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SUMMARY

Introduction

Observational studies to date have provided conflicting evidence with respect to the 

clinical relevance o f vitamin B12 status in elderly patients.

Aims

The aims o f this work were to establish the relationship o f vitamin B12 status to a 

num ber of clinical dom ains, including cognitive performance; prevalence of falls; 

orthostatic hypotension; depressive symptom s, and mortality.

Methods

The experim ental part o f this work consisted of observing two patient populations. 

The first cohort was a longitudinal study o f randomly selected comm unity dwelling 

elders. Detailed social, medical and psychiatric assessments were conducted on a 

well-defined population at baseline and at a follow-up visit. Baseline levels of vitamin 

B12, serum  folate and hom ocysteine were recorded. At follow-up visit, a novel 

m arker of vitamin B12 status -  holotranscobalamin -  was added.

The second patient population was a group o f consecutive attenders at a dedicated 

Falls and Blackout Unit diagnosed with orthostatic hypotension (OH) according to 

standard criteria.

Results

Vitam in B12 deficiency was associated with lower cognitive scores at baseline 

assessm ent but this association was attenuated when controlled for hom ocysteine. No 

such association existed within the replete range; nor was there an association 

betw een baseline vitamin B12 levels and subsequent cognitive decline.

M ean vitamin B12 levels did not differ between elderly patients diagnosed with 

orthostatic hypotension and age- and gender- matched controls. Furthermore, we 

found no relationship between vitamin B12 status and changes in haem odynamic 

param eters during active stand in a population o f patients with OH.



Serum vitamin B12 levels or serum holotranscobalamin levels did not differ between 

those patients who recalled falling in the previous year, and those who denied a 

history o f falls.

There was an inverse association between holotranscobalamin -  a measure of 

bioavailable vitamin B12 -  and depressive symptoms in our community-dwelling 

elderly population, independent of homocysteine, vascular disease or other 

biopsychosocial factors.

Lastly there was no difference in mortality between quartiles of vitamin B12 over a 3- 

year period.

Discussion

These findings demonstrate a threshold effect for vitamin B12 status and cognitive 

performance. There was some evidence of an interaction effect as frailer patients vvho 

were unable to shop or prepare food were effectively supplemented by their relatives. 

We did not demonstrate an association between baseline vitamin B12 status and 

subsequent cognitive decline. With respect to falls and orthostatic hypotension, this 

was the first study to compare a population of patients with OH to a population of 

controls; we did not demonstrate a difference in mean vitamin B12 levels or 

prevalence of deficiency in the two populations.

We demonstrated a novel association between holotranscobalamin and depressive 

symptoms, which persisted when controlled for homocysteine, a marker of 

atherosclerosis and B12 deficiency. This suggests an alternative mechanism is 

involved.

Lastly, we did not demonstrate an association between vitamin B12 levels and 

mortality. Previous studies demonstrating such relationships were restricted to 

specific patient populations (e.g., in-patients, patients with cancer) and it may not be 

possible to generalise from these findings.
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CHAPTER 1: VITAMIN B12

1.1 Historical Notes

Vitamin B12 is unusual in that it was discovered by way of its absence. Before the 

term ‘vitamin’ was coined, observant physicians had identified a distinct clinical 

syndrome. It was first studied by examination of the patient, and of the blood; later it 

was recognised that nerve tissue was also affected. The terminology used by these 

pioneers reflected that the cause was unknown -  however it is now supposed that these 

reports were of vitamin B12 deficiency. The clinical consequences of vitamin B12 

deficiency will be described in systematic detail later -  for now it is worth reviewing 

the evolution of these early descriptions.

Amongst the earliest descriptions of anaemia is that of James Combe of Edinburgh in 

1822 (Pearce, 2008). In July 1822 he attended to a 47 year old man who presented with 

pallor and lassitude. Despite various therapies, the man succumbed within nine 

months. At post-mortem. Combe was struck by the “nearly bloodless state of every 

viscus and structure in the body” . Unable to account for this exsanguine state. Combe 

noted that his colleagues on the Continent described a condition known as Anaemia.

He was unable to specify a distinct cause (Combe, 1824).

In 1855, Thomas Addison provided a more thorough description of the anaemia and 

its clinical presentation. His description is colourful -

"It makes its approach in so slow and insidious a manner that the patient can hardly 

f ix  a date to his earliest feeling o f that languor which is shortly to become so extreme. 

The countenance gets pale, the whites o f the eyes become pearly, the general fram e  

flabby rather than wasted ...

With perhaps a single exception the disease, in my own experience, resisted all 

remedial efforts, and sooner or later terminated fatally." (Wilks and Daldy, 1868)
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This disease presented a puzzle to contemporary physicians, as the traditional causes of 

anaemia could not be found. For this reason, there was some debate as to whether it 

constituted a distinct disease, or merely a symptom of other diseases. In his 

description, Addison noted -

“ ... i f  any train o f symptoms may be allowed to constitute anaemia a generic disease, 

the following may be considered an example o f it in its most idiopathic fo rm .” 

(Stockman, BMJ, 1895).

Whether primary or secondary, the intractable nature of the illness was widely 

recognised, and a German physician, Michael Anton Biermer, first used the term 

'pernicious anaemia' in 1872 to describe a disease that was almost universally fatal at 

that time (Chanarin, 2000). Biermer’s description is considered more thorough than 

Addison’s: indeed, la maladie de Biermer is still diagnosed in Francophone countries.

These first descriptions did not comment on the state of the nervous system. The most 

thorough description of the neurological lesions found in the spinal cord was provided 

by Russell et al (Russell et al., 1900). They observed nine cases, aged 30 to 40,

“without exception, strong and healthy till a short time before the symptoms manifest” . 

They also noted -

‘‘A remarkable feature o f these cases was the absence o f any improvement o f the 

nervous symptoms under treatm ent... the tendency was fo r  the symptoms to increase, 

sometimes halting, sometimes progressing rapidly, but never showing any remission.”

However, as anaemia was not universal, Russell omitted it from the spectrum of 

symptoms described.
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Others recognised that these two aspects o f vitamin B12 deficiency - anaem ia and 

spinal cord disease - occurred together. Putnam described eight cases occurring in 

middle age: m ost were women. All were fatal (Putnam , 1891). Dana provided a similar 

description o f degeneration o f the spinal cord, and in 1899 considered the combination 

o f spinal cord disease and pernicious anaem ia pathognom onic of a “poison ” as yet 

unidentified (Dana, 1899).

Putnam felt that the importance of the anaem ia and impaired nutrition suggested “a 

hopeful outlook through the use o f  careful and thorough treatment by tonics and  

nutritives”. It was some time before this hope was realised.

In 1934 the concept that food could be used to treat this disease was sufficiently novel 

to warrant awarding the Nobel Prize in physiology and m edicine to W hipple, M inot 

and M urphy -  the first Am ericans to win this award. Their diet o f liver “ in such 

quantities [that] seem ed very outrageous” had dramatic effects on this hitherto fatal 

state (M inot and M urphy, 1926, Robscheit-Robbins and W hipple, 1929).

W hile they attributed the benefit to “ the character of the proteins or amino-acids in the 

diet” , Castle et al postulated the existence o f an “extrinsic factor” necessary for normal 

haem atopoesis (Berk L et al., 1948). Subsequent to his work the chemical structure of 

vitamin B 12, or cobalam in, was discovered in 1948 (Rickes e ta l., 1948).

1.2 Chemistry

Cobalamin consists o f a nucleotide linked at right angles to a four pyrrol ring -th e  

structure is sim ilar to a heme ring but with a cobalt atom at its centre in place o f iron. It 

has a m olecular weight o f around 1400. W ith the cobalt atom bound by the four-pyrrol 

ring, it is the projecting group (in Fig 1, -CN) that provides the reactive centre 

(Shinton, 1972).
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There are various forms of the vitamin that are active in humans. Cyanide stabilises the 

cobalamin molecule and thus cyanocobalamin is the most commonly prepared 

pharmaceutical form. However, in humans other forms may be used, including 

adenosylcobalamin and methlycobalamin (Herbert, 1988).

13  Synthesis and dietary sources

Vitamin B12 is synthesised by bacteria only, with over a third of bacteria genetically 

sequenced thus far capable of doing so via aerobic or anaerobic mechanisms (Raux et 

al., 2000). There are few plants capable of synthesising vitamin B12. Therefore, all 

vitamin B12 ingested by humans in ultimately bacterial in origin. In meat-eaters, 

sources can include bacterial contamination or animal stores of the vitamin. In 

vegetarians, dietary vitamin B12 is usually found as a bacterial contaminant on the 

outside of the plants. It is often faecal in origin (Herbert, 1988). In omnivorous diets, 

vitamin B12 is found in highest concentrations in meat, milk, eggs, shellfish and fish 

(Watanabe, 2007).

HO- CHj

Fig 1.1; Adenosylcobalamin Fig 1.2: Cyanocobalamin
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1,4 Absorption

Absorption o f vitamin B12 in humans requires several steps. Vitam in B12 is ingested, 

usually bound to animal proteins. Pepsin and stomach hydrochloric acid break down 

the B 12-protein com plex. R-proteins are secreted by salivary and parietal cells and 

bind to B12 in the acidic environm ent o f the stom ach, creating a cobalam in-R-protein 

complex. Gastric parietal cells also secrete a glycoprotein term ed intrinsic factor. In the 

duodenum , pancreatic enzym es break down the cobalam in-R-protein com plexes, and 

the free cobalam in binds with intrinsic factor. This cobalam in-intrinsic factor complex 

binds to receptors in the term inal part o f the ileum, where the cobalamin is finally 

absorbed and transferred to transport proteins in plasm a (Andres et al., 2004) (Molloy 

et al., 1999). These transport proteins are collectively term ed transcobalamins.

The m ajority o f B 12 is bound to transcobalamin I, or haptocorrin - but it is not 

available to the body's tissues. That portion o f B 12 that is bound to transcobalamin II -  

around 20 % - is available to cells (Carmel et al., 2003). M easuring this complex o f 

vitamin B12 and transcobalam in (known as holo-transcobalam in or holo-TC II) has 

been m ooted as a more accurate m ethod of diagnosing clinically significant cobalamin 

deficiency (Hvas and Nexo, 2005).

1.5 Metabolism

Defining vitamin B12's role in mammalian cells was hampered by the difficulty in 

devising animal m odels. Ordinarily, vitamin B12 is required in very small quantities 

(Kuzminski et al., 1998) , and dietary restriction alone will induce deficiency after an 

inordinate am ount of tim e. Faeces are abundant sources o f vitamin B12, and policing 

anim als for coprophagy is im practical. The discovery that Nitrous oxide (NO) 

inactivated m ethylcobalam in and rapidly depleted B12 stores led to the developm ent of 

animal models o f B12 deficiency in m onkeys, fruit bats and pigs. This allowed the 

study o f the possible m echanism s of neuronal damage in vitamin B12 deficiency.
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There are two enzymes known to be dependent on vitamin B12, and these are the 

prime suspects in mechanisms of damage. These are Methylmalonyl Coenzyme A 

mutase (MUT) and Methyltetrahydrofolate-homocysteine methyltransferase (MTR), 

also known as methionine synthase (MS).

MUT uses adenosylcobalamin to convert methylmalonyl CoA into succinyl CoA, a 

coenzyme used in the citric acid cycle and porphyrin synthesis. When activity of this 

enzyme decreases, the precursors methylmalonyl coenzyme A and proprionyl 

coenzyme A accumulate. These precursors are used in the synthesis of odd-chain and 

branched-chain fatty acids. An excess of these precursors results in an imbalance in the 

formation of fatty acids, which are required for normal myelination of cells. This is one 

potential mechanism of damage to the nervous system, but there aie other candidates 

(Metz, 1992).

MS, the second enzyme dependent on cobalamin, is distinguished by requiring folate 

for its action. This enzyme accepts a methyl group from methyltetrahydrofolate, and 

methylcobalamin is formed from cobalamin as an intermediary reaction. This methyl 

group is then added to homocysteine, to form methionine (Met).

Met is a sulphur-containing essential amino acid used in the construction of 

polypeptides and phospholipids. Its derivative s-adenosyl methionine (SAM) is a 

methyl donor. Various methylation reactions are required for the production of 

functioning myelin. There is some evidence that cobalamin deficiency results in a 

deficiency of Met, with reduced methylation and defective myelin production (Scott et 

al., 1981).

8



1.6 Measurement

Assays o f serum vitamin B 12 are of two broad types - m icrobiological and competitive 

protein binding. The latter are expensive, whereas the form er required significant 

technical expertise and could be inhibited by the presence o f antibiotics in the subject's 

serum. Initial reports suggested that, while better than radioim m une assays, there was a 

very wide co-efficient o f variation in microbiological assays - up to 39.9 %. However, 

as the m icrobiological assay was accurate and reproducible in reference laboratories, it 

was considered that unreliable results may be due to technical faults in clinical 

laboratories (M ollin et al., 1980)

A series o f developm ents im proved on these lim itations - a sulphate-resistance 

Lactobacillus leichmanii was used; a method to store the test organism  was developed; 

and an antibiotic-inactivating enzym e was added to the assay protocol. This allowed 

the design o f a sim ple m icrobiological assay (Kelleher and Broin, 1991).
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CHAPTER 2: VITAMIN B12 DEFICIENCY

2.1 Measuring cobalamin and defining deficiency

Problems arise immediately when trying to define vitamin B12 deficiency. Different 

laboratories use different, often arbitrary cut-offs, making comparisons difficult. The 

scientific literature uses pmol/1 while clinical laboratories use ng/1 (Carmel et al., 2003) 

(Clarke et al., 2003b). A number of authors have attempted to qualify cobalamin 

deficiency as clinically or metabolically significant by including other parameters -  

these include elevated homocysteine (tH cy),or methylmalonic acid (MMA) (Carmel et 

al., 2003). It is reasoned that if components of the cobalamin-dependent pathways are 

elevated, this represents a tissue deficiency, even where serum cobalamin may be 

normal (Joosten et al., 1993b).

However, evidence is lacking that correction of elevated MMA levels correlates with 

clinical improvement. There are other causes of elevated methylmalonic acid and 

homocysteine levels, and some authors question the inclusion of these as criteria (Hvas 

et al.,2001).

A gold-standard approach relies on definitively subnormal levels of serum B12 on two 

separate occasions, or the combination of low serum B 12 with either a high MMA or 

high tHcy (Andres et al., 2004).

Schilling Test

The Schilling test was formerly used to test for cobalamin absorption, using 

radiolabelled cobalamin and cobalamin-intrinsic factor complex. A fasting patient 

ingests the radioisotope and a 24-hour urine collection is undertaken. A proportion of 

ingested, radiolabelled cobalamin is excreted in the urine and this reflects the amount 

absorbed (Walters, 2005).
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2.2 Epidemiology of vitamin B12 deficiency in the elderly

Deficiency is more prevalent in the elderly population (Carm el, 2000) but the classical 

signs and symptoms may be blunted or absent (Lindenbaum  et al., 1988) (Hin et al., 

2006). Conversely, syndrom es responsive to replacem ent therapy can occur in 

individuals whose serum cobalam in is well within the normal reference range 

(Solom on, 2005).

