel Index of 18 (out of 20), and 

median pre-fracture New Mobility Score of 7 (out of 9); and 65% of participants could 

walk independently indoors without a mobility aid.  As has been discussed in greater 

detail in Chapter 6, this level of mobility is similar, or slightly superior, to that reported 

in the contemporaneous Irish Hip Fracture Database national reports (National Office of 

Clinical Audit 2015, National Office of Clinical Audit 2016), despite the high level of frailty 

and comorbidity that I have previously described.  The relatively high BI on admission can 

be viewed as a protective factor, as higher pre-morbid BI is associated with a greater 

chance of maintaining independence following hip fracture fracture (González-Zabaleta, 

Pita-Fernandez et al. 2015).  Similarly, a lower pre-fracture NMS can be predictive of post-

operative complications, length of hospital stay and mortality (Foss, Kristensen et al. 

2006).   

 

Notwithstanding the relatively good premorbid level of function in my cohort, there was 

a significant decline in mobility and function from pre-fracture to discharge across the 

group.  45% of participants experienced decrease in Barthel Index and 33% of 

participants experienced a deterioration in mobility, either in the form of a lower 

discharge indoor New Mobility score or the requirement to use a new mobility aid, such 

as a walking stick or a frame.  These findings are concordant with those of other studies 

which have observed that anywhere between 24% and 75% of patients will not regain 
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their premorbid level of function following hip fracture status (Rubenstein and Josephson 

2006, Dyer, Crotty et al. 2016).  It is a significant caveat of my study however, that the 

measures of functional decline were measured on discharge and not reassessed at one-

year follow-up, so it is possible that a level of function may have returned over the 

intervening months, as is known to be commonplace (Dyer, Crotty et al. 2016).  Another 

marker of decline in function following fracture is the need for long-term residential care 

(nursing home admission).  As discussed earlier in Chapter 6, 8.9% of my study 

participants were resident in nursing homes at the time of their fractures.  A total of 19 

additional participants, 11.5%, entered nursing homes as new residents on discharge 

from hospital following fracture.  While the reasons for entering residential care are 

complex and include social, cognitive and financial considerations, it is generally the case 

that a new requirement for nursing home residence is indicative of a global decrease in 

function.  The rate of new nursing home admissions I observed was in keeping with the 

reported rates reported in other studies (Gill, Murphy et al. 2013, Dyer, Crotty et al. 

2016).   

 

Correlates of Barthel Index 

The mean deterioration in Barthel Index was small, 1.076, but strongly statistically 

significant (p<0.0001, Wilcoxon rank test).  Factors associated with a deterioration in 

Barthel Index from pre-fracture to discharge (as opposed to those who had no 

deterioration in BI) were older age, higher Clinical Frailty Score and use of intravenous 

antibiotics.  The only significant correlate of magnitude of change in the Barthel Index 

was female sex, which correlated negatively with decreasing BI, meaning men were more 

likely to experience a deterioration in BI over the course of their admission.  Over all, 

these findings support the theory that those who are older and more frail are more 

vulnerable to poorer recovery following fractures hip fracture (Chan, Wong et al. 2019), 

as are men when compared with women (Magaziner, Simonsick et al. 1990, Hannan, 

Magaziner et al. 2001, Beaupre, Cinats et al. 2007).  Furthermore, a lower pre-fracture BI 

was predictive of one-year mortality, as was a decline in Barthel Index, which is similar 

to reports from other studies (Folbert, Hegeman et al. 2017).  Both a low pre-fracture BI 

and a decline in BI were significant predictors of new admission to a nursing home 

following hip fracture, reinforcing the well-established knowledge that hip fractures can 
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result in a loss of function that can impact significantly on a person’s autonomy and 

independence.   

 

Noteworthy however, is the fact that I found no association between any deterioration 

in Barthel Index and the metrics of time-to-surgery, or the presence of a diagnosis of 

dementia, or participants’ Charlson Comorbidity Index, or whether or not their care was 

transferred to that of a geriatrician during their admission.  These findings are at odds 

with what would be expected, as all these measures are considered relevant to ultimate 

recovery following fracture (Folbert, Hegeman et al. 2017).  The absence of significant 

findings in this area is not necessarily demonstrative of a lack of connection.  For instance, 

it may be the case that those participants with a diagnosis of dementia who a low BI pre-

fracture for reasons due to cognition as opposed to physical function, and therefore 

deterioration in physical function was not captured by the BI.  Similarly, the absence of 

significant difference in BI in those whose care was transferred to a geriatrician may be 

due to a selection bias; less-frail patients already on a path to good recovery may have 

been less likely to have been transferred to a geriatric ward, thus counteracting 

differences in measurements of BI between the two groups.  The fact that longer time-

to-surgery had no apparent association with a deterioration in Barthel Index is perhaps 

unexpected, as longer time-to-surgery is often associated with poorer over all outcomes 

(Orosz, Magaziner et al. 2004, 2020).  It is difficult to speculate on the reason for my lack 

of significant association in this regard.  However, one possible explanation may be that 

delays in surgery amongst my cohort were due to judicious decisions by surgeons, 

physicians and anaesthetist, and therefore in select patients a delay in surgery may have 

facilitated stabilisation of acute medical conditions and hence resulted in a less 

tumultuous post-operative course and better ultimate recovery.  I would recommend 

further study of this area with a larger cohort, and more detailed data on reasons for 

delay in surgery when they occurred.   

 

Correlates of New Mobility Score and decline in mobility 

There was a significant decline in indoor mobility as measured by the NMS across the 

entire cohort, and 23% of participants required a new mobility aid on discharge.  Older 

age was significantly associated with an overall decline in mobility, which is in keeping 
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with the fact that older age is known to be associated with poorer outcomes following 

hip fracture (Dyer, Crotty et al. 2016, Auais, Al-Zoubi et al. 2019).  I also found an 

association between dysphagia and/or aspiration and decrease in mobility.  The 

interpretation of this latter association requires detailed consideration.  Dysphagia 

increases the risk of aspiration pneumonia (Marik and Kaplan 2003), and in my study 

group dysphagia was significantly association with lower respiratory tract infections (as 

discussed in Chapter 8).  However, as lower respiratory tract infections were not 

associated with a decrease in mobility, it would indicate that there are other factors 

involved, apart from the deconditioning and impedance to rehabilitation efforts that may 

result from an acute respiratory infection while in hospital.  It is possible that the 

decrease in mobility associated with dysphagia may be the result of poorer nutrition and 

hence sarcopaenia (Goisser, Schrader et al. 2015, Goisser, Schrader et al. 2015).  A lower 

pre-fracture NMS was also associated with a greater risk of new admission to nursing 

home, but a decline in the indoor component of the NMS was not associated with greater 

risk of new nursing home admission.  The over all decline in this metric was small in my 

cohort, and it is probably the case then that small mobility decline is not as important a 

factor in the complex decision to enter nursing home care as are other more global 

aspects of a person’s function.  While the NMS has not been reported as a metric 

associated with nursing home admission in other studies, it is not surprising that a lower 

pre-fracture NMS is associated with nursing home admission, as other studies have found 

it to be predictive higher rates of complications and mortality (Foss, Kristensen et al. 

2006).   

 

The degree of decline in the indoor component of the NMS was associated with older 

age and higher Clinical Frailty Score, which is consistent with the decline in mobility 

associated with age and frailty following hip fracture that has been described in other 

studies (Dyer, Crotty et al. 2016, Auais, Al-Zoubi et al. 2019).  But decline in indoor NMS 

was not predicted by other underlying participant characteristics such as comorbidities 

or by inpatient complications or time-to-surgery, which is at odds with the fact that loss 

of functional mobility after fracture is more common with higher rates of complications 

and comorbidities (Dyer, Crotty et al. 2016, Lin, Watts et al. 2016, Beishuizen, Scholtens 

et al. 2017).  Similarly, a decline in mobility was not associated with one-year mortality 
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or new admission to nursing homes.  A possible explanation for the lack of significant 

findings in these areas in my study may be that I only recorded decline in indoor mobility.  

The fact that mobility was not measured in its entirety may have missed a more 

qualitative aspect of the health and independence aspect of mobility that have a bearing 

on over all function and outcome.  In addition, it is possible that participants’ mobility 

improved precipitously after their discharge from hospital, meaning that their true level 

of independent mobility may have been underestimated in my study.   

 

Correlates of new admission to nursing home 

While I have already discussed the association between a decline in Barthel Index and 

new admission to nursing homes, it is apt to mention that both age and higher CFS were 

also associated with new nursing home admission.  These findings were not unexpected, 

as the greater dependence that is caused by frailty would be predicted to warrant a 

higher level of care and hence a higher likelihood of nursing home admission.  It is 

noteworthy that neither the diagnosis of dementia nor decline in mobility were 

associated with a greater likelihood of new nursing home care requirement.  However, 

the non-significant trend towards association of dementia with new nursing home 

admission (p=0.061) is perhaps indicative of the significant risk it poses, as has been 

reported in other studies (Beaupre, Cinats et al. 2007).   

 

Functional indices as predictors of mortality 

As has been mentioned in the discussion above, a low pre-fracture BI and a deterioration 

in BI post-fracture were both a significant predictor of one-year mortality.  While other 

studies have found a low pre-fracture NMS to be predictive of 30-day mortality post hip 

fracture and of general decline and complications (Foss, Kristensen et al. 2006), I did not 

identify an association between either pre-fracture or decline in NMS and higher 

mortality.  It might be expected that those with worse baseline mobility would be at 

higher risk of longer-term mortality, but it may be the case that adaptive and 

compensatory rehabilitation strategies obviate some of the risk inherent to decreased 

mobility in the case of my cohort.   
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It is also noteworthy to mention that higher CCI and CFS were both associated with 1-

year mortality in the model described in Table 10.6.  The association between 1-year 

mortality and these factors has been documented in numerous other studies (Ek, Meyer 

et al. 2021, Thorne and Hodgson 2021) and has been discussed in greater detail in 

Chapter 9.  However, it is pertinent to mention that in regression models for 1-year 

mortality in Chapter 9, I found that CFS was associated with mortality at one year, and 

CCI was not.  The regression models for mortality in Chapter 9 were further reaching and 

encompassed other covariates such as smoking and alcohol history.  Therefore, I might 

be reasonable to conclude that when taken in the context of a person’s over all function, 

that both higher CCI and CFS are predictive of one-year mortality, there are numerous 

idiosyncratic patient variables which will also impact on the risk of mortality.   

 

Subsequent hospital readmissions 

Subsequent readmission to hospital in the year following fracture was high at 25% in 

total, which underlines the vulnerability of older adults with hip fracture.    A participant’s 

having any readmission was not correlated with functional decline as measured by the 

BI, or with mobility decline as measured by the use of a new mobility aid or a decline in 

indoor NMS.  Nor was the occurrence of a readmission associated with older age, 

dementia or higher CFS or Charlson Comorbidity Index.  Other studies have associated a 

higher CCI with increased chance of subsequent readmission following hip fracture (da 

Casa, Pablos-Hernández et al. 2019), so it surprising that this and other markers usually 

associated with poorer outcomes were not predictive of such in my study.  However, as 

I did not record the reasons for subsequent admission, my study suffers from the inability 

to contextualise these new admissions.  I found that a participant’s being prescribed an 

antidepressant medication on discharge prescription (whether it was a pre-existing or 

new medication) was negatively associated with the cumulative duration – but not the 

number of – of subsequent hospital readmissions over the course of a year, meaning 

those on antidepressants were less likely to be readmitted for longer periods than those 

who were not on antidepressants.  The significance of this finding is difficult to interpret, 

as on the one hand, antidepressant medications can be associated with cardiac 

arrhythmias, orthostatic hypotension and falls in older adults, but on the other hand, 

well-treated depression tends to improve health outcomes (Power, Duffy et al. 2019).  A 
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further significant association was that higher number of discharge medications – which 

could be indicative of polypharmacy – was associated with longer cumulative 

readmission time, which is again similar to that reported in other studies (Zaninotto, 

Huang et al. 2020).   

 

A longer initial length of stay with hip fracture was also predictive of cumulative length 

of stay on subsequent readmission, which is in keeping with longer length of stay with 

hip fracture being associated with general frailty and ill-health (Nordström, Gustafson et 

al. 2015).  While time-to-surgery was not associated with number or duration of 

subsequent readmissions, as I did not record the reason for the subsequent admission if 

it occurred, the interpretation of this metric was somewhat limited.  The finding that 

female sex was negatively associated with cumulative length of stay on subsequent 

readmissions, indicates that men were more likely to have longer subsequent 

readmissions, which is in keeping with the findings of other studies which have reported 

male sex as a predictors of poorer outcome following hip fracture (Magaziner, Simonsick 

et al. 1990, Hannan, Magaziner et al. 2001, Beaupre, Cinats et al. 2007, Chan, Wong et al. 

2019).  Lower baseline serum albumin was associated with greater chance and longer 

duration of readmission, which is in keeping with its known association with poorer 

outcomes following hip fracture (Li, Zhang et al. 2019), as well as being a known negative 

acute phase reactant (Gabay and Kushner 1999).   

 

Study strengths and limitations 

 

A strength of the study was the fact that data was available on all surviving participants 

in terms of Barthel Index, New Mobility Score, use of mobility aids and discharge 

disposition and number and duration of readmissions.  A significant limitation, however, 

was that for discharge mobility, I only measured the indoor component of the NMS; this 

was because patients are not routinely assessed in outdoor mobility or in performing 

shopping prior to discharge.  This detracts from the quality of data collected and ignores 

changes in mobility that could have occurred after discharge.  Similarly, the fact that I did 

not record NMS or BI at the one-year follow-up point represented a missed opportunity 

whereby further information on changes in function over time could have been assessed.  
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With respect to participants’ subsequent admission to hospital following initial discharge 

– I did not record the reasons for representation, nor the readmission diagnoses.  

Therefore, I was not able to assess whether the readmission was connected with a 

complication of the original hip fracture or whether it was for reasons not directly 

connected.  Hence an opportunity to identify potentially remediable factors associated 

with hip fracture care was lost.  I would recommend that subsequent studies would 

include reason for readmission.   

 

Conclusions 

 

Despite the older age and frailty of my cohort, pre-fracture mobility and function were 

good.  An expected deterioration in mobility and function was observed, and this was 

borne out in the practical consequence of a predictable proportion of the cohort 

requiring nursing home care, and a significant number of subsequent hospital 

readmissions.  Both a lower pre-fracture BI and an observed deterioration in Barthel 

Index were particularly predictive of new nursing home admission, and hence it should 

be included as a routine metric in hip fracture care and special attention should be 

focussed on patients whose BI is observed to deteriorate.  The Barthel Index was also a 

useful predictor of one-year mortality.  Hence it can be used to identify those in greatest 

need of intervention.   It was similarly predictable that frailer and older participants 

experienced a greater loss of function, which reinforces the important message that 

unrecognised and untreated frailty can have practical negative consequences.  The mixed 

results in terms of what risk factors and key performance indicators of hip fracture care 

may have impacted on functional recovery leaves unanswered questions, and I would 

recommend further observational studies on hip fracture patients to determine which 

factors were the most significant determinants of decline in function.  In addition, I would 

recommend that recording reasons for readmission after fracture would be useful, as the 

fact that I did not collect such data made some of my findings difficult to interpret.   
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CHAPTER 11 

 

NUTRITION AND HIP FRACTURES 
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11.1 Introduction 

 

Malnutrition in general is a significant risk factor for osteoporosis and fracture, whether 

it be through low BMI, sarcopaenia with its resultant increased risk of falls or vitamin D 

deficiency and its myriad associated risks of lower BMD and increased falls risk.   

 

Reduced dietary protein and calorific intake is common post-operatively and poor 

nutrition following hip fracture has been associated with longer time to recovery and 

longer inpatient stays.  However, the use of dietary supplements has not been 

conclusively shown to reduce these adverse outcomes.   

 

I aimed to establish the baseline nutritional status of patients post hip fracture and 

explore what cross-sectional factors may be associated with lower BMI and poorer 

baseline nutritional status, as well as whether poorer nutrition was associated with 

longer-term outcomes such as length of hospital stay, and 1-year mortality.  I additionally 

aimed to examine if the prescription of nutritional supplements on discharge was 

associated with reduced mortality at 1 year.   

 

11.2 Methods 

 

Study Population and Design 

Study population comprised patients admitted to St James’s Hospital Dublin who had an 

acute hip fracture from January 2015 to March 2016.  Inclusion and exclusion criteria, as 

well as data collection methodology and blood sampling have been previously described 

in detail in Chapter 4.  A subset of 96 participants from this cohort were enrolled into a 

nutritional wing of the study, where additional measurements of MST score, BMI and 

nutritional supplement use were recorded.  The characteristics of this subset did not 

differ significantly from the main cohort.   
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Methodology 

Data on participant demographics, background history, medical progress during their 

hospital admission and blood test results were collected as described previously in 

Chapter 4.   

 

The Malnutrition Screening Tool (MST) is a consistent and reliable tool for screening for 

malnutrition and has been validated amongst hospital inpatients (Ferguson, Bauer et al. 

1999, Tinivella, Barbera et al. 2001).  It is a self-reported scale where points are accrued 

for weight loss, the magnitude of weight loss and loss of appetite, with higher scores 

being indicative of a greater risk of malnutrition.  A score of 2 or greater is considered 

indicative of a patient’s being at risk of malnutrition.   

 

BMI was measured during inpatient admission following fracture by a registered dietician 

as described previously.  BMI was measured again at subsequent DXA examinations by 

radiographers.  The reason BMI as opposed to composition was used as a metric was that 

performance of body composition analysis on DXA would have required additional 

radiographer time, hence impacting on the number of DXAs that could be performed per 

day in the unit.  Therefore, I opted for BMI measurement in addition to inpatient hand-

grip strength as metrics for nutrition and sarcopaenia.   

 

Details of nutritional supplements on discharge were recorded from the participants 

discharge summary as previously described.  Grip strength was measured on a hand-grip 

dynamometer as described previously.   

 

Statistical Analysis 

I performed basic statistical analysis on the incidence of post-operative complications.  

All relevant parameters were inspected for normality and those that were significantly 

skewed were transformed appropriately.  Paired t-tests were performed to examine for 

significant differences between BMI on successive measurements.  All statistical analysis 

was performed using JMP Edition 14.2.0 (SAS Institute, 2018).  
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Study Covariates 

Length of hospital stay, mortality, Charlson Comorbidity Index, Clinical Frailty Scale, pre-

fracture and discharge Barthel Index of function and pre-fracture New Mobility Score, as 

well as whether the participant used a mobility aid prior to fracture and on discharge 

from hospital were all defined and recorded as described previously.   

 

Statistical Models 

Multiple regression models were used to explore the relationship between inpatient BMI 

and underlying participant characteristics and nutritional factors.  I used multiple linear 

and logistic regression models to explore the relationship between nutritional indices 

and longer-term outcomes such as deterioration in function, new admission to nursing 

home and mortality.  I also performed linear regression to assess for correlation between 

hand-grip strength and baseline vitamin D levels.  All models were adjusted for age and 

sex.   
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11.3 Results 

 

96 participants were enrolled in the nutritional wing of the study.  Their baseline 

characteristics did not differ significantly from those of the main cohort, as have been 

described previously.   

 

Body Mass Index 

Mean inpatient BMI was 23.24 kg/m2 ± 5.27.  13% of participants were underweight, 

and 33% were overweight.  Mean BMI at time of first outpatient DXA was 23.11 kg/m2 

± 4.39 and mean BMI on follow-up DXA was 24.54 kg/m2 ± 4.51.  The first DXA took 

place a median of 43 days following fracture and the second DXA a median of 412 days 

following fracture.   

 

The mean change in BMI from inpatient to first DXA was -0.6544 and was not 

statistically significant (p=0.14, paired t-test).  The mean BMI from DXA 1 to DXA 2 

increased by 1.18 and was significant (p<0.001).  BMI increased from inpatient 

measurement to BMI at second DXA by 0.52 but was not statistically significant 

(p=0.210).   

 

 

Figure 11.1 Body Mass Index of Acute Hip Fracture Cohort 

Body Mass Index of Acute Hip Fracture Cohort 
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Other Nutritional Indices 

The mean inpatient MST score was 0.58 ± 1.03, with 20 participants (21.3%) being 

identified as at risk of malnutrition.  Baseline serum vitamin D was 52 nmol/L as 

previously described, albumin was 39g/L and serum calcium (corrected for albumin) was 

2.24 mmol/L.  Grip strength, as measured by hand-grip dynamometer was mean 16.1 kg 

± 7.73 for the whole cohort, with a total of 60.3% in the sarcopaenic range of <16 kg in 

women or < 27 kg in men, based on the European Working Group on Sarcopenia in Older 

People (EWGSOP2) consensus definition of sarcopaenia (Cruz-Jentoft, Bahat et al. 2019).  

37 participants (38.54%) were prescribed nutritional supplements on discharge.   

 

Correlates of nutritional variables 

Higher body mass index as an inpatient correlated positively with grip strength (p=0.033) 

and with not being at risk of malnutrition (p=0.039) as measured by MST, and with 

current alcohol intake (p=0.006) and with never being a smoker (p=0.022).  BMI was not 

associated with length of stay, one-year mortality or subsequent hospital readmission.   

 

Length of stay in hospital following hip fracture was negatively associated with inpatient 

grip strength (p=0.05), meaning that those with higher hand-grip strength had shorter 

lengths of stay.   Length of stay was positively associated with being a current smoker 

(p=0.007), and being admitted from home (p=0.017).  And being admitted from home (as 

opposed to from a nursing home) was associated with longer length of stay, but not with 

readmission or mortality.   

 

There was no significant association between prescription of nutritional supplement on 

discharge and one-year survival.  No nutritional indices correlated with mortality at one 

year.  Albumin negatively correlated with a likelihood of readmission following initial 

inpatient stay with hip fracture (p=0.005).   MST score (p=0.023) and being a current 

smoker (p=0.039) correlated positively with readmission.     

 

The effect of nutritional indices on the longer-term outcome of changes in BMD are 

discussed in Chapter 14 

.   
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Table 11.1 
Correlates of Inpatient Body Mass Index  

Linear regression model 

 Beta Estimate P-value 

Charlson Comorbidity 
Index 

0.288 0.512 

Inpatient Clinical Frailty 
Scale 

-0.132 0.830 

Albumin -0.019 0.882 

Vitamin D 0.004 0.815 

Inpatient grip strength 0.183 0.033* 

At risk of malnutrition 
(No) 

1.469 0.039* 

Dementia 0.555 0.505 

Admission from home -2.843 0.060 

Inpatient delirium -0.237 0.718 

Current smoker -0.511 0.581 

Never smoker 1.789 0.022* 

Current alcohol intake 2.405 0.006* 

Never alcohol intake -3.496 0.003* 

Standard least squares analysis of BMI versus various factors in the Acute Hip Fracture Cohort. 
*Indicates statistically significant result.   
 
