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Abstract
Purpose: Determine the prevalence, severity and preventability of adverse drug reactions (ADRs), ADRs causing or contributing to hospitalisation (cADRs) and preventable ADRs (pADRs) in middle-aged patients aged 45-64 years presenting acutely to hospital. 
Methods:  Prospective observational pilot study. The sampling frame was middle-aged patients in the Acute Medical Unit of an Irish university teaching hospital. 100 patients using ≥3 medicines were screened for ADRs present at hospitalisation. Potential ADRs were assessed for causality, preventability, severity and relationship to hospitalisation using validated tools and clinician assessment. The associations between ADRs and potentially inappropriate prescribing (PIP) and polypharmacy (≥5 medicines) were investigated using the Pearson’s chi-squared test. Multi-variate logistic regression analyses examined association between ADRs and sex, age, polypharmacy, co-morbidity and PIP. 
Results: Twenty-one of 100 patients experienced 23 ADRs. Prevalence of cADR and pADR was 14% and 11% of patients respectively. Over half of ADRs identified (n=14) were sufficiently severe to prompt presentation to hospital for urgent medical review.  PIP was associated with occurrence of any ADR (adjusted odds ratio 3.49, 95% CI 1.22-9.93), but not with cADR. Excessive polypharmacy (≥10 medicines) (χ2=5.73, p=0.02), but not polypharmacy, was associated with any ADR occurrence.
Conclusions: One in five patients had an ADR and experienced short-term morbidity as a result. For 11 patients, the experienced ADR was preventable. These findings illustrate that middle-aged patients are vulnerable to medicine-related harm. Additional research in larger studies is needed to more comprehensively describe ADR prevalence in middle-age as well as the risk factors for same.
Key Points

· In this pilot study, 14 of 100 middle-aged patients (45-64 years) experienced an adverse drug reaction (ADR) which caused or contributed to their hospitalisation.
·  Potentially inappropriate prescribing and using 10 or more medicines were associated with ADR occurrence – our study is the first to identify this association in middle-aged patients. 
· Our results suggest that middle-aged patients may be more vulnerable to ADRs than previously appreciated and that further research is warranted to better quantify this vulnerability.
Key words: Middle age. Adverse drug reaction. Hospitalisation. Polypharmacy. Potentially inappropriate prescribing. 
1. Introduction
Balancing the benefit and risk when prescribing medicines is a common dilemma, compounded by the rising prevalence of multimorbidity and polypharmacy across the adult age spectrum (1, 2). Adverse drug reactions (ADRs) are an inherent risk of prescribing which may contribute to morbidity, mortality and healthcare costs (3). Notwithstanding that ADRs are unintended and occur at appropriate dosages, they remain a public health concern because a substantial proportion are potentially preventable (4).  
Potentially inappropriate prescribing (PIP) occurs where the risk of adverse effect exceeds the expected clinical benefit of a prescribed medicine, especially when evidence supports a safer or more cost-effective alternative (5). PIP incorporates potential prescribing omissions (PPOs) and potentially inappropriate medicines (PIMs) and has been frequently, but not consistently, associated with adverse medicine-related outcomes in older patients (6-8). Multimorbidity and polypharmacy are associated with advancing age and drug-related hospitalisation in older (>65 years) patients (9, 10). Given these associations, older patients have been a central research focus on ADRs. 
Considerably less is known about ADR-related hospitalisation in middle-age (45-64 years), but evidence does suggest an appreciable prevalence of risk factors in this cohort. Multimorbidity is prevalent in 23% of 45-54 year olds and 39% of 55-64 year old primary care patients in Scotland (11). In Ireland , prevalence of polypharmacy (≥5 medicines) in middle-age increased from 8.3% in 1997 to 30.2% in 2012 (12). The prevalence of excessive polypharmacy (≥10 medicines) also increased over the same period. PIP is also prevalent in middle-age, having been reported as 42.9% and 21.1% of primary care populations in Northern Ireland and Ireland respectively (13). 
We aimed to explore the prevalence, severity and preventability of ADR-related hospitalisation among middle-aged patients presenting acutely to hospital and to identify potential risk factors for same.  
2. Methods
2.1 Study Design and Setting
A prospective, observational pilot study was undertaken in the Acute Medical Unit (AMU) and co-located Acute Medical Assessment Unit (AMAU) of a university teaching hospital in Dublin, Ireland. The AMU is a medical short stay ward designed for acute medical patients with an anticipated length of hospital stay <5 days. The AMAU is a rapid assessment unit operating 12 hours daily, Monday-Friday, from which patients may be admitted to hospital or discharged. During the study period, care for most patients in both units was shared between four AMU consultant physicians with expertise in cardiology, endocrinology, respiratory medicine and age-related healthcare. 
2.2 Sampling 
The sampling frame was all patients aged 45-64 years present on the AMU or AMAU [collectively called AM(A)U henceforth] and under the care of an AMU consultant physician, at time of data collection. To reduce selection bias, the list of AM(A)U patients was randomised using Microsoft Excel 2007 RAND() function. The study’s eligibility criteria were then consecutively applied. The first patient satisfying these criteria was selected for recruitment. Inclusion criterion was prescribed or taking ≥3 medicines (in single or compound formulations) pre-hospitalisation. Exclusion criteria were patients who: were hospital employees, required the use of a foreign-language interpreter, presented with deliberate self-harm, were receiving end-of-life care or had already been included in the study and presented again to the AM(A)U during the study period (Figure 1).