Using definitions qualified as clinically significant, prevalence o f deficiency ranges 

from 5 % to 12% in free-living elderly subjects (Clarke et al., 2004) (Lindenbaum  et al., 

1994). Prevalence has been determined in W estern (Pennypacker et al., 1992, Flood et 

al., 2006, Clarke et al., 2004), Asian (Lim and Heo, 2002) and North American 

populations(Lindem an et al., 2000, Lindenbaum  et al., 1994). There are less prevalence 

data on institutionalized patients (Shahar et al., 2001) (See Table 2.1).
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Table 2.1: Prevalence of Vitamin B12 deficiency in the elderly
1 Prevalence in com m unity-dwelling elderly

A uthor Y ear C ountry
Patient
Type

Patient
N um ber

D efin ition  o f 
C obalam in 
D eficiency

P revalence

Joosten  et al., 
1993a

1993
W estern
E urope

H ealthy
com m unity

>65
64 B 12 <103 pmol/1 6 %

L indenbaum  et al., 
1994

1994 US
C om m unity

dw elling
548

B12 <258 pmol/1 
and elevated 

tH cy or M M A
11.9 %

C larke et al., 2004 2004 UK
C om m unity  

dw elling , 
over 65

3511

B 12<150 pmol/1 

OR

B12<200pmol/1 
and tH cy >20 

p.mol/1

1 in 20 
(over 65) to 
over 1 in 10 

(over 75)

F licker et a l., 2004 2004 A ustralia

C om m unity 
dw elling; 
m en >75, 

w om en >70

573 N ot stated
14 % m en, 

6 % w om en

Hin Hin et al., 
2006

2006 UK
C om m unity
D w elling ,

>75
1000 B I2< 133  pmol/1 13%

L oikas et al., 2007 2007 Finland
C om m unity
D w elling ,

>65
1048

B 12<150 pmol/1 
or B 12<250 and 
increased tH cy, 

low  holoTC

12
%

I  Prevalence -  Elderly Day Patients /  Outpatients |

R ajan et a l., 2002 2002 US
G eriatric

OPD
169

B 12 <300 
pg/m L  and 

M M A  >271 
nm ol/L

16.5 %

Figlin et al., 2003 2003 Israel
G eriatric 

D ay centre
749

B12<147 pmol/1 
and M M A  >0.24 

Hmol/1
12.6 %

Prevalence -  Elderly Inpatients
B lundell et al., 

1985
1985 UK

G eriatric
inpatients

200 B12 <165 ng/1 7.5 %

Joosten  et al., 
1993a

1993
W estern
E urope

H ospitalised
G eriatric

286 B 12 <103 pmol/1 5 %

Figlin  et al., 2003 2003 Israel Institu tions 418
B 12<147 pmol/1 
and M M A  >0.24 

[imol/1
1.2 %,

Paulionis et al., 
2005

2005 C anada
L ong term 

care
75 B 12<332 41.3 %

M M A  -  m ethylm alonic acid 
H ey -  hom ocysteine
H oloT C - ho lotranscobalam in (transcobalam in II)
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2 3  Aetiology

Congenital causes of cobalamin deficiency

These are rarely relevant in the elderly, but it is worth noting that for each step of the 

cobalamin absorption process, a mutation exists that may arrest it. These include 

absent or deficient intrinsic factor, deficient absorption proteins in the ileum, and 

finally deficient or absent transcobalamin. They are all rare. There are a number of 

inborn errors of metabolism affecting the cobalamin pathways. These are usually 

detected in infancy or early childhood (Michael Whitehead, 2006).

Dietary

The daily requirement of B 12 is 2-5 |.ig with significant body stores of up to 1.5 mgs 

(Andres et al., 2004). Up to 55 % of free living elderly subjects take vitamin 

supplements of one form or another (La Rue et al., 1997), and oral intake of vitamin 

B12 does have an impact on serum cobalamin levels (Rajan et al., 2002). Thus vitamin 

B12 deficiency due to poor diet is rare in adults (Carmel et al., 2003).

Autoimmune

Pernicious anaemia is an autoimmune disorder that is characterized by the production 

of antibodies to gastric parietal cells or intrinsic factor. It is associated with other 

autoimmune conditions such as Grave’s disease or vitiligo. Relatives of those affected 

have a higher incidence of the disease (Daroff and Martin, 1998). However, while 

anaemia is historically considered the classic cause of vitamin B12 deficiency, it is not 

the primary cause of vitamin B12 deficiency in the elderly. In the older population, 

pernicious anaemia has a prevalence of 1.4 % - 4 % (Carmel, 1996). It accounts for 20 

% of the vitamin B12 deficiency found in the elderly (Andres et al., 2004).
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Food-cobalamin malabsorption

This condition accounts for the majority of vitamin B12 deficiency in the elderly. It is 

characterized by an inability to disassociate dietary cobalamin from the proteins to 

which it is bound when ingested. Clinically, it presents as a vitamin B12 deficiency in 

a patient who has an adequate diet (with adequate vitamin B12 intake) and a negative 

Schilling test. It is associated with achlorohydria, and gastric atrophy, which can be 

related to Helicobacter pylori infection (Carmel, 1995).

Iatrogenic

As the acidic environment of the stomach is necessary to break down cobalamin-R- 

protein complexes, long-term suppression of gastric acid production by prescribed 

medications can rarely result in vitamin B12 deficiency (Howden, 2000). Metformin 

has been proposed as another cause of food-cobalamin malabsorption and consequent 

vitamin B12 deficiency - in one series, it accounted for 6% of vitamin B12 deficiency 

in the elderly (Andres et al., 2002)

Partial gastrectomy results in decreased intrinsic factor production and reduced 

cobalamin absorption. Resection of the terminal ileum will have the same outcome 

(Linker, 2006).
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2.4 Pathogenesis

Mechanisms involving Methylmalonyi Coenzyme A mutase (MUT)

Increases in intermediate metabolites in this enzym e’s pathway results in the formation 

o f abnormal fatty acids, and hence deficient myelination. How ever, examination of the 

com position o f fatty acids in the brains o f cobalamin deficient fruit-bats failed to 

support this theory(van der W esthuyzen and Gibson, 1984).

Mechanisms involving methionine synthase (MS)

Interference with the activity o f MS results in decreased production o f m ethionine, a 

precursor o f AdoM et. This latter molecule is used as a methyl donor in many reactions, 

and this has been proposed as a mechanism for the neuronal damage o f vitamin B 12 

deficiency (Scott et al., 1981).

Deficiency of B12 results in elevated levels o f hom ocysteine. Hyperhomocysteinaem ia 

has been associated with increased cardiovascular risk (Perry, 1999) which is thought 

to increase the rate o f silent brain infarcts and hence cognitive decline(M atsui et al., 

2005). There is some evidence that hom ocysteine potentiates dam age to neurons by 

potentiating Beta amyloid peptide neurotoxicity(Lipton et al., 1997). Thus elevated 

hom ocysteine may contribute directly to neurodegeneration and cognitive 

decline(Obeid and Herrm ann, 2006).

Lastly, using an experimental model of gastrectomized rats, Scalabrino has 

dem onstrated that cobalamin deficiency results in increased levels o f tum our necrosis 

factor (T N F-a) and reduced levels of epidermal growth factor (EGF) (Scalabrino, 

2005).
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2^ Pathology

Putnam first identified the parts of the spinal cord affected -

"The examination o f  the spinal cord revealed . . . a  sclerosis o f  a portion o f  the 

posterior columns and  parts o f  the lateral pyram id tract throughout their whole 

leng th”. (Putnam , 1891)

Closer exam ination reveals that the first changes are swelling of the myelin sheaths in 

the parts o f the spinal cord m entioned. This is characterised by vacuole formation: as 

these vacuoles coalesce into larger lesions, a sieve-like appearance is generated. There 

is axonal damage and demyelination (Victor et al., 2001).

W ith respect to the blood, the underlying m echanism  is defective DNA synthesis in the 

marrow due to disruption o f the action o f methionine synthase. This results in the 

production of large, imm ature red cells and a megaloblastosis. Abnormally shaped red 

cells are seen on blood film. There may be neutropaenia or throm bocytopaenia 

associated with the anaem ia (Baik and Russell, 1999).
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2.6 Clinical features

Signs and symptoms belong to two broad categories -  neuropathy and haematological. 

The neuropathy may be divided into peripheral, central, and autonomic.

Haematological

W hereas it was previously thought that anaemia inevitably accom panied vitamin B12 

deficiency, a significant proportion of patients (up to 28 %) may have no 

haem atological changes (Healton et al., 1991, Lindenbaum  et al., 1988). W here 

symptom s of anaemia occur they are indistinguishable from anaem ia due to other 

causes, and include fatigue, pallor, shortness of breath and palpitations (Baik and 

Russell, 1999).

Peripheral neuropathy

A significant proportion (up to 28% ) o f patients with vitamin B12 deficiency are 

asym ptom atic (Stabler et al., 1990). The earliest complaint is frequently of 

paraesthesia, or “tingling” , o f feet or hands. If  untreated, this may progress to an 

ataxia, with weakness and stiffness of the lower limbs. In untreated, end stages, this 

may progress to a spastic paraplegia.

Early signs may be absent, but include loss o f vibration and position sense, 

corresponding to affected dorsal and lateral regions o f the cord. There may be a mild 

generalised weakness of the lim bs, with increased or absent reflexes depending on the 

level o f involvem ent of the spinal cord. These signs are approximately 

sym m etrical(V ictor et al., 2001). Optic atrophy may be seen on examination 

(Reynolds, 2006).

Before treatm ent was available, this sym ptom  complex progressed to atrophy of the 

lower limbs and a spastic paraplegia. Death ensued (Putnam, 1891).
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Vitamin B12 deficiency has been described in isolated case reports as the cause of a 

wide range of neurological syndromes, including down-beat nystagmus(Puri et al., 

2006, Mayfrank and Thoden, 1986), mania(Goggans, 1984), vocal cord paralysis (Ahn 

et al., 2004), and myoclonus (Celik et al., 2003, Nowack and Kennedy, 1984).

Autonomic neuropathy

While considered rare, ten case reports have described an association between 

cobalamin deficiency and autonomic neuropathy, manifested as orthostatic 

hypotension (OH) (Sahni et al., 2005, Fehmann, 2003, Girard et al., 1998, Johnson, 

1987, White et al., 1981, Lossos and Argov, 1991, Eisenhofer et al., 1982, Toru et al., 

1999, Kalbfleisch and Woods, 1962). These cases are summarized (see Table 2.2).
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Table 2 2 : Case Studies of Pernicious Anaemia with Orthostatic Hypotension

Author Year Age Sex Co-morbidities
Duration of 
symptoms

Symptoms / 
signs of 

peripheral 
neuropathy

Time to 
im provement 
o f  symptoms

Kalbfleisch 
and W oods, 

1962
1962 66 M Nil 6 months Yes

Resolved at 6 
months

W hite  et al., 
1981

1981 69 M DM  (2) 12 months Yes

Eisenhofer 
et al., 1982

1982 79 M 6 months Yes Day 17

M cC om be
and

M cLeod,
1984

1984 51 M 10 years Yes Within weeks

Johnson,
1987

1987 71 M DM(2) 6 months No" promptly

D undar  and 
Yucel, 1988

1988 31 M Unstated No 1 week

L osses and 
A rpov , 1991

1991 70 M Nil 6 months No 2 months

Girard  et al., 
1998

1998 76 M vitiligo 10 days Yes 10 days

Toru et al., 
1999

1999 77 M Nil 1 month Yes 1 month

Fehm ann,
2003'’

2003 47 M Osteomyeli tis 9 7

“Patient presented tw ice -  B12 deficiency undetected at first presentation. Signs of peripheral neuropathy present at second 
presentation
^Patient had a substitu ted  B 12 deficiency

Nerve biopsies were conducted in 2 o f the above cases -  this disclosed a mixture of 

axonal degeneration and demyelination (Toru et al., 1999), or pure axonal degeneration 

with no evidence of demyelination (McCombe and McLeod, 1984). In one case an 

insulin tolerance test was performed (Eisenhofer et al., 1982). This demonstrated an 

absent catecholamine response in the patient, vs. a sharp increase in six (much 

younger) male controls.
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In another series, 21 patients with symptomatic cobalamin deficiency were recruited 

over a four year period(Beitzke et al., 2002). On measures of resting heart rate, drop in 

systolic blood pressure on head-up tilt, and failure to increase total peripheral 

resistance index, cobalamin-deficient patients differed significantly from age-matched 

controls -  their responses were similar to patients with established diabetic neuropathy. 

Subsequently, an unblinded intervention was undertaken in eight cobalamin deficient 

patients with OH, matched with eight controls. This demonstrated an improvement in 

changes in systolic blood pressure and systemic vascular resistance in response to a 

head-up tilt(Moore et al., 2004).

Central neuropathy -  cognition

The importance of vitamins to cognition may be inferred from the severe cognitive 

dysfunction observed in congenital deficiencies of one-carbon (i.e. vitamin B-6, 

vitamin B 12 and folate) metabolism(Selhub et al., 2000). It has been supposed that 

undetected or subclinical vitamin B 12 deficiency may contribute to subclinical 

cognitive decline.

Vitamin B12 deficiency has been associated with a greater burden of vascular lesions 

on neuroimaging; it is also associated with greater volume loss on neuroimaging of 

community-dwelling, cognitively intact older people (de Lau et al., 2009,

Vogiatzoglou et al., 2008).
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Cognition -  cross-sectional studies in cognitively intact adults

In 1983 a cross-sectional study of 260 community dwelling people over 60 disclosed a 

link between vitamin B12 deficiency and poorer cognitive performance (Goodwin et 

al., 1983). In this study the highest quartiles were compared with the lowest, and a 

correlation was found with serum levels of B12. The same cohort when reassessed 6 

years later demonstrated correlations between past vitamin intake and cognitive 

performance -  however the associations were weak and there was considerable sample 

attrition(La Rue et al., 1997). Numerous cross-sectional studies comparing patients 

with and without dementia have supported this trend (Selhub et al., 2000).
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Table 2 3 : Cross-scctional studies of Vitamin B12 and Cognition -  Normal Adults

Author Year Number Characteristics of patients Testing performed
B I2

Association Outcomes Other comments

Goodwin et 
al.. 1983 1983 260

Noninstitutionalised, disease 
free, well educated

Halstead-Reitan, W echsler Yes
Top 10 % significantly 
different to bottom 10 %

Controlled for age, gender, level 
o f incom e, amt o f education

Riggs et al., 
1996

1996 70 M ales, aged 54-81
Verbal fluency. Delayed word recall 

(DW R), constructional praxis
Yes

Low B12 assoc, with poor 
construction

High B12 assoc, with worse 
DWR

W ahlin et al., 
1996

1996 250
Non-demented, community 

dwelling 75-96
Word recall and recognition Yes Not a linear relationship Folate also related

Bernard et al., 
1998 1998 303 Ambulatory veterans in OPD MMSE No /  Yes

Is significant when lower 
cut-off used

301 m ales, only 6% B 12 
deficient

Lindeman et
al.,2000 2000 883

Random medicare Hispanic or 
W hite >65

M MSE, WAIS-R", Fuld object, clock 
drawing, colour trail making No

No difference between 
deficient and non- 
deficient**

Significance found for folate

Jelicic et al., 
2001

2001 698
Free living, 55 to 85, mean age

68.7
15 W ords Test (A V LT '), coding task Yes

B12 associated with 
processing speed, not 
memory

No folate association

Duthie et al.,
2002

2002 165
Survivors o f Scottish Mental 

Survey o f 1921
M MSE, N A R r, RPM^ A V L T Yes

Significant assoc with 
M M SE

Childhood IQ accounts for c 50% 
o f late-life cognitive variability

Garcia et al.,
2004b

2004 281 Community dwelling >65
California Verbal learning Test, Mattis 

Dementia rating scale, Stroop Yes Correlation with CV LT
Disappeared on multivariate 
analysis

Kado et al.,
2005

2005 499
Community dwellers, high 

function, 70-79
Confrontation naming, delayed 

recognition No No association
Associations with homocysteine, 
folate, B6

Feng et al.,
2006

2006 451
Healthy com m . Dwelling 

Chinese >55

Block Design, Symbol Digit M odality, 
Rey Auditory Verbal Learning, Verbal 

Fluency
No No association

Signif. Associations with folate 
and hom ocysteine and cognition

Hin et al.,
2006

2006 1000
Random ,com m unity dwelling

>75
MMSE Yes

Lowest quartile 2.17 RR 
o f cognitive impairment

Associations were stronger for 
holoTC
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Central neuropathy - mood

In psychiatric populations

In one retrospective chart review of 102 acutely admitted psychogeriatric patients, 3.7 

% were found to be vitamin B12 deficient using a low lower limit of 150 pg/ml (Bell et 

al., 1990). A larger case series of 272 found 26.1 % to have levels lower than 150 

pg/ml (Carney and Sheffield, 1978).

In community dwelling populations

Community cross-sectional studies tend not to support the association between B12 

and depression. A random sample of 412 middle-aged (60-64) individuals disclosed 

relationships with folate and homocysteine and depressive symptoms, but not 

B12(Sachdev et al., 2005). Larger studies (5948 community dwelling middle-aged and 

elderly) failed to find associations (Bjelland et al., 2003). Where strict (DSM-IV) 

criteria are used, elderly people with B12 deficiency were shown to be 70% more 

likely to have a depressive disorder, although there was no association between people 

with and without depressive symptoms(Tiemeier et al., 2002).