 

Table 11.2 
Nutritional Correlates of Length of Stay 

Logistic regression models 

 Beta Estimate P-value 

Albumin 0.590 0.3901 

Vitamin D 0.017 0.844 

Inpatient grip strength -0.977 0.050* 

Admission from home 17.028 0.017* 

Current smoker 13.212 0.007* 

Never smoker -9.195 0.034* 

Current alcohol intake 0.142 0.977 

Never alcohol intake 3.791 0.573 

Inpatient BMI -0.225 0.739 

At risk of malnutrition (No) 9.853 0.375 

Admission MST Score 9.093 0.299 

Standard least squares analysis of readmission versus various factors with a focus on nutritional correlates 
without confounders in the Acute Hip Fracture Cohort. 
*Indicates statistically significant result.   
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Table 11.3 
Nutritional Correlates of 1-year Mortality 

Logistic regression model 

 Beta Estimate P-value 

Albumin -0.162 0.129 

Vitamin D -0.015 0.263 

Inpatient grip strength -0.017 0.791 

Admission from home -1.419 0.175 

Current smoker 0.663 0.308 

Never smoker -0.530 0.369 

Current alcohol intake 9.338 1.000 

Never alcohol intake -14.552 1.000 

Inpatient BMI 0.024 0.786 

At risk of malnutrition (No) -1.129 0.432 

Admission MST Score -1.153 0.317 

Any food supplement on 
discharge (No) 

0.178 0.239 

Logistic regression analysis of 1-year mortality versus various factors with a focus on nutritional correlates 
in the Acute Hip Fracture Cohort. 
*Indicates statistically significant result.   
 

 

 
Table 11.4 
Nutritional Correlates of Readmission 

Logistic regression model 

 Beta Estimate P-value 

Albumin 0.281 0.005* 

Vitamin D 0.016 0.166 

Inpatient grip strength 0.041 0.467 

Admission from home 1.017 0.173 

At risk of malnutrition (No) 0.104 0.191 

Admission MST Score 3.637 0.023* 

Current smoker 2.844 0.039* 

Never smoker -1.182 0.117 

Current alcohol intake -0.372 0.701 

Never alcohol intake -0.162 0.789 

Inpatient BMI -0.478 0.370 

Any food supplement on 
discharge (No) 

0.236 0.593 

Logistic regression analysis of readmission versus various factors with a focus on nutritional correlates in 
the Acute Hip Fracture Cohort. 
*Indicates statistically significant result.   
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11.4 Discussion 

 

Malnutrition is common after hip fracture in rates similar to those I observed (Goisser, 

Schrader et al. 2015, Rosenberger, Rechsteiner et al. 2019).  While the mean BMI of my 

cohort was normal, there were a significant number of participants who were either 

underweight (13%) or overweight (33%).  There was a similar wide variation in hand-grip 

strength, with over 60% in the sarcopaenic range.  The vitamin D level of the group was 

suboptimal as has been discussed in greater depth in Chapter 6.  And more than a fifth 

of participants were identified as being at risk of malnutrition as measured by the MST.  

Over all, this is indicative of the degree of frailty and vulnerability that has been described 

in earlier chapters and which is often associated with older adults with hip fracture.   

 

Body Mass Index (BMI) 

While the mean body mass index of the cohort studied was in the normal range (20-25 

kg/m2), there was a wide variation in BMI (SD 5.27) indicating many participants fell into 

both the overweight and underweight categories.  The trend in participants weight was 

that weight fell between the inpatient period and their first DXA approximately 6 weeks 

after discharge and then rose again to its previous level by the time of repeat DXA at one 

year.  A lower BMI is usually associated with an increased risk of osteoporosis and 

fracture, and for older adults an increasing BMI is protective against hip fracture (Søgaard, 

Holvik et al. 2016), so it is reassuring that BMI tended to recover to higher levels over 

time.   

 

The fact that higher BMI correlated with higher hand grip strength indicates that higher 

BMI is protective against sarcopaenia, or conversely that lower BMI is a surrogate marker 

of sarcopaenia.  This may indicate that lower BMI in patients following hip fracture is due 

to low muscle mass – and hence sarcopaenia – as opposed to lower total body fat content, 

and is a well reported phenomenon in older adults following hip fracture (Lang, Koyama 

et al. 2008).  The correlation between a higher BMI and a lower MST score is expected, 

as recent weight loss mandates a higher MST score, and those with higher BMI are less 

likely to have lost weight.  The correlation between higher BMI and current alcohol intake 

is difficult to interpret, as I did not record the quantity of regular alcohol consumed, and 
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thus could not distinguish between moderate and heavy drinking habits.  The association 

between higher BMI and never being a smoker is probably accounted for by the burden 

of chronic obstructive pulmonary disease prevalent amongst smokers.  Despite the 

theory that higher BMI may be protective against malnutrition, sarcopaenia and 

fractures (Søgaard, Holvik et al. 2016) it was not associated with a shorter length of stay, 

a lower readmission rate or reduced mortality.  It is possible that the protective aspects 

of higher BMI may apply to a narrower range, with those in the obese category suffering 

negative cardiovascular, respiratory or mobility consequences which offset the 

protection against sarcopaenia.   

 

Malnutrition Screening Tool 

The MST identified over a fifth of patients as being at risk of malnutrition, which is lower 

than the proportion that were sarcopaenic as measured by hand-grip strength (60%), but 

higher than the proportion with low BMI (13%).  Hence it could be considered somewhat 

accurate in identifying malnutrition amongst hip fracture patients.  This is as expected, 

as it has been reported to be less sensitive and specific for malnutrition in this population, 

compared with anthropometric parameters such as BMI (Bell, Bauer et al. 2013).  I found 

no association between MST scores or risk of malnutrition (as identified by MST) with 

length of stay or one-year mortality.  This does not necessarily mean that malnutrition is 

not associated with poorer outcomes, as has been shown in other studies (Ness, Hickling 

et al. 2018).  Moreover, because participants screened with the MST were also reviewed 

by a dietician during their inpatient admission, there was opportunity for intervention 

and treatment of malnutrition, so its deleterious effects may have been obviated.  Thus, 

while outcomes were potentially improved for patients through participation in the study, 

it is difficult to weigh the importance of association or lack thereof between the initial 

MST score and later outcomes.  Notwithstanding this, a higher MST was significantly 

associated with a greater likelihood of readmission, which is slightly at odds with its not 

being associated with longer length of stay or one-year mortality.  The fact that I did not 

record the reasons for readmission makes it difficult to interpret this finding.  It 

nonetheless is indicative of malnutrition following fracture being a potential risk for 

readmission and I would recommend further study in this area.   
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Hand-grip strength 

The results of hand-grip strength for my entire study group have been discussed in 

greater detail in Chapter 6.  However, it is noteworthy here to reiterate that 

measurement of this metric following hip fracture exposed a significant burden of 

sarcopaenia.  In addition, lower hand-grip strength was associated with longer length of 

hospital stay, which is perhaps indicative of the morbidity associated with sarcopaenia.  

However, the absence of an association between low hand grip strength and one-year 

mortality is at odds with other studies that have identified such a link in patients after 

hip fractures (Gutiérrez-Hermosillo, de León-González et al. 2020, Choi, Kim et al. 2021).   

 

Vitamin D 

As discussed in detail in Chapter 6, the vitamin D level of the cohort was suboptimal at 

baseline.  However, low vitamin D did not correlate with low hand-grip strength.  This is 

at odds with findings of other studies which indicate that low vitamin D levels are 

associated with sarcopaenia-related falls in older adults (Bischoff-Ferrari, Dawson-

Hughes et al. 2009).  Low vitamin D levels did not however correlate with increased 

length of stay.  Nor did they correlate with readmission or mortality.  A possible 

confounding factor is that all study participants received high dose vitamin D 

supplements during admission and were prescribed regular vitamin D supplements on 

discharge, so it is likely that many suboptimal vitamin D levels improved or normalised in 

the months following admission, therefor diluting the strength of association between 

initial low vitamin D levels and adverse outcomes.   

 

Other nutritional associations 

Despite the high prevalence of sarcopaenia and malnutrition, the prescription of 

nutritional supplements on discharge was not associated with reduced one-year 

mortality or with reduced readmission to hospital.  This is consistent with other studies 

which failed to demonstrate conclusive outcome benefits with the prescription of 

supplements (Delmi, Rapin et al. 1990, Avenell and Handoll 2010, Anbar, Beloosesky et 

al. 2014, Avenell, Smith et al. 2016).  As the aim of such prescriptions is to reduce 

sarcopaenia and malnutrition, it would have been hoped that their use might impart a 

mortality benefit.  However, I did not record adherence to the prescription of 
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supplements, so it is unclear as to whether the participants did in fact take them 

following discharge, and indeed there are other complex and perhaps more impactful 

factors affecting mortality, such as frailty, age and comorbidity, which could outweigh 

the potential benefits of nutritional supplements.  While nutritional supplements have 

been associated with fewer post-operative complications and shorter length of stay in 

some studies (Delmi, Rapin et al. 1990, Avenell and Handoll 2010, Anbar, Beloosesky et 

al. 2014), overall there is little evidence to support their clear effectiveness in this regard 

(Avenell and Handoll 2010, Avenell, Smith et al. 2016).  It was also a slightly incongruous 

finding that a higher albumin on admission was associated with subsequent readmission 

to hospital, given that albumin is usually considered a marker of more robust health (Li, 

Zhang et al. 2019).  This is at odds with findings discussed in Chapter 10, where albumin 

was negatively associated with number and length of readmissions (Tables 10.9 and 

10.10).   The reason for this discrepancy is unclear and could be due to confounders 

between the different models used in the different chapters.  I would recommend further 

study in this area to determine if such results are reproducible.   

 

An additional significant correlate that I found was that participants who had been 

admitted from home as opposed to from a nursing home were significantly more likely 

to have had a longer length of stay; but there was no significant association between 

admission from home and readmission or mortality.  These findings may seem discordant, 

insofar as longer length of stay is often indicative of poorer health.  However, in 

comparing participants from home versus those from nursing homes, it must be 

considered that there are factors other than patients’ health and function which would 

influence earlier return discharge to nursing homes.  Specifically, patients with hip 

fracture from nursing homes may already had significantly lower baselines levels of 

function and may have had cognitive barriers to engaging in rehabilitation post fracture, 

so may have been discharged earlier without longer periods of inpatient therapy if such 

efforts may have been futile.  In addition, it is not uncommon for older adults from home 

to receive home care packages to compensate for loss of function following fracture.  

Hence it is possible that participants from home may have experienced longer length of 

stay while waiting for funding for home care packages, as opposed to for medical reasons.   
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The positive association I found between being a smoker and having a longer length of 

stay and a greater chance of subsequent readmissions can probably be explained by the 

higher likelihood of respiratory complications following surgery that are experienced by 

smokers (Zhang, Zhang et al. 2017).   

 

Study strengths and limitations 

 

A strength of the study was the quality of data and the fact that results were available 

for most participants in the nutritional study subgroup.  In particular, the relatively 

complete dataset for hand-grip strength is a strong feature of the study.  However, at 96 

participants this group was small, but nonetheless representative of the national cohort 

of older adults with hip fractures.  Another limitation was the fact that for practical 

reasons, BMI was measured as opposed to body composition by DXA.  Other limitations 

were the potential for confounders in terms of unknown adherence to prescription of 

nutritional supplements.  In addition, the fact that all participants were prescribed 

vitamin D replacement during admission and on discharge weakened the potential 

strength of association between hypovitaminosis D on admission and longitudinal 

outcomes such as mortality and readmission.   

 

Conclusions 

 

In summary, malnourishment was prevalent at levels that would be expected in a 

population of older adults with hip fracture, and sarcopaenia was highly prevalent, but 

many nutritional indices were not particularly predictive of worse outcomes for patients.  

However, lower hand grip strength was predictive of longer length of stay.  I would 

recommend that measuring hand-grip strength in the post-operative period could be 

included in hip standard hip fracture care.  The test is cheap and easy to perform, and if 

it helps identify patients at risk of sarcopaenia and its complications, it could allow early 

intervention to improve outcomes.  While I did not find consistent links between baseline 

malnutrition and worse longitudinal outcomes, this may be accounted for by the 

interventions performed by dieticians during admission to obviate the inherent risk of 

malnutrition.  As the numbers in this section of my study were small, and because I did 
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not record detail of the interventions and treatment by dieticians – beyond the 

prescription of nutritional supplements – I would also recommend further study in this 

area to build on my findings.    
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SECTION 6 

 

INTRAVENOUS ZOLEDRONIC ACID TREATMENT GIVEN EARLY 

FOLLOWING HIP FRACTURE 
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CHAPTER 12 

 

TOLERABILITY AND SIDE EFFECTS OF INTRAVENOUS 

ZOLEDRONIC ACID GIVEN EARLY AFTER HIP FRACTURE 

 

  



273 
 

12.1 Introduction 

 

Zoledronic acid is a widely used treatment for osteoporosis known to increase BMD and 

reduce fracture risk.  In particular, it reduces the relative risk of hip fracture by more than 

a third.  It has a long record of safety and efficacy and is generally well-tolerated.   

 

Known side effects of zoledronic acid include mild flu-like symptoms which can occur in 

approximately 30% of people receiving their first infusion (a phenomenon which tends 

to abate on subsequent infusions) and transient, mild, asymptomatic hypocalcaemia.   

 

There have been rare case reports of acute kidney injury and rare ocular side effects, 

such as conjunctivitis, scleritis and uveitis.   

 

Whether or not there is a link between zoledronic acid therapy and atrial fibrillation 

remains uncertain.  Large studies have found conflicting results and observed incidence 

of AF following zoledronic acid is low at approximately less than 1%, irrespective of 

whether there is a causal link or not.   

 

I aimed to examine the tolerability and side effects of intravenous zoledronic acid when 

prescribed to patients within 2 weeks following hip fracture.  I also aimed to determine 

the baseline prevalence of hypocalcaemia and chronic kidney disease in my cohort and 

to establish the incidence of hypocalcaemia and elevated creatinine post-infusion and to 

explore patient factors associated with the potential side effects of hypocalcaemia, acute 

kidney injury and atrial fibrillation.   

 

12.2 Methods 

 

Study Population and Design 

Study population comprised patients admitted to St James’s Hospital Dublin who had an 

acute hip fracture from January 2015 to March 2016.  Inclusion and exclusion criteria, as 

well as data collection methodology and blood sampling have been previously described 

in detail in Chapter 4.   
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Methodology 

All participants received zoledronic acid 5mg in a single infusion over 30 minutes, given 

between 2 days and 14 days following surgery for acute hip fracture (or within 14 days 

of acute fracture if a participant was managed non-operatively).  Each participant 

received a single oral dose of 50,000 IUs of 25(OH)D prior to infusion and thereafter 

continued a regular daily dose of calcium carbonate 2500mg and cholecalciferol 800 IUs.  

Participants whose baseline creatinine clearance was less than 50ml/min received an 

intravenous infusion of 1,000ml of 0.9% normal saline over 8-12 hours prior to zoledronic 

acid infusion.  All participants were encouraged to drink adequate volumes of fluid the 

day of and the day after zoledronic acid infusion.  All participants were offered regular 

paracetamol from the day of infusion until at least 2 days following infusion.   

 

Blood tests were collected as per the study protocol previously described on the day 

before or the day of zoledronic acid infusion.  Follow-up blood testing tool place between 

7 days and 14 days after the infusion.   

 

Participants were surveyed for self-reported flu-like symptoms on the day of infusion 

prior to receiving the infusion.  On the day of repeat blood testing, they were once again 

surveyed for self-reported flu-like symptoms that may have occurred following infusion.  

They were also surveyed for any self-reported ocular symptoms.  Participants’ medical 

records were examined as previously described to record any occurrence of new atrial 

fibrillation in the post-infusion period.   

 

Pre- and post-infusion blood tests were: serum albumin, corrected calcium (calcium 

corrected for albumin), vitamin D, parathyroid hormone, magnesium (Mg), phosphate 

(Phos), C-reactive protein and serum creatinine, which was used to calculated estimated 

glomerular filtration rate (eGFR).   

 

Acute kidney injury was defined as a doubling in serum creatinine or a 50% decrease in 

eGFR (Makris and Spanou 2016).   
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My laboratory reference range was used to define hypocalcaemia and hypercalcaemia 

as previously described in Chapter 5.   

 

Statistical analysis 

Basic descriptive analysis was performed on the study participants in relation to 

occurrence of flu-like symptoms before and after infusion as well as ocular symptoms 

and atrial fibrillation.  Paired t-test was used to examine for significant change in serum 

calcium, creatinine and CRP after infusion of intravenous zoledronic acid.  All statistical 

analysis was performed using JMP Edition 14.2.0 (SAS Institute, 2018). 

 

Study Covariates 

A history of dementia and inpatient complications of pneumonia, dysphagia/aspiration, 

constipation, incontinence, delirium, urinary tract infection, prescription of intravenous 

antibiotics and post-operative blood transfusion were recorded as described previously.   

 

Clinical Frailty Scale and Charlson Comorbidity Index were also recorded for each 

participant as previously described.   

 

Statistical Models 

I constructed multiple linear and logistic regression models to explore the associations 

between changes in corrected calcium and creatinine post-infusion and associations 

between new flu-like, new atrial fibrillation and underlying factors.   

 

I used multiple linear regression models to explore factors associated with change in 

post-infusion calcium levels in the whole group, in those who became hypocalceamic and 

in those who did not become newly hypocalcaemic.  I used a multiple linear regression 

model to explore the relationship between change in creatinine and potentially 

associated factors.   

 

I used logistic regression models to explore factors associated with new flu-like 

symptoms and new episodes of atrial fibrillation post-infusion.  All models were adjusted 

for age and sex.    
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12.3 Results 

 

165 participants were enrolled in the study and data was available on all of these.  The 

day of infusion ranged from day 2 to day 11 post hip fracture fixation surgery with median 

day of infusion being day 6.  Mean age was 78.4 years (±10.9); two-thirds of the 

population were women.  The cross-sectional demographic characteristics of the cohort 

as well as their medical and bone health history and relevant blood tests have been 

previously described.   

 

Flu-like Symptoms 

83 participants (50.3%) reported flu-like symptoms prior to the infusion of intravenous 

zoledronic acid and 100 participants (60.6%) reported post infusion flu-like symptoms, 

an increase of 17 cases or 10.3%.   

 

Renal Function 

Mean serum creatinine was 78.75 ± 31.7 pre-infusion and 78.17 µmol/L ± 35.9 post-

infusion (mean difference -0.58, p=0.82, paired t-test), indicating no significant change 

in serum creatinine for the whole group pre- and post-infusion, but there were two cases 

of new acute kidney injury.  For 1 of these cases the acute kidney injury was mild and 

occurred in conjunction with acute diarrhoea; creatinine returned to baseline on repeat 

testing.  For the second case of acute kidney injury post-infusion, the elevated creatinine 

was measured in the presence of other complicating comorbidities including acute 

exacerbation of congestive cardiac failure and acute gastrointestinal bleeding.   

 

Serum Calcium 

Mean corrected calcium was 2.24 mmol/L ±0.09 pre-infusion and 2.23 mmol/L (±0.12); 

mean difference -0.0085 (p=0.7909, paired t-test), indicating no significant drop in 

calcium for the entire group.  51 participants (31%) had pre-existing mild hypocalcaemia 

prior to the infusion and 26 participants (17.2%) had an episode of new hypocalcaemia 

after infusion.  Of those with new hypocalcaemia, the mean serum calcium was 2.10, 

ranging 1.91 to 2.19.  The mean difference in serum corrected calcium from pre-infusion 

to post-infusion for those who became newly hypocalcaemic was 0.1665 (p<0.001).   
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Figure 12.1 Pre- and Post-Infusion Calcium for Acute Hip Fracture Cohort 

 

 

 

Figure 12.2 Pre- and Post-Infusion Calcium for Newly Hypocalcaemic Group 
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Figure 12.3 Pre- and Post-infusion Calcium for Non-Hypocalcaemic Group 

 

Other Side Effects 

New episodes of atrial fibrillation were recorded in 4 participants (2.4%).  No participants 

reported ocular symptoms either before or after infusion.   

 

Correlates of change in calcium post infusion (Tables 12.1 to 12.3) 

Linear regression models found a negative association between a decrease in calcium 

from pre-infusion to post-infusion and higher baseline vitamin D (p=0.001) and 

parathyroid hormone (p=0.010); this means that those with lower baseline Vitamin D 

and PTH were more likely to experience a decrease in calcium post-infusion.  Higher 

baseline levels of serum corrected calcium (p<0.001) correlated positively with 

decreasing serum calcium, meaning that those with higher pre-infusion calcium were 

more likely to experience a greater decrease in calcium post-infusion.  (See Table 12.1).   

 

For the subset of 26 participants who became newly hypocalcaemic (See Table 12.2), the 

magnitude of the fall in calcium correlated positively with higher baseline corrected 
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calcium levels (p=0.017) and higher baseline serum magnesium levels (p=0.036).  For 

those who did not become hypocalcaemic post-infusion (See Table 12.3), a decrease in 

calcium level was correlated positively with higher baseline calcium levels (p<0.001), and 

negatively with vitamin D levels (p=0.004), and parathyroid hormone levels (p=0.031).   

 

Correlates of change in creatinine post infusion (Table 12.4) 

A rise in serum creatinine correlated positively with higher vitamin D (p=0.0028) and a 

diagnosis of constipation (p=0.007).  It correlated negatively with a diagnosis of delirium 

(p=0.007).   

 

Correlates of new flu-like symptoms (Table 12.5) 

New flu-like symptoms following infusion were positively associated with higher pre-

infusion CRP (p=0.017) and urinary incontinence (p=0.013), but not urinary tract infection, 

and with the administration of post-operative blood transfusion (p=0.001).  They were 

significantly negatively associated with pre-infusion serum corrected calcium (p=0.037), 

meaning that flu-like symptoms were associated with lower calcium.   

 

Correlates of new atrial fibrillation (Table 12.6) 

New episodes of atrial fibrillation were positively associated with the inpatient 

complication of pneumonia (p=0.042).   