Fig. 1 Flowchart of patient screening and application of inclusion and exclusion criteria. 
AM(A)U = Acute Medical (Assessment) Unit.
2.3 Sample Size 
Given the absence of comparable studies in middle-aged hospitalised patients and the exploratory nature of this study, the optimal sample size could not be readily calculated. A pragmatic target of 100 patients was sought to enable multi-variate regression analysis incorporating five independent variables. 
2.4 Data Collection
Data collection occurred over 13 non-consecutive weeks from March to June 2017 between 08.00 and 18.00 Monday-Friday. Data concerning sex, age, medicine allergy and intolerance history, medical/surgical/social history, diagnostic investigations, laboratory tests, differential diagnoses, problem list, treating physician and disposition (admitted or discharged) were collected. Each patient’s best possible medication history (BPMH) was generated by TS in accordance with local standard practice (derived from the World Health Organisation’s protocol for medicine reconciliation and previous local research) (14, 15). Creatinine clearance at point of hospitalisation was calculated using the Cockcroft and Gault method, if body weight was documented. PIP was identified by applying the PRescribing Optimally in Middle-aged People’s Treatments (PROMPT) criteria to the BPMH (16). Recruited patients were followed-up until discharge to contextualise suspected ADRs. Following discharge, a Charlson Co-morbidity Index (CCMI) score was calculated, allowing the capture of newly diagnosed co-morbidities (e.g. new diagnosis of drug-induced liver disease in patient presenting with abdominal pain and jaundice) (17). 
2.5 Outcome measures
The primary outcome measures were the prevalence of:
- any ADR present upon presentation to hospital, 
- ADRs which caused or contributed to hospitalisation (cADR), 
- any preventable ADR (pADR) and
- the quantification of ADR severity. 
Secondary outcomes were the relationship between ADR, pADR and cADR occurrence and the independent variables: presence of PIP, pre-hospital medicine burden [including medicine count, polypharmacy (≥5 medicines) and excessive polypharmacy (≥10 medicines)], sex, age and CCMI score. 
2.6 Assessment of Potential ADRs
Included patients were screened by TS for potential ADRs, present at point of hospitalisation, using an active surveillance system. This involved direct patient interview and review of all documented signs, symptoms and diagnoses, which were cross-referenced with the undesirable effects of each BPMH medicine as listed in the British National Formulary (online edition) and relevant summary of product characteristics. Suspected ADRs were independently assessed for causality, preventability, severity and relationship to hospitalisation by a pharmacist (TS) and a consultant physician or registrar. Causality was quantified using the Naranjo algorithm: ADRs were categorised as ‘doubtful’, ‘possible’, ‘probable’ or ‘definite’ according to a weighted scoring system (18). Doubtful ADRs were not subjected to further assessment. Preventability of ADRs was assessed using the Hallas criteria and severity using the Hartwig Severity Scale (19, 20). ADRs were ultimately categorised as being causal, contributory or incidental to hospitalisation using clinical judgement. Where discrepancies arose between physician and pharmacist decision, they were discussed to achieve consensus. Failing this, deference was given to the physician’s decision in recognition of their expertise in differentiating disease symptomatology from adverse drug effects and assessing severity of patient harm. This rationale has been applied elsewhere (21). 
2.7 Governance Considerations
Ethical approval was granted by St James’s Hospital/Tallaght University Hospital Joint Research Ethics Committee who classified the study as an audit review. All investigators were employed clinical staff at the study site and provided routine clinical care and treatment to the study cohort. Explicit patient consent was not sought nor required as data collection occurred in the context of the standard pharmaceutical care which is routinely provided to patients at the study site. This care includes, but is not limited to, patient interview and review, medicine reconciliation, assessment of medicine-related problems (including ADRs) and inter-disciplinary communication. All BPMHs, PIP and potential ADRs were documented in the patient’s healthcare record in full compliance with data protection regulations. They were also communicated in real-time to the AMU physicians as part of the clinical care process. Data were managed according to best-practice guidance and legislation and was irreversibly anonymised for the purposes of this study. Patient consent for the calculation and management of CCMI score, medicine count and prevalence was not required as these were carried out on fully anonymised data which falls outside General Data Protection and Health Research regulations.
2.8 Statistical analysis
IBM SPSS Statistics (version 24) was used to support statistical analysis. Parametric numerical data were described using mean and standard deviation and non-parametric numerical data using median and inter-quartile range. The threshold for statistical significance was p<0.05. Pearson’s chi-squared test and Mann Whitney U test were used to compare categorical and numerical variables respectively across patient groups (i.e. any ADR vs. none, any cADR vs. none). Separate univariate and multivariate binary logistic regression analyses were undertaken for the outcomes of ADR, pADR and cADR. Results of regression analyses were presented as Beta co-efficient with 95% Confidence.