Case-control studies

A small community-based Greek study which compared 33 patients considered 

depressed on the geriatric depression scale to 33 controls found lower levels of B 12 

and folate in the depressed group (Dimopoulos et al., 2007). Levels of homocysteine 

were also higher in the depressed group. However 224 newly admitted patients to a 

psychiatric unit did not differ in prevalence of vitamin B12 deficiency from matched 

controls(Lerner et al., 2006).
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Treatment

As vitamin B12 deficiency is primarily a disorder of absorption, the usual method of 

treatment is to bypass the gastrointestinal tract and administer cyanocobalamin 

intramuscularly (im). The usual dose is between 500 îg to 1000 iig (Andres et al., 

2005). It has been shown that oral administration of vitamin B12 in high dosage is 

equivalent to im administration. This is due to a small amount (1-2%) of passive 

absorption of B 12 in the terminal ileum (Eussen et al., 2005, Kuzminski et al., 1998). 

Most over the counter vitamin supplements do not contain vitamin B12 in the dosages 

required to achieve this effect. One company has capitalised on this fact and produced 

a vitamin B12 patch. In a small study (n=6) they claim to have demonstrated an 

increase in serum vitamin B12 levels within 8 hours of application (Vitasciences).

2.7 Randomised controlled trials

In recent years most research activity concerned the homocysteine hypothesis of 

neuronal damage. A number of randomised controlled trials have been conducted to 

determine if lowering homocysteine by administering B vitamins (including vitamin 

B12) has an effect on a variety of outcome measures. The majority of these trials did 

not use vitamin B12 alone, but a combination of vitamin B12, vitamin B6 and folic 

acid. They have been conducted in a variety of different clinical domains, with an 

emphasis on cardiovascular health. This is due to the observation that homocysteine is 

strongly associated with atherosclerosis (McCully, 2007). These trials are summarised 

below, grouped according to domain (Tables 2.4 -  2.9).
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Table 2.4: Randomised controlled trials examining the effect of Vitamin B12 on metabolites I

A uthor Location Population N
D ose o f 

B12 (ng) O ther vitam ins used Tim e elapsed O utcom e m easures
Effect
found

U bbink et al., 
1993

Pretoria
H ealthy m en w ith m oderate 

hyperhom ocysteinaem ia 30 400 Yes 6 w eeks Hey Yes

N aurath et al., 
1995

V elbert,
G erm any

E lderly  w ith norm al vitam in B12 
conctns

28
5

1000 Yes 3 w eeks M M A , H ey, C ystathione Yes

den H eijer et al., 
1998

T he H ague Pts w ith history o f  venous 
throm bosis/ no throm bosis

31
6

400 Yes 8 w eeks H om ocysteine Yes

H vas et al., 2001 A arhus Individuals w ith raised M M A
14
0

No 3 m onths

Hey Yes

M M A Yes

A naeinia No

N euro sym ptom s N o

Seal et al., 2002
Parkville ,
A ustralia

O lder patients w ith borderline 
cobalam in levels

31
10 or 50 

(po)
No 1 month Serum  B 12 Yes

Polkinghorne et 
a l.,2 0 0 3

M elbourne
S tab le , chronically  
haem odialysed pts

28 1000 No 3 months Hey Yes

G arcia et al., 
2004a

K ingston,
C anada

E lderly on fo lic-fortified  diet 24 1000 No 6 m onths Hey Yes

D usitanond et al., 
2005

Perth
R ecent TIA  or Stroke 

(V IT A T O PS participants)
28
5

500 Yes 6 m onths

Inflam m . M arkers, 
endothelial 

dysfunction ,hy percoaguab 
ility

No

H cy= hom ocysteine; M M A = m ethylm alonic acid
V 1TA T 0PS= V ITA m ins TO  Prevent Stroke trial
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Tabic 2.4 (contd): Randomised controlled trials examining the effect of Vitamin BI2 on metabolites

Author Location Population N
Dose of 
B12 ((Ag)

Other 
vitamins used

Time
elapsed

Outcome measures
Effect
found

Dusitanond et a!., 2005, 
Wolters et al., 2005a

Hanover Healthy, elderly women >60 220 9 (po) Yes 6 months Homocysteine Yes

Hey Yes
Schernthaner et al., 2006 Vienna Symptomatic PVD 65 50 Yes 6 weeks C-Reactive Protein; IL-6; IL-8; 

MCP-1;TF;TFP1
No

Flicker et al., 2006 Perth Men over 75 299 400
1

Yes 2 years Homocysteine Yes

Flicker et al., 2008 Perth Men over 75 299 400 Yes 2 years Plasma Beta amyloid Yes

Adults with suspected 
coronary artery disease

Homocysteine Yes
Bleie et al., 2007 Bergen 90 400 Yes 6 months Neopterin, CD40 ligand;IL-9; 

CRP; LDL
No

IL -6 =  interleuk in  6  
IL-8 =  interleuk in  8
M C P -I =  m o n o cy te  chem oattractan t protein  
T F =  tissu e  factor
T F P I=  tissu e  factor pathw ay inh ibitor  
C R P = C -rea ctiv e  protein  
L D L = lo w -d e n s ity  lip oprotein
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Table 2^: Randomised controlled trials examining the effect of Vitamin B12 on blood vessels or homocysteine

A uthor Location C ategory Population N
D ose of 

B 12 (tig)

O ther
vitam ins

used

Tim e
elapsed

O utcom e
m easures

E ffect found

W illem s et al., 
2002

A rnhem ,
N etherlands

B lood
vessel

H yperhom ocysteinaem ic 
patients w ith coronary 

artery disease
15 400 Yes 0.5 years

V olum etric 
coronary 

blood flow
Yes

Till el a l.,2 0 0 5
Jena,

G erm any
B lood
vessel

A dults 50 500 Yes 1 year
H om ocysteine Yes
C arotid artery 
wall thickness

Yes

Potter et al., 
2008

Perth
B lood
vessel

H istory o f  Stroke 173 500 Yes 3.9 years

C arotid
intim a-m edial

thickness
No

Flow -
m ediated
dilation

No

H irsch et al., 
2002

Santiago,
C hile

B lood 
vessel & 

m etabolites
Y oung m ales 40 800 Yes 8 w eeks

H om ocysteine Yes
V essel

dilation
No

A nti
throm botic

function
No

T ungkasereerak  
et al., 2006

B angkok
B lood 

vessel & 
m etabolites

C hronic haem odialysis 
patients

54 1000 Yes 6 m onths
H om ocysteine Yes
C arotid artery 
w all thickness

No

Xu et al., 2008 B eijing
B lood 

vessel & 
m etabolites

S table renal transplant 
recipients

36 1000 Yes 6 m onths
H om ocysteine Yes

Endothelial
dysfunction

Yes
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Table 2.6; Randomised controlled trials examining the effect o f Vitamin B12 on cognition or mood

A uthor Location Population N
D ose o f 

B 1 2 (n g )

O ther
vitam ins

used

Tim e
elapsed

O utcom e
m easures

Effect found

De La 
Foum iere et 

a l„  1997
France A lzheim er’s disease 11 1000 No 5 m onths C ognition No

K wok et al., 
1998

H ong Kong > 60, B12 deficient 50 No 4 m onths C ognition No

Seal et al..
M elbourne Inpatients w ith low /borderline B 12 31 50 (po) No 1 month

H om ocysteine Yes
2002 C ognition No

H om ocysteine Yes
C larke et al., 

2003a
O xford

Patients w ith dem entia o r mild 
cognitive im pairm ent

149 1000 Yes 3 m onths P latelet
A ctivation

No

C ognition No

H vas et al., 
2004

U ntreated , raised m ethylm alonic 
acid

C ognition No
A arhus 140 1000 No 3 m onths D epression

score
No

W olters et 
a l.,2 0 0 5 b

H annover H ealthy w om en, >60 220 Yes 6 m onths C ognition N o

M cM ahon et 
a l.,2 0 0 6

D unedin H ealthy ,>65, hom ocysteine >13 276 500 Yes 2 years C ognition No

H om ocysteine Yes
Sun et al..

T aiw an >50, w ith m ild to m od AD 89 500 Yes 6 m onths
C ognition No

2007 A ctiv ities o f 
daily  living

No
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Table 2.7; Randomised controlled trials exam ining the effect of Vitamin B12 on cardiovascular health

Author Location Population N Dose of 
B12 (^g)

Other 
vitamins used

Time
elapsed Outcome measures Effect

found

Schnyder et 
al.,2002

Pts who had angioplasty to 
significant (>50% stenosis) lesion

Death No
Bern 553 400 Yes 6 months Myocardial infarction No

Need for re-angioplasty Yes
Lange et al.,

Bremen Patients with coronary stents 636 1000 Yes 6 months Luminal diameter (Yes)
2004 Risk of restenosis (Yes)

Bostom et al., 
2006 Providence Transplanted kidney disease patients 4000 1000-2000 Yes Composite o f CV outcomes Pending

Bonaa et al., Tromso,
Adults with MI 3749 400 Yes 3.33 years Homocysteine Yes

2006 Norway CV Outcomes (Yes)
Hey Yes

Lonn et al.. Hamilton,
>55 with vase. Disease or diabetes 5522 1000 Yes 5 years Composite CV death No

2006 Canada Stroke Yes
MI No

Bowman et al., 
2007 US Survivors of myocardial infarction 12064 1000 Yes 7 years CV outcomes Pending

Jamison et al., 
2007 Stanford >21 with advanced kidney disease 

and high Hey 2056 2000 Yes 3.2 years All cause mortality No

Albert et al., 

2008
Boston

W om en, >42 at high risk of CV 

disease
5442 1000 Yes 7.3 years Miscellaneous CV outcomes No

Mann et al., 

2008
Munich >55 with chronic kidney disease 619 1000 Yes 5 years

Composite CV outcome -  

death, MI, Stroke
No

(Y es) = w orse outcom e in supplem ented group
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Table 2.8: Randomised controlled trials examining the effect o f Vitamin B12 on Stroke outcomes

Author Location Category Population N
Dose of 
B12aig)

Other vitamins 
used

Time
elapsed

Outcome measures
Effect
found

Ullegaddi et al.,
Sheffield Stroke

Acute (within 12 hours) 48 400 Yes 14 days Antioxidant capacity Yes
2004 ischaemic stroke C-reactive protein Yes

Toole et al., 2004 Salem Stroke Non-disabling stroke 3680 400 Yes 2 years
Recurrent stroke, coronary heart 

disease, death
No

V iswanaihan et ai.,
Boston Stroke VISP participants 300 Yes 2 years

Homocysteine Yes

2009 ABeta levels No
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Table 2.9: Randomised controlled trials examining the effect of Vitamin B12 on miscellaneous outcomes

Author Location Category Population N
Dose of 

B 12(^g)
Other 

vitamins used
Time

elapsed
Outcome measures Effect

found
Hughes et al., 

1970
Llandough

Asymptomatic, community dwelling 

B12 deficient elderly
35 1000 No 5 weeks

Psych interview; subj assessment 

of energy,
No

Tin May et 

al., 1978
Rangoon Healthy men aged 18-20 36 1000 No 6 weeks

Aerobic work capacity, muscle 

strength; coordination
No

Oren et al., 

1994
Bethesda

Patients with Seasonal Affective 

Disorder
27 1500 No 2 weeks Subj. measurement of mood No

Mayer et al., 

1996
Germany Healthy adults 20 3000 No 2 weeks

Circadian rhythm, subj. sleep 

quality
Yes

Okawa et al., 

1997
Japan

Patients with delayed sleep phase 

syndrome
50 3000 No 4 weeks

Subj mood or drowsiness, sleep- 

log
No

Mauro et al., 

2000
Palermo Aged 18-65 with lumbago/back pain 60 1000 No Disability, Pain Yes

W illems et 

al.,2000

The

Hague
History of DVT 600 400 Yes Recurrence of DVT Pending

Sharabi et al., 

2003
Tel Aviv Vitamin B12 deficient 30 500 Yes 4 weeks Sublingual vs. oral route Yes

Sato et al., 

2005a
Japan

>65,previous stroke with residual 

hemiplegia
628 1500 Yes 2 years Hip fracture Yes

D VT= deep venous throm bosis
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2.9 Summary

Som e controversy exists over the best definition o f vitam in B 12 deficiency. In the elderly , 

prevalence o f B12 deficiency ranges from 6% in com m unity-dw elling individuals to 41.3%  in 

institutionalised patients. The com m onest cause o f vitam in B12 deficiency in the elderly is 

food-cobalam in m alabsorption, associated with atrophic gastritis. Less com m on causes 

include pernicious anaem ia and dietary deficiency.

A num ber o f theories have been proposed as m echanism s for the neuronal dam age seen in 

vitam in B12 deficiency. These include: deficient m yelination due to defective m ethylm alonyl 

coenzym e A m utase, deficient m ethylation due to defective m ethionine synthase, and 

neurotoxicity and atherosclerotic dam age due to raised hom ocysteine. An alternative model 

proposes raised inflam m atory m ediators in neuronal tissue.

Severe, untreated cases o f vitam in B 12 deficiency may present with anaem ia and gross 

neurological abnorm alities, but this is rare. M ore com m only, subtle sym ptom s and signs of 

paraesthesia and loss o f vibration sense are seen, with many patients being entirely 

asym ptom atic. V itam in B12 deficiency is know n to cause autonom ic neuropathy.

Som e w ell-designed cross-sectional studies o f B12 deficiency have dem onstrated an 

association with cognition in older patients, with others failing to do so. Sim ilarly there have 

been inconsistent associations dem onstrated w ith m easures o f mood.

V itam in B12 m ay be treated via the in tram uscular or oral route. A large num ber o f 

random ised controlled trials have dem onstrated im provem ents in biom arkers when patients 

are treated w ith vitam in B12. Very few have dem onstrated an im provem ent in clinical 

m easures o f cognition, cardiovascular health, or m ood.
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CHAPTER 3: NEUROSCIENCES AND NEUROPSYCHOLOGICAL ASSESSMENT

3.1 The Brain in Ancient History

It took some time to realise the importance of the brain as the seat of conscious thought. The 

very first descriptions of the brain are to be found in the Edwin Smith papyrus, a surgical 

treatise dating from the 17* Century BC in which a number of traumatic ailments are 

described. O f these, 17 relate to head injury. It would appear that the ancient Egyptians 

appreciated the gravity of a trauma to this organ: if a head injury were to penetrate to the 

meninges, the physician was instructed to declare “An ailment not to be treated” . This was to 

avoid any embarrassing (and for the physician, potentially fatal) failure to remedy the 

situation.

Appreciation of the brain’s function seems underdeveloped; while it was considered 

important, it was dispensable: upon mummification it was discarded as surplus to resurrection 

(Wilkins).

Though lacking an anatomical correlate, by the ninth century BC the Egyptians had an 

operational definition o f impaired cognition, and associated it with age, as recorded in the 

Maxims o f  Ptah Hoty:

“My sovereign master, old age, is here. Senility has descended on me; the weakness o f  my 

childhood has returned  . . .” (Roman, 2003)

The Ancient Greeks’ view was not much more developed. Aristotle thought that the brain was 

nothing more than a cooling agent for the rest of the body (Aristotle, 350 B.C.); however, his 

successor Herophilus (born 335 B.C.) did locate the intellect in this organ and assigned it a 

major importance (Herophilus, 1989).
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3.2 Experimental beginnings -  knowledge lost and re-found

Galen (129 AD -  200) applied a more rigorous, experimental approach to theories of the 

brain: while religious considerations precluded him from human dissection, his observations 

in animals led him to conclude that nerves from the brain controlled voice; that stupor can 

result from injuries to the brain; and that the brain was the seat of sensation, perception and 

cognition (Finger, 1999).

Unfortunately, this intellectual rigour was absent for much of the next thousand years. After 

the fall of Rome, Europe declined; the ability to read the ancient Greek texts was lost, and it 

fell to the Arabic world to preserve knowledge. The world’s first teaching hospital was 

founded in Gundeshapur, in what is modern Iran, and there Nestorian Christians translated the 

works of Galen and Aristotle into Arabic. These works were re-discovered during the 

Christian Reconquista of Islamic Spain, helping foment the Renaissance in Europe: this re

introduced the concepts of enquiry, experimentation and rationalism to a stagnant continent 

(Finger, 1999).

3.3 From form to function - Neuropsychology

As rational enquiry became established, knowledge grew apace, and the minds of the next 

several centuries gave their names to the Sylvian fissure, the foramen of Vesalius, and Broca’s 

and W ernicke’s areas.