 

 
Table 12.1 
Correlates of Decrease in Calcium Following IV Zoledronic Acid Infusion 

Linear regression model 

 Beta Estimate P-value 

Corrected calcium 0.560 <.0001* 

Vitamin D -0.001 0.001* 

PTH  -0.001 0.010* 

Magnesium 0.058 0.539 

Phosphate -0.042 0.289 

eGFR  -0.001 0.176 
Linear regression analysis of drop in calcium versus various factors post IVZA administration in the Acute 
Hip Fracture Cohort (IVZA-Intravenous Zoledronic Acid). 
*Indicates statistically significant result.   
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Table 12.2 
Correlates of Decrease in Calcium for Group that Became Newly Hypocalcaemic 
Following IV Zoledronic Acid Infusion 

Linear regression model  

 Beta Estimate P-value 

Corrected calcium 0.732 0.017* 

Vitamin D -0.001 0.499 

PTH -0.001 0.155 

Magnesium 0.490 0.036* 

Phosphate -0.012 0.872 

eGFR -0.001 0.259 
Linear regression analysis of drop in calcium with new hypercalcaemia versus various factors post IVZA 
administration in the Acute Hip Fracture Cohort (IVZA-Intravenous Zoledronic Acid). 
*Indicates statistically significant result.   
 

 
Table 12.3 
Correlates of Decrease in Calcium for Group that Did NOT Become Newly 
Hypocalcaemic Following IV Zoledronic Acid Infusion 

Linear regression model  

 Beta Estimate P-value 

Corrected calcium 0.432 <.0001* 

Vitamin D -0.001 0.004* 

PTH  -0.0004 0.031* 

Magnesium 0.084 0.328 

Phosphate -0.005 0.894 

eGFR  -0.001 0.325 
Linear regression analysis of drop in calcium without new hypercalcaemia versus various factors post 
IVZA administration in the Acute Hip Fracture Cohort (IVZA-Intravenous Zoledronic Acid). 
*Indicates statistically significant result.   
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Table 12.4 
Correlates of Increase in Creatinine Following IV Zoledronic Acid Infusion 

Linear regression model  

 Beta Estimate P-value 

Corrected calcium 10.660 0.541 

Vitamin D 0.148 0.003* 

PTH  -0.012 0.729 

CRP  -0.007 0.711 

Albumin 0.230 0.484 

Dementia 2.698 0.240 

Inpatient 
dysphagia/aspiration 

1.919 0.545 

Inpatient pneumonia 2.746 0.397 

Inpatient IV antibiotics -2.991 0.313 

Inpatient constipation 4.631 0.007* 

Inpatient incontinence -2.277 0.443 

Inpatient delirium -5.472 0.007* 

Inpatient UTI (clinical) 0.077 0.973 

Inpatient RCC transfusion -0.260 0.909 

Inpatient Clinical Frailty 
Scale 

0.041 0.977 

Charlson Comorbidity Index 0.810 0.458 
Standard least squares test analysis of rise in creatinine versus various factors post IVZA administration in 
the Acute Hip Fracture Cohort (IVZA-Intravenous Zoledronic Acid). 
*Indicates statistically significant result.   
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Table 12.5 
Correlates of New Flu-like Symptoms following IV Zoledronic Acid Infusion 

Logistic regression model  

 Beta Estimate P-value 

Corrected calcium -14.630 0.037* 

Vitamin D 0.004 0.865 

PTH 0.010 0.411 

CRP 0.073 0.017* 

Albumin 0.247 0.169 

Dementia 0.800 0.297 

Ulcers -0.802 0.448 

Inpatient 
dysphagia/aspiration 

-9.512 1.000 

Inpatient pneumonia -0.371 0.710 

Inpatient IV antibiotics 2.028 0.064 

Inpatient constipation -0.153 0.816 

Inpatient incontinence 3.018 0.013* 

Inpatient delirium 0.048 0.946 

Inpatient UTI (clinical) -1.061 0.350 

Inpatient RCC transfusion 2.374 0.001* 

Inpatient Clinical Frailty 
Scale 

-0.272 0.585 

Charlson Comorbidity Index -0.056 0.899 
Linear regression analysis of flu-like symptoms versus various factors post-IVZA administration in the 
Acute Hip Fracture Cohort (IVZA-Intravenous Zoledronic Acid). 
*Indicates statistically significant result.   
 

 
 
Table 12.6 
Correlates of New Atrial Fibrillation following IV Zoledronic Acid Infusion 

Logistic regression model  

 Beta Estimate P-value 

Free T4 0.049 0.623 

Ischaemic heart disease -0.373 0.564 

Inpatient pneumonia 1.220 0.042* 
Linear regression analysis of new atrial fibrillation versus various factors post-IVZA administration in the 
Acute Hip Fracture Cohort (IVZA-Intravenous Zoledronic Acid). 
*Indicates statistically significant result.   
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12.4 Discussion 

 

The hypothesis of this section of my thesis is that intravenous zoledronic acid is both safe 

and tolerable when given within approximately two weeks of hip fracture.  In my study, 

zoledronic acid was generally very well tolerated, with a low incidence of new flu-like 

symptoms and renal impairment, and a moderate incidence of hypocalceamia.  There 

were few cases of atrial fibrillation and none of ocular side effects.  My findings support 

the safe use of intravenous zoledronic acid soon after surgery for hip fracture.  Below I 

will discuss the interpretation of these findings and factors associated with the various 

potential side effects of intravenous zoledronic acid in my cohort.   

 

Flu-like symptoms and ocular side effects 

Only 10% of participants reported new flu-like symptoms following infusion, which is well 

below the reported 30% for those receiving the medication for the first time (Lyles, 

Colón-Emeric et al. 2007).  However, it must be noted that a very high number of 

participants had pre-existing flu-like symptoms prior to the infusion.  This was likely due 

to intercurrent post-fracture medical complications such as pneumonia, constipation or 

other infection.  The presence of such conditions would likely act as a major confounder 

to the accurate reporting of new flu-like symptoms, so my results should be interpreted 

with caution.  Furthermore, the 33% incidence of post-operative delirium in my cohort 

would mean that some patients may not have been able to accurately report their 

symptoms.  The association between new flu-like symptoms and post-operative blood 

transfusions may be explained by the possible occurrence of febrile transfusion reactions, 

which would suggest that such symptoms may be attributable to the blood transfusion 

rather than the zoledronic acid infusion.  The association between new flu-like symptoms 

and urinary incontinence would at first inspection lead to the suspicion that this was 

indicative of a urinary tract infection.  However, the fact that new flu-like symptoms were 

not associated with the diagnosis of a UTI is at odds with this.  It may be the case that 

UTIs went undiagnosed, with incontinence nonetheless manifesting as a symptom.   

 

The association between higher pre-infusion CRP and a greater incidence of new flu-like 

symptoms might suggest that the flu-like symptoms could be attributable to a source of 
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systemic inflammation that pre-dated the zoledronic acid infusion, as CRP is a positive 

acute phase reactant, which can be elevated for a variety of reasons following hip 

fracture (Norring-Agerskov, Bathum et al. 2019).   

 

The negative association between higher pre-infusion serum corrected calcium and 

developing new flu-like symptoms indicates that those with lower pre-infusion calcium 

were more likely to develop new flu-like symptoms.  This may be accounted for by the 

fact that acute illness in general can be associated with hypocalcaemia (Fong and Khan 

2012), and hence hypocalcaemia itself – through its link to acute illness – may account 

for flu-like symptoms independent of the proximity to an IVZA infusion in my study.   

 

As no participants reported ocular side effects, I cannot assess for any associated risk 

factors for these.  It must be noted that ocular side effects including pain, blurred vision, 

conjunctivitis, uveitis, and scleritis are rare (Etminan, Forooghian et al. 2012).   

 

Renal function 

Renal impairment is a rare side effect of treatment with intravenous zoledronic acid 

(Markowitz, Fine et al. 2003, Kuehn 2009).  With respect to renal function, I found no 

significant difference in serum creatinine for the whole cohort before or after infusion.  

This is reassuring in relation to the use of zoledronic acid in an older population, as the 

cohort had a relatively low mean creatinine clearance of 50ml/min.  While two 

participants were found to have acute kidney injury following the infusion, a thorough 

review of their medical notes revealed that there were other more plausible causes for 

their kidney injury, such as infectious diarrhoea, congestive cardiac failure and 

gastrointestinal haemorrhage.  A rise in serum creatinine post-infusion was positively 

associated with a higher baseline vitamin D level, which was an unexpected finding 

insofar as replete vitamin D status would be more usually associated with better renal 

function and more robust health (Bischoff-Ferrari, Giovannucci et al. 2006).  Similarly, 

the association between a rise in creatinine and inpatient constipation was unexpected, 

but could be explained by the fact that constipation is often a consequence of reduced 

oral fluid intake, and hence associated with dehydration.  It is hard to speculate on 

reasons for these anomalous findings, and they may in fact be coincidental; I would 
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recommend further study on this matter, with a larger cohort to examine if this finding 

is reproducible.  A rise in creatinine was negatively associated with advancing age and 

delirium.  It is peculiar that either of these factors would appear protective against a 

deterioration in renal function.  In the case of participants with delirium, there could have 

been a converse effect of a use of intravenous fluid hydration to compensate for reduced 

oral intake, which may have mitigated renal impairment.  As such a theory would be 

speculative, I would again recommend further research in this area to test the 

reproducibility of my findings.   

 

Calcium 

Similar to creatinine, I found no overall significant difference in pre-infusion and post-

infusion calcium levels, which suggests that hypocalcaemia is not a significant occurrence 

following intravenous zoledronic acid infusion.  However, 17.2% of participants were 

recorded to have a new episode of hypocalcaemia following infusion.  This was higher 

than the level reported in the HORIZON trial (1.3%), however the cut-off for 

hypocalcaemia in my laboratory was different from that in the HORIZON trial (2.2 mmol/L 

in St James’s Hospital laboratory versus 2.075 mmol/L in the HORIZON trial).  Therefore, 

if I used the HORIZON trial criteria, the incidence of hypocalcaemia amongst my cohort 

would actually be much lower, accounting for only 7% of my cohort, but still higher than 

in the HORIZON trial (Black, Delmas et al. 2007).   

 

Linear regression models pointed towards post-infusion hypocalcaemia being associated 

with higher pre-infusion levels, and with poorer vitamin D status at baseline in this group.  

The association between lower vitamin D and new hypocalcaemia is in keeping with 

findings of other studies that demonstrate hypovitaminosis D as a risk factor for 

hypocalcaemia (Rosen and Brown 2003, Maalouf, Heller et al. 2006).  The fact that a 

higher pre-infusion serum calcium was not protective against hypocalcaemia post-

infusion is unexpected.  However, the finding that a lower parathyroid hormone level 

was also associated with decrease in calcium post-infusion, many be indicative of a lesser 

ability for calcium stores to be mobilised to the serum in the event of incipient 

hypocalcaemia and is in keeping with findings of other studies (Schussheim, Jacobs et al. 

1999, Rosen and Brown 2003, Maalouf, Heller et al. 2006)..  At any rate, my findings 
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highlight the importance of achieving a replete serum vitamin D level in advance of 

administration of intravenous zoledronic acid, and it may be beneficial to create formal 

guidelines as to preferred vitamin D levels in advance of infusion, so as to better select 

when patients should receive this therapy.   

 

Additional linear regression models looking at separate risk factors for a drop in calcium 

comparing those who became hypocalcaemic and those who did not found that a higher 

serum calcium was associated with a greater drop in post-infusion calcium for both 

groups, once again indicating that baseline calcium level may be less important than 

baseline vitamin D in terms of determining risk of hypocalcaemia.   

 

Atrial fibrillation 

Atrial fibrillation as a side effect of zoledronic acid infusion is controversial topic, and 

numerous studies have demonstrated conflicting findings.  I observed a post-infusion 

rate of new atrial fibrillation of 2.4%.  This is lower than the rate of 3-6% that would be 

ordinarily expected following hip fracture (Gupta, Steckelberg et al. 2015, Leibowitz, 

Abitbol et al. 2017).  It is, however, higher than the reported rate of atrial fibrillation post 

IV zoledronic acid in the HORIZON Pivotal Fracture Trial, which reported and incidence of 

atrial fibrillation of 1.3% in the zoledronic acid group compared with 0.5% in the placebo 

group (Black, Delmas et al. 2007).  It is also noteworthy that in logistic regression models 

in my study, the new occurrence of atrial fibrillation was associated with the lower 

respiratory tract infection, which is itself a risk factor for AF.  Hence, I would conclude 

that there was no evidence to support the theory that intravenous zoledronic acid 

increases the risk of new atrial fibrillation in my study participants, and in this regard, it 

should be considered safe to administer in a group of older adults in the weeks following 

hip fracture.   

 

Study strengths and limitations 

 

A strength of my study is that there have been few trials examining the tolerability and 

side effects of intravenous zoledronic acid in the early post hip fracture period.  However, 

I did not have a control group.  Therefore, it was difficult to determine whether side 
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effects that occurred were attributable to intravenous zoledronic acid or to other 

common post-operative complications.  In addition, the high prevalence of post-

operative delirium as well as underlying cognitive impairment meant it may have been 

difficult for participants reliably report flu-like symptoms.  Similarly, acute ill-health for 

various reasons may have affected serum calcium and creatinine levels, making their 

interpretation more difficult.   

 

Conclusions 

 

My results supported the safety and tolerability of zoledronic acid in a population of older 

adults shortly after hip fracture.  The rates of flu-like symptoms were not higher than 

would be expected or accounted for, nor were hypocalcaemia or renal impairment.  I 

also found no evidence of IV zoledronic acid being responsible for the more idiosyncratic 

potential adverse events of ocular side effects or atrial fibrillation.  Few studies have 

examined this medication in the early post-operative setting (Colón-Emeric, Nordsletten 

et al. 2011), so my study provides reassurance as to the safety and tolerability of 

zoledronic acid in the early post-operative period.  My results also highlight the 

importance of ensuring a replete vitamin D level in advance of intravenous zoledronic 

acid infusions to avoid hypocalcaemia.  Indeed, a replete vitamin D level appeared to be 

more protective against hypocalcaemia than a higher baseline calcium level.  I would 

propose further study into this area in order to establish target vitamin D levels to be 

met in advance of infusions, so as to better select patients who can be offered zoledronic 

acid in the early post hip fracture period without a significant risk of hypocalcaemia.   
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CHAPTER 13 

 

CHANGES IN MARKERS OF BONE TURNOVER FOLLOWING 

INTRAVENOUS ZOLEDRONIC ACID 
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13.1 Introduction 

 

Biochemical markers of bone turnover indicate osteoblast and osteoclast activity.  C-

terminal telopeptide of type I collagen (CTX) is secreted by osteoclasts and is a markers 

of bone resorption.  Osteocalcin (OC) and N-terminal propeptide of type 1 procollagen 

(P1NP) are both produced by osteoblasts and are markers of bone formation.  Coupled 

osteoblast and osteoclast activity is part of normal bone turnover, and biochemical 

markers of bone turnover can be measured in the serum to give an indication of cell 

activity and bone turnover.   

 

One of the aims of therapy with bisphosphonates is to suppress osteoclast activity to 

shift the balance of bone turnover in favour of formation rather than resorption, thus 

resulting in increased bone mineral density and reduced fracture risk.  As bone turnover 

is coupled, it is expected that patients treated with bisphosphonates will have 

suppression of both osteoclast and osteoblast activity.   

 

The large variation in inter- and intrapersonal levels of serum bone turnover markers, 

and the fact that they are subject to wide diurnal variation, makes their routine use 

difficult in the clinical setting (Bell, Hayen et al. 2012, Hlaing and Compston 2014).  

However, numerous studies have shown that people on bisphosphonate therapy are 

expected to experience an approximately 30% reduction from baseline in bone turnover 

markers while on treatment (Eastell, Barton et al. 2003, Eastell, Hannon et al. 2007).  It 

is poorly defined as to whether bone turnover markers are predictive of fracture risk 

independent of BMD, with some studies suggestive that they are (Garnero, Hausherr et 

al. 1996, van Daele, Seibel et al. 1996, Garnero, Sornay-Rendu et al. 2000, Gerdhem, 

Ivaska et al. 2004, Meier, Nguyen et al. 2005, Sornay-Rendu, Munoz et al. 2005, Delmas, 

Licata et al. 2006, Ivaska, Gerdhem et al. 2010), and others reporting to the contrary 

(Melton, Crowson et al. 2003, Johnell, Kanis et al. 2004, Bauer, Garnero et al. 2009, 

Crandall, Vasan et al. 2018).  Decrease in BTMs after initiation of antiresorptive therapy 

has been demonstrated in several trials be associated with long-term antifracture 

efficacy (Bjarnason, Sarkar et al. 2001, Eastell, Barton et al. 2003, Bauer, Black et al. 2004, 

Reginster, Sarkar et al. 2004, Sarkar, Reginster et al. 2004, Eastell, Hannon et al. 2007, 
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Bauer 2019), and the there is a tendency towards greater suppression of markers 

imparting greater fracture reduction efficacy.  It is however poorly defined as to what 

underlying factors may be associated with successful suppression of bone turnover 

markers while on bisphosphonate therapy, especially when given in the early post-hip 

fracture period.   

 

I aimed to determine the extent in suppression of bone turnover markers in study 

participants treated with Zoledronic Acid shortly following hip fracture.  My hypothesis 

in this regard is that zoledronic acid should result in suppression of bone markers if given 

early following hip fracture, to the same extent that it would if given at a time remote 

from fracture.  I also aimed to determine factors associated with successful suppression 

of bone markers, in the context of the expectation that participants calcium and vitamin 

D status may have a bearing on their biochemical response to intravenous zoledronic 

acid.   

 

The relationship between change in bone turnover markers and change in BMD is 

explored in Chapter 14.   

 

13.2 Methods 

 

Study Population and Design 

Study population comprised patients admitted to St James’s Hospital Dublin who had an 

acute hip fracture from January 2015 to March 2016.  Inclusion and exclusion criteria, as 

well as data collection methodology and blood sampling have been previously described 

in detail in Chapter 4.   

 

Methodology 

All participants received zoledronic acid 5mg in a single infusion over 30 minutes, given 

between 2 days and 14 days following surgery for acute hip fracture (or within 14 days 

of acute fracture if a participant was managed non-operatively).  Each participant 

received a single oral dose of 50,000 IUs of 25(OH)D prior to infusion and thereafter 

continued a regular daily dose of calcium carbonate 2500mg and cholecalciferol 800 IUs.  
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Participants whose baseline creatinine clearance was less than 50ml/min received an 

intravenous infusion of 1,000ml of 0.9% normal saline over 8-12 hours prior to zoledronic 

acid infusion.  All participants were encouraged to drink adequate volumes of fluid the 

day of and the day after zoledronic acid infusion.  All participants were offered regular 

paracetamol from the day of infusion until at least 2 days following infusion.   

 

Baseline serum markers of bone turnover, CTX, OC and P1NP were collected the day of 

or day before infusion, as per study protocol described in detail in Chapter 4, and were 

processed in the St James’s Hospital Dublin laboratory.  In all cases, fasting blood samples 

were taken on the day of assessment (prior to infusion of zoledronic acid) with all blood 

tests being performed before 11:00 a.m. to standardise for diurnal variation in 

biochemical markers of bone turnover.  Follow-up serum bone turnover markers were 

collected on participants’ follow-up clinic visit approximately 1 year later under the same 

fasting and time-of-day conditions as the baseline blood test, to improve intra-

participant comparability.   

 

Additional blood tests included full blood count, creatinine and estimated glomerular 

filtration rate, calcium, albumin, vitamin D, parathyroid hormone, free thyroxine (T4), 

magnesium and phosphate.   

 

Statistical analysis 

Paired t-test was used to examine for significant change in serum markers of bone 

turnover from baseline to 1-year post infusion of intravenous zoledronic acid.  All 

statistical analysis was performed using JMP Edition 14.2.0 (SAS Institute, 2018).   

 

Study Covariates 

Participants’ discharge medications, their history of medical comorbidities of dementia, 

depression, epilepsy, falls, diabetes mellitus, ischaemic heart disease, hypertension, 

stroke, Clinical Frailty Scale and Charlson Comorbidity Index were collected from medical 

records as previously described.  Data were similarly collected on participant’s relevant 

history of fracture, vitamin D supplement use and prior exposure to osteoporosis 
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medications.  Body mass index at the time of measurement of initial bone markers was 

conducted as described previously.   

 

Statistical models 

Multiple regression models were used to determine associations between changes in 

bone markers and the study covariates.  I constructed linear regression models to explore 

associations between a decrease in measured markers from baseline to follow-up, and 

potential correlates of blood tests, medical comorbidities, discharge medications, and 

osteoporosis and fracture history.  These models are reported in Tables 13.3 to 13.6.  

Table 13.3 explores correlates of changes in BTMs and various relevant blood tests (such 

as serum corrected calcium, vitamin D and parathyroid hormone).  Table 13.4 explores 

correlates of changes in BTMs and specific participant diagnoses (such as history of 

depression, epilepsy, dementia and falls).  Table 13.5 explores correlates of changes in 

BTMs and discharge medications (including proton pump inhibitors, anti-epileptic drugs, 

oral corticosteroids and antidepressant drugs).  Table 13.6 explores correlates of changes 

in BTMs and participant cross-sectional characteristics relevant to osteoporosis (such as 

prior history of fracture and whether or not they were on pharmacologic treatment for 

osteoporosis on admission).   

 

I conducted similar logistic regression models to determine if there were any additional 

correlations between the same covariates and a successful suppression of bone markers 

by the internationally accepted standard of 30% suppression (Eastell, Barton et al. 2003, 

Eastell, Hannon et al. 2007).  These logistic regression models are reported in Tables 13.7 

to 13.10.  Table 13.7 explores correlates of 30% suppression of BTMs and various relevant 

blood tests (such as serum corrected calcium, vitamin D and parathyroid hormone).  

Table 13.8 explores correlates of 30% suppression of BTMs and specific participant 

diagnoses (such as history of depression, epilepsy, dementia and falls).  Table 13.9 

explores correlates of 30% suppression of BTMs and discharge medications (including 

proton pump inhibitors, anti-epileptic drugs, oral corticosteroids and antidepressant 

drugs).  Table 13.10 explores correlates of 30% suppression of BTMs and participant 

cross-sectional characteristics relevant to osteoporosis (such as prior history of fracture 

and whether or not they were on pharmacologic treatment for osteoporosis on 
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admission).  All statistical analysis was performed using JMP Edition 14.2.0 (SAS Institute, 

2018). 
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13.3 Results 

 

165 participants with acute hip fractures were enrolled in the study, the characteristics 

of whom have been previously described.  The day of collection of serum markers of 

bone turnover ranged from day 2 to day 11 post hip fracture fixation surgery with median 

day of infusion being day 6.  Serum markers of bone turnover were available for 161 of 

these participants.  Bone marker results were available for 81 participants at 1-year 

follow up.   