3. Results 
3.1 Primary Outcomes
Baseline characteristics of the study population are outlined (Table 1). Of 100 patients, 21 experienced 23 ADRs. Fourteen ADRs, affecting 14 patients, were causal or contributory to hospitalisation: cADR prevalence was 14%. Of these 14 patients, 13 were admitted to the AMU - median length of stay was four days (IQR 1-8). The 14th patient was reviewed and discharged from the AMAU without in-patient admission. Thirty-seven drugs were implicated in the 23 ADRs, of which 12 were classified as a ‘possible’ and 25 as a ‘probable’ cause of the ADR. No drugs were classified as a ‘definite’ cause. 
Table 1 – Baseline study population characteristics
	Patient characteristic
	Study Population
(N=100)

	Female (n)
	57

	Median age, years (IQR)
	57 (52-61)

	Age breakdown, (n)
	

	45-49 years
	15

	50-54 years
	19

	55-60 years
	26

	60-64 years
	40

	Number of chronic health conditions, median (IQR)
Charlson Co-morbidity Index Score, median (IQR)
	3 (2-4)
0 (0-1)

	Number of Pre-hospital Medicines, median (IQR)
	8 (5-10)

	Pre-Hospital Polypharmacy (≥5 medicines) (n)
Pre-Hospital Excessive Polypharmacy 
(≥10 medicines) (n)
	79
35



Six of the 23 ADRs were characterised as ‘definitely preventable’ and six as ‘possibly preventable’. These 12 pADRs were distributed across 11 patients (11% prevalence). Most pADRs (n=7) were also found to be cADRs (7% prevalence of preventable cADRs).
The severity of ADRs is summarised (Table 2). In all 13 cases, level 4 ADRs resulted in a change in treatment with the suspected drug(s).
Table 2 - Categorisation of adverse drug reactions (ADRs) according to the Hartwig Severity Scale
	Hartwig Severity Grade
	Descriptor
	Number of Cases