Spurheim and Franz Joseph Gall founded the ‘science’ of phrenology in the 1830s. This field 

of study reasoned that exercise of a particular mental faculty caused hypertrophy o f a 

particular part of the brain. This hypertrophy resulted in unique changes to skull morphology: 

phrenology attempted to correlate skull topography with personality traits. While “reading the 

bumps” remained popular throughout much of the 19* century, the movement is now most 

famous as a paradigmatic example of pseudoscience. However, phrenology contributed to the
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idea that psychological function could be broken into components, and these components 

localised in the brain (Beaumont, 1983).

This localisational approach was opposed by the equipotential theory, which notes that 

damage to different parts of the brain could result in the same clinical deficit. Equipotential 

theory held that it is not where damage occurs to the brain, but how much damage occurs that 

results in deficits. However, some deficits are demonstrably localised, and this theory was for 

the most part abandoned by the 20"'’ Century.

A third approach notes that damage to certain parts o f the brain can consistently result in the 

same deficit. This approach is termed interactionist, and integrates the two theories described. 

The interactionist theory holds that higher functions are composed of various elements, which 

are relatively localised, but the number and complexity of interactions between these areas is 

such that the higher function does not appear to be localised. This is the theory accepted by 

most modern neuropsychologists (Beaumont, 1983).

The discipline of neuropsychology applies itself to the behavioural expression of brain 

function. Neuropsychology attempts to assess different aspects of cognitive processes to 

provide a profile of intact and defective elements of cognition (Blackwell et al., 2005). To do 

this, an array of assessment techniques has been developed over some centuries.

3.4 The history of psychometry

While Aristotle and Herophilus disagreed about the function of the brain, some centuries later 

(from 220 BC) and several thousand miles away, the Chinese were testing cognition in the 

form of examinations designed by the Chinese Emperor to test his officials’ fitness for office. 

The candidates were graded in five areas relating to civil law and administration -  only the top 

1 -7 % were allowed progress to further stages of testing. This system persisted until abolished 

by the Emperor in 1906 (Cunningham, 1999). The end of 2,000 years of Imperial rule in 1912 

is not considered related.
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3.5 Modern / more recent neuropsychology

Some of the later, abortive attempts to measure cognition were pioneered by the English 

polymath Francis Galton (1822-1911, figure 3.1). Amongst his other achievements were 

instruments to measure beauty, and the efficacy of prayer; he classified fingerprints, and 

calculated the odds of two individuals having identical prints at 1 in 64 million (Stigler, 1995). 

His cognitive tests included measures of reaction time to visual and auditory stimuli; he 

believed that intelligence could be estimated by measuring sensory acuity (Wasserman and 

Tulsky,2005).

While his cognitive tests proved unsuited to testing intellect, in his efforts to quantify and 

correlate cognitive function he is widely considered as the father of mental testing 

(Cunningham, 1999).

Quantifying performance in this manner was not without 

controversy; Galton combined his talent for mathematics and 

his enthusiasm for anthropometry to found the science of 

eugenics. He was the first to apply the phrase “nature or 

nurture” to the debate concerning attributes of living 

organisms. He described a genetically utopian society in an 

unpublished novel Kantsaywhere: here, genetically inferior 

individuals are segregated in labour colonies where celibacy 

Figure 3.1: Francis Galton enforced (Gillham, 2001). Knighted in Britain, his ideas

were warped to genocidal effect elsewhere in Europe 

(Galton and Galton, 1998).

A different approach to testing was taken in France by Binet and Simon. Binet noted that 

Galton’s simple response-time tests did not discriminate between children and adults 

(Kaufman, 2005). He devised a battery of tests that included measures of memory, reasoning 

and language skills.
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The scores were considered vaUd as they tended to increase with age; the tests were also able 

to discrim inate between cognitively intact and cognitively im paired children. They 

subsequently gained w idespread acceptance throughout Europe and N orth A m erica (Boake, 

2002).

Cognitive testing gained w idespread popularity in North A m erica through the testing of 

im m igrants and Arm y recruits. A m odified B inet-Sim on test battery was devised for this 

purpose. H ow ever, it was widely recognised from the outset that the tests were heavily reliant 

on verbal skills: this was particularly unsuited to non-English speaking im m igrants, or recruits 

to the Arm y o f low educational achievem ent. This flaw particularly exercised the mind of 

David W echsler (1896 -  1981), who felt that “an intelligence scale, com bining verbal and 

nonverbal tests, w ould be a useful addition to the psychom etrist’s arm am entarium ” (W echsler, 

1979, quoted in (Boake, 2002)).

Eventually the W echsler intelligence scale was published in 1939, and subsequently revised 

(W echsler, 1987). It quickly becam e the most widely used test o f  adult intelligence (Boake, 

2002). C om ponents o f this battery o f  tests and its subsequent revisions include digit-sym bol 

coding, word list learning and recall, and figure reproduction. Som e o f these elem ents feature 

in the experim ental parts o f this thesis and will be considered in the relevant m ethods sections.

3.6 Cognitive domains

There have been several different approaches to conceptualising m odels o f cognition. M ost 

divide the functions o f the brain into various cognitive dom ains; the experim ental evidence for 

this derives from  num erous case studies w here one cognitive dom ain is dam aged but others 

rem ain intact (Eustache and D esgranges, 2008). The concepts have evolved w ith time; they 

are best represented diagram m atically.
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3.6.1 Luria’s theory

Based on experimental evidence, Luria proposed three separate areas of cognitive function 

necessary for mental activity (Languis and M iller, 1992). These are described in figure 3.2.

Figure 3.2: Luria’s conception of cognitive function:

Anatomical CorrelateFunctional Unit

Sensory Input and Integration

E xecutive planning Frontal and prefrontal cortex

Attention and arousal

Parietal, occip ita l, temporal lobes

Reticular system , pons, m edulla

3.6.2 Cognitive domains:

Models of cognition became more sophisticated with time, as empirical evidence grew for 

separate domains of cognition. In current thinking, principle domains of cognition are divided 

into (Bennett, 2001) (Figure 3.3):

Sensory input

Attention and concentration 

Learning and memory 

Language

Visuo-spatial ability 

Executive functions 

M otor ability

38



Figure 3 J : Models of domains of cognition 
(Bennett, quoted in Cunningham (1999))

Sensory Input

M otor output

Visuospatia

skills

Language
skills

Attention and concentration

Language and memory

Executive functions: 
reasoning, planning, flexibility, 

Logical analysis

For the experimental work of this thesis, tests were chosen to attempt to test differing 

components of cognition.

3.7 Vitamin B12 and domains of cognition

Some studies have examined the relationship between levels of vitamin B12 and cognitive 

performance (see chapter 2). The following table classifies these studies according to the 

cognitive domain examined. It can be seen that the most consistent positive findings are in the 

domains of global function and verbal memory (Table 3.1).
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Table 3.1: Domains o l cognition and Vitamin B12 levels

C ognitive  D om ain Positive A ssociation No association N europsychological Test A u th o r, Y ear

G lobal

• M MSE Lindem an et al., 2000
• M M SE Bernard et al., 1998
• M M SE Hin et al., 2006
• M M SE Duthie et al.. 2002

• M M SE M ooijaart et al., 2005
• M attis DRS G arcia et al.. 2004b

• M M SE Renvall et al., 1989

V erbal M em ory

• Word Recall Task W ahlin et al., 1996
• CERAD W ord list mem ory test

Riggs et al., 1996
• CERAD W ord delayed recall

• Rey Auditory Verbal Learning Test Feng et al., 2006
• 12 word learning test M ooijaart et al., 2005

Auditory Verbal Learning Test Duthie et al., 2002
M odified Auditory Verbal Learning 

Tests Jelicic et al., 2001

M em ory

W eschler M emory Test G oodwin et al., 1983

Backward D igit Span
Riggs et al., 1996Activity Memory

Pattern M emory
Fuid Object M em ory Evaluation Lindem an et al., 2000
Fuld Object M emory Evaluation

Crystal et al., 1994Blessed Test o f Information, 
M emory and Concentration

A tten tion  and  
w ork ing  m em ory

Digit Span, Spatial Span Feng el al., 2006

W AIS-R Digits Forward Lindem an et al., 2000

N on-verbal, 
v isual o r spatial 

m em ory

W echsler M emory Logical Memory 
and Visual Reproduction La Rue et al., 1997

• Rey-Osterrieth Recall
Delayed Recognition Span Test Kado et al., 2005

Visual Reproduction Feng et al., 2006

L anguage

' CERAD category fluency (animals)
Riggs et al., 1996Boston Nam ing Test

W AIS-R Vocabulary
Confrontation naming Kado et al., 2005

Categorical Verbal Fluency Feng et al.. 2006

P ercep tu a l speed 
an d  a tten tion

Pattern Comparison (NES2)
Riggs et al., 1996Continuous Perform ance Test 

(NES2)

V isuoconstruction Block Design Feng et al., 2006
Clock Drawing Lindem an et al., 2000

V isuospatia l 
associations 

A nd reason ing

Geometric pattern copying Kado et al., 2005
CERAD 

Spatial Copying Riggs et al., 1996
CERAD Paper Folding
W AIS-R Block Design Duthie et al., 2002

M M SE -  M ini-mental state exam ination 
DRS -  dementia rating scale
CERAD -  consortium to establish a registry for A lzheim er’s disease 
W AIS-R “  W echsler Adult Intelligence Scale -  Revised edition 
NES2 -  neurobehavioural evaluation system
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Table 3.1 continued: D om ains o f cognition and Vitam in B12 levels

Cognitive Domain
Positive

Association
No

association Neuropsychological Test Author, Year

M ental flexibility T w o  C o lo u r T ra il M ak ing  test L indem an  et a l., 2000
T ra il M ak in g  A +B F eng et a l., 2006

Attention S tro o p  test M oo ijaa rt e t a l., 2005
S troop

G arc ia  e t a l., 2004b
Learning C alifo rn ia  V erbal L earn ing  T est

Executive function D esign  F luency F eng  et a l., 2006
W A IS -R  S im ilaritie s K ado  et a l., 2005

A bstraction, abstract reasoning • H als tad -R eitan  C a teg o ries  T est G o odw in  et a l., 1983
• S h ip ley  H artfo rd  A bstrac tion  Scale L a R ue e t a l.. 1997

Nonverbal intelligence • R a v e n 's  P ro g ressiv e  M atrices D uth ie  e t a l., 2002

Processing Speed

• C o d in g  T a sk  (S avage) Je lic ic  et al., 2001

• W A IS -R  D ig it S ym bol C od ing D uth ie  et a l., 2002
• S ym bol D ig it M o dality  T est F eng  et a l., 2006
• L e tte r D ig it C od ing M oo ijaart e t a l., 2005

Prem orbid • N A R T D uth ie  et a l., 2002

W A IS -R  -  W ech sle r A du lt In te lligence  S cale  -  R ev ised  ed ition  
N A R T  -  N ational A du lt read in g  test

3.8 Conclusion

Theories of brain and mind developed in the ancient world, but it was not until after the 

Renaissance that anatomy and rational enquiry began to marry the form of the brain with its 

function. Based upon empirical evidence, varying models o f cognition were constructed over 

the next few centuries. Modern theories of cognition break the process into varying 

components, or cognitive domains, which may be anatomically localised or more broadly 

distributed throughout the cerebrum. A wide battery of neuropsychological tests have been 

developed and refined to test these cognitive domains. Attempting to correlate vitamin B12 

levels with deficits in specific domains yields equivocal results: the most consistent 

relationships are seen in the domains of global function and verbal memory.
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CHAPTER 4: ORTHOSTATIC HYPOTENSION

4.1 Normal physiological response to standing

“And make us as Newton was, who in his garden watching 

the apple falling towards England, became aware 

between him self and her o f  an eternal tie”

WH Auden

“Our two greatest problems are gravity and paper work. V^e can lick gravity, but sometimes 

the paperwork is overwhelm ing” -  Maximillian von Braun

We may not be aware of gravity but the autonomic nervous system certainly is. Ordinarily, 

upon adopting the upright position, up to 15% of our blood volume pools in the lower limbs. 

This reduces venous return to the heart and activates a sympathetic response. This response 

results in vasoconstriction, increased heart rate and increased cardiac contractility- the sum of 

these responses is to increase cardiac output. As there is a slight delay in this response, there 

may ordinarily be a slight dip in systolic or diastolic blood pressure as the body adapts to 

change in posture. Where the response is compromised or delayed, orthostatic hypotension 

may occur (Naschitz and Rosner, 2007).

The physiological mechanism involved requires several steps. Baroreceptors located at the 

origin of the internal carotid artery are sensitive to stretch. Standing results in reduced venous 

return, and reduced cardiac output. This reduced cardiac output results in reduced stretch of 

the baroreceptors which communicate via an afferent limb to vasomotor centres in the vagal 

nucleus and the sympathetic nucleus. In response, the vagal tone decreases and sympathetic 

outflow increases. The former increases heart rate and the latter causes constriction o f vessels 

resulting in increased systemic resistance. Disorders of the afferent or efferent limbs may 

result in compromised response (Fan, 2008).
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4.2 Definition

The com m onest consensus definition o f orthostatic hypotension is that o f the A m erican 

A cadem y o f N eurology, which defines orthostatic hypotension as a drop in systolic blood 

pressure o f m ore than 20 m m Hg or a drop in diastolic blood pressure o f more than 10 m m Hg 

within three m inutes o f assum ing an upright position (1996). In this b rief statem ent they noted 

that orthostatic hypotension is a sign rather than a disease, m ay be sym ptom atic or 

asym ptom atic and is m ulti-factorial in origin.

4.3 Aetiology

The broadest classification o f causes o f orthostatic hypotension is into neurogenic or non- 

neurogenic causes: the form er may be further classified into prim ary or secondary; the latter 

consists prim arily o f conditions associated with volum e depletion. These causes are listed in 

Table 4.1 (M athias and K im ber, 1999). Iatrogenic causes -  drugs, or blood-letting -  are 

num erous and are listed separately in Table 4.2.

N eurogenic causes in this case may be considered synonym ous with autonom ic failure- this 

m ay be recognised w here there is a failure to accelerate the heart rate in response to postural 

change, despite hypotension. This acceleration o f heart rate is blunted with age: in younger 

people an increase o f at least 19 beats per m inute (bpm) is expected, w hereas in o lder people a 

m inim um  increase o f 12 bpm  is seen in those with intact autonom ic system s (W ieling and 

K arem aker, 1992)

V itam in B12 is recognised as a cause of orthostatic hypotension via the m echanism  o f 

autonom ic failure (Beitzke et al., 2002), but it is unclear what proportion o f patients 

presenting w ith orthostatic hypotension can be attributed to its deficiency.
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Nevertheless, cobalamin replacement has been shown to improve orthostatic tolerance in a 

number of cases (Moore et al., 2004, Niimi and Hasegawa, 2004), and some authors have 

suggested pre-emptively treating older people with vitamin B12 (Skrabal, 2004).

4.4 Prevalence

The prevalence of orthostatic hypotension increases with increasing age (Shin et al., 2004), 

and varies according to the population studied. The prevalences of orthostatic hypotension in 

differing populations of older people are listed in Table 4.3. In the community the prevalence 

ranges from 6.9 to 34%. It is recognised that frequency of measurement and time of day of 

measurement may affect the outcome (Low, 2008a). The presence of co-morbidities also 

affects the observed frequency: for instance, orthostatic hypotension is consistently associated 

with systolic hypertension (Mader et al., 1987, Rutan et al., 1992, Raiha et al., 1995), and is 

proportional to the number of medications taken (Hiitola et al., 2009).

Similar prevalences were detected in primary care populations, but notably in at least one 

study patients were assessed from sitting-to-standing rather than lying-to-standing, which may 

have affected the prevalence obtained (Vara Gonzalez et al., 2001). The prevalence in 

geriatric outpatients is similar, at 13%; in this instance an association was noted with diastolic 

blood pressure (Robertson et al., 1998).

As might be expected detected prevalence rises in in-patient populations, who likely have 

more co-morbidity (Weiss et al., 2002, Kong and Chuo, 2003). Some variability between 

detected prevalences may be due to different methodologies of detection: for example, some 

studies tested for a postural drop twice (Weiss et al., 2002), others five times (Chambers, 

2005). At least one study noted an increase in the prevalence of orthostatic hypotension in 

summer (37.9%) when compared to winter (27.1%)(Weiss et al., 2006).