 

Baseline Bone Turnover Markers 

Baseline levels of bone markers are described in the table below.  P1NP showed a higher 

prevalence of elevation at baseline compared with OC or CTX.   

 

Table 13.1 
Baseline Markers of Bone Turnover (n=161) 

 Baseline Reference range % Elevated 

CTX 0.417 ± 0.269 0.016-1.008 ng/mL 3.1% 

OC 16.71 ± 11.71 13-48 ng/mL  1.9% 

P1NP 61.52 ± 51.34 16.3-73.9 ng/mL 24.8% 
Baseline bone turnover markers in the Acute Hip Fracture Cohort (n=165). 

 

Reduction in Levels of Bone Turnover Markers 

Of the 81 participants who had baseline and follow-up data, I performed a paired t-test 

to determine if there was a significant difference in bone markers at 1 year compared 

with baseline.  CTX and P1NP showed significant suppression from baseline to follow-up, 

but OC did not, as outlined in the table below.   

 

Table 13.2 
Baseline and 1-Year Markers of Bone Turnover (n=81) 

 Baseline 1-year follow-up % Change 

CTX (ng/mL) 0.389 0.231 39.56% decrease, p <0.0001a 

OC (ng/mL) 15.57 15.21 2.25% decrease, p =0.6945 a 

P1NP (ng/mL) 55.15 41.57 24.62% decrease, p <0.001 a 
Baseline and 1-year bone turnover markers in the Acute Hip Fracture Cohort (includes only  
those participants that attended for both baseline and 1-year follow-up testing). 
a paired t test 
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Figure 13.1 Baseline and 1-year Follow-Up CTX Levels 

 

 

 

 

Figure 13.2 Baseline and 1-year Follow-Up OC Levels 
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Figure 13.3 Baseline and 1-year Follow-up P1NP Levels 

 

Target 30% Suppression of Bone Turnover Markers 

62.9% of participants recorded a 30% reduction in CTX from baseline to follow-up; 47.5% 

of participants recorded a 30% reduction in P1NP and 17.5% of participants recorded a 

30% reduction in OC.   

 

Correlates of CTX 

There was significant positive correlation between decreasing CTX and higher baseline 

serum calcium (p=0.011), higher baseline free T4 (p=0.049).  However, the association 

with free T4 became non-significant when the model was adjusted for renal function, 

serum magnesium and serum phosphate (Table 13.3, Model 1b).  There was significant 

negative correlation between decreasing CTX and higher baseline vitamin D (p=0.027).   

 

There was no statistically significant association between decreasing CTX and serum 

parathyroid hormone.  Nor was there any significant association between decreasing CTX 

and background medial history, osteoporosis history or discharge medications in (Tables 
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13.4 to 13.6), with the exception of a prior history of hip fracture which correlated 

negatively with decreasing CTX (p=0.036).   

 

For logistic regression models examining correlates of target 30% suppression of CTX 

(Tables 13.7 to 13.10), significant correlates were Vit D which was negatively associated 

with adequate suppression (p=0.025), corrected calcium, which was positively associated 

(p=0.038), meaning that a higher baseline serum calcium was associated with achieving 

target CTX suppression, but a higher baseline vitamin D was associated with a lower 

chance of achieving adequate CTX suppression.  In addition, a target suppression of CTX 

was negatively associated with participants’ being prescribed any antidepressant 

medication on discharge, meaning that those prescribed an antidepressant were less 

likely to achieve target suppression of CTX.   

 

Correlates of Osteocalcin 

As mentioned previously, there was no significant reduction in osteocalcin from baseline 

to repeat at one year over the entire cohort.  A higher baseline free T4 level was positively 

associated with a decrease in osteocalcin (p=0.046) (Table 13.3).  Prior history of any 

fracture was associated with the degree of suppression in osteocalcin (p=0.001), but 

there was a negative association with osteocalcin suppression and prior history of hip 

and vertebral fractures (p=0.002 and p=0.012 respectively) (Table 13.6).  A decrease in 

osteocalcin was also negatively associated with participants’ being on a vitamin D 

supplement on admission (p=0.013) (Table 13.6).  There were no significant associations 

between target 30% suppression of osteocalcin and any covariates explored (Tables 13.7 

to 13.10).   

 

Correlates of P1NP 

A fall in P1NP was significantly positively associated with higher baseline serum calcium 

(p=0.012) and PTH (p=0.033) and eGFR (p=0.033) (Table 13.3), as well as BMI (p=0.003) 

(Tables 13.6).  There was no significant correlation between a reduction in P1NP over 

one year and baseline vitamin D level.  There was a negative correlation between target 

suppression of P1NP by 30% and proton pump inhibitor medications (PPIs) on discharge 

prescription (p=0.031), meaning that those participants prescribed a proton pump 
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inhibitor were less likely to have target suppression of P1NP.  There was a positive 

association with target suppression of P1NP and higher baseline BMI (p=0.020).   
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Table 13.3 
Factors Associated with Magnitude of Suppression of Markers of Bone Turnover (Osteoporosis-Specific Blood Tests) 

Linear regression models 
 CTX Osteocalcin P1NP 

 Model 1a Model 1b Model 1a Model 1b Model 1a Model 1b 

 Beta 
Estimate 

P-
value 

Beta 
Estimate 

P-
value 

Beta 
Estimate 

P-
value 

Beta 
Estimate 

P-
value 

Beta 
Estimate 

P-
value 

Beta 
Estimate 

P-
value 

Sex 0.030 0.418 0.0511 0.264 0.003 0.9979  -0.138 0.927 -4.098 0.371 -5.144 0.322 

Age 0.004 0.272 0.004 0.258 0.097 0.3912 0.107 0.358 0.059 0.887 0.134 0.735 

Corrected 
Calcium 

1.124 0.011* 1.148 0.038* 4.242 0.7582 14.882 0.404 85.364 0.102 161.850 0.012* 

Vitamin D -0.002 0.027* -0.002 0.019*  -0.061 0.0501  -0.053 0.116 -0.007 0.951 0.051 0.651 

PTH 0.001 0.149 0.000 0.717  -0.007 0.7188 0.010 0.737 0.099 0.200 0.215 0.033* 

Albumin -0.004 0.504 -0.005 0.406  -0.060 0.7742  -0.059 0.784 0.704 0.365 0.704 0.345 

Free T4 0.016 0.049* 0.012 0.224 0.509 0.0616 0.668 0.046* 0.227 0.816 1.337 0.230 

eGFR - - -0.002 0.461 - - 0.092 0.277 - - 0.638 0.033* 

Magnesium - - 0.416 0.364 - -  -3.148 0.836 - - -22.805 0.661 

Phosphate - - -0.180 0.336 - -  -0.957 0.877 - - -8.828 0.677 

Inpatient 
BMI 

-0.004 0.589 -0.002 0.861 0.066 0.790 -0.019 0.949 1.746 0.064 1.133 0.266 

Linear regression analysis of the magnitude of suppression of bone turnover markers versus osteoporosis specific blood tests in the Acute Hip Fracture Cohort. 
Model 1a: eGFR, Magnesium   
Model 1b: eGFR, Magnesium and Phosphate  
*Indicates statistically significant result.   
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Table 13.4 
Factors Associated (Medical History) with Magnitude of Suppression of Markers of Bone Turnover  

Linear regression 

 CTX Osteocalcin P1NP 

 Beta Estimate P-value Beta Estimate P-value Beta Estimate P-value 

Sex 0.031 0.506 1.058 0.408 -3.661 0.436 

Age 0.009 0.261 -0.099 0.637 0.325 0.695 

Dementia 0.003 0.975 -1.073 0.673 -6.075 0.564 

History of falls (No) -0.070 0.147 -1.130 0.395 -0.207 0.966 

Depression 0.001 0.979 -0.708 0.610 2.184 0.669 

Epilepsy 0.001 0.993 -0.054 0.988 8.298 0.527 

Type 1 diabetes mellitus 0.014 0.905 -4.797 0.143 -7.853 0.531 

Type 2 diabetes mellitus -0.704 0.683 -1.964 0.059 11.626 0.136 

Ischaemic heart disease 0.041 0.652 -3.581 0.172 3.858 0.700 

Hypertension 0.042 0.371 2.605 0.056 5.359 0.276 

Stroke 0.003 0.966 1.077 0.593 2.440 0.749 

Inpatient BMI 0.008 0.366 0.284 0.264 2.070 0.034* 

Inpatient Clinical Frailty Scale -0.071 0.121 -0.369 0.776 -3.087 0.518 

Charlson Comorbidity Index -0.024 0.661 1.169 0.449 -1.745 0.776 
Standard least squares analysis of the magnitude of suppression of bone turnover markers versus medical history in the Acute Hip  
Fracture Cohort. 
No statistically significant association were found in this model.   
*Indicates statistically significant result.   
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Table 13.5 
Factors Associated (Discharge Medications) with Magnitude of Suppression of Markers of Bone Turnover  

Linear regression 

 CTX Osteocalcin P1NP 

 Beta Estimate P-value Beta Estimate P-value Beta Estimate P-value 

Sex 0.041 0.377 0.654 0.656 -4.838 0.315 

Age 0.004 0.315 0.102 0.443 0.088 0.840 

Any inhaled steroids 0.047 0.426 0.743 0.698 -2.061 0.741 

Proton pump inhibitors 0.018 0.672  -1.276 0.342 -7.726 0.084 

Benzodiazepines 0.096 0.223  -1.186 0.629 -6.688 0.405 

Z-Drugs -0.092 0.347 0.762 0.804 9.353 0.355 

Any anti-depressant drugs -0.045 0.308  -0.732 0.605 -0.316 0.945 

Anti-epileptic drugs -0.098 0.215  -1.166 0.636 4.241 0.598 

Any food supplement on discharge (Yes) -0.054 0.362  -2.357 0.234 -3.240 0.612 

Oral steroids -0.109 0.258  -0.216 0.943 8.210 0.406 

Inpatient BMI  0.007 0.402 0.108 0.704 1.732 0.069 
Standard least squares analysis of the magnitude of suppression of bone turnover markers versus discharge medications in the Acute Hip  
Fracture Cohort. 
No statistically significant association were found in this model.    
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Table 13.6 
Factors Associated (Osteoporosis-Specific History) with Magnitude of Suppression of Markers of Bone Turnover  
 

Linear regression 

 CTX Osteocalcin P1NP 

 Beta Estimate P-value Beta Estimate P-value Beta Estimate P-value 

Sex 0.034 0.408 -0.056 0.960               -2.185 0.607 

Age 0.006 0.096 0.143 0.169 0.083 0.832 

Prior osteoporosis diagnosis (Yes) 0.010 0.894 0.613 0.772 4.345 0.591 

Prior fracture, any (Yes) 0.251 0.145 8.115 0.001* 4.925 0.566 

Prior hip fracture (Yes) -0.408 0.036* -10.809 0.002* -16.194 0.185 

Prior vertebral fracture (Yes) -0.240 0.086 -9.868 0.012* -0.219 0.988 

Prior wrist fracture (Yes) -0.116 0.431 - - - - 

Vitamin D supplement on admission (Yes) -0.104 0.241 -6.234 0.013* -10.202 0.268 

Bone drug on admission (Yes) -0.086 0.344 0.041 0.987 -12.503 0.187 

Inpatient BMI  0.009 0.213 0.354 0.076 2.437 0.003* 
Standard least squares analysis of the magnitude of suppression of bone turnover markers versus osteoporotic history in the Acute Hip  
Fracture Cohort, multivariate analysis. 
*Indicates statistically significant result.   
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Table 13.7 
Factors Associated with Target 30% Suppression of Markers of Bone Turnover (Osteoporosis-Specific Blood Tests) 

Logistic regression models 

 CTX Osteocalcin P1NP 

 Model 1a Model 1b Model 1a Model 1b Model 1a Model 1b 

 Beta 
Estimate 

P-
value 

Beta 
Estimate 

P-
value 

Beta 
Estimate 

P-
value 

Beta 
Estimate 

P-
value 

Beta 
Estimate 

P-
value 

Beta 
Estimate 

P-
value 

Sex -0.101 0.857 -0.443 0.534 0.011 0.987 -0.332 0.687       0.133 0.820 -0.296 0.691 

Age -0.063 0.264 -0.113 0.122 -0.042 0.525 -0.084 0.330 0.055 0.420 0.039 0.606 

Corrected 
Calcium 

-14.442 0.068 -29.083 0.038* -2.504 0.745 -9.209 0.414 -9.871 0.165 -11.795 0.301 

Vitamin D 0.048 0.010* 0.075 0.025* 0.014 0.500 0.028 0.312 0.036 0.155 0.0504 0.277 

PTH -0.019 0.116 -0.029 0.147 0.041 0.268 0.047 0.334 0.015 0.605 0.026 0.547 

Albumin 0.018 0.841 -0.007 0.939 0.036 0.714 0.043 0.714 0.038 0.726 0.035 0.755 

Free T4 0.090 0.529 0.175 0.360 -0.198 0.212 -0.244 0.186 0.079 0.642 0.138 0.556 

eGFR - - -0.005 0.883 - - -0.043 0.469 - - -0.006 0.888 

Magnesium - - 4.860 0.461 - - -0.672 0.923 - - -4.863 0.499 

Phosphate - - 5.716 0.122 - - 2.355 0.555 - - 1.225 0.769 

Inpatient 
BMI  

-0.070 0.651 -0.146 0.454 0.105 0.505 0.160 0.423 -0.3740 0.0947 -0.470 0.128 

Logistic regression analysis of target 30% suppression of bone turnover markers versus osteoporosis specific blood tests in the Acute Hip Fracture Cohort.   
Model 1a: eGFR, Magnesium  
Model 1b: eGFR, Magnesium and Phosphate  
*Indicates statistically significant result.   
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Table 13.8 
Factors Associated with Target 30% Suppression of Markers of Bone Turnover (Medical History) 

Logistic regression model  

 CTX Osteocalcin P1NP 

 Beta Estimate P-value Beta Estimate P-value Beta Estimate P-value 

Sex 0.157 0.739 -0.394 0.618 0.800 0.338 

Age -0.050 0.557 -0.181 0.258 0.097 0.548 

Dementia -0.095 0.935 12.946 0.999 1.419 0.719 

History of falls (No) 0.521 0.315 0.830 0.261 1.659 0.173 

Depression 0.725 0.170 0.479 0.587 1.179 0.385 

Epilepsy -9.434 0.999 10.696 1.000 -10.060 1.000 

Type 1 diabetes mellitus -0.197 0.867 8.306 1.000 10.575 0.998 

Type 2 diabetes mellitus -0.592 0.483 -2.336 0.061 -0.009 0.995 

Ischaemic heart disease  -0.092 0.922 9.451 0.999 -0.787 0.842 

Hypertension -0.221 0.625 -0.753 0.296 -1.116 0.160 

Stroke -0.467 0.533 -0.295 0.778 -2.995 0.202 

Inpatient BMI  -0.035 0.715 0.118 0.428 -0.455 0.038* 

Inpatient Clinical Frailty Scale 0.943 0.061 0.153 0.816 1.763 0.152 

Charlson Comorbidity Index -0.068 0.910 0.815 0.456 0.389 0.734 
Logistic regression analysis of suppression of bone turnover markers versus medical history in the Acute Hip Fracture Cohort.  
*Indicates statistically significant result.   
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Table 13.9 
Factors Associated with Target 30% Suppression of Markers of Bone Turnover (Discharge Medications) 

Logistic regression model 

 CTX Osteocalcin P1NP 

 Beta Estimate P-value Beta Estimate P-value Beta Estimate P-value 

Sex 0.113 0.819 0.003 0.996 1.183 0.108 

Age -0.033 0.480 -0.097 0.148 0.047 0.493 

Any inhaled steroids -0.265 0.682 -0.550 0.490 11.858 0.999 

Proton pump inhibitors 0.523 0.258 1.219 0.074 -1.753 0.031* 

Benzodiazepines -1.287 0.184 7.818 1.000 -0.516 0.575 

Z-Drugs 0.126 0.929 8.292 1.000 -0.843 0.438 

Any anti-depressant drugs 1.266 0.017* 0.791 0.320 0.099 0.860 

Anti-epileptic drugs -0.065 0.937 8.972 0.999 -10.704 0.999 

Any food supplement on discharge (Yes) 0.704 0.348 9.767 0.999 -0.051 1.000 

Oral steroids 0.697 0.458 10.434 1.000 8.781 1.000 

Inpatient BMI 0.059 0.551                0.114 0.327 -0.242 0.155 
Logistic regression analysis of suppression of bone turnover markers versus medications in the Acute Hip Fracture Cohort. 
*Indicates statistically significant result.   
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Table 13.10 
Factors Associated with Target 30% Suppression of Markers of Bone Turnover (Osteoporosis-Specific History) 

Logistic regression model  

 CTX Osteocalcin P1NP 

 Beta Estimate P-value Beta Estimate P-value Beta Estimate P-value 

Sex 0.187 0.707 0.410 0.466 0.245 0.621 

Age -0.052 0.231 -0.098 0.159 0.048 0.334 

Prior osteoporosis diagnosis (Yes) -10.053 1.000 9.299 0.999 -8.761 0.997 

Prior fracture, any (Yes) -42.187 0.999 -39.592 1.000 -8.672 0.996 

Prior hip fracture (Yes) 63.133 0.999 49.367 1.000 25.444 0.995 

Prior vertebral fracture (Yes) 32.101 0.999 49.926 0.999 16.413 0.997 

Prior wrist fracture (Yes) 21.251 0.999 - - - - 

Vitamin D supplement on admission (Yes) 10.625 0.999 9.184 0.999 13.319 1.000 

Bone drug on admission (Yes) 10.601 0.999 9.143 0.999 12.165 1.000 

Inpatient BMI -0.037 0.661 -0.045 0.642 0.275 0.020* 
Logistic regression analysis of suppression of bone turnover markers versus osteoporotic history in the Acute Hip Fracture Cohort. 
*Indicates statistically significant result.   
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13.4 Discussion 

 

The use of bone turnover markers as clinical adjunct and guide in osteoporosis therapy 

as opposed to as a research tool is somewhat nebulous (Kanis, McCloskey et al. 2013).  

However, when measured under standardised conditions as they were in my study, they 

can give useful information as to the response to therapy at a cellular level (Christgau, 

Rosenquist et al. 1998, Rosen, Moses et al. 2000, Bauer, Black et al. 2004); and a 

successful response to bisphosphonate therapy is considered to have been achieved if 

BTMs are suppressed by 30% compared with baseline (Eastell, Barton et al. 2003, Eastell, 

Hannon et al. 2007).  In this study I aimed to determine if treatment with zoledronic acid 

in the weeks following hip fracture resulted in a significant suppression in markers of 

bone turnover, and to what extent the 30% suppression target was achieved, as well as 

what factors may be associated with this.  I will discuss these topics in that order below.   

 

Baseline level of markers 

I found that on average, markers of bone turnover were within normal ranges in the early 

post-facture period, but a significant proportion (24.8%) of participants had an elevated 

level of P1NP, which may have represented increased bone remodelling in the post-

fracture phase (Clarke 2008).   

 

Changes in bone markers over one year 

Overall, I found that CTX (a marker of bone resorption) and P1NP (a marker of bone 

formation) showed significant suppression over the course of one-year, but Osteocalcin 

(a marker of formation) did not show significant change.  The fact that greatest 

suppression was seen in CTX, where 63% of participants achieved target suppression, 

compared with 48% for P1NP and 14% for Osteocalcin supports the theory that the 

mechanism by which zoledronic results in increased BMD is through greater suppression 

of bone resorption than bone formation.  Indeed 45% of participants saw a rise in 

Osteocalcin and 38% had a rise in P1NP, indicating a greater bone formation activity at 

the end of therapy compared with the start.  This is broadly consistent with the existing 

knowledge that treatment with bisphosphonates results in an earlier suppression of 

markers of resorption (CTX) and a later and less pronounced suppression of markers of 
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bone formation, such as osteocalcin and P1NP (Vasikaran, Eastell et al. 2011).  The 

association between change in BTMs and BMD in my study group is discussed in the next 

chapter, but the high rate of suppression of markers may be indicative of a likely gain in 

bone mineral density, as has been shown in other studies (Grey, Bolland et al. 2009).   

 

A caveat in the interpretation of this is that only 49% of my participants returned for 

follow-up at one year.  The 20% one-year mortality accounted for some of this fall-off 

rate, but the remainder for whom I do not have follow-up results were more likely to be 

frail or nursing home residents.  Therefore, my results are more representative of a more 

robust and mobile group.   

 

That notwithstanding, my findings are similar to the numerous studies summarised in 

Chapter 3 (Tables 3.3 and 3.4), which all demonstrated significant suppression of both 

CTX and P1NP in patients treated with zoledronic acid.  While 15 of the 16 studies 

summarised in these tables showed statistically significant reduction in BTMs following 

treatment with intravenous zoledronic acid, one study did not (Orwoll, Miller et al. 2010).  

This was a relatively small study of 302 participants, all of whom were men, so is not as 

readily comparable to my own cohort, two-thirds of whom were women.   

 

Only two of the studies comprised patients who had a recent history of hip surgery.  The 

first of these, a randomised controlled trial of 482 Chinese patients who were given a 

single dose of intravenous zoledronic acid within a week of hip fracture reported 

significant reduction in BTMs (Liu, Li et al. 2019).  The second of these studies referred to 

administration of IVZA in a randomised controlled trial of only 32 participants 5-7 days 

following hip arthroplasty for “hip disorder” (Zhou, Liu et al. 2019); it was unclear as to 

whether the arthroplasty was for hip fracture or other reasons.  Nonetheless, this 

highlights a dearth of evidence for the metabolic efficacy of IVZA given in the early phase 

following hip fracture, and an important finding of my study is the proof of hypothesis 

that BTMs are significantly suppressed by early treatment with intravenous zoledronic 

acid following hip fracture.   
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Regarding the magnitude of suppression of bone turnover, the interpretation of my 

findings is somewhat more complex.  This is because most comparable studies reported 

change in BTMs over varying periods of time, between one and three years.  Examining 

the proportional change in CTX from baseline to one-year, in my study cohort CTX fell by 

40% on average.  Other studies that followed participants for only one year reported 49% 

reduction (Zhou, Liu et al. 2019), 51% reduction (Dempster, Zhou et al. 2012), 61% 

reduction (Cosman, Eriksen et al. 2011) and 53% reduction (Reid, Brown et al. 2002).  