	1
	An ADR occurred but no change in treatment with suspected drug(s)
	3

	2
	The ADR required that treatment with the suspected drug(s) be held, discontinued or otherwise changed. No antidote or other treatment required. 
	7

	4
	The ADR was the reason for admission. *
	13


	Total
	
	23


* One patient with a cADR presented to the AMAU but was discharged without in-patient admission. 
3.2 Secondary Outcomes
3.2.1 ADRs and PIP
Seventy-two PIP criteria were identified in 48 patients. A PIM was the probable cause of an ADR in two patients and of a cADR in one patient. Having ≥1 PIP criteria was associated with experiencing any ADR (χ2=5.85, p=0.016), but not pADRs (χ2=1.21, p=0.27) or cADRs (χ2=3.58, p=0.06). In multi-variate regression analysis, the likelihood of experiencing any ADR increased almost four-fold in patients with ≥1 PIP criteria; no relationship was identified between PIP and pADRs or cADRs (Table 3).  
3.2.2 ADRs and pre-hospital medicines
Patients with any ADR used a greater number of pre-hospital medicines compared to those without (Mann Whitney U, p=0.023). Excessive polypharmacy (≥10 medicines) (χ2=5.73, p=0.02), but not polypharmacy (≥5 medicines) (χ2=2.11, p=0.15) was positively associated with any ADR occurrence. When patients with cADRs were compared to those without cADRs, there was no difference in number of pre-hospital medicines (Mann Whitney U, p=0.31). Statistical associations between pADR and cADR occurrence and both polypharmacy and excessive polypharmacy were absent. 
3.2.3 ADRs and sex, age and CCMI score
Females were approximately four times less likely than males to experience any ADR (Table 3). Age and CCMI score were not associated with any type of ADR.  Patients with any ADR, or any cADR, did not differ to those without in terms of number of chronic health conditions (Mann Whitney U, p=0.421).
3.2.4 Clinical presentation of ADRs


The cardiovascular and gastro-intestinal systems were most commonly affected by ADRs. Of the 37 drugs causing ADRs, most were from cardiovascular (n=21) or central nervous system (n=5) drug classes. Beta-adrenergic antagonists, agents acting on the renin-angiotensin-aldosterone system, diuretics and non-steroidal anti-inflammatories were the drug classes most frequently implicated in ADRs. Further detail on the identified ADRs is available in Online Resource 1.
1

able 3 –Logistic regression analyses showing the association between ADR type and covariates: sex, age, CCMI score, polypharmacy and presence of PIP. 
	
Covariate
	Any ADR
	Preventable ADR
	Causative or contributory ADR

	
	Unadjusted 
OR (95% CI)
	Adjusted
OR (95% CI) 
	Unadjusted
OR (95% CI)
	Adjusted
OR (95% CI)
	Unadjusted
OR (95% CI)
	Adjusted
OR (95% CI)

	Sex 
(female vs. male)
	0.38 (0.14-1.02)
	0.26 (0.09-0.76) *
	0.51 (0.16-1.61)
	0.31 (0.08-1.22)
	0.39 (0.11-1.42)
	0.46 (0.14-1.51)

	Age 
(per year older)
	0.95 (0.87-1.04)
	0.96 (0.87-1.05)
	0.96 (0.87-1.07)
	0.92 (0.82-1.04)
	0.92 (0.82-1.04)
	0.96 (0.87-1.07)

	CCMI Score 
(per unit score)
Polypharmacy 
(present vs. absent)
PIP
(present vs. absent)
	1.15 (0.72-1.86)

3.01 (0.64-14.11)

3.49 (1.22-9.93) *
	0.99 (0.58-1.70)

2.40 (0.48-13.23)

3.65 (1.13-11.78) *
	1.11 (0.64-1.94)

1.70 (0.35-8.27)

2.05 (0.56-7.50)

	0.73 (0.31-1.73)

1.10 (0.17-7.29)

2.51 (0.56-11.23)
	0.80 (0.37-1.72)