In summary it can confidently be stated that prevalence of orthostatic hypotension varies from 

at least 10% to approximately 34% depending upon the population studied.
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4.5 Clinical Features

A significant minority of older patients present with no symptoms -  they have asymptomatic 

postural drops in blood pressure on rising. Where symptoms do occur, they are due to end- 

organ hypoperfusion (Mathias and Kimber, 1999). The commonest is dizziness or light

headedness on rising, due to cerebral hypoperfusion. This symptom may present as a spectrum 

from dizziness, through to light-headedness or syncope and loss of consciousness. A number 

of more unusual presentations are recognised, due to hypo-perfusion of other organs. These 

include “coat-hanger pain” due to decreased perfusion of trapezius and shoulder muscles 

(Bleasdale-Barr and Mathias, 1998), or daytime oliguria (while upright) and its corollary of 

night-time nocturia, due to diurnal renal hypoperfusion.

4.6 Sequelae

Cardiovascular morbidity

Is orthostatic hypotension a significant finding? Data suggest that it is. In a cross-sectional 

study, orthostatic hypotension was associated with a history of myocardial infarction (odds 

ratio (OR) 1.24,95%  confidence interval (Cl) 1.02 -  1.5) and transient ischaemic attack (OR 

1.68, Cl 1.12 -  2.51) (Rutan et al., 1992). Luukinen expanded upon this cross-sectional 

association with a follow-up over 3.58 years, and determined that a diagnosis of OH conferred 

a hazard ratio for subsequent MI of 2.0, having adjusted for a number of confounds (Luukinen 

et al., 2004).
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Falls

Falls are considered multifactorial, with multi-factorial input required to reduce the risk 

(Tinetti et al., 1994a). It is generally considered that it is necessary to address orthostatic 

hypotension in order to reduce falls risk (World Health Organisation, 2007), but the data are 

equivocal. While one large community-based study in Tennessee noted a cross-sectional 

association between orthostatic hypotension and falls (Rutan et al., 1992), a larger study found 

that orthostatic dizziness but not orthostatic hypotension were associated with subsequent risk 

of falls (Ensrud et al., 1992). Similarly, two prospective trials in nursing home residents with 

high prevalence of OH failed to establish an association with subsequent risk of falling 

(Maurer et al., 2004, Ooi et al., 2000). One explanation for these conflicting results may be 

that orthostatic hypotension may exacerbate falls in those already prone to them: Ooi showed 

a relative risk of 2.6 of falling in those patients who had orthostatic hypotension and had 

already fallen (Ooi et al., 2000).

All-cause mortality

A Finnish study determined that diastolic blood pressure drop was associated with an 

increased risk of mortality due to vascular causes over a ten-year period (OR 2.7; Cl 1.3 -  5.6) 

(Raiha et al., 1995). This was corroborated in a shorter study (4 years) conducted in Japanese- 

American men in Honolulu- this study showed a dose-response relationship between systolic 

blood pressure change and subsequent mortality (Masaki et al., 1998). The Finns returned to 

the question and demonstrated an association between increased mortality and both diastolic 

OH (OR 2.04) and systolic OH (OR 1.69) (Raiha et al., 1995).
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Cognitive impairment

V ascular dem entia or vascular cognitive im pairm ent is due to loss o f neurones as a result of 

ischaem ic, hypoperfusive or haem orrhagic brain lesions (Rom an et al., 2002). The postulated 

m echanism  linking orthostatic hypotension and vascular cognitive im pairm ent is ischaem ia 

due to cerebral hypoperfusion. It is worth nothing that im paired cognition is an acute sym ptom  

o f orthostatic hypotension, particularly in the elderly (M athias and K im ber, 1999).

Ischaem ia is reliably visualised as white m atter disease on m agnetic resonance im aging (M RI) 

(Jagust et al., 2008). The severity o f drop in blood pressure in orthostatic hypotension 

correlates with deep white m atter changes seen on M RI (Ballard et al., 2000).

There are a num ber o f studies linking white m atter changes or burden o f cerebrovascular 

disease with cognitive im pairm ent. Cerebral white m atter disease has been shown to correlate 

with m easures o f cognitive dysfunction in healthy elders (Ota et al., 2009) and in subsets o f 

patients with a history o f stroke (Burton et al., 2004). F inally , cognition dysfunction -  in 

particular attention and visual m em ory -  is com m oner in patients with Park inson’s disease and 

OH com pared to those with P arkinson’s disease and no OH (A llcock et al., 2006).

4.7 Detection and measurement

4.7.1 History of blood pressure measurement

The Reverend Stephen Hales first directly m easured blood pressure in anim als at the 

beginning o f the eighteenth century. He was the first to note that blood pressure increased 

during systole and exertion, and that the pulse quickened as blood pressure fell. His invasive 

m ethods using brass pipes would not be practical or acceptable in a m odern outpatient setting 

(Sm ith, 1993). Poiseuille introduced m ercury to the apparatus but still required cannulation o f 

the unfortunate sub ject’s arterial system .
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These methods were probably equally unpalatable to the ill-fated Hapsburg-Lorraine Em peror 

of Mexico. His personal physician -  Samuel von Basch, an Austrian-Jewish physician - 

eschewed invasive procedures to perform the “first scientific blood pressure measurement on 

man” . It is not known if this measurement was performed on the Emperor. The method used 

and invented by von Basch in the late 19"’ Century involved stopping the blood flow in a limb 

with a compressible pad and recording the systolic pressure at that point using an invention 

which he termed the sphygmomanometer (Noyes, 1936).

Von Basch favoured aneroid devices (from Greek a- without, and neron water) but the 

mercury thermometer gained favour and remains the gold standard in non-invasive blood 

pressure measurement today. However, environmental concerns are creating a preference for 

aneroid or non-mercury devices. It is recommended that any non-mercury devices undergo 

regular calibration as appropriate (British Hypertension Society, 2005).

4.7.2 Non-invasive beat-to-beat methods

Where rapid change in blood pressure is anticipated, a method capable of measuring beat-to- 

beat changes is preferable. As is the case for static measurement, traditional methods of beat- 

to-beat monitoring involve arterial cannulation and are invasive. They are not practical for 

outpatient use.

Two non-invasive methods have been developed using more modern technologies. These are 

radial artery tonometry and finger arterial pressure monitoring. The former compresses the 

artery against adjacent structures and the arterial pressure is translated into a waveform. Its 

disadvantages include the need to maintain the tonometer at heart level, and the need to apply 

a splint to ensure accurate measurement. It is more practically used in critical-care settings.



The second m ethod is available com m ercially as the F inapres, F inom eter or Portapres 

system s. The principle used is known as the volum e-clam p system  (Penaz, 1954). W hen the 

pressure in an artery is greater than the pressure in surrounding tissues, the artery expands. 

W hen the converse is true, the artery collapses. If the arterial pressure is in equilibrium  with 

surrounding tissues than any change in arterial pressure will result in a change in the diam eter 

o f the vessel. This state is know n as an “unloaded” state, and at this point the changes in 

vessel diam eter are at a m axim um .

It is possible to induce an unloaded state in the distal portion o f a finger using a process called 

digital plethysm ography. This involves w rapping a small cu ff around the distal end o f a digit. 

This cu ff is equipped with a light-em itting diode and a light detector, a fast acting servo- 

controller, and an air bladder that can be rapidly adjusted.

The point at w hich finger-cuff pressure equals intra-arterial pressure is determ ined -  this is the 

point at w hich the am plitude o f pulsations is largest. The finger is “clam ped” in this position 

by means o f a dynam ic, rapidly responsive finger cuff. Any changes in blood pressure will 

now result in a change in the diam eter o f the artery. The diam eter o f the artery is m easured 

using the light-em itting diode and light detector -  as the diam eter changes, the light-signal 

detected changes, and the air bladder is rapidly adjusted in order to restore the unloaded state. 

The waveform  o f change as the air bladder rapidly adjusts to m atch the intra-arterial pressure 

and keep the artery diam eter constant is recorded and translated into a blood pressure 

m easurem ent (Fan, 2008).

The inform ation obtained can be translated using com puter softw are to provide a num ber o f 

haem odynam ic param eters. There are some lim itations that the equipm ent and software 

attem pt to correct. For exam ple, the arterial w aveform  may be distorted as it propagates 

distally from  brachial artery to digital artery; reflection o f the pressure wave in a proxim al 

direction can affect w ave-form , and differences in subject height m ay affect the reading 

obtained.
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A number of strategies have been developed and have been validated to counter these 

limitations. These include reconstruction of the brachial waveform using a regression-based 

correction- termed “waveform filtering”(Gizdulich et al., 1996), a height correction unit, and a 

retum-to-flow systolic measurement on the ipsilateral upper arm to allow individual 

calibration (Bos et al., 1996).

The M odelflow®  d\gon\hm  is used in the commercially available Beatscope®  

software(Finapres Medical Systems). This algorithm analyses the data using the above 

strategies and provides information on cardiac output, left ventricular stroke volume and total 

peripheral resistance.

4.8 Treatment of orthostatic hypotension

Where OH is secondary it is necessary to eliminate the proximate cause (iatrogenic, volume 

loss etc). Treatment will vary according to aetiology.

Treatment o f primary OH may be broadly divided into pharmacological and non- 

pharmacological. Treatments aims to increase circulating blood volume, increase total 

peripheral resistance, or venous return.

Pharmacological 

Volume expanders

Oral volume expansion (drinking water) may be considered under the heading of non- 

pharmacological treatment.

Fludrocortisone increases blood volume and sensitivity to circulating catecholamines. It is one 

of the first-line agents in pharmacological management. However, regular monitoring of 

electrolytes is required as it may cause hypokalaemia as a side-effect.
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V asopressin analogues are anti-diuretic and exert local vasoconstricive effects -  

hyponatraem ia limits its w idespread use. D esm opressin is the agent m ost w idely used, 

som etim es in conjunction with fludrocortisone.

Sympathomimetic agents

M idodrine is a selective a ,-adrenorecep to r agonist and is w idely used in the treatm ent o f 

orthostatic hypotension. It causes sym pathom im etic vasoconstriction. G enerally it is well 

tolerated, but supine hypertension is a recognised side effect.

Acetylcholinesterase inhibition

Pyridostigm ine has been shown to reduce blood pressure drop in patients with neurogenic 

orthostatic hypotension. Less supine hypertension has been observed with this agent com pared 

to o ther vasoconstrictors. Side effects include abdom inal cram ps and diarrhoea (Fan, 2008, 

F reem an, 2008a).

Non-pharmacological

If som e orthostatic hypotension is due to hypovolaem ia than water ingestion w ould seem 

plausible as a treatm ent. There is evidence that w ater drinking acutely raises blood-pressure 

(Jordan et al., 1999). This is the basis o f the advice given to OH sufferers to increase their 

w ater intake. S im ilarly , increased salt intake will increase blood volum e through hom eostatic 

m echanism s.

A m ainstay o f non-pharm acological treatm ent has been sleeping with the head o f the bed 

tilted up. It is thought that, with tim e, this results in extravasation o f p lasm a around veins, 

resulting in a physiological cuff (Low and S inger, 2008). This treatm ent was popular as it was 

non-pharm acological, (relatively) non-invasive and was assum ed to be effective.
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However, more detailed work challenges these assumptions and it has been demonstrated that, 

in older patients, the benefits of sleeping with the head of the bed elevated are lost by six 

weeks (Fan, 2008).

All patients with OH should be counselled regarding sudden changes in posture, prolonged 

standing, and nocturnal dehydration.

Orthostatic hypotension has been show to improve with the administration of vitamin B 12 

(Moore et al., 2004); some authors advocate using vitamin B12 as blind treatment in the 

elderly (Skrabal, 2004).

4.9 Summary

Orthostatic hypotension is a common problem in the elderly with significant morbidity. 

Secondary causes may include drugs or volume loss, whereas primary causes are neurogenic 

in origin. W ell-validated technologies have been developed to measure the dynamic response 

of the heart and circulatory system to changes in posture. Treatment of orthostatic hypotension 

relies heavily on non-pharmacological strategies, with medications as adjuncts.
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Table 4.1: Classification of causes of orthostatic hypotension
I -  N e u ro g e n ic : 
P r im a r y

S e c o n d a ry

A cu te /subacu te  d y sau tonom ia
C hron ic  au tonom ic  Pure au tonom ic  fa ilu re , m u ltip le  system  a trophy , au to n o m ic  fa ilu re  w ith 
fa ilu re  P ark in so n ’s D isease 
C ongen ita l N erve  g row th  facto r de fic iency
H ered itary  A utosom al d om inan t trait: F am ilia l am y lo id  neu ro p a th y , po rphy ria

A utosom al recessive : R iley -D ay  sy n d ro m e, D opam ine p -hy d ro x y la se  d efic iency  
L -am ino  ac id  decarb o x y lase  d efic iency

II - N o n -n e u ro g e n ic :

M etabo lic  d iseases

In flam m atory

Infectious

N eop lastic

C onnec tive  tissue 
d iso rders 
T raum atic  
S urgica l
N eurally  m ediated

D iabe tes M ellitu s , C h ron ic  renal fa ilu re . C h ron ic  liver fa ilu re
V itam in  B 12 d efic ien cy . A lcoho l-induced
G u illa in -B arre  syndrom e
T ran sv erse  m yelitis
T e tanus
HIV
B rain tum ours
P araneop las tic  syndrom es
R heum ato id  arthritis
S ystem ic  lupus e ry them atosus
S pinal co rd  transection
R eg ional denerva tion
V asovagal, C aro tid  sinus  h ypersensitiv ity
M ictu rition  syncope. C ough  sy n co p e . S w a llow  syncope
S yncope associa ted  w ith  g lo sso p h ary n g ea l neura lg ia

L ow  in t r a v a s c u la r B lood /p lasm a loss H aem orrhage , B um s

v o lu m e H aem od ia ly sis

F lu id /e lec tro ly te  loss Inadequa te  in take. V o m iting /d iarrhoea

S alt-losing  n eph ropathy . D iabe tes  in s ip id u s, D iu re tics

V a s o d ila tio n A lcoho l, H eat, p y rex ia , h y p erb radyk in ism . S ystem ic  m a sto cy to s is , 1

E xtensive varicosities

C a r d i a c  im p a irm e n t M yocard ial M yocard itis

F illing A trial m yxom a, con stric tiv e  p ericard itis

O utpu t A ortic  stenosis

1 A c tin g  o n  th e  a u to n o m ic  n e rv o u s C entral M ethy ldopa, rese rp ine , c lo n id in e , m o x o n id in e , b a rb itu ra te s , anaesthetics .

sy s te m am pthetam ine

P eripheral G u an e th id in e , p h en o x y b e n zam in e , p razo s in , p rop rano lo l

C om bination Im ip ram ine, p h en o th iaz in es , le vodopa

M iscellaneous A n tihype rtensives , c ig u a te ra  to x ic ity , bo tu lism

C a u s in g  a u to n o m ic  n e u ro p a th y P erhex iline  m a leate , a lco h o l, v incristine

C a u s in g  v a s c u la r  d i la ta t io n N itra tes , h yd ra laz ine , ang io tensin  co n v e rtin g  en zy m e in h ib ito rs , endo thelin  an tagon ists

Adapted from  Mathias and Kimber, 1999
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Table 43: Prevalence of orthostatic hypotension in populations of older people

1 Setting: Community-dwelling

Author Year Population characteristics Prevalence

M ader et al., 1987 1987 Older patients with (n= 175) and w ithout (n= 125) risk factors 13.7 % (with) and 10.7 % (without) risk

for OH factors

Rutan et al., 1992 1992 5,201 adults >65 16.2%, 18.2% when dizziness included

Raiha et al., 1995 1995 347 random ly selected Italians, >65 28%

Tilvis et al., 1996 1996 Finland. 3 cohorts 75, 80 and 85. n=569 30.3 %

M asaki et al., 1998 1998 Japanese m en, aged 71 to 93; n=3522 6.9%

Luukinen et al., 1999 1999 Finland, random ly selected>70; n=833 30%

Shin et al., 2004 2004 Korea, n-8908, aged 40-69 12.3%

Atli and Keven, 2006 2006 Turkey ,n=61 14.7%

Hiitola et al., 2009 2009 Finland,n=653/andom ly selected 34%

Setting: Primary care

Alii et al.. 1992 1992 Italy:3858 GP patients >65 13.8%

Hale and Cham bliss, 1999 Review article 1 3 -3 0 .3  %

1999

Vara Gonzalez et a)., 2001 Randomly selected hypertensive patients>65 (n=295) 14.6%

2001

Setting: Outpatients

Robertson et al., 1998 1998 Tennessee: 398 outpatients, >65 13%

Setting: Inpatients

Weiss et al., 2002 2002 Israel: 502 geriatric inpatients 34.8 %

Kong and Chuo, 2003 2003 Singapore: 71 stroke patients, rehab setting 52.1%

Cohen et al., 2003 2003 Israel: patients on 12 hours bed-rest 54%

Cham bers, 2005 2005 Oxford: 59 hospice inpatient 27%

Conditions: Syncope

Atkins et al., 1991 1991 Pennsylvania: n=223 31%

Sarasin et al., 2002 2002 Switzerland: n=579 attending ED 34%

1 Conditions: Systolic Hypertension

Applegate el al., 1991 1991 Tennessee: n=4736, >60 17.3%

Vanhanen et al., 1996 1996 Finland: 2716 aged 60-100 with systolic hypertension 10%
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CHAPTER 5: FALLS AND THEIR PREVENTION

5.1 Introduction

A fall has been defined as “unintentionally com ing to the ground or som e low er level and 

other than as a consequence o f sustaining a violent b low , loss o f consciousness, sudden onset 

o f paralysis as in stroke or an epileptic seizure” (Kellog International W orkgroup, 1987). This 

definition has been criticized as lim iting itself to conditions that cause gait instability; a 

broader definition also includes falls that are caused by dizziness or syncope (Lord et al., 

2001 ).