These were all relatively small trials, with some 200 participants receiving intravenous 

zoledronic acid in the largest one, and none of the trials was for participants following 

hip fracture.  Trials assessing changes in BTMs over 2-years following intravenous 

zoledronic acid showed mean reductions in CTX ranging from 22% to 70%, with most 

being greater than 50% (Grey, Bolland et al. 2009, McClung, Miller et al. 2009, Orwoll, 

Miller et al. 2010, Greenspan, Perera et al. 2015, Liang, Shi et al. 2017, Liu, Gan et al. 

2018, Liu, Li et al. 2019).  Of these 2-year studies, the only one where zoledronic acid was 

given in the early post hip fracture period, the decrease in CTX was 22.4% (Liu, Li et al. 

2019).  Hence, although the extent of CTX suppression was greater in these studies than 

in mine, the CTX suppression in the most comparable setting (shortly post-fracture) was 

less than in my participants.  This may be indicative of a more blunted response to 

suppression of bone turnover if zoledronic acid is given shortly post fracture.  If such a 

blunted response exists at a biochemical level, it would be useful to assess for clinical 

significance of this finding by following participants for a longer period to record if new 

fragility fractures occur.  This is a topic which warrants further research as existing 

evidence is unclear.  However, it is reassuring that the average reduction in CTX in my 

cohort was in excess of the target of 30% reduction which is indicative of response to 

bisphosphonate therapy.   

 

Regarding Osteocalcin, I did not observe a statistical difference in mean levels at baseline 

versus one-year (2.2% decrease, p=0.69).  Few other studies have reported on changes 

in Osteocalcin.  Those that have report levels of decrease in Osteocalcin between 10% 

(Shiraki, Tanaka et al. 2017) and 60% (Reid, Brown et al. 2002).  Therefor it is difficult to 

interpret the findings in relation to osteocalcin in my study, suffice it to say that bone 

formation did not appear to be suppressed to the same extent as bone resorption.  This 
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is further illustrated by the fact that the significant reduction in P1NP in my cohort to the 

extent of 25%, which is less than the 40% suppression in CTX.  This compares with 

reductions in P1NP o9f between 28% and 62%, as reported in the studies above.  The 

phenomenon of greater suppression of markers of resorption than of formation is also 

mirrored in the various studies referenced above, which adds weight to the hypothesis 

that IV zoledronic acid has a similar metabolic effect when given soon after hip fracture 

as is does when given at times remote from a fracture.   

 

It is noteworthy to mention that most of these studies report greater percentage 

suppression in these markers of bone turnover than I found in my study.  This may be 

accounted for by the fact that most of these studies followed participants for longer than 

my one-year study period, and therefore may have measured a more cumulative effect 

of suppression of bone turnover over time.  It is also noteworthy that only a minority of 

these studies reported on changes in osteocalcin, indicating its role is less well 

understood in the gauging of response to zoledronic acid therapy.   

 

Factors associated with change/suppression of bone turnover markers 

I used linear regression models to assess for association between the rate of decrease in 

bone turnover markers and potentially relevant participant characteristics.  The models 

are explained in the methodology section of this chapter and illustrated in Tables 13.3 to 

13.6.   

I used logistic regression models to assess for correlation between successful target 30% 

suppression in bone turnover markers and the same potentially relevant participant 

characteristics.  The models are explained in the methodology section of this chapter and 

illustrated in Tables 13.7 to 13.10.   

 

Correlates of change in CTX 

Suppression of CTX correlated with higher baseline calcium and free T4, and lower 

baseline vitamin D.  The association with higher calcium is perhaps expected as adequate 

calcium stores are required for bone formation and higher serum calcium may be 

indicative of greater metabolic bone activity.  This finding may underline the importance 

of ensuring an adequate oral calcium intake after hip fracture, and the use of 
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supplements if adequate dietary intake is not achievable (2014, Cosman, de Beur et al. 

2014).  However, it is surprising that a lower baseline vitamin D was associated with a 

greater suppression of CTX, as a replete vitamin D level is usually associated with better 

bone health (Bischoff-Ferrari, Willett et al. 2012, Kanis, McCloskey et al. 2013).  A possible 

explanation for this finding is that those participants with lower vitamin D may have had 

greater secretion of parathyroid hormone and hence greater osteoclast activity (Chapuy, 

Preziosi et al. 1997, Thomas, Lloyd-Jones et al. 1998, Heaney 2003); this putative higher 

level of osteoclast activity may have given an opportunity for greater relative suppression 

of bone turnover by zoledronic acid.  However, there was no statistically significant 

elevation in PTH levels associated with higher lower vitamin D level or with greater 

suppression of CTX, so my explanation remains theoretical.  The fact that all my study 

participants received high dose vitamin D at the time of IVZA infusion may have mitigated 

potential deleterious effects of low baseline vitamin D.  I would recommend further study 

in this area to better explain this these findings.  Nonetheless, these findings support the 

evidence that being replete in calcium and vitamin D is an important aspect of bone 

health (Bischoff-Ferrari, Willett et al. 2012, Kanis, McCloskey et al. 2013).   

 

A higher baseline free T4 was also associated with a greater decrease in CTX., but this 

association only remained statistically significant in the model that omitted eGFR, 

magnesium and phosphate as confounders (Table 13.3, Model 1a).  Overt 

hyperthyroidism is known to be a risk factor for osteoporotic fracture (Abrahamsen, 

Jørgensen et al. 2014), and subclinical hyperthyroidism is associated with low BMD and 

increased fracture risk in observational studies (Williams and Bassett 2018).  This further 

supports a putative explanation that those with tests indicative of higher metabolic 

activity, and possibly higher bone turnover may accrue a more pronounced benefit in 

terms of suppression of bone resorption.  Therefore, it is important to comprehensively 

screen for secondary causes of osteoporosis to guide appropriate treatment.  However, 

the confounding effect of the inclusion of eGFR, magnesium and phosphate, may indicate 

that the influence of renal function and renal loss or retention of electrolytes may play a 

role in the effect of IVZA on bone turnover that is poorly-accounted for in my study.   
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Suppression of CTX after one year correlated negatively with having a prior hip fracture 

and with being on an antidepressant on discharge, meaning that those with a previous 

hip fracture and those prescribed antidepressant drugs on discharge were less likely to 

experience suppression of CTX.  Participants who had a prior history of hip fracture may 

have been expected to have been already treated with an antiresorptive agent for 

osteoporosis, which would potentially explain a blunted response to zoledronic acid.  

However, as previously discussed in Chapter 6, there was a low prevalence of treatment 

for prior osteoporosis in my cohort, and furthermore, I did not find a significant 

association between poorer CTX response to intravenous zoledronic acid and 

participants who were already on pharmacologic treatment for osteoporosis at the time 

of admission.  Therefore, the explanation for this finding remains unclear, and I would 

recommend further study on a larger cohort to test its reproducibility.  With respect to 

antidepressant medications, their link with osteoporosis is uncertain (Power, Duffy et al. 

2019).  Some large cross-sectional and prospective cohort studies, selective serotonin 

reuptake inhibitors (SSRI) users, but not tricyclic antidepressants (TCA) users, have been 

had reduced BMD in older men (Haney, Chan et al. 2007) and increased rates of bone 

loss at the hip in older women (Diem, Blackwell et al. 2007).  And both SSRIs and TCAs 

have been associated with an increased risk of low-trauma fractures (Liu, Anderson et al. 

1998, Ensrud, Blackwell et al. 2003, Richards, Papaioannou et al. 2007).  Therefor it is not 

unexpected that there would be a link between the use of antidepressants and a blunted 

biochemical response to intravenous zoledronic acid.  However, my study was not 

powered to test for difference in effect between different antidepressant medications.  

The clinical significance of this finding is uncertain, but it highlights the renewed need to 

elucidate the complex interaction between depression and anti-depressant medications, 

and falls risk, osteoporosis and fractures (Power, Duffy et al. 2019).   

 

Correlates of change in Osteocalcin 

The fact that there was no significant reduction in osteocalcin from baseline to repeat 

measurement at one-year over the entire cohort detracts somewhat from the 

significance of its applicability as a metric for my study.  However, the linear and logistic 

regression models described previously allowed exploration of changes in osteocalcin 

where they did occur.  Similar to what was observed with CTX, a higher bassline free T4 
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level was positively associated with a decrease in osteocalcin.  As in the case of CTX, it 

may be the case that higher metabolic activity gives opportunity for greater suppressive 

effect by zoledronic acid.   

 

Like CTX, suppression of osteocalcin was negatively associated with a prior history of hip 

fracture.  But unlike CTX, it was also negatively associated with a prior history of vertebral 

fracture and positively associated with a prior history of any fracture.  These results are 

somewhat conflicting and may be demonstrative of the fact that osteocalcin did not 

significantly change in my cohort, and hence lacks meaningful correlates.  Similarly, the 

decrease in osteocalcin that was negatively associated with participants’ being on a 

vitamin D supplement on admission may be indicative of the fact that those with an 

underlying poorer level of health were more likely to be on supplements.  However, this 

was not borne out with any association with Charlson Comorbidity Index or Clinical Frailty 

Score, so the finding is nebulous and would require further study on a larger cohort to 

draw meaningful conclusions.   

 

Correlates of change in P1NP 

Similar to CTX, a fall in P1NP was significantly positively associated with higher baseline 

serum calcium, but unlike CTX, P1NP was also positively associated with higher baseline 

PTH and eGFR, as well as with inpatient BMI.  In contrast to CTX, there was no significant 

correlation between a reduction in P1NP over one year and baseline vitamin D level.  

Overall, this is a somewhat mixed spectrum of positives correlations.  The finding of 

better suppression of P1NP with higher BMI is consistent with better overall bone health 

and reduced risk for osteoporosis and hip fracture (Søgaard, Holvik et al. 2016).  The 

concordance of both CTX and P1NP showing a link between better suppression and a 

higher baseline serum corrected calcium again highlights the possibility of this being due 

to higher metabolic activity at a cellular level, with further weight been given to this 

hypothesis by the positive association between P1NP and higher baseline parathyroid 

hormone level.  The association between P1NP suppression and a higher baseline eGFR 

may be congruent with evidence that moderate degrees of renal insufficiency in women 

and men being associated with an increased fracture risk in most studies (Jamal, West et 
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al. 2012, Ensrud, Parimi et al. 2014, Naylor, McArthur et al. 2014, Kim, Long et al. 2016).  

However, I did not observe this association with renal function for CTX or P1NP.   

 

A noteworthy finding was the negative correlation between target suppression of P1NP 

by 30% and prescription of proton pump inhibitor medications (PPIs) on discharge from 

hospital, meaning that those participants prescribed a proton pump inhibitor were less 

likely to have target suppression of P1NP.  While the link between PPIs and risk of 

osteoporosis and fracture remains unclear (as discussed in greater detail in Chapter 1), 

there is a strong association between PPI use and blunting of the fracture reduction 

efficacy of alendronate (Abrahamsen, Eiken et al. 2011).  Thus, my study adds weight to 

the theory that PPIs may somehow inhibit the antiresorptive effect of bisphosphonates, 

as opposed to merely being a marker of frailty and hence fracture risk.   

 

Factors not statistically significantly associated with change/suppression in markers 

Finally in relation to changes in markers of bone turnover following treatment with 

intravenous zoledronic acid, it is noteworthy to mention that there was no association in 

change in BTMs (either positive or negative) with age, sex, various underlying medical 

conditions as outlined in the tables, discharge medications, participant frailty or 

comorbidity, nor unifying trends in relation to blood tests indices.  The absence of 

statistical significance in these areas could be attributable to the study size, or by intra-

participant confounders.  It is, however, reassuring that age and gender were not 

significant discriminators in participants’ biochemical response to intravenous zoledronic 

acid, nor was frailty, comorbidity index or renal function in general.  This indicates that a 

wide spectrum of patients stand to achieve significant suppression of bone turnover 

when treated with intravenous zoledronic acid, and notwithstanding certain caveats 

discussed above, it can be considered safe and efficacious irrespective of age, gender, 

frailty and renal function 

 

Study strengths and limitations 

 

A strength of the study is the high number of participants for whom baseline BTMs are 

available.  A weakness of the study is that relatively few participants returned for follow-
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up measurement of bone turnover markers.  This can be in part accounted for by the 

relatively high (and anticipated) mortality (20%), the number of participants who became 

resident in nursing homes following hip fracture (10%) and the underlying frailty of the 

population at decrease in mobility and function that has been described in previous 

chapters.  The fact that those who did not return for follow-up are likely to have been 

frailer and sicker, means that my results are probably more applicable to healthier 

populations.  Nonetheless, amongst those who did attend for follow-up, frailty, age and 

comorbidity were not associated with poorer suppression of BTMs.  Few other studies 

looking at this niche area of bone turnover markers following hip fracture and early 

treatment with intravenous zoledronic acid, so my results may add to the body of 

knowledge on the topic.   

 

Conclusions 

 

My results indicate that biochemical markers of bone turnover tend to be within normal 

ranges in the early post hip fracture period and that early treatment with zoledronic acid 

achieves target suppression of BTMs.  However, the magnitude of suppression in BTMs 

in my study was less than in other trials examining zoledronic acid in general, which may 

be indicative of a blunted response post-fracture, the clinical significance of which is 

unclear.  The greater suppression of CTX in my study than of osteocalcin or P1NP may 

indicate a greater suppression of bone resorption than bone formation, which could be 

indicative of a chance for greater gains in BMD.   

 

The varying correlates for the different bone markers pointed towards a mechanism 

whereby those with potentially higher metabolic activity (such as those with elevated 

free T4 or elevated PTH) are more susceptible to the osteoclastic and osteoblastic 

suppressive effects of zoledronate.  Further study on a larger cohort – and ideally with a 

control group – would be required to parse out these findings in greater detail.  However, 

the fact that age, gender, frailty and comorbidities did not have an association with 

greater or lesser suppression of bone turnover suggests that intravenous zoledronic acid 

may be equally suitable for most patients post hip fracture.   
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The specific finding that suppression of CTX was associated with lower vitamin D levels 

requires further study, as vitamin D deficiency is usually associated with worse bone 

health outcomes.  The fact that all participants in my study received high dose vitamin D 

along with their IVZA infusion may have been protective, but the interplay of these 

factors remains unclear.   

 

In summary, my findings corroborate existing evidence that zoledronic acid is a potent 

suppressor of bone turnover on a cellular level.  It gives weight to its likely efficacy when 

used in the early post hip fracture period, but the successful suppression of bone 

turnover markers should not be misconstrued as representing fracture reduction efficacy.   
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CHAPTER 14 

 

CHANGES IN BONE MINERAL DENSITY AND FRACTURE 

RECURRENCE FOLLOWING IV ZOLEDRONIC ACID 
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14.1 Introduction 

 

Low trauma hip fractures are a serious clinical consequence of osteoporosis leading to 

significant morbidity and mortality.  1-year mortality following hip fracture is as high as 

20-30% and hip fracturs increase the need for institutional care.  Up to two-thirds of older 

people with hip fracture may never regain their full pre-fracture function.   

 

A history of low-trauma hip fracture is of itself diagnostic of osteoporosis, even in the 

absence of bone mineral density assessment by DXA.  In addition, a first hip fracture is a 

significant risk factor for a second hip fracture and for any other osteoporotic fractures.   

 

International guidelines recommend all people with hip fractures should be treated as 

having osteoporosis and have a follow-up DXA to confirm diagnosis and monitor 

response to therapy.  Antiresorptive agents are the mainstay of treatment for 

osteoporosis.  Intravenous Zoledronic acid is a potent antiresorptive agent with proven 

efficacy in reduction of incidence of hip fractures, vertebral fractures and other 

osteoporotic fractures, and increase in BMD of the hip and spine.   

 

I aimed to establish the baseline BMD and DXA prevalence of osteoporosis in patients 

following hip fractures and to determine if early treatment with intravenous zoledronic 

resulted in an improvement in BMD over 1 year.  I also aimed to determine factors 

associated with changes in BMD and in particular if changes in serum biochemical 

markers of bone turnover (described in the previous chapter) were associated with 

changes in BMD.   

 

I additionally aimed to investigate the incidence of new fractures in the year following 

hip fracture and to explore possible associated risk factors for recurrent fracture.   
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14.2 Methods 

 

Study Population and Design 

The study population comprised patients admitted to St James’s Hospital Dublin who had 

an acute hip fracture from January 2015 to March 2016.  Inclusion and exclusion criteria, 

as well as data collection methodology and blood sampling have been previously 

described in detail in Chapter 4.   

 

Methodology 

All participants received zoledronic acid 5mg in a single infusion over 30 minutes, given 

between 2 days and 14 days following surgery for acute hip fracture (or within 14 days 

of acute fracture if a participant was managed non-operatively).  Each participant 

received a single oral dose of 50,000 IUs of 25(OH) D prior to infusion, and thereafter 

continued a regular daily dose of calcium carbonate 2500mg and cholecalciferol 800 IUs.  

Participants whose baseline creatinine clearance was less than 50ml/min received an 

intravenous infusion of 1,000ml of 0.9% normal saline over 8-12 hours prior to zoledronic 

acid infusion.  All participants were encouraged to drink adequate volumes of fluid the 

day of and the day after zoledronic acid infusion.  All participants were offered regular 

paracetamol from the day of infusion until at least 2 days following infusion.   

 

As described previously, DXA scan was performed within 3 months of fracture and again 

12 months later.  BMD and T-scores were measured at the spine, total hip and neck of 

femur where possible for all participants.  BMD was reported g/cm2.  If participant frailty 

or other technical issues prevented measurement at these sites, BMD and T-scores were 

alternatively measured at the wrist- 33% radius (one-third radius).   

 

Blood tests were collected as per the study protocol previously described on the day 

before or the day of zoledronic acid infusion.  Follow-up blood testing took place 

between 7 days and 14 days after the infusion.  Follow-up blood tests were collected on 

participants’ follow-up clinic visit approximately 1 year later.   
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Incident fractures over the 1-year study period were identified in patient interview at 

follow-up appointments or by telephone and by examining participants’ electronic 

patient record and radiological reports.   

 

Statistical Analysis 

Basic descriptive analysis was performed on the study participants in relation to BMD, T-

scores and prevalence of DXA-diagnosed osteoporosis as well as incidence of new 

fractures over the study period.  Paired t-test was used to examine for significant change 

in BMD 1 year after infusion of intravenous zoledronic acid.  All statistical analysis was 

performed using JMP Edition 14.2.0 (SAS Institute, 2018). 

 

Study Covariates 

A history of dementia, and inpatient complications of pneumonia, dysphagia/aspiration, 

constipation, incontinence, delirium, urinary tract infection, prescription of intravenous 

antibiotics and post-operative blood transfusion were recorded as described previously.  

Clinical Frailty Scale and Charlson Comorbidity Index and functional scores were also 

recorded for each participant as previously described.   

 

Additional blood tests included serum calcium (corrected for albumin), 25-

hydroxyvitamin D, creatinine and estimated glomerular filtration rate (eGFR), thyroid 

function tests (TSH and free T4) and serum parathyroid hormone (PTH).   

 

Statistical Models 

Multiple linear and logistic regression models were used to determine associations 

between changes in BMD and the study covariates.  I explored the relationship of 

changes in BMD of the spine, total hip and neck of femur with the study covariates in 

groups as follows: general osteoporosis blood tests (Table 14..4); biochemical markers of 

bone turnover (Tables 14.5 and 14.6); medications associated with increased risk of 

osteoporosis (Table 14.7); comorbid conditions known to increase the risk of 

osteoporosis (Table 14.8); decline in function post fracture (Table 14.9); osteoporosis 

history (Table 14.10); and nutritional indices (Table 14.11).  All models were adjusted for 

age, sex and BMI.    
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14.3 Results 

 

165 participants were recruited into the study.  Their baseline characteristics have been 

described previously.  6 participants died within 30 days of fracture and a total of 12 

within 90 days of fracture.  31 participants were discharged to a nursing home following 

fracture.  117 returned for initial post-fracture DXA and a further 74 had a follow-up DXA 

after 1 year.  The median time from fracture to first DXA was 43 days, and the median 

time from fracture to second DXA was 412 days.   

 

At baseline, of the 117 participants who had an initial DXA, 77 (66%) participants had 

osteoporosis as diagnosed by T-scores on DXA, 35 participants (30%) had osteopaenia, 

and 5 (4%) had normal DXAs.   

 

Table 14.1 
Initial DXA Diagnosis by T-score (n=117) 

 n (%) 

DXA diagnosis Number 

Osteoporosis 77 (65.8%) 

Osteopaenia 35 (29.9%) 

Normal 5 (4.3%) 
Baseline osteoporosis diagnosis by T-score in the Acute Hip Fracture Cohort. 

 

Baseline BMD and change in BMD of the spine, total hip and neck of femur are outlined 

in tables and figures below.  BMD in all areas showed significant increase at 1 year.  

Increase was largest at the spine, 6.02%, followed by the total hip, 5.75%, and the neck 

of femur, 2.98%.   

 

Table 14.2 
Change in BMD of Spine, Total Hip and Neck of Femur over 1-Year (n=74) 

BMD (g/cm2) Baseline 12-months Change P-value 

Spine 0.929 ± 0.203 0.956 ± 0.201 0.056  
(6.02% increase) 

<0.0001a 

Total hip 0.713 ± 0.122 0.763 ± 0.134 0.034  
(5.75% increase) 

<0.000 a  

Neck of femur 0.671 ± 0.107 0.691 ± 0.102 0.020  
(2.98% increase) 

0.0015 a 

a Paired t test 
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Figure 14.1 Baseline and 1-Year Follow-Up BMD Spine 

 

 

 

Figure 14.2 Baseline and 1-Year Follow-Up BMD Total Hip 
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Figure 14.3 Baseline and 1-Year Follow-Up BMD Neck of Femur 

 

Correlates of change in bone mineral density 

All regression models were adjusted for age, sex and baseline body mass index.  The 

effect of age and sex varied across different models, but a higher BMI at the time of first 

DXA was significantly associated with a greater rise in BMD of the spine and total hip (but 

not neck of femur) across regression models for baseline blood tests, bone turnover 

markers, comorbid diagnoses and osteoporosis history.  Table 14.3 below outlines the 

correlation of BMI and change in BMD.   