1.22 (0.243-6.13)

3.12 (0.92-10.86)
	1.05 (0.57-1.92)

1.98 (0.37-10.34)

3.48 (0.89-13.59)


 * Threshold for statistical significance is p<0.05. ADR = Adverse drug reaction. CCMI = Charlson Co-Morbidity Index. IQR = Inter-quartile range. OR = Odds Ratio.      PIP = Potentially inappropriate prescribing.  
4. Discussion
4.1 Key findings
This preliminary study identified that ADRs were present in 21 of 100 middle-aged patients presenting to the AM(A)U. This is the first study to describe the prevalence of ADRs in middle-aged hospitalised patients and the prevalence of patients experiencing ADRs that cause or contribute to acute hospital presentation. Many of the identified ADRs were preventable. This is also the first study to establish an association between ADR occurrence in middle-age and both PIP and excessive polypharmacy. These results suggest that middle-aged patients may be more vulnerable to ADRs than previously appreciated. Further research is warranted to better quantify this vulnerability and characterise the risk factors to enable future management and prevention.
4.2 Findings in context of previous research 
The  identified 14% prevalence of cADR is higher than that reported previously (22). Our active surveillance system may have increased ADR detection relative to studies relying on spontaneous reporting (23). We actively involved patients in the surveillance, which possibly enhanced ADR recognition (24). Finally, we reported a composite endpoint (i.e. ADR causal OR contributory to hospitalisation) which may have increased prevalence relative to studies that only considered ADRs which directly led to hospitalisation. 
Prevalence of medicine-related hospitalisation in older patients has been studied extensively (25-27). This is often justified with reference to progressive age-related physiological dysfunction and associated changes in drug action and handling (28). Being aged ≥65 years has been identified as an independent risk factor for ADR-related hospitalisation (10). However, prevalence of cADRs in our study was higher than that reported for acutely ill elderly patients admitted to a different Irish university teaching hospital, suggesting a significant burden of ADRs in middle-aged hospitalised patients (29). This merits further attention and investigation.
In prospective studies, the severity of ADRs is seldom reported, limiting opportunities for comparisons (9, 30). Over half of ADRs identified in this study were sufficiently severe (Level 4) to prompt presentation to hospital. This is consistent with a prospective study of hospitalised adults in the UK, which characterised 25% of identified ADRs as Level 4 or above (20). The predominance of more minor ADRs remains even in studies where different severity scales are used (31). Relative to older patients, the presence of a superior physiological reserve and potentially greater resilience to ADRs in middle-age may explain the exclusively mild-moderate ADRs identified in this study (32). Additionally, standard admission policies for AM(A)Us specifically contra-indicate patients with haemodynamic instability, meaning severe ADR presentations may not have been captured in our cohort because they were admitted to other hospital units (33). 
Of all ADRs (including seven cADRs), 52% (n=12) were preventable. This is consistent with previous evidence and highlights for the first time the burden of preventable ADRs in a middle-aged hospitalised cohort (4, 34). ADRs are a leading cause of morbidity and mortality (4). Hospitalisation resulting from ADRs is costly and depletes the resources of over-burdened healthcare services (35). Many of the implicated drug classes (namely NSAIDs and diuretics) have well-documented associations with hospitalisation (9, 36, 37). This reinforces the need for rigorous assessment of the benefit-risk ratio for these drug classes, irrespective of patient age.
Our study provided the first evidence that middle-aged patients exposed to PIP may be at higher risk of ADRs than those not. This contrasts with Moriarty (2017), who reported that having ≥2 PROMPT criteria was not associated with an increased rate of emergency department or general practitioner visits or a reduction in quality of life in community-dwelling middle-aged people (32). The study populations are different: we investigated patients using three or more medicines and presenting to acute hospital care while Moriarty investigated community-dwelling patients.  The outcome measures differed Moriarty investigated healthcare utilisation, we investigated ADRs.  Our finding provides a signal that may be helpful to prioritise hospitalised patients in need of intensive medication review. To confirm and better characterise the relationship between PIP and adverse medicine-related outcomes (including ADRs) in middle-age, further research in larger observational studies is needed. 