5.2 Incidence

It is difficult to estim ate the true incidence o f falls in the com m unity-dw elling elderly. 

Q uestionnaires based on an ind ividual’s recall o f falls are subject to inaccurate or incom plete 

recollection: up to 32% of falls are not recalled, depending upon the time period (Cum m ings 

et al., 1988). U nsurprisingly, people are more likely to rem em ber a fall that results in injury 

(Ganz et al., 2005).

An alternative m ethod o f estim ating falls incidence is to m easure falls-related attendance at 

accident and em ergency: this approach yields an average attendance rate o f 229.7 per 10,000 

patient-years in those aged over 60 years (Scuffham  et al., 2003).

Recording falls prospectively has been shown to have a h igher yield than relying on 

retrospective recall (M ackenzie et al., 2006). (Tinetti et al., 1988) show ed that 32%  o f people 

over 65 fell at least once in a tw elve-m onth period: a sim ilar rate o f 29%  has been found by 

others (O 'Loughlin et al., 1993).
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5.3 Aetiology of falls in the elderly

5.3.1 Abnormalities of gait

Gait disorders are common in the elderly: while 80% of 60 year olds have normal gait, this 

proportion drops to 18% by age 85 (Snijders et al., 2007). A clinically detected gait imbalance 

increases the likelihood of falling within 12 months by 1.7 -  2.4 (Ganz et al., 2007).

A simple taxonomy of gait disorders classifies them into higher, middle and lower. Lower gait 

disorders include peripheral sensory and motor neuropathies; middle level includes cerebellar, 

basal ganglia and hemiplegic gaits. Higher level disorders consist of gait disturbance that do 

not correlate with neurological findings on examination (Martin and O'Neill, 2004). It is now 

recognized that walking -  far from being an automatic activity -  requires the integration of 

numerous components of the central nervous system, from prefrontal motor cortex to the basal 

ganglia. Interruptions in the communications between these components results in the hesitant, 

shuffling or unbalanced gait frequently (but not universally) seen in older people (Snijders et 

al., 2007). Synonyms include senile gait disorder, gait apraxia or frontal ataxia.

Vitamin B12 may affect gait at any o f these levels. At the lower level, deficiency causes loss 

of vibration and position sense; it is also associated with generalized weakness (Victor et al., 

2001).

With respect to middle level gait disorders, there is some evidence that vitamin B12 

deficiency directly or indirectly contributes to stroke risk. B12 deficiency is associated with 

raised homocysteine: this has been found in retrospective meta-analysis to have a modest 

association with increased risk of stroke (2002). One prospective study confirmed an 

increased relative risk of stroke of 2.24 (Cl 1 .1 -  4.54) when comparing those in the lowest 

quartile of vitamin B 12 and folate levels (Weikert et al., 2007).
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Finally, higher level gait disorders are associated with m ulti-infarct states (W ilkieson et al., 

1994), and low er levels o f  vitam in B12 are associated with increased cerebral w hite-m atter 

lesions (de Lau et al., 2009).

5.3.2 Peripheral Neuropathy

One study attem pted to determ ine if peripheral neuropathy was a true risk factor for falls, or 

m erely a m arker that identified other potential causes (R ichardson and H urvitz, 1995). In a 

case-control design, 20 o lder patients with electrom yographically  (EM G ) proven peripheral 

neuropathy were age- and sex-m atched w ith patients with norm al EM G  studies. Falls were 

recorded using a retrospective recall m ethod. The presence o f peripheral neuropathy conferred 

an odds ratio  of 17 for falling in the previous 12 m onths. The cases and controls did not differ 

in the num ber o f other risk factors for falls.

5.3 J  Syncope

Traditionally , falls and syncope have been considered as separate diagnoses, but there is som e 

overlap. Som e syncopal episodes present in a clinical setting as a sim ple fall. U ncertainty 

arises because up to 50%  o f falls are unw itnessed, and older patients may have am nesia for 

loss o f consciousness (Shaw  and K enny, 1997). In one series of 120 patients referred for 

investigation of falls, b lackouts or d izziness, 37%  had a variant o f carotid sinus syndrom e, 

while 29%  had orthostatic hypotension (A llcock and O 'Shea, 2000).

C arotid sinus syndrom e is a hypersensitivity o f baroreceptors located in the carotid sinus that 

may result in an exaggerated vasodepressor or negatively chronotropic response (D aroff and 

M artin, 1998). It is com m on in older patients presenting w ith unexplained falls (Davies et al., 

2001). H ow ever, there are no studies linking it with vitam in B12 deficiency.
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Correction of orthostatic hypotension is generally considered part of a multifactorial approach 

to falls prevention (World Health Organisation, 2007). Orthostatic hypotension may be caused 

by vitamin B12 deficiency (Beitzke et al., 2002), and one small case series demonstrated 

improvement of orthostatic tolerance with vitamin B I2 replacement (Moore et al., 2004).
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53 .4  Vision

Im paired vision affects balance and reduces the ability to detect environm ental hazards- it is 

well recognized as a risk factor for falls (Lord, 2006). V itam in B12 deficiency is know n to 

cause optic atrophy (Reynolds, 2006); case reports suggest a deficiency causes a centrocaecal 

scotom a and decrease in visual acuity (Lam er, 2004). Even in the absence o f visual 

sym ptom s, vitam in B 12 deficiency has been shown to reduce visual evoked potentials, and 

im prove with repletion (Pandey et al., 2004).

5.35 Drugs

An association betw een falls in the elderly and prescription drugs was first recognised in the 

institutional setting in the U nited States, where patients prescribed long acting 

benzodiazepines, antidepressants or psychotropic drugs had an increased odds ratio o f falling 

o f 1.8, 1.9 and 2.0 respectively. A dose-response relationship was dem onstrated (Ray et al., 

1987). O ther m edications im plicated in an increased risk o f falls include sedating anti

histam ines, opioid analgesics and som e anti-epileptic m edication (C ooper and B urfield, 2009).

A large French com m unity-based study has dem onstrated that sim ilar risks exist for 

com m unity dw elling elders. The same drugs were found to increase falls risk as in the in

patient population: regular use o f long-acting benzodiazepines conferred an odds ratio (OR) o f 

falling o f 1.4, and psychotropics an odds ratio o f 1.7. D rugs with anti-cholinergic properties 

also increased falls risk, with an odds-ratio o f 1.6 (B erdot et al., 2009).

Furtherm ore, one random ised controlled trial targeting inappropriate prescribing and based in 

a com m unity setting has dem onstrated an effect. Gradual w ithdraw al o f psychotropic 

m ediation reduced the rate o f falls by 66% (Cam pbell et al., 1999).
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53 .6  Alcohol

Long assumed to be a risk factor for falls in the elderly, the relationship between alcohol and 

falls is unclear. Examination of the relationship is complicated by complex patterns of 

drinking, and the various outcome measures that may be used: falls, fracture, injury or death.

Some studies demonstrate an increased risk of death from falls (Sorock et al., 2006), others no 

association between alcohol and injurious falls (Nelson et al., 1992) and still others have 

demonstrated a protective effect (O'Loughlin et al., 1993). A review of available studies noted 

that the majority (81%) of studies of alcohol and falls in the elderly failed to demonstrate a 

harmful association (Reid et al., 2002).

53 .6  Environment

Intuition informs us that environmental hazards -  rugs, cables, steps -  increase the risk of falls 

in the elderly. However, the evidence so far accumulated fails to establish a connection. In a 

review of five prospective studies examining environmental hazards and falls in the 

community dwelling elderly, it was noted that no study found an association. However, sub

group analysis in two of these studies noted that, rather than being a universal risk factor, 

there is an interaction between environmental hazards and patient status: vigorous, able 

elderly are more likely to fall in a hazardous environment than frail elderly (Lord et al., 2006).

5.3.7 Season

Many studies have investigated a possible relationship between weather, season and incidence 

or severity of falls. Traditionally winter season is considered a riskier time for falling due to 

inclement weather and reduced sun exposure and vitamin D deficiency (Stevens et al., 2007). 

Studies tend to support an association with increased falls rate and increased severity of falls 

in the winter months: however, this relationship is more pronounced in less temperate 

climates. This data is summarised in Table 5.1.
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A large observational study noted that fatal falls are more com m on in colder clim ates; when 

controlled for current w eather conditions at the time o f fall, an A m erican study failed to 

establish a relationship betw een falls and freezing rain or snow (Jacobsen et al., 1995). This 

suggests that o ther factors, such as vitam in D deficiency, may m ediate the relationship: a 

D utch study confirm ed that low vitam in D levels were independently associated with falls in 

the over 65 age group (Snijder et al., 2006).
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Table 5.1: Falls and association with weather conditions

Author, Year Location N Design Population
Outcome

measure
Association Notes

C am pbell et al., 1988 New Zealand 761 Prospective >70 < 1 deg C Yes In wom en (RR 1.53), not men

Jacobsen et a!., 1991
United States 621,837 Review  o f data >65, with hip fracture

Seasonal
periodicity

Yes

K opjar and N ordhagen, 1994 Norway 1104 Review o f data All ages Season Yes Increase in >25 and >65

Parker and M artin, 1994
UK 429 Pts with hip fracture

Prevailing
w eather
conditions

No

Niino et al., 1995 Japan 1317 Prospective, interviews Season No M ore tem perate clim ate

Jacobsen et al., 1995
United States O bservational Com m unity > 4 5

Snow or 
freezing rain

Yes
M ore in w inter, but not associated 
with w eather at tim e o f fall

Parker et al., 1996
UK 787 Hip fracture patients

Seasonal
variation

No

Liiukinen et al., 1996
Finland 1016 Prospective All over 70, living at home

Tem p <-20 C 
vs. >9 C

Yes

A haronoff et al., 1998 New York 832 Prospective C onsecutive hip fractures Season No

Fretland and K ruger, 1998
Norway

Review o f hospital 
registers

W inter vs. Sum m er Yes

B ulajic-K opjar, 2000
Norway 10992 Prospective cohort >65

C older Season; 
RR o f fracture

Yes 1 .39(65-79), 1.17 (>80)

Pasco et al., 2004
Victoria 3280

O bservational, cross- 
sectional, population- 
based study

Com m unity-dw elling; presenting with 
fracture o r fall

Seasonal
variation

Yes
Low er Vit D; greater proportion o f 
falls resulting in fracture

Jaatinen et al., 2007

Finland 461

R etrospective analysis 
o f patients undergoing 
hip surgery; some 
residential

>65
Seasonal
variation

Slight

Saari et a!., 2007
Finland

Prospective, all >75 
(including residential)

Seasonal
variation

No

Stevens et al., 2007
United States

I2 7 0 0 &
1.63

million

Season and 
clim ate

Yes
C older clim ate = greater risk o f 
fatal fall

Kojim a et al., 2008 Japan 1000 Phone survey > 65random ly  contacted Season Yes
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5.4 Sequelae

5.4.1 Fracture and its consequences

Only 10% of falls result in serious injury, including fracture (Campbell et al., 1990) . 

However, when they do occur fractures can be a serious consequence. Hip fracture 

occurs in one percent of falls (Hayes et al., 1996), but carries significant morbidity and 

mortality. In a case-control study of older community-dwelling people who suffered a 

hip fracture, 53% were discharged to a nursing home from hospital; at 12 months, 20% 

still resided there. Fifteen percent had died (Leibson et al., 2002). Prospective trials 

with larger numbers have confirmed a 12-month mortality rate of 16.7% at twelve 

months in the community-dwelling elderly(Aharonoff et al., 1997).

5.4.2 Long lie

Some older people are unable to get up again after a fall. This leads to the so-called 

“long-lie” -  this pre-disposes older people to rhabdomyolysis, hypothermia and 

pressure sores (Masud and Morris, 2001).

5.43 Confidence

“Fear of falling” is well recognised in older people who have fallen. The term 

ptophobia has been proposed to describe it in its most extreme form (Bhala et al., 

1982). The less erudite “post-fall syndrome” which also coined in 1982 has gained 

more traction (Murphy and Isaacs, 1982).

Persons affected may refuse to walk unless supported by a person and cane, or refuse 

to walk at all. Less severe forms are common -  in an unselected cohort of community- 

dwelling elderly, 24% admitted to a fear of falling (Tinetti et al., 1994b). Up to 50% of 

people who have a fear of falling have not fallen, however those who fall assume a 

greater risk of developing this fear: 39 % vs. 23.3 % (Scheffer et al., 2008). This 

increased fear of falling can persist for up to two years (Jang et al., 2007)
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While fractures can decrease quality of life, the greatest factor resulting in decreased 

subjective quality of life is the fear of further falls (Iglesias et al., 2009). Furthermore, 

up to 56% of people who fear falling curtail their activity as a result (Howland et al., 

1998). Given that reduced physical activity is a risk factor for further falls (Gregg et 

al., 2000), this suggests that a fear of falling may be a self-fulfilling prophecy.

5.4.4 Cost

The largest study examining the cost of all falls -  as opposed to that subset which 

result in a fracture -  was conducted in the United States in 2000. Using national 

databases it was estimated that fatal falls cost $0.2 billion to treat, while non-fatal falls 

cost $19 billion dollars (Stevens et al., 2006). This included treatment costs in both 

Emergency Departments and the outpatient setting. Fatality rates were higher for men. 

However, given the greater association between bone fragility and female gender, 

economic costs were disproportionately borne by women (2 -3  times higher than men, 

for all treatment settings).

A similar financial burden was found in the United Kingdom, in a study which limited 

itself to expenditure in emergency department and in-patient settings (Scuffham et al., 

2003). Of the £981 million cost to the exchequer, in-patient admission and long-term 

care accounted for the lion’s share (49.4% and 41% respectively).

The lack of national databases precludes such analyses in Ireland. However, applying 

known European fall rates to the Irish population provides an estimate of 130,000 falls 

per year in older people, at a cost of €404  million (Gannon et al., 2008).
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5 5  Prevention

A m ultifactorial problem invites a multifactorial intervention, and this approach is 

recom m ended by experts in the field of falls prevention (W orld Health Organisation, 

2007). Interventions o f proven efficacy include exercise program m es, vitamin D 

repletion in deficiency, first cataract surgery, m edication review and pacem aker 

insertion in the setting of carotid sinus hypersensitivity (Gillespie et al., 2009).

5.6 Falls and vitamin B12

There is little in the medical literature connecting vitamin B12 and falls. However, 

there is some circum stantial evidence.

As m entioned previously, gait instability is associated with increased risk of falls 

(Barak et al., 2006), and peripheral neuropathy is known to contribute to abnormal 

gait. In one o f the earlier random ised controlled trials of falls interventions, peripheral 

neuropathy was present in 20% of participants (Close et al., 1999). Peripheral 

neuropathy is well recognised in vitamin B12 deficiency (V ictor et al., 2001).

Two case histories are presented in the literature dem onstrating an im provem ent in 

frequency of falls with vitamin B12 treatm ent in the setting of deficiency (Nelson,

2001, Olm edo et al., 2004).