 

Table 14.3 

Correlation of BMI at First DXA with Change in BMD over 1-Year 

Linear regression model 

 Beta estimate P-value 

Change in BMD spine 0.023 0.039* 

Change in BMD total hip 0.007 0.041* 

Change in BMD NOF 0.005 0.568 

Linear regression model for change in BMD over one year versus BMI at time of initial DXA.   
*Indicates statistically significant result.   
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Correlates of baseline blood tests and changes in BMD over one year (Table 14.4) 

Improvement in BMD at the spine and total hip correlated positively with higher baseline 

BMI (p=0.005 and p=0.022 respectively), but BMD of the neck of femur did not.  A higher 

baseline eGFR (p=0.024) and older age (p=0.005) correlated positively with improvement 

of BMD at the spine, but not at the total hip or neck of femur.  Baseline vitamin D level 

correlated negatively with improving BMD at the total hip (p=0.002) and neck of femur 

(p=0.016), as did serum thyroid-stimulating hormone (TSH) (p=0.035 and p=0.009 

respectively), meaning that those with lower baseline vitamin D and lower baseline TSH 

were more likely to experience an improvement in BMD of the total hip or neck of femur.  

There was no significant correlation with vitamin D or TSH and BMD of the spine.   

 

Correlates of changes in BTMs and BMD over one year (Table 14.5 and 14.6) 

BMD of the spine and total hip were positively associated with the magnitude of 

suppression of osteocalcin (p=0.010 and p=0.044 respectively), but negatively associated 

with magnitude of suppression of P1NP (p=0.018 and p=0.002 respectively).  There was 

no significant association between decrease in CTX and changes in BMD, but a target 

suppression of CTX of 30% or more from baseline was positively associated with an 

improvement in BMD of the spine (p=0.014).  There was no significant association 

between change in BMD of the neck of femur and change in any of markers of bone 

turnover.   

 

Correlates of discharge medications and changes in BMD over one year (Table 14.7) 

The total number of medications prescribed on discharge correlated negatively with 

improved BMD of spine, (p=0.037), meaning that those who were prescribed more 

medications were less likely to have a rise in BMD of the spine.  Prescription of oral 

corticosteroids was positively associated with improved BMD of total hip (p=0.035).  

There was no significant association between medications prescribed and change in BMD 

of the neck of femur.   

 

Correlates of medical history and changes in BMD over one year (Table 14.8) 

A prior history of dementia was positively associated with rise in BMD of the spine 

(p=0.039).  Diabetes mellitus type 1 was negatively associated with BMD of the spine 
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(p=0.0018), but there was no association with DM type 2.  There were no associations of 

significance between medical diagnoses and changes in BMD of the total hip or neck of 

femur.   

 

Correlates of functional scores and changes in BMD over one year (Table 14.9) 

No significant associations were found between change in BMD and functional scores or 

outcomes post fracture.  These included Barthel Index, New Mobility Score, deterioration 

in mobility and function, inpatient hand-grip strength, inpatient Clinical Frailty Score and 

Charlson Comorbidity Index.   

 

Correlates of osteoporosis history and changes in BMD over one year (Table 14.10) 

A rise in BMD of the spine was positively associated with a participant’s having a prior 

history of fracture (p=0.049) and being on pharmacologic treatment for osteoporosis on 

admission (p=0.022); however, this did not remain statistically significant if a prior history 

of any fracture and a prior history of wrist fracture were added to the model.  Participants 

who were taking a vitamin D supplement at the time of admission correlated negatively 

with improved BMD of the spine (p=0.0002) and total hip association (p=0.038) and neck 

of femur (p=0.032).   

 

Correlates of nutritional indices and changes in BMD over one year (Table 14.11) 

A rise in BMD of the spine was negatively associated with baseline serum albumin, 

meaning that those with lower albumin were less likely to have a rise in BMD spine over 

one year (p=0.042); this did not remain statistically significant when the model was 

adjusted for smoking and alcohol history.  This association was not observed for BMD of 

the total hip or neck of femur.  Being prescribed a nutritional supplement on discharge 

was positively associated with increasing BMD of the neck of femur (p=0.005), but not at 

other areas.  There was no significant association between changes in BMD and either 

inpatient MST score, changes in BMI over one year, vitamin D status and smoking or 

alcohol status.   
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Table 14.4     
Correlates of Change in BMD over 1-Year (Osteoporosis-Specific Blood Tests) 

Linear regression model 

 Spine Total Hip Neck of Femur 

 Beta 
Estimate 

P-value Beta 
Estimate 

P-value Beta 
Estimate 

P-value 

Vitamin D -0.0003 0.097 -0.0005 0.002* -0.001 0.016* 

PTH 0.0001 0.739 0.0002 0.199 0.0002 0.491 

Corrected 
Calcium 

-0.003 0.972 -0.004 0.947 0.027 0.726 

eGFR 0.001 0.024* 0.0002 0.517 -0.00005 0.899 

TSH -0.005 0.105 -0.006 0.035* -0.018 0.009* 

Free T4 -0.002 0.332 -0.003 0.079 -0.003 0.152 
Linear regression analysis of change in BMD in the spine, total hip and neck of femur versus osteoporotic 
specific blood tests in the Acute Hip Fracture Cohort. 
*Indicates statistically significant result.   
 

 
 
 

 
Table 14.5     
Correlates of Change in BMD over 1-year (Change in Markers of Bone Turnover) 

Linear regression model 

 Spine Total Hip Neck of Femur 

 Beta 
Estimate 

P-value Beta 
Estimate 

P-value Beta 
Estimate 

P-value 

Change in 
CTX 
(magnitude 
of fall) 

0.003 0.942 0.005 0.877 0.023 0.541 

Change in 
OC 
(magnitude 
of fall) 

0.003 0.010* 0.002 0.044* 0.001 0.402 

Change in 
P1NP 
(magnitude 
of fall) 

-0.001 0.018* -0.001 0.002* -0.0004 0.198 

Linear regression analysis of change in BMD in the spine, total hip and neck of femur versus change in bone 
turnover markers in the Acute Hip Fracture Cohort. 
*Indicates statistically significant result.   
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Table 14.6     
Correlates of Change in BMD over 1-Year (30% Drop in Markers of Bone Turnover) 

Linear regression model 

 Spine Total Hip Neck of Femur 

 Beta 
Estimate 

P-value Beta 
Estimate 

P-value Beta 
Estimate 

P-value 

30% 
suppression 
of CTX at 
12/12 (Yes) 

0.018 0.014* 0.011 0.082 0.003 0.685 

30% 
suppression 
in OC at 
12/12 (Yes) 

-0.001 0.884 -0.003 0.693 -0.002 0.826 

30% 
suppression 
in P1NP at 
12/12 (Yes) 

-0.006 0.356 0.002 0.796 0.004 0.570 

Linear regression analysis of change in BMD in the spine, total hip and neck of femur versus 30% drop in 
bone turnover markers in the Acute Hip Fracture Cohort. 
*Indicates statistically significant result.   
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Table 14.7       
Correlates of Change in BMD over 1-Year (Discharge Medications) 

Linear regression models 

 Spine Total Hip Neck of Femur 

Beta Estimate P-value Beta Estimate P-value Beta Estimate P-value 

Any inhaled steroids 0.013 0.205 0.002 0.837 0.015 0.112 

Oral steroids 0.008 0.603 0.025 0.035* -0.002 0.904 

Proton pump inhibitors  -0.005 0.545 -0.004 0.599 0.0002 0.984 

Any opioid on discharge (No) 0.007 0.297 0.0001 0.983 -0.010 0.220 

Benzodiazepines -0.002 0.844 0.003 0.769 -0.002 0.842 

Z-Drugs -0.005 0.627 -0.008 0.329 -0.017 0.135 

Any anti-depressant drugs 0.005 0.622 0.015 0.131 -0.011 0.360 

Any anti-psychotic drugs 0.009 0.489 -0.009 0.476 0.023 0.204 

Any food supplement on 
discharge (Yes) 

-0.005 0.620 -0.0005 0.963 0.012 0.349 

Total number of discharge 
medications 

-0.004 0.037* -0.002 0.348 0.0004 0.889 

Standard least squares analysis of change in BMD in the spine, total hip and neck of femur versus discharge medications in the Acute Hip Fracture Cohort. 
*Indicates statistically significant result.   
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Table 14.8     
Correlates of Change in BMD over 1-Year (Medical Comorbidities) 

Linear regression models 

 Spine Total Hip Neck of Femur 

 Beta 
Estimate 

P-value Beta 
Estimate 

P-value Beta 
Estimate 

P-value 

Type 1 diabetes 
mellitus 

-0.045 0.018* -0.030 0.057 -0.029 0.061 

Type 2 diabetes 
mellitus 

-0.007 0.512 -0.012 0.312 -0.005 0.773 

Dementia  0.024 0.039* -0.003 0.786 -0.003 0.862 

Depression -0.002 0.758 0.004 0.552 -0.004 0.670 

Crohn’s Disease -0.003 0.920 0.004 0.846 -0.002 0.945 

Epilepsy -0.009 0.608 -0.007 0.676 0.00001 1.000 

History of falls 
(No) 

-0.006 0.346 0.006 0.355 0.001 0.889 

Hyperthyroidism -0.039 0.128 0.006 0.770 0.019 0.531 
Standard least squares analysis of change in BMD in the spine, total hip and neck of femur versus medical 
comorbidities in the Acute Hip Fracture Cohort. 
*Indicates statistically significant result.   
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Table 14.9     
Correlates of Change in BMD over 1-Year (Functional Status) 

Linear regression models 

 Spine Total Hip Neck of Femur 

 Beta 
Estimate 

P-value Beta 
Estimate 

P-value Beta 
Estimate 

P-value 

Deterioration 
in mobility 
from 
admission to 
discharge (No) 

-0.002 0.935 0.005 0.740 -0.002 0.930 

Drop in Barthel 
Index (Yes) 

0.022 0.102 0.012 0.118 -0.0002 0.991 

Inpatient 
Clinical Frailty 
Scale 

0.011 0.467 0.008 0.256 -0.025 0.240 

Charlson 
Comorbidity 
Index 

-0.023 0.059 -0.005 0.409 0.017 0.438 

Inpatient grip 
strength 

-0.0002 0.901 0.001 0.591 -0.004 0.206 

At risk of 
malnutrition 
(No) 

0.001 0.915 0.007 0.348 -0.013 0.581 

New mobility 
aid on 
discharge (No) 

0.004 0.868 -0.006 0.643 -0.003 0.836 

Inpatient 
MMSE 

0.0004 0.892 0.001 0.628 0.001 0.916 

Standard least squares analysis of change in BMD in the spine, total hip and neck of femur versus functional 
status variables in the Acute Hip Fracture Cohort. 
*Indicates statistically significant result.   
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Table 14.10 
Correlates of Change in BMD over 1-Year (Osteoporosis-Specific History) 

Linear regression models 

 Spine Total Hip Neck of Femur 

Beta Estimate P-value Beta Estimate P-value Beta Estimate P-value 

Prior osteoporosis diagnosis (Yes) ** ** -0.004 0.804 0.052 0.155 

Any prior fracture, (Yes) 0.025 0.0491* 0.010 0.524 0.001 0.962 

Prior hip fracture (Yes) -0.028 0.1713 -0.006 0.839 -0.031 0.792 

Prior clinical vertebral fracture (Yes) -0.027 0.1182 0.010 0.572 -0.021 0.315 

Prior wrist fracture (No) ** ** -0.006 0.749 -0.001 0.952 

Bone drug on admission (Yes) 0.027 0.0221* 0.020 0.188 -0.005 0.816 

Vitamin D supplement on admission (Yes) -0.058 0.0002* -0.028 0.049* -0.071 0.035* 
Linear regression analysis of change in BMD in the spine, total hip and neck of femur versus osteoporosis variables in the Acute Hip Fracture Cohort. 
*Indicates statistically significant results.   
**Indicates these covariates were not included in the model as their inclusion resulted in statistical non-significance.  (See discussion section for further details).   
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Table 14.11         
Correlates of Change in BMD over 1-Year (Nutritional Variables) 
Linear regression models 

 Spine Total Hip Neck of Femur 

 Model 1 Model 2 Model 1 Model 2 Model 1 Model 2 

 Beta 
Estimate 

P-
value 

Beta 
Estimate 

P-
value 

Beta 
Estimate 

P-
value 

Beta 
Estimate 

P-
value 

Beta 
Estimate 

 P-
value 

Beta 
Estimate 

P-
value 

Admission MST 
Score 

-0.010 0.295 -0.005 0.629 -0.0004 0.962 0.003 0.709 -0.015 0.068 -0.020 0.055 

Food supplement on 
DC 

0.006 0.674 0.002 0.892 0.0060 0.666 -0.005 0.733 0.124 0.0005
* 

0.097 0.022* 

BMI change DXA 1 to 
DXA 2 

0.002 0.762 0.001 0.868 -0.0080 0.098 -0.010 0.086 0.003 0.497 -0.003 0.544 

Inpatient BMI 0.004 0.101 0.005 0.104 0.0020 0.3566 0.0010 0.548 0.001 0.627 -0.0002 0.902 

Albumin -0.006 0.042* -0.004 0.221 0.0010 0.568 -0.001 0.782 -0.003 0.129 -0.006 0.073 

Vitamin D -0.00003 0.902 0.00002 0.955 -0.0002 0.219 -0.0002 0.320 -0.0004 0.315 -0.0004 0.249 

Inpatient CFS 0.012 0.250 0.012 0.327 0.011 0.146 0.014 0.114 -0.002 0.799 -0.003 0.715 

Charlson 
Comorbidity Index 

-0.026 0.017* -0.029 0.016* -0.010 0.193 -0.006 0.418 -0.018 0.096 -0.021 0.124 

Current smoker - - 0.009 0.669 - - -0.020 0.198 - - -0.019 0.211 

Never smoker - - -0.022 0.196 - - -0.008 0.469 - - 0.009 0.478 

Current alcohol 
intake 

- - 0.014 0.399 - - -0.005 0.682 - - -0.019 0.237 

Never alcohol intake - - -0.025 0.289 - - -0.003 0.840 - - -0.036 0.131 
Linear regression analysis of change in BMD in the spine, total hip and neck of femur versus nutritional variables in the Acute Hip Fracture Cohort. 
*Indicates statistically significant results.   
Model 1: Excludes covariates smoking and alcohol use as potential confounders.   
Model 2: Includes covariates smoking and alcohol use.   
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Fracture history 

Six participants experienced a new fracture at 1-year follow-up:  1 new hip fracture; 1 

peri-prosthetic hip fracture; 1 wrist fracture; 2 vertebral fractures; 1 tibial fracture.  Five 

of the new fractures were associated with falls from standing height.  The only fracture 

not associated with a fall was one of the two vertebral fractures, which was identified by 

lateral vertebral assessment on the follow-up DXA at one year.  The number of new 

fractures was too small to draw inference from regression models exploring potential 

associations.  Therefore, I have tabulated the characteristics of this subgroup for 

narrative purposes (Tables 14.12 to 14.16).  The mean age of those with a new fracture 

was 78 years (ranging from 56 to 85).  Apart from their admission hip fracture, two had 

a prior history of fracture (one rib and one vertebral).  There was a wide range in BMD 

on DXA, form osteoporotic to normal range, and a varying response to therapy with some 

showing increased BMD and suppressed bone markers and other showing decreased 

BMD and rising bone markers.  Two of this group did not have a repeat DXA; one declined 

to attend for repeat DXA, and one died before the end of the study period.  The mean 

inpatient MMSE for this group was 19/30, the mean inpatient grip strength was 16 kg 

and their inpatient length of stay with initial hip fracture ranged from 11 to 239 days.  

Their median Clinical Frailty Score was 5, and vitamin D levels at baseline ranged from 19 

to 108 nmol/L.  
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Table 14.12 
Baseline Characteristics of 6 Patients with New Insufficiency Fracture During Follow-Up 

Patient 1 2 3 4 5 6 Mean 

Sex Male Male Female Male Female Male N/A 

Age 60.8 79.6 85.3 56.6 80.5 77.5 73.38 ± 11.74 

Location of new fracture Wrist Vertebral Vertebral Hip Peri-prosthetic hip Tibia N/A 

Prior fracture, any No No Yes Yes No No N/A 

Site of prior fracture N/A N/A N/A Ribs N/A N/A N/A 

Prior hip fracture  No No No No No No N/A 

Prior vertebral fracture 
(Clinical) 

No No Yes No No No N/A 

Prior wrist fracture No No Yes No No No N/A 

Baseline T-score Spine -2.5 2.3 -3.6 * * -2.4 -1.6 ± 2.6 

Baseline T-score Total Hip -2 0.3 -3.6 * * -2.9 -21 ± 1.7 

Baseline T-score NOF  -2.7 -0.7 -3.1 * * -3.4 -2.5 ± 1.2 

Baseline DXA BMI 33.73 22.22 16.56 * * 22.16 23.7 ± 7.2 
Baseline characteristics of 6 patients in the Acute Hip Fracture Cohort that had a new insufficiency fracture during follow-up. 
*Indicates that the participant did not attend for DXA.   
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Table 14.13 
Characteristics of Those with New Fractures (Osteoporosis-Specific Factors) (n=6)                                                                                                                                            

Patient 1 2 3 4 5 6 Mean 

Baseline BMD Spine 
(g/cm2) 

0.94 1.27 0.63 * * 0.85 0.92 ± 0.27 

BMD Spine at 1-year 
(g/cm2) 

1.01 1.24 0.67 * * 0.86 0.94 ± 0.21 

Change in BMD Spine 
(g/cm2) 

0.07 -0.04 0.04 * * 0.01 0.02 ± 0.04 

% Change in BMD 7.45% -3.15% 6.35% * * 1.18% 2.96 ± 4.9  

Baseline BMD Total Hip 
(g/cm2) 

0.83 0.98 0.50 * * 0.597 0.73 ± 0.22 

BMD Total Hip at 1-year 
(g/cm2) 

0.84 0.89 0.56 * * 0.603 0.72 ± 0.17 

Change in BMD Total Hip 
(g/cm2) 

0.01 -0.09 0.06 * * 0.006 -0.003 ± 0.06 

% Change in BMD 1.20% -9.18% 12% * * 1.01% 1.26 ± 8.6 

Baseline BMD NOF (g/cm2) 0.72 0.98 0.503 * * 0.53 0.68 ± 0.22 

BMD NOF at 1-year 
(g/cm2) 

0.76 * 0.499 * * 0.50 0.58 ± 0.15 

Change in BMD NOF 
(g/cm2) 

0.04 * -0.004 * * -0.04 -0.003 ± 0.04 

% Change in BMD 5.56% * -0.80%   -7.55% -0.93 ± 6.6  
Osteoporosis related characteristics of the group with new fractures in the Acute Hip Fracture Cohort.   
*Indicates participant did not have attend for DXA or did not have BMD measured at that skeletal site.   
 
 
 

Table 14.14 
Markers of Inpatient Functional Status in Those with New Fractures (n=6) 

Patient 1 2 3 4 5 6 Mean 

Inpatient MMSE 22 18 15 26 18 20 19.8 ± 3.8 

Inpatient grip strength 
(kg) 

22 * 12 14 12 8 13.6 ± 5.1 

Inpatient Clinical Frailty 
Scale 

2 5 6 4 6 7 5 ± 1.8 

Take over care by 
Geriatrics  

No No Yes No No Yes N/A 

Length of stay (days) 10 192 40 11 25 239 86.2 ± 101.9 
Markers of functional status in the group with new hip fractures in the Acute Hip Fracture Cohort.  
*Indicates hand-grip strength not measured.    
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Table 14.15 
Markers of Functional Status at Discharge in Those with New Fractures (n=6) 

Patient 1 2 3 4 5 6 Mean 

Mobility on 
Discharge 

Independent Independent Independent 
with a 

walking stick 

Independent Independent Rollator Zimmer frame 
and assistance of 1 

N/A 

Pre-fracture New 
Mobility Score 

9 6 5 9 6 2 6.2 ± 2. 
 

Pre-fracture 
Barthel Index 

20 18 17 18 17 13 17.2 ± 2.3 
 

Discharge Barthel 
Index 

20 17 16 18 16 10 16.2 ± 3.4 

Change in Barthel 
Index 

0 -1 -1 0 -1 -3 -1 ± 1.1 
 

Drop in Barthel 
Index (Yes/No) 

No Yes Yes No Yes Yes N/A 

Home Care 
Package or Home 
Help on discharge  

No No No No No Yes N/A 

Charlson 
Comorbidity Index 

2 4 5 2 10 6 4.83 ± 3.0 

Alive at 1-year Yes Yes Yes Yes No Yes N/A 

Number of 
discharge 
medications 

2 17 8 9 14 13 10.5 ± 4.3 

Markers of functional status at discharge in the group with new fractures in the Acute Hip Fracture Cohort. 
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Table 14.16 
Markers of Bone Turnover and Other Blood Test Results in Those with New Fractures (n=6) 

Patient 1 2 3 4 5 6 Mean 

CTX        

Baseline CTX (ng/mL) 0.23 0.44 0.19 0.183 0.762 0.52 0.39 ± 0.23 

Baseline high CTX No No No No No No N/A 

CTX at 1-year (ng/mL) 0.17 0.33 0.16 * * 0.79 0.36 ± 0.30 

Change in CTX (magnitude of fall) 0.08 0.11 0.03 N/A N/A -0.27 -0.0145 ± 0.18 

% fall in CTX 34.65 25.34 13.37 N/A N/A -53.00 5.1 ± 39.7 

30% suppression of CTX at 1-year Yes No No N/A N/A No N/A 

Osteocalcin        

Baseline OC (ng/mL) 8 19.3 7.7 10.3 18 11.6 12.5 ± 5.0 

Baseline High OC No No No No No No N/A 

OC 1-year (ng/mL) 12.1 17.1 11.1 * * 21.3 15.4 ± 4.7 

Change in OC (magnitude of fall) -4.1 2.2 -3.4 N/A N/A -9.7 -3.8 ± 4.9 

% fall in OC -51.25 11.40 -44.16 N/A N/A -83.62 -41.91 ± 39.47 

30% suppression in OC at 1 year No No No N/A N/A No N/A 

P1NP        

Baseline P1NP (ng/mL) 64.9 157.7 22.9 74.2 58.8 28.1 67.8 ± 48.6 

High P1NP 1 No Yes No Yes No Yes N/A 

P1NP at 1-year (ng/mL) 43.5 59.8 16.5 * * 47.5 41.83 ± 18. 