Excessive polypharmacy was positively associated with ADR occurrence in this cohort. This supports the published literature identifying polypharmacy as a major risk factor for ADRs, possibly due to the increased potential for drug-drug interactions (10, 38, 39). Increasing age was not associated with ADR occurrence of any type in our study. The presence or absence of this association has been inconsistently reported in the literature and robust evidence to support the assertion that age is an independent risk factor for ADRs in hospitalised patients is lacking (25, 40, 41, 42, 43). Our observation should stimulate further exploration of the concept that a patient’s physiological and clinical characteristics (e.g. medicine burden, multi-morbidity, frailty score, renal impairment, use of high risk medication) may be more relevant than chronological age, at least in middle-age, for predicting ADR occurrence (32, 44). Women were four times less likely than men to experience any ADR, which is an uncommon but not unique finding in the published literature (9, 20). 
4.3 Practice, policy and research implications
Anti-hypertensives, diuretics and NSAIDs were the drug classes most frequently implicated in ADRs. These findings highlight the need for prescribers to consistently consider the benefit-risk ratio of such medicines in middle-age and to make changes when the ratio is no longer favourable. Our findings also provide a preliminary signal that middle-aged patients are vulnerable to ADRs and that PIP may increase this vulnerability. It follows therefore that interventions which target PIP in middle-age could potentially reduce medicine-related harm, both in the short-term and long-term (45). Larger longitudinal studies are required to confirm such benefits. The result of our pilot study can also be used to support sample size calculations for future studies. 
4.4 Study strengths and limitations
Our study had several strengths. Firstly, a prospective study design was optimal to achieve our study aim and facilitated the comprehensive collection of all relevant data (9, 23). The use of validated assessment tools strengthened the study rigour and reduced the risk of bias reported in other prospective studies (29). The involvement of a multi-disciplinary clinical team promoted a holistic approach to ADR identification and assessment and further strengthened the study’s internal and clinical validity. Several limitations were also present. The sample size was small, restricted to a single site and powered to detect the identified prevalence of ADR-related hospitalisation with a precision level of 6%. Given the exploratory nature of this study, it was necessary to accept these limitations from the outset. Secondly, we excluded those taking <3 medicines. This was unnecessarily prohibitive, as the median number of medicines taken regularly by Irish people aged ≥50 years is two (46). Regarding ADR assessment, level of agreement between pharmacist and physicians was not formally analysed, unlike in other studies (6, 21). In our regression analysis, we treated the number of medicines as a categorical variable (polypharmacy being use of five or more medicines), however, ideally this should have been retained as a continuous variable to optimise model reliability and richness of interpretive ability (47).  Our analysis does not account for the duration of medication use which likely impacts on the likelihood of experiencing an ADR.  A final limitation is the study setting. The AM(A)U is not fully representative of general medical in-patient wards (due to the short stay nature of the unit) or the emergency care setting. Consequently, the identified ADR prevalence and severity may not be generalisable and likely underestimates the prevalence in the general middle-aged patient population acutely admitted to hospital.
5. Conclusion
Of 100 patients aged 45-64 years in our preliminary study, 23 experienced an ADR and 14 experienced an ADR which caused or contributed to their hospitalisation. The majority of identified ADRs were preventable and caused appreciable short-term morbidity. PIP and excessive polypharmacy, but not age, were risk factors for ADR occurrence. ADR prevalence in this study was at least comparable to that reported for older patients, which suggests a vulnerability to ADRs in middle-age which has yet to be comprehensively described in the literature. Additional research in larger studies is therefore warranted to better quantify ADR burden in middle-age and the risk factors for same. 
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168 patients aged 45-64 years and receiving care from an AMU consultant in AM(A)U


15 patients discharged prior to screening
46 patients using <3 pharmacologically active compounds
4 patients already recruited to study
2 non-English speaking/ interpreter needed
1 patient with deliberate self-harm



100 patients screened for ADRs


20 patients  assessed in AMAU and discharged 
on same day


80 patients admitted    to hospital 