O ther evidence is presented in the form o f a series o f studies conducted in Japan. Sato 

and colleagues dem onstrated an association between hip fracture and higher levels of 

hom ocysteine in the setting of stroke (Sato et al., 2005b) and Parkinson’s disease (Sato 

et al., 2005c).
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The same group demonstrated a reduction in hip fracture post-stroke in a randomised 

controlled trial of vitamin B12 and folate to lower homocysteine levels (Sato et al., 

2005a), with a number needed to treat of 14. However, the incidence of falls was 

similar in the treated and placebo groups, as was the bone mineral density. They 

postulated that vitamin B12 may have exerted its effect by reducing the interference of 

homocysteine with bone collagen cross-linking.

A Norwegian commentary on this study suggests that the Japanese researchers may 

have been guilty of a priori reasoning with respect to their hypothesis: namely, that 

reduced rates of hip fracture were due to lowered homocysteine levels. It is suggested 

by this commentator that the treated patients may have had better balance than the 

controls, thus accounting for the reduced rate of hip fracture (Norberg, 2005).

Conversely, in a large study of hip fractures in Norway, an association was seen 

between levels of homocysteine and folate and fracture, but not vitamin B12. Falls 

were not recorded in this study (Gjesdal et al., 2007).

It is possible that any observed association between falls, hip fracture and vitamin B12 

is due to underappreciated effects of homocysteine on collagen metabolism, rather than 

effects of vitamin B 12 on balance or rates of falls.
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5.7 Summary

Falls are an im portant and comm on cause of m orbidity and mortality in the elderly. 

Abnorm alities o f gait, reduced vision, inappropriate prescribing and syncope are all 

associated with falls. The associations between falls and orthostatic hypotension, 

hazardous environm ent are less compelling. An observed association between 

increased risk o f falls and season may well be due to concomitant vitamin D deficiency 

rather than inclem ent weather.

Falls result in fracture, which may have severe consequences for those affected, 

including death, institutionalisation and disability. A less obvious consequence of 

falling is fear o f falling, which results in decreased quality of life and curtailm ent of 

activity. The economic costs of falls are enorm ous, and mostly relate to inpatient 

treatm ent or the cost of long-term  care.

Effective interventions to prevent falling are available and often involve a m ulti

factorial approach.

There is some biological plausibility to the theory that vitamin B12 deficiency may be 

associated with falls, but there are no large studies demonstrating an association in the 

literature.
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CHAPTER 6: MORTALITY

“Death comes equally to us all, and makes us all equal when it comes”

John Donne

6.1 Introduction

In Ireland, data regarding births marriages and deaths are collected by the Central 

Statistics Office (www.cso.ie); collection of this information is governed by the Vital 

Statistics and Births, Deaths and Marriages Registration Act (Dail Eireann, 1952).

By law, all deaths must be recorded with the General Registry Office. These statistics 

are sent weekly in electronic form to the Central Statistics Office. Data are classified 

by age, sex, cause of death, area of residence, marital status and socio-economic status. 

Data are compiled quarterly and published every five years (Central Statistics Office, 

2009b).

6.2 Comparisons between Ireland and other European states

A 75-year-old Irish male could expect to live a further 9.8 years in 2006; the figure for 

Irish females in that year was 12.1. The average European life expectancy at this age is 

9.7; Ireland ranks 13“’ out of 27 European Union members ((Central Statistics Office, 

2009a), see figure 6.1).

6 3  Trends within Ireland

Figure 6.2 compares average life expectancy for males and females at different stages 

in life in 1926, and again in 2006 (Central Statistics Office, 2009b). Several points may 

be inferred from the graph -  overall life expectancy has improved. The improvement is 

blunted with increasing age- i.e., most reduction in mortality is due to changes at the 

beginning of life. Finally, whereas in 1926 there was no difference between the sexes, 

in 2006 women have a better life expectancy at all stages of life. Again, this advantage 

narrows with age (figure 6.2).
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6.4 Mortality rates and causes of death

Crude death rates vary from country to country according to population structure- 

developed nations may have higher death rates than developing as their populations are 

older. The crude, unadjusted death rate for Ireland is 7.5 deaths per 1000 per year 

(United Nations, 2008). The United States calculates Ireland’s death rate at 7.75 per 

1000, placing it 114''’ of 222 countries or administrative regions ranked in the world 

(Central Intelligence Agency, 2009).

With respect to cause of death, ischaemic heart disease, cerebrovascular disease and 

lower respiratory tract infections account for close to 40% of all-cause mortality 

((World Health Organisation, 2006), figure 6.3).

6.5 Factors associated with mortality

Age

It is clear from figure 6.2 that increasing age is associated with decreased life 

expectancy.

Gender

In Ireland, men have a higher mortality rate than women at all ages, including later life. 

This has been attributed to an increased rate of suicide and road traffic accidents at a 

younger age; an increased rate of smoking; and an increased risk of health-damaging 

behaviour and limited contact with general practitioners at all ages (Men's Health 

Forum, 2004).
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Smoking

The link between smoking and lung cancer was first expounded by Doll and Hill in 

Britain in January of 1950 (Doll and Bradford Hill, 1950), and several months later by 

Wynder and Graham in the United States (Wynder and Graham, 1950). These case- 

control studies demonstrating increased rates of smoking in those with lung cancer 

were not without controversy: prior to this, an increased rate of lung cancer was 

attributed to increased longevity and improved diagnosis (White, 1990). A follow-up 

cohort study in a large number of men demonstrated a dose-response relationship 

between smoking and death from lung cancer or ischaemic heart disease (Hammond 

and Horn, 1954).

Alcohol

American authors have examined the concept of “external” or “non-genetic” causes of 

death: these are modifiable (often, behavioural) factors that can influence the risk of 

mortality. There are described as the “actual causes of death” (McGinnis and Foege, 

1993). In this schema, 3.5% of deaths in the United States were attributed to excess 

alcohol consumption. Hazardous drinking (>4-6 units per day in males; 2-4 units per 

day for females) was associated with a relative risk of mortality of 1.33. Harmful 

drinking (>6 units per day in males; >4 units per day in females) was associated with a 

relative risk of 1.47 (Mokdad et al., 2004).

In older adults, there is a J- shaped relationship between alcohol and morbidity and 

mortality -  both abstention and excess alcohol consumption are associated with poorer 

outcomes. Moderate consumption is beneficial. A definition or cut-off between a safe 

and a harmful level of drinking in the aged has not yet been found -  there is no 

difference in mortality or morbidity between those drinking more or less than the one 

unit per day recommended by the United States National Institute on Alcohol Abuse 

and Alcoholism (Dufour et al., 1992, Lang et al., 2007). It would appear that these 

limits are too conservative.
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Social Class

Occupational class differences were highlighted in a 1998 report. It was noted that the 

overall mortality rate was 100 -  200% higher in the lowest occupational class 

compared to the highest. This was reflected in large variations in mortality within 

individual disease categories between lower and higher occupational class: 100% 

higher for cancers; 120% higher for circulatory diseases, and 200% for respiratory 

diseases (Balanda and W ilde, 2001).

Physical Activity and diet

It is known that physical activity in middle-age is associated with a reduced mortality 

from cardiovascular disease in later life (W agner et a!., 2002). A Californian study 

designed to look at physical exercise in later life dem onstrated that this difference is 

m aintained in later years: lower physical activity over the age of 75 was associated 

with a 14.8% excess all-cause mortality over a two year period. This difference was 

not influenced by past history o f heart disease or past physical activity (Bembom  et al., 

2009).

The National Survey of L ifestyles, Attitude and Nutrition (SLAN) noted that 50.8% of 

all adults in Ireland engaged in regular physical exercise in a typical week. The 

proportion declines with age; conversely inactivity increases with age: 47% of 

participants over 65 reported regular physical activity, while 31% in this age group 

were inactive. O f those who were inactive, 44%  attributed this to a disability or 

medical condition (M organ et al., 2008).

It is difficult to glean accurate information at a national level regarding m acro- or 

m icro-nutrients and mortality. An easier-to-use surrogate o f nutritional status is the 

body mass index (BMI) -  expressed as W eight (kg) / (Height x Height) (m). In the 

United States, BM I contributes significantly to mortality -  at 16.6% of deaths, it ranks 

second in term s o f m odifiable risk factors that lead to death (M okdad et al., 2004).
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6.7 Vitamin B12 and mortality

There are several potential biological mechanisms that might link vitamin B12 levels 

and mortality. Vitamin B12 has been associated with peripheral neuropathy (Hin et al., 

2006), and increased risk of progression to Alzheimer’s dementia (Wang et al., 2001). 

It may be a non-specific marker of frailty (Matteini et al., 2008).

Lower levels of vitamin B 12 are associated with higher serum homocysteinaemia 

(Selhub et al., 1993), which is itself associated with atherosclerosis (Antoniades et al., 

2009). Higher levels of homocysteine are associated with mortality in the elderly 

(Bostom et al., 1999b). However, a meta-analysis of the use of B vitamins to lower 

homocysteine found no evidence for a reduction in mortality due to cardiovascular 

events (Marti-Carvajal et al., 2009).

The likeliest explanation is that individual randomised controlled trials are 

underpowered to show an effect, or conducted over too short a time frame: the original 

Framingham studies that linked homocysteine with stroke and cardiovascular mortality 

observed the cohort for 1 0 - 1 3  years (Bostom et al., 1999a, Bostom et al., 1999b).

A number of studies have observed an association between elevated levels of vitamin 

B12 and mortality. Vitamin B12 may be elevated in a number of disease states, 

including hepatitis, hepatocellular carcinoma and leukaemia (Ermens et al., 2003). A 

direct correlation between elevated liver enzymes and serum B12 has been shown in 

male alcoholic patients(Himmerich et al., 2001). Some of these are rare conditions, and 

it must be concluded that there are cases in which B12 is elevated for which no ready 

cause is found.

Elevated levels of B12 have been shown to predict mortality in elderly populations 

with cancer receiving palliative care(Geissbuhler et al., 2000). This Swiss study 

examined a small cohort of patients with cancer (n=161) over a five-year period. The 

authors noted an association between hepatic metastases and poorer outcome; they 

hypothesised that an inflammatory or necrotic reaction in the liver would increase cell 

turnover, transcobalamin synthesis and hence serum vitamin B12 levels.
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A larger Spanish study noticed a similar association in an inpatient population o f 366 

elderly inpatients: those who died during their hospital stay had significantly higher 

levels o f vitamin B12 than those who did not (Hem m ersbach-M iller et al., 2005a).

The Swiss group re-visited their hypothesis and exam ined vitamin B12 levels of 

elderly patients without cancer. Vitamin B12 was m easured at tim e of adm ission, and 

national records exam ined at two years to exam ine cause of death. H igher levels of 

vitamin B12 were defined using a sensitivity analysis. They noted that rates of 

m ortality between those with high levels o f vitamin B12 and others diverged 

significantly as soon as day 60. After two years, those with higher levels o f B 12 were 

4.48 times as likely to have died (Cl 2.14 -  9.89).

Elevated levels o f vitamin B12 were associated with increased m ortality in a study 

exam ining com m unity-dw elling elderly in the Bronx (Zeitlin et al., 1997). This study 

exam ined a cohort of 488 “old old” over a ten-year period, and found that an increase 

in vitamin B12 concentration of 100 pg/ml corresponded to a 10% increase in 

mortality. The authors concluded that excess vitamin B12 may in fact be toxic.

However, in each of these studies a lim ited num ber of co-variates were used; 

creatinine, alcohol and functional status were not m easured. Nor were social supports 

taken into consideration: these factors are known to influence quality of diet (Locher et 

al., 2008). In healthy com m unity dwellers, it is possible that those older patients with 

higher levels o f vitamin B12 were in fact frail and supplem ented by their fam ilies.
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6.8 Summary

Data relating to deaths in Ireland are collected by the Central Statistics Office and 

reveal Ireland to rank mid-way amongst other European states. Life expectancy in 

Ireland has improved over the past few decades, with ischaemic heart disease, lower 

respiratory tract infections and cerebrovascular disease ranking as the major causes of 

mortality. Demographic and life-style factors which have been shown to influence 

mortality include age, gender, social class, physical activity, smoking, alcohol and diet. 

Vitamin B12 deficiency causes high homocysteine, which is associated with 

atherosclerosis. Conversely, high levels of vitamin B12 are associated with liver 

disease or inflammatory states and have been shown to correlate with mortality in a 

number of in-patient and outpatient cohorts. These studies were limited by the number 

of co-variates used.
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Figure 6.1 -  Life expectancy ranked among EU member states
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Figure 6.2: Life expectancy of Irish males and females -  1926 and 2006
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SECTION TWO: VITAMIN B12 AND COGNITION
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CHAPTER 7: INTRODUCTION

Introduction

Cognitive impairment and dementia in ageing has been termed a “malignant” state 

(Kawas and Brookmeyer, 2001), but cognitive decline is not an inevitable consequence 

o f ageing. While Alzheimer’s disease contributes most to the prevalence o f dementia 

in older populations, a considerable proportion of cognitive decline is attributable to 

vascular changes in the brain (Chin et al., 2008). Changes to end-organ vasculature are 

multi-factorial in aetiology and an adequate diet is considered essential to maintaining 

a healthy circulation (Krauss et al., 1996).

Subtle vitamin deficiency has long been posited as a possible contributor to cognitive 

decline. In particular, deficiencies o f vitamin B12, B6 and folic acid have been 

established as important contributors to hyperhomocysteinaemia (Selhub et al., 1993). 

Hyperhomocysteinaemia has been associated with increased cardiovascular risk (Perry, 

1999) which is thought to increase the rate o f silent brain infarcts and hence cognitive 

decline (Matsui et al., 2005). There is some evidence that homocysteine facilitates 

damage to neurons by potentiating Beta amyloid peptide neurotoxicity (Lipton et al.,

1997)- thus elevated homocysteine may contribute directly to neurodegeneration and 

cognitive decline (Obeid and Herrmann, 2006).

Evidence to date from longitudinal studies has been conflicting. Some have 

demonstrated associations between folate deficiency and decline (Kado et al., 2005), 

others B12 deficiency and decline (Morris et al., 2005); still others homocysteine and 

decline (Clarke et al., 2007). Many studies have demonstrated no associations 

(Mooijaart et al., 2005). Randomised controlled trials to date have been disappointing, 

with no demonstrable effect on measures o f cognitive function (McMahon et al.,

2006). However, these trials have been o f limited size and duration.
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Many o f the existing studies exclude patients with cardiovascular disease or disability. 

The emphasis has been on measures of biochemical parameters, with psychosocial 

parameters measured less frequently. Depression has been shown to affect cognitive 

scores (Lichtenberg et al, 1995) but few studies to date have controlled for mood.

The purpose o f this study was to examine associations between B12 levels and 

cognitive decline using detailed cognitive testing in a cohort o f well-described elderly 

subjects, using psycho-social parameters as co-variates.
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CHAPTERS: METHODOLOGY

Study population and design

The Dublin Healthy Ageing study is a community-based study examining physical, 

psychiatric, cognitive and social health characteristics of older people. Wave One was 

a cross sectional examination of 466 non- demented elderly subjects, stratified for age, 

and randomly selected from the patient lists of four general practitioners in the 

catchment area of St. Jam es’s Hospital, Dublin. Wave Two was a follow-up 

assessment of each subject who agreed to participate -  the average period between 

assessments was 2.8 years.

All medically stable, non-demented community dwelling individuals aged over 65 

years who were able to provide consent and cooperate with neuropsychological testing 

were eligible for recruitment. Data was collected between 2003 and 2005. Ethical 

approval was obtained from both the Hospital and GP ethics committees. Subjects 

were contacted by post and offered participation. A total of 1349 letters to individuals 

were sent. O f these, 419 (31%) individuals refused participation. 159 (11.8%) did not 

meet inclusion criteria, 175 (13%) had passed away and 71 (5.3%) were no longer at 

their given address. A research psychologist and a doctor visited individuals who 

agreed to participate in their own home on a single occasion. The duration of each 

assessment was approximately two hours.

Assessments

A structured interview recorded self- reported information on demographic details, 

education, medical history, current medications, diet, smoking status, alcohol use, 

exercise, psychosocial history and family history.

Lifetime alcohol intake was estimated from self- report and calculated in number of 

units/ week. Pack years were calculated by dividing the number of cigarettes smoked a 

day by 20 and multiplying this by the number of years smoked.
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Biophysical measurements such as the subjects’ height (cm), waist circumference (cm) 

and hip circumference (cm) were measured using a standard tape measure accurate to 1 

mm. Weight (kg) was measured on a calibrated scale accurate to 0.5 kg with normal 

indoor clothing. Subjects’ waist hip ratio (waist/hip) and body mass index (weight/ 

height^) were calculated according to standard equations.