Change in P1NP (magnitude of fall) 21.4 97.9 6.4 N/A N/A -19.4 26.6 ± 50.5 

% fall in P1NP 32.97 62.08 27.95 N/A N/A -69.04 13.5 ± 57.0 

30% suppression of P1NP at 1-year Yes Yes No N/A N/A No N/A 

Calcium        

Baseline corrected Calcium (mmol/L) 2.31 2.25 2.14 2.13 2.36 2.19 2.23 ± 0.09 

Pre IV Zoledronic Acid - Low Calcium No No Yes Yes No Yes N/A 
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Vitamin D 

Baseline Vitamin D (nmol/L) 19 76 108 27 37 47 52.3 ± 33.7 

Baseline Vitamin D status  Severely deficient Sufficient Sufficient Deficient Deficient Deficient N/A 

Renal Function        

Baseline creatinine (µmol/L) 68 80 57 46 95 87 72.2 ± 18.7 

Baseline eGFR, (ml/min/1.73m2)  90 85 90 90 51 77 80.5 ± 15.3 
Baseline, post IVZA infusion and magnitude of change of bone turnover markers and other osteoporosis related blood tests in the group with new fractures in the Acute 
Hip Fracture Cohort. 
*Indicate results were not available for this test.     
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14.4 Discussion 

 

Although the number of participants returning for initial and follow-up DXA was a 

relatively small (71% and 47% respectively), I still observed a statistically significant 

improvement in BMD of the spine, total hip and neck of femur.  A higher BMI at the time 

of first DXA was the most consistent predictor of improvement in BMD over one year, 

and other participant characteristics were more variable in their association with 

changes in BMD.  In particular, suppression of bone turnover markers was not clearly and 

consistently associated with an improvement in BMD.  Six participants had a new fracture 

during the course of follow-up, and examination of their study data revealed a 

heterogonous group with a tendency towards frailty and cognitive impairment.   In the 

paragraphs below I will discuss my finding in relation to baseline DXA results and follow-

up, correlates of changes in BMD over one year, and the characteristics of those 

participants who had a new fracture during my follow-up period of one year.   

 

Baseline DXA results 

It is noteworthy that while, by clinical definition, all study participants had a clinical 

diagnosis of osteoporosis, which is based on the occurrence of a low trauma hip fracture, 

fracture.  (Siris, Adler et al. 2014), not all participants had osteoporosis by DXA definition.  

In fact, 5 participants had normal DXA by BMD measurement, and 35 had osteopaenia, 

which is indicative of the possibility of false negative in DXA examination and reinforces 

the need for thorough and vigilant assessment of fracture risk apart from bone mineral 

density itself fracture.  (Siris, Adler et al. 2014).  It is not uncommon for hip fractures to 

occur in people who have osteopenia by DXA, because many more people have 

osteopaenia than osteoporosis as measured by DXA  (Cranney, Jamal et al. 2007).   

 

There are several factors contributing to the fact that only 71% of participants enrolled 

during admission returned for their first DXA scan (which occurred a median of 43 days 

following fracture).  Firstly, 6 participants died within 30 days of fracture.  A further 6 

who died within 90 days of fracture were probably too unwell to attend for a DXA in that 

context.  An additional 31 participants were discharged to a nursing home after fracture 

(either new nursing home admission or a return to their prior nursing home).  Thus, it is 
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likely that apart from the early mortality, numbers receiving DXAs were smaller owing to 

the large number of patients residing in nursing homes, who may have experienced 

barriers to attending for appointments.  74 participants had a follow-up one-year DXA, 

which represents 47% of the original study cohort of 165 participants, but 63% of those 

who had a baseline DXA.  Mortality over the period from initial DXA to follow-up was 21 

participants, which accounts for almost half of those who did not have a second DXA.  

While higher rate of successful follow-up may have allowed more robust analysis of 

results, significant barriers to follow-up would be expected given the age, frailty, 

cognitive impairment, mortality and high prevalence of nursing home residence in my 

study cohort.  The fact that there was a relatively high “drop-out” rate in my study 

highlights the importance of orthogeriatric pathways of care, in particular their role in 

commencing pharmacologic treatment for osteoporosis prior to discharge from hospital, 

as later opportunities to diagnose and treat osteoporosis may otherwise be missed 

(Gjertsen 2019).  Furthermore, zoledronic acid could be considered a very suitable 

medication to use in the context of a high risk of a patient’s not attending for follow-up, 

as a single 5mg dose of intravenous zoledronic acid has been shown to impart BMD 

benefits for two years (Greenspan, Perera et al. 2015).   

 

Changes in BMD over one-year 

In my study cohort, those participants who had a repeat DXA at one year showed 

statistically significant improvements in BMD of the spine (6% increase), BMD of the total 

hip (5.8% increase) and BMD of the neck of femur (3% increase).  A caveat of the 

interpretation of this significant increase in BMD in my participants is that a bias may 

exist insofar as those who were healthy enough to be able to attend for follow up may 

have been more likely to have experienced an increase in BMD with intravenous 

zoledronic acid than those who did not attend for a second DXA.   

 

The rates of improvement in BMD I observed are consistent with numerous other studies 

outlined in Tables 3.1 and 3.2, which variously demonstrated one-year BMD 

improvements of 2-14% in the spine, 1-25% in the total hip, and 2-5% in the femoral neck 

amongst people treated with intravenous zoledronic acid over periods of ultimately one 

to five years (median 2 years).  However, not all studies in relation to BMD changes with 
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intravenous zoledronic acid are directly comparable.  The most relevant are those which 

report on BMD changes with IVZ following hip fracture (Lyles, Colón-Emeric et al. 2007, 

Liu, Li et al. 2019, Sargin, Konya et al. 2019).  In a 2019 Chinese randomised controlled 

trial of 482 patients treated with a single dose of IVZ within a week of hip fracture, a 21% 

increase in BMD of the spine was noted after 2 years  (Liu, Li et al. 2019), but BMD of the 

total hip or neck of femur was not reported.   A Turkish prospective controlled trial of 73 

patients given IVZ within 4 weeks of hip fracture reported an 8.2% increase of BMD of 

the spine and a 25% increase in BMD of the total hip after one year (Sargin, Konya et al. 

2019).  In the former study, the increase in BMD was significantly higher than the 

approximate 5-7% increase in BMD that would be expected over one year (Black, Delmas 

et al. 2007), and in the latter the results of increase in BMD of spine and hip were highly 

discordant.  The fact that both studies were relatively small and that the increase in BMD 

was unexpected and higher than those in my own study would highlight the need for 

further research in the field of early post hip fracture treatment with IVZA.  Nonetheless, 

considering my results with the results of the Chinese and Turkish study, it is highly 

suggestive that IVZA when given early post hip fracture results in an increase in BMD at 

the hip and spine.  Only the Chinese study showed a statistically significant reduction in 

new fractures, which is the most important metric in judging the efficacy of any 

osteoporosis treatment (Liu, Li et al. 2019).   

 

Only one other large study has assessed intravenous zoledronic acid specifically in older 

adults with hip fracture.  In 2007, Lyles reported on this multicentre double-blind 

randomised control trial of over 2,000 participants recruited within 90 days of hip 

fracture and randomised to receive either yearly zoledronic acid or placebo (Lyles, Colón-

Emeric et al. 2007).  BMD of the total hip improved by 2.4% and 0.8% in the femoral neck 

over the first year of treatment.  While the BMD gains in this study are less than those I 

report, the Lyles study also demonstrated significant reduction in new clinical vertebral 

and non-vertebral fractures and reduction in all-cause mortality.  While my own study 

was not designed to assess for risk of new fractures, it may be postulated that my cohort 

would accrue fracture reduction efficacy by means – at least in part – of their increased 

BMD, as improving BMD in response to osteoporosis therapy is associated with reduced 

fracture risk (Hochberg, Ross et al. 1999).   My own study was limited insofar as it had no 
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control group, however, given the evidence that now exists in favour of treatment of 

osteoporosis following hip fracture, it would not be reasonable to perform a placebo-

control trial involving zoledronic acid in such a cohort.   

 

Correlates of changes in bone mineral density 

Perhaps the most noteworthy correlate of improving BMD in my study was higher BMI 

at the time of the first DXA.  It remained significant across most statistic models for the 

spine and total hip, but not the femoral neck.  This is in keeping with the know link 

between low BMI and fracture risk (Søgaard, Holvik et al. 2016).   

 

Correlates of baseline blood tests and changes in BMD over one year 

The correlation between a higher baseline eGFR (p=0.024) and improvement of BMD at 

the spine may be indicative of the protective effect of adequate renal function against 

osteoporosis.   The fact that this effect was noted for the total hip or neck of femur may 

be due to the difference in composition of bone, with the hips primarily comprising of 

cortical bone and vertebrae consisting mainly of trabecular bone, which is more sensitive 

to resorption in chronic kidney disease (Rampersad, Whitlock et al. 2020).   

 

The negative correlation between baseline vitamin D level with improving BMD at the 

total hip and neck of femur was unexpected, as more replete levels of vitamin D are 

usually associated with lower BMD and higher risk of fracture (Rizzoli, Boonen et al. 2013).  

However, it may have been the case that those participants whose vitamin D was lower 

at baseline received more fastidious replacement therapy over the course of the 

following year.  The association of lower vitamin D with improvement in BMD of the hip 

is similar to the association between lower vitamin D and greater suppression of CTX 

which I described in the previous chapter of this thesis.  There I postulate that this finding 

could be explained greater secretion of parathyroid hormone which would lead to a 

greater osteoclast activity (Chapuy, Preziosi et al. 1997, Thomas, Lloyd-Jones et al. 1998, 

Heaney 2003), which may have created an opportunity for greater relative suppression 

of bone turnover by zoledronic acid.  This explanation could equally be applied to the 

findings in relation to BMD.  Similar, however, to my findings in relation to bone turnover 
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markers, there was no association between changes in BMD and PTH levels, so this is an 

area which may warrant further research.   

 

Similar again to my findings in relation to markers of bone turnover – which found an 

association between suppression of markers and higher free T4 – serum thyroid-

stimulating hormone (TSH) was negatively associated with rise in BMD and the total hip 

and neck of femur; this indicates that those with lower baseline TSH were more likely to 

experience an improvement in BMD of the total hip or neck of femur.  A lower serum 

TSH is consistent with a greater likelihood of subclinical hyperthyroidism, which is a risk 

factor for osteoporosis (Williams and Bassett 2018), so it is unclear as to why participants 

in this category would be more likely to experience an improvement in BMD.  As I 

suggested in the previous chapter, this may be indicative a greater sensitivity to the 

osteoclastic suppressive effects of zoledronic acid within those with overt or subclinical 

hypothyroidism and would warrant further research to validate such a theory.   

 

Correlates of changes in bone turnover markers and bone mineral density over one year 

With respect to the association of BMD improvements and the suppression of markers 

of bone turnover, my results were mixed.  The only statistically significant associations 

were: improvement of BMD at the spine, which correlated positively with suppression of 

CTX and osteocalcin, but negatively with suppression of P1NP; and BMD of the total hip, 

which correlated positively with suppression of osteocalcin, but negatively with 

suppression of P1NP.   

 

While the findings were mixed in relation to which BTMs were suppressed and which 

were not, and how they correlated with changes in BMD, it is noteworthy to mention 

that both CTX and P1NP were significantly suppressed over my entire cohort from 

baseline to follow-up (as described in the previous chapter); this is consistent with other 

studies which have reported “across the board” suppression of BTMs in association with 

over all improvements in BMD following treatment with intravenous zoledronic acid.  

However, none of these studies report as to whether markers specifically correlated with 

changes in BMD in general, or at specific skeletal sites (spine, total hip or neck of femur).  

That notwithstanding, the possible explanation for the negative correlation that I found 
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between BMD of the spine and total hip with P1NP, is that zoledronic acid may have had 

a more potent effect on bone resorption than formation, and hence those participants 

who had less suppression of P1NP had the greatest opportunity of net positive bone 

turnover.   I would recommend that to add to the existing body of knowledge on the role 

of BTMs in osteoporosis therapy and their relationship to changes in BMD, future studies 

should examine the correlation of BMD changes with those of BTMs.   

 

Correlates of discharge medications and changes in BMD over one year 

The correlation of a higher number of discharge medications and poorer improvement 

in BMD of the spine may indicate that polypharmacy has a negative effect on bone 

mineral density through cumulative interaction of numerous medications’ contribution 

to increased bone loss and reduced bone formation (Gosch, Jeske et al. 2012).  

Prescription of oral corticosteroids was positively associated with improved BMD of total 

hip (p=0.013), which is at odds with the known deleterious effects of steroids on BMD 

(Van Staa, Leufkens et al. 2000).   

 

While physiological doses of glucocorticoids can in fact increase osteoblast function, 

longer and higher dose exposure suppresses it (Lukert and Raisz 1990).  Thus, lower dose 

steroids for shorter periods could explain this anomalous finding.  However, as I did not 

record the dose or duration of steroid exposure, it is also possible that participants simply 

finished their course of steroids shortly after discharge and therefor the link with steroid 

prescription and increased BMD may not be true.  To further test this association, I would 

in future studies recommend recording dose and duration of steroid exposure.   

 

It is also noteworthy that the prescription of proton pump inhibitors, anti-depressants 

and anti-epileptics did not have any significant association with changes in BMD, despite 

the known link between such medications and reduced BMD (Gosch, Jeske et al. 2012).  

This suggests that intravenous zoledronic acid is a sufficiently potent anti-osteoporosis 

medication as to obviate the potentially negative effect of these medications.   
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Correlates of medical history and changes in BMD over one year 

The reason for the association between improved BMD of the spine and a history of 

dementia is unclear.  This finding may have occurred by chance, but at least gives weight 

to the case for making therapies such as zoledronic acid available to people with 

dementia, as they stand to benefit from the intervention.  The negative association of 

diabetes mellitus type 1 was with BMD of the spine is in keeping with its being a known 

risk for osteoporosis (Shah, Shah et al. 2015, Jia, Bao et al. 2017, Moayeri, Mohamadpour 

et al. 2017, Thong, Herath et al. 2018), but the absence of association with DM type 2 is 

less clear.  As I did not assess for how well controlled diabetes was in my participants, it 

is difficult to draw firm conclusion from these findings.  Had I compared these findings 

with HbA1c levels, it may have been possible to explore the matter in greater depth.   

 

Correlates of functional scores and changes in BMD over one year 

The absence of any significant association in changes in BMD with indices of function and 

mobility is somewhat at odds with the fact that exercise is known to improve BMD (Howe, 

Shea et al. 2011).  However, mobility indices are only a surrogate marker for physical 

activity and not a marker for exercise.  The fact that I did not include an exercise 

questionnaire in follow-up data collection is a limitation of the study in this regard and 

should be included in any future such research.  It is noteworthy, however, that neither 

increased frailty (as measured by the CFS (Rockwood, Song et al. 2005)), nor higher 

number of comorbid medical conditions (as measured by the CCI (Charlson, Szatrowski 

et al. 1994)), nor deterioration in mobility (as measured by the NMS (Kristensen, 

Bandholm et al. 2008, Kristensen, Foss et al. 2010)) nor decline in function (as measured 

by the Barthel Index) were significantly associated with changes in BMD.  This would 

indicate that following hip fracture, older adults will stand to gain BMD if treated with 

IVZA, irrespective of frailty, comorbidity, mobility or function.   

 

Correlates of osteoporosis history and changes in BMD over one year 

The positive association between those with a rise in BMD of the spine and a prior history 

of fracture and being on an antiresorptive agent for osteoporosis at the time of admission 

(in all cases this was an oral bisphosphonate) is suggestive of the known poor compliance 

(Clowes, Peel et al. 2004, Delmas, Vrijens et al. 2007, Halasi, Kincse et al. 2018), and poor 
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oral absorption seen with oral bisphosphonates (Gertz, Holland et al. 1995).  However, 

the fact that this association did not remain statistically significant across models that 

included prior history of any fracture and wrist fracture is puzzling.  My suggestion in this 

regard is that participants had been prescribed an oral bisphosphonate prior to their hip 

fracture may nonetheless have been “bisphosphonate-naive”, consistent with the known 

50% compliance and poor oral absorption, hence they stood to gain most from zoledronic 

acid.  These results could be demonstrative of zoledronic acid’s utility as a transition 

therapy for those who have fractured while on an oral bisphosphonate.  I did not record 

the duration of prior bisphosphonate therapy, and this would be relevant in assessment 

for risk of osteonecrosis of the jaw and atypical femoral fracture for risk stratification in 

terms of planned duration of intravenous zoledronic acid therapy.  However, the fact 

that participants’ bone turnover markers were generally not suppressed at the time of 

fracture could indicate they are less likely to be at risk of osteonecrosis of the jaw, but 

there is little conclusive data to support this theory (Khosla, Burr et al. 2008, Baim and 

Miller 2009).   

 

It is somewhat unexpected that those participants who were not taking a vitamin D 

supplement at the time of fracture correlated with greater improvement in BMD of the 

spine and total hip.  This is possibly accounted for by the fact that those already taking 

vitamin D supplements on admission may have already been “optimised” in terms of 

bone health interventions and hence had less scope for BMD improvement.  Further 

study on a larger cohort would be necessary to further test this association.  It is at any 

rate of clinically dubious significance, given that all participants received vitamin D 

prescriptions on discharge.   

 

Correlates of nutritional indices and changes in BMD over one year 

The finding that those with lower albumin were less likely to have a rise in BMD spine 

over one year may either be a function of albumin’s role as an acute phase reactant 

(Gabay and Kushner 1999) – and hence a marker of general ill health.  However, it could 

also be explained by the association between albumin and malnutrition and post-

operative complications (Goisser, Schrader et al. 2015, Goisser, Schrader et al. 2015).  As 

this association was not observed for BMD of the total hip or neck of femur, its 



347 
 

significance is unclear; and similarly, the fact that the association did not remain 

statistically significant for models including smoking and alcohol consumption, indicates 

the topic requires further investigation.  The positive association between being 

prescribed a nutritional supplement on discharge and increasing BMD of the neck of 

femur may be demonstrative of the improved bone health that can be associated with 

better nutrition (Eastell 1998, Cosman, de Beur et al. 2014).   

 

The fact that there was no significant association between changes in BMD and either 

inpatient MST score, changes in BMI over one year, vitamin D status and smoking or 

alcohol status may be due to underpowering of the study to test adequately for such 

correlations.  However, as with other findings discussed above, it adds a certain weight 

to the proof-of-theory that intravenous zoledronic acid is effective when given early after 

fracture across a heterogenous cohort of people.   

 

New fractures 

The rate of new fractures was 3.6% in my cohort, which is similar to that which has been 

observed in other studies (Klotzbuecher, Ross et al. 2000, Kanis, Johnell et al. 2004, 

Cauley, Hochberg et al. 2007, Center, Bliuc et al. 2007, Hodsman, Leslie et al. 2008, 

Gehlbach, Saag et al. 2012).  The fact that the majority of these fractures resulted from 

falls from a standing height is also in keeping with the usual mechanism of osteoporotic 

fractures – and 95% of hip fractures – being caused by a fall (Vieira, Palmer et al. 2016).  

On perusal of the characteristics of those who suffered a recurrent fracture, there did 

not appear to be any unifying factors, nor did the individuals fail to have a BMD response 

to zoledronic acid.  The small number of new fractures prevented a more meaningful 

statistical analysis to identify risk factors.  However, the fact that new fractures occurred 

in participants who showed both (or either) improvement in BMD and suppression in 

markers of bone turnover, supports the existing knowledge that metabolic suppression 

of bone turnover and improvements in BMD are not the only metrics by which fracture 

risk can be reduced, and that other factors such as age (Kanis, Johnell et al. 2001), prior 

history of fracture (Kanis, Johnell et al. 2004), falls (Kanis 2002, Schuit, van der Klift et al. 

2004, Siris, Chen et al. 2004, Wainwright, Marshall et al. 2005) are also important in 

determining fracture risk.  Although there can be some concern about the risk of 
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malunion or non-union of hip fractures if bisphosphonate therapy is initiated early post-

fracture, it is reassuring that this did not occur in any of my participants, which his similar 

to secondary analysis of the HORIZON study data which found no difference in malunion 

and non-union between the treatment and placebo groups (Colón-Emeric, Nordsletten 

et al. 2011).   

 

Study strengths and limitations 

 

A strength of my study is that that it adds to the existing body of knowledge on the 

efficacy of early administration of intravenous zoledronic acid for older adults with hip 

fracture, insofar as there is little published literature in this niche area.  The depth of data 

available on participants in relation to BMD and the spine, total hip and neck of femur, 

as well as bone turnover markers allowed detailed analysis of the topic.  However, the 

relatively low number of participants returning for follow-up DXAs detracted from the 

strength of the study and may have resulted in an observer bias as discussed above.  A 

high drop-out rate to follow-up is nonetheless inevitable in a cohort of frail older adults 

following hip fracture.  An additional significant strength of my study, however, is the 

relatively high proportion of men enrolled, compared with other zoledronic acid studies 

which had a preponderance of female participants.  While women are more likely to have 

osteoporosis and hip fractures than men, it is nonetheless worthwhile to add to the body 

of evidence demonstrating safety and efficacy in both sexes.  In addition, a more robust 

assessment of the effect of intravenous zoledronic acid on BMD would have been 

possible if my study had encompassed a control group, but – as discussed above – it 

would not be reasonable to leave a control group untreated for osteoporosis in the 

aftermath of a hip fracture.   

 

Conclusions 

 

Overall, my findings confirm that zoledronic acid is efficacious in increasing BMD of the 

spine, total hip and neck of femur when administered in the early post hip fracture period.  

However, it is unclear as to whether participants gained longer term fracture reduction 

efficacy.  The association between higher vitamin D levels at poorer gains in BMD of the 
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total hip and neck of femur is an area which would warrant further research.    There 

were few other clear factors associated with a better BMD response to therapy with 

intravenous zoledronic acid, notwithstanding the associations seen with certain 

conditions, medications and blood tests with BMD in certain skeletal sites.  However, the 

converse of this is that I did not observe any reduced efficacy of intravenous zoledronic 

acid with increased, age, frailty, comorbidity or reduced mobility or function.  Hence, I 

could conclude that intravenous zoledronic acid could be offered to a wide spectrum of 

patients following hip fracture, without fear of lack of efficacy.  As the number of new 

fractures in my cohort was small, it was not possible to assess associations between BMD 

and gains and the chance of new fractures.  Although a significant number of participants 

did not return for follow-up, this fact in itself is instructive insofar as it highlights the 

benefit in treating osteoporosis at the time of fracture, because opportunities to 

commence therapy at a later date may not arise.  There is strong argument in favour of 

including intravenous zoledronic acid as standard treatment post hip fracture in many 

patients, and it could become part of national orthogeriatric bone health treatment 

algorithms.   
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CHAPTER 15 

 

COMPARATIVE ANALYSIS WITH  

COMMUNITY-DWELLING COHORT 

 

  



351 
 

15.1 Introduction 

 

Low trauma hip fractures are a serious clinical consequence of osteoporosis leading to 

significant morbidity and mortality.  International guidelines recommend all people with 

hip fractures should be treated as having osteoporosis and have a follow-up DXA scan to 

confirm diagnosis and monitor response to therapy.  Antiresorptive agents are the 

mainstay of treatment for osteoporosis.  Intravenous zoledronic acid is a potent 

antiresorptive agent with proven efficacy in reduction of incidence of hip fractures and 

increase in BMD.   

 

However, rates of pharmacologic treatment for osteoporosis and choice of agent 

following hip fracture vary widely.  In addition, patient adherence to oral bisphosphonate 

therapy is known to be low after one year from commencement.   

 

I aimed to compare the BMD in participants of the Acute Hip Fracture Cohort of my study 

(who were treated with intravenous zoledronic acid for osteoporosis) with BMD in a 

similar Irish community-dwelling cohort who had a history of hip fracture but who did 

not receive the same standard treatment with intravenous zoledronic acid for 

osteoporosis.  The reason for this comparison is to examine the hypothesis that those in 

the Acute Hip Fracture Cohort – who were treated with a more potent antiresorptive 

agent – may have higher BMD than those in the TUDA Cohort treated with standard care; 

and that those in the Acute Hip Fracture Cohort may have had different functional 

outcomes, being subject to an integrated orthogeriatric pathway of care, while the TUDA 

cohort were not.   

 

15.2 Methods 

 

Study population comprised of two cohorts:  

 

The Acute Hip Fracture Cohort were patients admitted to St James’s Hospital Dublin who 

had an acute hip fracture from January 2015 to March 2016.  Inclusion and exclusion 



352 
 

criteria, as well as data collection methodology and blood sampling have been previously 

described in detail in Chapter 4.   

 

The TUDA is a large collaborative cross-sectional study that was designed to create a 

phenotype/genotype database for three cohorts of community-dwelling subjects aged 

over 60 years.  It aimed to explore the effect and possible interaction between nutritional 

and genetic factors on age related diseases.   

 

Data on participant history, biophysical measurements, osteoporosis history and 

medications and DXA analysis have been described previously in Chapter 4.  A subset of 

this cohort with osteoporosis or osteopaenia (known as the TUDA Bone Cohort) were 

selected for the purposes of the current study of this thesis, to compare with the Acute 

Hip Fracture Cohort.  Those participants in the TUDA Bone Cohort with a past history of 

hip fracture were sub-selected for comparison with the Acute Hip Fracture Cohort.   

 

Statistical Analysis: 

Basic descriptive analysis was performed on the study participants in relation to cross-

sectional demographic characteristics.  Comparative statistic tests for the various 

covariates as appropriate: unpaired t-test, ANOVA and Wilcoxon signed rank.  All 

statistical analysis was performed using JMP Edition 14.2.0 (SAS Institute, 2018). 
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15.3 Results 

 

There were 107 participants in the TUDA Bone Cohort with a past history of hip fracture.  

Data on 74 participants from my Acute Hip Fracture Cohort who were followed up at one 

year was available for comparison with hip fracture patients in TUDA Bone Cohort.   

 

There was no significant difference in age or BMI in both cohorts though a significantly 

higher proportion of the Acute Hip Fracture Cohort were male (33.8 vs 17.8%, P = 0.014) 

and a higher proportion had fallen in the last year (62.3 vs 44.7%, P=0.002) and were 

current drinkers of alcohol (79.7 vs 60.7%, P=0.021). Polypharmacy was also higher in the 

Acute Hip Fracture Cohort (mean number of medications 9.7 vs 6.2, P<0.0001). 35.5% of 

participants in the TUDA Bone Cohort were on pharmacologic treatment for osteoporosis 

compared with 100% in the Acute Hip Fracture Cohort.  29% of the TUDA Bone Cohort 

were not on vitamin D supplements at the time of their assessment.   

 

Total hip BMD was greater in the Acute Hip Fracture Cohort (p=0.019) than in the TUDA 

Bone Cohort but there was no significant difference in BMD of the spine or femoral neck. 

T-score of the spine, total hip and femoral neck were significantly higher in the Acute Hip 

Fracture Cohort (p<0.0001).   

 

The details of further comparisons are outlined in the tables below.   
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Table 15.1 
Comparison of characteristics of TUDA and Acute Hip Fracture Cohort  

 TUDA Cohort 
 

Acute Hip 
Fracture Cohort 

 

 Mean SE Mean SE P-value 

Gender      

Female* 82.2%  66.2%  0.014 a  

Male* 17.8%  33.8%  0.014 a  

Age 76.6 0.829 75.2 0.997 0.294b 

BMI 25.0 0.496 24.6 0.597 0.597 b 

Living status      

Spouse/Partner 40.2%  45.9%  0.645 a 

Alone 35.5%  36.5%  0.645 a 

Other 14.9%  10.8%  0.645 a 

Children 9.4%  2.7%  0.645 a 

Nursing home 0%  4.1%  0.645 a 

Comorbidities & Lifestyle 
Factors  

     

Diabetes 6.5%  10.8%  0.312 a 

Stroke 5.6%  6.8%  0.752 a 

Transient Ischaemic Attack 5.6%  1.4%  0.119 a  

Fallen in last year* 47.7%  62.3%  0.0023 

Smoking status      

Current 21.7%  31.1%  0.2613 a 

Past 31.1%  32.4%  0.2613 a 

Never 47.2%  36.5%  0.2613 a 

Alcohol intake      

Current* 60.7%  79.7%  0.0210 a 

Past* 15.9%  9.5%  0.0210 a 

Never* 23.4%  10.8%  0.0210 a 
Comparison of demographics between the Acute Hip Fracture Cohort and the TUDA Cohort. 
a Chi squared test, b Unpaired t-test   
SE =Standard Error 
*Indicates statistically significant results.   
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Table 15.2 
Comparison of TUDA and Acute Hip Fracture Cohort (Bone Mineral Density and Other 
Osteoporosis-Specific Factors) 

 TUDA Cohort Acute Hip Fracture 
Cohort 

 

 Mean 
 

SE Mean SE P-value 

Total Hip BMD (g/cm2) 0.716 0.013 0.763 0.016 0.019 a * 

Vertebral BMD (g/cm2) 0.926 0.021 0.956 0.025 0.357 a 

Femoral Neck BMD (g/cm2) 0.707 0.012 0.690 0.016 0.398 a 

DXA Diagnosis     
 

  

Osteoporosis 63.7%  40.5%  <.0001 b * 

Osteopaenia 34.3%   33.8%  <.0001* b 

Normal  2.0%  25.7%  <.0001* b 

Serum creatinine(umol/L) 81.729 3.720 83.351 4.473 0.781 a 

Serum 25(OH)D (nmol/l) 76.410 3.131 83.473 3.764 0.151 a 

Corrected Calcium 2.308 0.011 2.344 0.013 0.035 a * 

On Bone Drug 63.8%  100%  <.0001 b * 

Vitamin D Supplement 71%  100%  <.0001 a * 

Number of Medications 
(including Calcium/Vitamin D 
and Bone Drugs) 

6.196 0.345 9.730 0.415 <.0001* a 

Comparison of BMD versus other osteoporosis factors in the TUDA Cohort compared with the Acute Hip 
Fracture Cohort. 
a Unpaired t-test, b Chi squared test 
SE =Standard Error 
*Indicates statistically significant results.   
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Table 15.3 
Comparison of TUDA and Acute Hip Fracture Cohort  

 TUDA Cohort  Acute Fracture Cohort  

 Number  (%) Number  (%) P-value 

Anabolic agent 2 1.8% N/A N/A N/A 

IV bisphosphonate 12 11.2% 74* 100% <.0001 a * 

Oral bisphosphonate 47 43.9% N/A N/A N/A 

Other anti-resorptive  4 3.7% N/A N/A N/A 

RANK-L inhibitor 2 1.9% N/A N/A N/A 

SERM 2 1.9% N/A N/A N/A 

None 38 35.5% N/A N/A N/A 
Contingency analysis of class of bone drug in the TUDA Cohort versus the Acute Hip Fracture Cohort 
a Chi squared test 
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15.4 Discussion 

 

As mentioned in the introductory section of this chapter, the reason for comparison of 

these two cohorts was to determine if the use of intravenous zoledronic acid in the Acute 

Hip Fracture Cohort resulted in superior BMD, compared with the TUDA cohort, who 

received standard osteoporosis care, and to investigate if the use of an integrated 

orthogeriatric model of care in the Acute Hip Fracture Cohort imparted any benefit 

compared with the standard care received by the TUDA cohort.   

 

From the outset, it must be stated that the comparison between the Acute Hip Fracture 

cohort and the TUDA Bone cohort is limited by the methodological differences between 

the two study groups.  That notwithstanding, the two cohorts were similar in many 

characteristics such as age and BMI, meaning that some comparisons are worthy of note.   

 

There were significant differences in gender between the two populations, with 33% of 

the acute hip fracture cohort being male, compared with 17% in the TUDA Bone cohort.  

Thus gender difference may be relevant in comparison of BMD between the two groups, 

as BMD tends to be higher in men than in women (Cummings, Cawthon et al. 2006).  

However, the lack of significant difference in age, BMI, medical comorbidities, domiciliary 

status, smoking and alcohol history allow me to conclude that the cohorts are similar.   

 

The results for BMD were similar in the two cohorts for the spine and for the neck of 

femur, but higher for the total hip in the Acute Hip Fracture cohort.  Although it might be 

expected that BMD would be higher in all areas for the Acute Hip Fracture cohort, given 

that all participants were treated with zoledronic acid, it is difficult to compare BMD 

between the two cohorts as there would be an expected  variability in measurements 

that may have been taken on different DXA machines (Binkley, Kiebzak et al. 2005, Baim, 

Binkley et al. 2008).  This nonetheless supports the hypothesis that treatment of 

osteoporosis with zoledronic acid following hip fracture is at least similarly efficacious to 

other treatment strategies, in terms of bone mineral density.  As data on subsequent 

fractures over one year post hip fracture were not available for the TUDA cohort, it was 

not possible to determine the relative fracture reduction efficacy in the two groups, and 



358 
 

the low number of recurrent fractures in the Acute Hip Fracture Cohort would make 

statistical comparison difficult to interpret.  Over all, comparisons in relation to BMD 

would tend towards strengthening the case for use of IV Zoledronic Acid post hip fracture, 

but the study methodology falls short of drawing a conclusive comparison in this case.   

 

The fact that only 35% of the TUDA Bone Cohort were taking a pharmacologic treatment 

for osteoporosis, despite their history of hip fracture, is again indicative of the poor 

compliance with oral bisphosphonate therapy which has been demonstrated in other 

studies (Clowes, Peel et al. 2004, Delmas, Vrijens et al. 2007, Halasi, Kincse et al. 2018).  

This point is highly relevant, as a single 5mg dose of intravenous zoledronic acid has been 

shown to impart BMD benefits for two years (Greenspan, Perera et al. 2015).  Therefor 

in the face of likely low adherence to oral bisphosphonates, the use of intravenous 

zoledronic acid may bestow significant benefit on older adults with hip fractures.  It must 

be noted, however, that although a single dose of IVZA results in 2-year BMD gains, its 

fracture reduction efficacy in the second year is ill-defined (Greenspan, Perera et al. 

2015).   

 

Another noteworthy finding was that the TUDA Bone cohort were less likely to be 

prescribed vitamin D supplements (71% versus 100%), which may reinforce the benefit 

of the orthogeriatric pathway which ensured that the Acute Hip Fracture cohort were all 

prescribed calcium and vitamin D supplements on discharge from hospital.  However, the 

fact that there was no significant difference between the mean vitamin D levels of the 

two cohorts indicated that the while more participants in the Acute Hip Fracture cohort 

were prescribed vitamin D, compliance may have been variable, or other factors such as 

gastrointestinal absorption or sunlight exposure may have had an influence.   

 

Although indices of functional status were not recorded in the Acute Hip Fracture Cohort 

at 1-year, data on domiciliary status of the two groups demonstrated no significant 

difference in nursing home residence, which could be viewed as a broad surrogate 

marker of over all functional status.   
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Comparisons of the two cohorts beyond these observations is prohibited by the 

difference in methodology between the two studies, but as an overarching statement, it 

might be concluded that the Acute Hip Fracture cohort, treated with zoledronic acid were 

similar in many characteristics to the TUDA cohort.  Therefore, the comparison suggests 

that treatment with intravenous zoledronic acid is unlikely to produce outcomes inferior 

to standard therapy and could – where feasible – be included in future models of 

orthogeriatric care and studied in greater depth without concern of lack of efficacy.   
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THESIS CONCLUSIONS 

 

The aims of this study were to test the hypothesis that an integrated care pathway for 

older adults with hip fracture results in positive longer-term outcomes and to identify 

factors associated with this, and to test the hypothesis that intravenous zoledronic acid 

is tolerable, safe and efficacious when administered shortly after hip fracture, and if 

under such circumstances it results in gain in bone mineral density and suppression of 

biochemical markers of bone turnover, and what factors may be associated with these 

metrics.   

 

The cohort I studied was broadly analogous in basic demographics to other national and 

international groups of patients following hip fracture, and had a high burden of frailty 

and comorbidities.  There was a high prevalence of vitamin D deficiency and insufficiency, 

and a low prevalence of prior osteoporosis diagnosis.  Osteoporosis and hypovitaminosis 

D were generally underdiagnosed and undertreated at the time of presentation with hip 

fracture.   

 

The provision of an orthogeriatric model of care was well-executed in the study group 

insofar as all participants received geriatric and bone health reviews and most 

participants had surgery within target time and were mobilised the day after surgery and 

the incidence of pressure ulcers was relatively low.  While most participants were outside 

KPI targets for time to orthopaedic ward, my results were favourable compared to 

contemporaneous national standards.  This indicates that the model of orthogeriatric 

care employed in my study hospital, whereby a fixed commitment existed in relation to 

the geriatric and bone health review of older adults with hip fracture, was probably 

effective in contributing to meeting KPIs of hip fracture care.   

 

Within my cohort I did not establish clear underlying factors associated with either 

meeting or failing to meet KPIs of hip fracture care.  This could be accounted for either 

by the heterogeneity and complexity of the medical conditions, frailty and pre-morbid 

function of my cohort, or by the mitigating factors of coordinated multidisciplinary care 

that participants received.  However, in relation to the association between KPIs and 
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longer-term outcomes, I found that longer wait time-to-surgery was associated with a 

longer length of stay, but this did not remain significant in models adjusting for frailty 

and comorbidities.  There was also a significant association between longer time-to-

surgery and post-operative delirium.  Neither of these associations demonstrate that 

delay to surgery is causative of delirium, and perhaps highlight that underlying medical 

complexity and acute ill-health can both delay operative intervention and risk delirium 

independent of this.  The lack of longer-term adverse outcomes associated with not 

meeting KPIs is at odds with the general body of knowledge on orthogeriatric care.  It 

raises the question as to what are the best metrics to examine in trying to deliver the 

most effective person-centred care.  As my study group was very frail and had a high 

burden of comorbidity, delays to surgery and delays in transfer to orthopaedic wards 

may have been judicious and appropriate as opposed to undesirable.  A key area for 

future research could be to examine the effects of meeting KPIs in older, frailer, more 

medically complex hip fracture patients, as opposed to broader groups.   

 

With regard to the complications following fractures, my main findings were that the 

high incidence of delirium and lower respiratory tract infections were in keeping with the 

age, frailty and comorbidities of the cohort.  The fact that delirium was not associated 

with an underlying diagnosis of dementia leads to the suspicion that delirium went 

undiagnosed amongst those with dementia.  The unifying link between post-operative 

complications and their association with longitudinal outcomes was that frailty, and a 

higher CFS was associated with longer length of stay, institutional care and mortality.  

Furthermore, those who suffered an inpatient fracture were more likely to be discharged 

to new nursing home care.  Taking these findings as a whole, it seems likely that frailty, 

dementia and inpatient fractures are factors which pose significant risk to older adults 

with hip fractures.  As frailty is a broad syndrome, I would propose future research should 

focus on identifying which aspects of a frail person’s medical and functional impairment 

impacts most on their recovery following facture.  In addition, it seems clear that delirium 

may be underdiagnosed in those with dementia, and this is an area which should be 

focussed on in models of orthogeriatric care.   
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The one-year mortality I observed was at the mid-to-upper end of the modern expected 

range, and again may be explained by the comorbidities and frailty of my cohort, which 

were stronger predictors than chronological age.  Of significance is that fact that a 

mortality was lower for those participant’s whose care was taken over by a geriatrician 

during their hospital admission.  As there may be an element of selection bias to this 

finding, I would suggest further studies could randomise participants to either care by a 

geriatrician directly, or to the standard formal liaison model.  The lack of association 

between post-fracture complications and mortality in my study was probably due to the 

fact that these factors would be more likely to influence early mortality, and the small 

numbers in this group prevented testing this hypothesis.  I would suggest that future 

research – with a larger study group – could focus on the causes of early and inpatient 

mortality.   

 

I found the Barthel Index to be a strong predictor of functional outcomes and mortality.  

This finding has been reported in numerous other studies, but the BI is not included in 

routine metrics for hip fracture patient assessments.  As it is a relatively cheap and easy 

tool to complete, I would propose that it should be used as standard in hip fracture care 

plans, to easily identify those people at greatest risk of functional deterioration and 

death, so that early intervention could be taken to augment their clinical recovery as 

required.   

 

An important result of this thesis is that intravenous zoledronic acid was shown to be 

safe and well-tolerated when given early after fracture, despite the age a frailty of my 

cohort.  However, the presence of a low pre-infusion vitamin D level increased the risk 

of hypocalcaemia, and I would propose that future studies could help determine an 

optimum safe cut-off point for vitamin D in advance of zoledronic acid infusions, so as to 

aid in appropriate patient selection.   

 

My study also found that bone turnover markers were adequately suppressed one year 

after infusion with IV zoledronic acid, however the magnitude of the suppression seemed 

to be less than that reported in other studies of patients who had not had a recent hip 

fracture.  This may indicate a blunted effect to IVZA given early post-fracture.  As there 
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is little evidence in published literature in relation to the effect of IVZA on BTMs when 

given early post fracture, it is likely that further studies in larger numbers could elucidate 

this.  I found that a higher baseline vitamin D level was associated with blunted BTM 

responses in my cohort as well as poorer increase in BMD of the total hip and neck of 

femur; the reasons for this are somewhat obscure and could be further elucidated by 

more dedicated research on this niche area.  It is important to highlight that those 

participants who were older or frailer or who had more comorbidities did not experience 

lesser suppression of BTMs than their younger and less frail peers.   

 

Similar to the suppression of bone turnover markers, my cohort experienced significant 

rises in BMD of the spine, total hip and neck of femur over 12 months.  While there were 

no uniform factors clearly associated with changes in BMD at all sites, similar to my 

findings in relation to BTMs, older and frailer participants did not fare worse.  Hence, I 

would conclude that not only is IVZA safe and tolerable for most older adults post hip 

fracture, but it is also efficacious for older and frailer adults in terms of BTMs and BMD.  

As I did not have a control group, and as numbers of new fractures were small, it was not 

possible to determine fracture reduction efficacy in my group.  Therefore, there I would 

recommend extended studies – based on my own work – to test the hypothesis of 

fracture reduction efficacy for IVZA given early post hip fracture.   

 

Future research 

 

As outlined in the paragraphs above, I have identified several areas of interest for future 

research and action.  First amongst these is the high prevalence of undiagnosed 

osteoporosis and hypovitaminosis D in older Irish adults with hip fractures.  While those 

findings are not unexpected or at odds with other studies, they beg the question as to 

why such easily diagnosable and treatable conditions go unaddressed.  The root causes 

of these findings go beyond the scope of my thesis, and therefore I would recommend 

study of the factors effecting underdiagnosis of these conditions, as better diagnosis and 

treatment could prevent fractures.   
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Secondly, in relation to Key Performance Indicators of hip fracture care as well as 

complications following surgery and longitudinal outcomes of residential care and 

mortality, it seemed that frailty was a unifying factor.  This hypothesis probably needs 

little more confirmation, however a key area for future research could be to examine the 

effects of meeting KPIs in older, frailer, more medically complex hip fracture patients, as 

opposed to broader groups.  Or put another way, if it is accepted that all frailer patients 

are at high risk, then which frail patients are at the highest risk and why?  The scope of 

my study could not address this question, so I would propose that it could be the focus 

of future hip fracture studies.  Within this context, delirium and its prevalence in those 

with dementia could also be better defined.   

 

Thirdly, the size of my study prevented conclusive analysis of factors associated with 

early and inpatient mortality following hip fracture.  While many studies, including my 

own, have identified frailty and the Barthel Index as predictors of mortality, there is little 

evidence to identify which specific inpatient complications, such as pneumonia, anaemia, 

urinary tract infections and constipation pose the greatest immediate risk to older adults 

following hip fracture.  Therefore, I would suggest that future research could focus on 

identifying which aspects in the early post-operative period are most relevant.   

 

Finally, while my study demonstrated not only the safety of IVZA given early post hip 

fracture, but also its efficacy in terms of suppression of bone turnover markers and 

improvement in BMD, I was not able to demonstrate fracture reduction efficacy.  

Therefore, I would suggest that further studies could focus on assessing this through 

longer-term follow-up.  In addition, the association between higher baseline vitamin D 

levels and lesser suppression of BTMs and lesser gains in BMD is an area that would 

benefit from additional study.   

 

Recommendations 

 

Based on the research I have conducted for this thesis, I can conclude that the high 

prevalence of underdiagnosed and undertreated hypovitaminosis D and osteoporosis in 

those who suffer a hip fracture is a topic of concern.  Special effort should be placed on 
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osteoporosis screening for frail older adults.  In addition, my findings suggest that the 

implementation of an orthogeriatric model of care is helpful in achieving KPIs for hip 

fracture care.  Given an apparent mortality benefit for those patients whose care was 

taken over by a geriatrician, I would recommend that models of dedicated geriatric care 

for older adults with hip fracture should be implemented more widely.  In addition, 

strong consideration should be given to the standard use of IVZA for select patients early 

post hip fracture, if fracture reduction efficacy can be established.   
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