Blood pressure measurements were performed with the subject sitting with a standard 

aneroid sphygmomanometer accurate to 3mmHg. A comprehensive assessment of 

neurological status and mood was performed by a medical doctor. Further clinical 

assessments were performed if deemed necessary.

Cognitive Assessments

Cognitive status was assessed in a variety of domains using standardized instruments. 

These domains included pre-morbid intellect (National Adult Reading Test (NART-R) 

(Nelson, 1991), psychomotor processing speed (Wechsler Adult Intelligence Scale -III 

Digit Symbol -  Coding (Wechsler, 1997a)), verbal fluency and category fluency (FAS 

test and animal fluency(Benton, 1968)), and verbal learning, interference, delayed 

recall and recognition(Wechsler Memory Scale -III Serial Word Lists (Wechsler, 

1997b)). Visual memory was assessed using the Wechsler Memory Scale -  Revised 

Visual Reproduction. Working memory was tested using the Wechsler Memory Scale- 

Ill Letter Number Sequencing (Wechsler, 1987).

Test scores were standardized using a z- transformation (subject score minus sample 

mean divided by sample standard deviation) to enable comparison of tests with 

different ranges. A composite score consisting of the average of the sum of the 

standardised test scores (Dufouil et al., 1997) was used as a global measure of 

cognitive performance (GC).
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The Mini Mental State Examination (MMSE) (Folstein et al., 1975) was performed as 

a second general index of cognitive functioning. Personality was measured using the 

Eysenck Personality Inventory (EPI) (Eysenck and Eysenck, 1964) which measures 

two important personality dimensions, Extroversion-Introversion and Neuroticism- 

Stability.

Dietary questionnaire

A dietary questionnaire was completed, recording frequency of intake of meat, seafood 

and fruits and vegetables. A small number of products on the Irish market are fortified 

with vitamins, and a list of these was presented to the subjects. A subject was 

considered to have fortified food in their diets if they had consumed one of the fortified 

products regularly within the preceding two weeks. Regular intake of multivitamins 

was recorded in the same fashion.

Functional status and social networks:

Physical function was measured using self-report instruments in the domains of 

Instrumental Activities of Daily Living (lADL) and Physical Self-Maintenance 

(PSMS)(Lawton and Brody, 1969). These scales include questions measuring ability to 

prepare food, and ability to go shopping.

Measures of psychological well-being included a life-satisfaction scale(Wood et al., 

1969) and a standardised instrument to measure loneliness(Russell, 1996). The Centre 

for Epidemiological Studies-Depression Scale (CES-D) was chosen as a screening test 

for depressive symptoms (Radloff, 1977). Measures of social interaction included a 

social intimacy scale (Miller and Lefcourt, 1982) and a measure of type and extent of 

social networks (Wenger, 1991).
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Blood sampling

Non-fasting samples o f blood were drawn from participants, transported on ice and 

spun within 30 minutes of venepuncture. Serum was pipetted and stored at -20 C until 

analysis at a later date.

Serum hom ocysteine was quantified by fluorescence polarization imm unoassay (Imx 

system; Abbott laboratories). Repeat assays were conducted across a range o f sample 

hom ocysteine concentrations to determine precision: these yielded intra-assay co

efficients of variation (CV) of 1.4 % - 2.2% . Inter-assay CV was determined at 3.7 % - 

5.2%.

Vitamin B12 was m easured by a microbiological assay using Lactobacillus delbrueckii 

with an average intra-assay CV of 4.1 % and an inter-assay CV of 9.9 %. Low vitamin 

B12 was defined as serum value less than 150 pg/ml (Kelleher and Broin, 1991).

Serum folate was quantified using a Lactobacillus rhamriosus assay: it yielded an 

average intra-assay CV o f 5.82 % and an inter-assay CV of 8.9 %. Serum folate values 

less than 2.7 ng/ml were considered deficient (M olloy and Scott, 1997). All CV's 

quoted are based on quality control procedures in the Nutrition Lab., St James' 

hospital.

Statistical analysis

All parameters were inspected for normality: those that were significantly skewed were 

log transform ed for analysis.

M ultiple linear regression models were used to investigate the relationship between 

vitamin B12 and neuropsychological tests, controlling for identified covariates. The 

relationship between neuropsychological test scores and vitamin B12 were first 

m odelled individually in base models controlling for gender, age, social class and 

educational status.
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Associations between global cognitive performance and potential lifestyle, dietary, 

psychosocial and clinical confounders were explored in backward regression models. 

In the final analysis, the relationship between neuropsychological test scores and 

vascular biomarkers were determined using multivariate analysis while adjusting for 

all significant confounders determined in exploratory analyses. All statistical analysis 

was performed using JMP.

For the longitudinal component of the experiment, the outcome measure of interest 

was the decline in cognitive scores between the two assessments. As for Wave One, 

multiple linear regression models were used to examine associations between the 

independent variable of interest -  serum vitamin B12 levels -  and the difference in 

cognitive scores between assessments. Possible confounders were explored in multiple 

regression models, and confounders of interest were included in subsequent regression 

models to control for these co-variates.
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CHAPTER 9: RESULTS I (CROSS-SECTIONAL)

Dem ographic, clinical, biochem ical, psychosocial, dietary and lifestyle characteristics 

are summ arized in tables 9.1 and 9.2. There were 466 subjects with a mean age (sd) of 

75.5 (6.1). 55.4% were female.

The m ajority of patients were embedded in either fam ily-dependent or locally 

integrated networks. Patients were more evenly distributed among social class (table 

9.2).

Eight patients disclosed that they were receiving vitamin B12 replacem ent by 

injection: their mean serum vitamin B12 was 1503.09 pg/mL (range 422.62 -  3000). 

These were excluded from subsequent analyses. W ith these eight excluded, the sample 

mean of vitamin B12 was 336.01 (standard deviation 145.51), with a range o f 52.99 to 

851.76. The median serum B12 concentration was 315.98 pg/mL. A histogram  of 

vitamin B12 (Figure 9.1) demonstrates that the sample approximates a normal 

distribution (skewness 0.8210):
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Figure 9.1 Distribution of Vitamin B12
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Thirty-one patients (7.5%) were vitamin B12 deficient, using the standard laboratory 

cut-off of 150 pg/mL. This is consistent with prevalence of vitamin B12 deficiency 

measured in other populations (Clarke et al., 2004) (Lindenbaum et al., 1994).

Neuropsychological test results

Neuropsychological test characteristics are summarized in table 9.3. Due to fatigue or 

illiteracy some subjects were unable to complete all the neuropsychological tests. Test 

scores were standardised using a z-transformation (subject score minus sample mean 

divided by sample standard deviation) to enable comparison of tests with different 

ranges (Dufouil et al., 1997). A composite score consisting of the average of the sum 

of the standardised test scores was used as a global measure of cognitive performance 

(global composite: GC). Global composite scores were expressed from 0 to 100, with 0 

representing the lowest average and 100 the best.

The test scores for FAS test, digit symbol coding, letter number sequencing. Animals, 

visual reproduction (immediate and delayed) and total free recall were standardized 

and combined in this manner.

All data interrogation and statistical analysis were performed using JMP 8.0.2 (SAS 

Institute, 2009).

Vitamin B12

Associations between vitamin B12 and categorical variables are summarized in table 

9.4. There were no differences in vitamin B12 between genders. There was a trend for 

differing levels of vitamin B12 across social class (highest in social class I; lower in 

other classes). There were no differences between meat eaters vs. non-meat eaters. 

However, those subjects who had fortified foods in their diet had significantly higher 

levels of B12 than those who hadn’t. There were no differences across frequency of 

ingestion of various food categories. Similarly, there were no differences in the disease 

categories of stroke, diabetes or heart attack; patients with hypertension had 

significantly higher levels of vitamin B12 than without.

Serum cobalamin correlated positively with serum folate, and inversely with 

homocysteine (table 9.5). There were no associations with age or weight.
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Vitamin B12 and cognitive function -

The relationships between vitamin B12 and cognitive scores were examined in two 

different ways. Firstly, a comparison was made between outcomes in vitamin B12 

deficient vs. vitamin B12 replete subjects, expressed as a categorical variable. This was 

to examine for a threshold effect.

Secondly, the data were interrogated to examine any associations between vitamin B12 

and cognitive indices when expressed as continuous variables. This was to investigate 

if a dose-response relationship existed between serum vitamin B12 and cognitive 

function.

Vitamin B12 deficient vs. replete

Using student’s T-test to compare means, there were significant differences in 

cognitive function between B I2 deficient and replete subjects (table 9.6): cognitive 

scores were lower in the domains of category fluency (animals), and the general 

indices of MMSE and global composite scores. There was a trend to lower scores in 

the domain of processing speed (digit symbol coding, p=0.07) but this did not achieve 

significance.

Regression models were constructed to test each of these associations. Firstly, 

multiple, stepwise regression models were constructed using a mixture of forwards and 

backwards regression. Variables examined included age left school, social class, 

gender, age at time of assessment, presence or absence of stroke, diabetes or family 

history of dementia, total depression scale, alcohol intake and smoking status.

Using this approach, MMSE score was independendy associated with age at visit, age 

left school, social class, presence or absence of stroke, depression score, and alcohol 

intake. Similarly, Global Composite score was independently associated with these 

factors as well presence or absence of diabetes.
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When controlled for these factors, MMSE was worse among vitamin B12 deficient 

subjects (model 1, table 9.7). However, this association diminished when controlled for 

homocysteine levels. Similarly, associations with global composite score persisted in 

basic models but extinguished when controlled for homocysteine.

The association with animals -  a test of category fluency, or semantic memory -  

persisted when controlled for all factors, including homocysteine.

Vitamin B12 and cognitive function -

To test for a dose response-relationship, regression models were constructed using the 

factors mentioned previously, with cognitive scores as outcome variables and vitamin 

B12 expressed as the continuous variable of serum value. Table 9.8 presents 

unadjusted, univariate correlations between vitamin B12 and various cognitive test 

scores. There was a trend for increased category fluency (animals) with higher levels 

of vitamin B12, but this did not achieve significance. There were no associations 

between vitamin B12 and other tests of cognitive function.

Vitamin B12 and cognitive function -  adjusted models

When controlled for these factors, there were no cross-sectional associations between 

vitamin B12 and the cognitive indices of interest (Table 9.9).
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Table 9.1: Demographics, Dublin healthy ageing study wave 1

A ge (St, D ev) 75.45 (6.05)

Fem ale (T otal) 258 (466)

A ge left school (St. Dev) 14.88 (2.15)

W eight (St. D ev) 71.52 (14.77)

Social C lass

Total Number Percentage
I: P rofessional w orkers 17 3.65
11: M anagerial and technical 56 12.02
III: N on-m anual w orkers 98 21.03
IV: Skilled m anual 173 37.12
V: Sem i-skilled 107 22.96
VI: U nskilled 9 1.93
VII: All others and unknow n 6 1.29

Social N etw ork (n=453)

Social N etw ork

A: Fam ily dependent 49 10.82

B: Locally integrated 285 63.13

C: Local self-contained 17 3.75

D: W ider com m unity focused 8 1.77

F: Private 9 1.99

M ixed 84 18.54
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Mini Mental State Examination (MMSE) 26.04 ( 25.78 - 26.30 )
F plus A plus S 25.45 ( 24.43 - 26.47 )
Animals 13.71 ( 13.30 - 14.12 )
D S score 33.35 ( 32.15 - 34.56 )
L N score 06.53 (06.21 -06 .85  )
Visual reproduction 1 21.18 ( 20.45 - 21.92 )
Visual reproduction 2 12.35 ( 11.53 - 13.17 )
Learning slope 03.62 (03 .43  -03 .80  )
Free recall total 03.95 (03.71 -04 .18  )
DS -  Digit Symbol coding; LN- letter number sequencing

Table 9.4: vitamin B12 and categorical associations
Parameter Mean (95% Cl) P value'

Gender
Female

345.66 (326.66 - 
364.66) 0.14

Male
324.56 (303.83 - 

345.28)

Social class

I: Professional 
workers

446.23 (372.83 - 
519.62)

0.08

IL Managerial and 
technical

344.64 (304.43 - 
384.84)

IIL Non-manual 
workers

340.88 (311,24 - 
370.51)

IV: Skilled manual
332.07 (308.86 - 

355.28)

V: Semi-skilled
318.79 (289.63 - 

347.96)

VI: Unskilled
294.54(199.79 - 

389.29)
VIL All others and 

unknown
350.14 (223.02 - 

477.27)

Diabetes

D on’t know
376.88 (249.29 - 

504.48)

0.13No
331.11 (316.33 - 

345.88)

Yes
378.87 (332.59 - 

425.15)

Heart attack

D on’t know
309.77 (181.71 - 

437.82)

0.57No
338.93 (323.88 - 

353.98)

Yes
317.21 (276.30 - 

358.12)

Stroke

D on’t know
304.59 (139.52 - 

469.66)

0.30No
333.41 (318.86 - 

347.97)

Yes
376.77 (321.74 - 

431.79)
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Table 9.4 continued: vitamin B12 and categorical associations

D on’t know
307.33 (255.44 - 

359.22)

Hypertension No
322.30 (303.05 - 

341.55)
0.03

Yes
358.95 (337.02 - 

380.87)

Fortified foods
No

326.52 (308.38 - 
344.67) 0.01

Yes
374.45 (345.59 - 

403.31)

Meat eater
No

391.80 (275.01 - 
508.59) 0.34

Yes
335.20 (321.07 - 

349.33)

How often fruit
343.35 (314.62 - 

372.08)
0.63

How often meat
372.74 (278.74 - 

466.75)
0.21

How often seafood 461.08 (258.63 - 
663.53)

0.07

How often vegetables 347.87 (320.29 - 
375.45)

0.48

' Analysis of variance
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Table 9 Vitamin B12 and continuous, univariate associations
Parameter Spearman's Rho p value
Age at first visit -0.0421 0.3686
Age left school 0.0296 0.5277
Systolic Blood pressure 0.0036 0.9388
Diastolic blood pressure -0.0029 0.9512
W eight (kg) -0.0005 0.9914
Total depression scale -0.0168 0.7205
Cholesterol 0.0383 0.4138
Glucose 0.0786 0.0930
Haemoglobin (g/dl) 0.0509 0.2770
Homocysteine -0.3378 <0.001
Folate 0.1199 0.0102

Table 9.6: Cognitive scores of Vitamin B12 deficient vs. Vitamin B12 replete subjects
Cognitive Score N Mean (95% Cl) p value'

MMSE
Deficient 31 24.90 ( 23 .92- 25.88 )

0.015
Replete 383 26.17 ( 25.89 - 26.45 )

F plus A plus S Deficient 25 22.84 ( 18.71 -26 .97  ) 0.193
Replete 341 25.68 ( 2 4 .56 -26 .79  )

Animals Deficient 29 11.62 ( 10.03 - 13.21 )
0.008

Replete 371 13.88 ( 13.43 - 14.32 )
Digit symbol Deficient 26 29.35 ( 24.69 - 34.01 ) 0.071coding Replete 326 33.80 ( 32.48 - 35.12 )
Letter number Deficient 20 0 5 .6 0 (0 4 .3 0 -0 6 .9 0  ) 0.168sequencing Replete 292 06.55 ( 06.21 -06 .89  )
Visual Deficient 29 19.07 ( 16.28 - 21.86 ) 0.147reproduction 1 Replete 346 21.21 ( 20.41 -22 .02  )
Visual Deficient 29 10.03 (0 6 .9 6 -  13.11 ) 0.141reproduction 2 Replete 344 12.44 ( 11.55 - 13.33 )

Free recall total Deficient 28 03.89 (02 .97  -04.81 ) 0.997
Replete 352 03.89 ( 03.64 -04.15 )

Global Composite
Deficient 31 36.3 (26.1 -4 6 .5 ) <0.01
Replete 373 50.8 (47.8 -5 3 .7 )

' unpaired T-test. MMSE: Mini-mental state examination
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Table 9.7: Regression models of vitamin B12 deficiency and cognitive scores
MMSE Global Composite Animals Digit symbol coding

N Std 6 P N Std B P N Std 6 P N Std B P

Model 1 411
0.1212 0.01 401 0.1259 <0.01 398 0.1262

<0.01 350
0.0708

0.15

Model 2 396
0.1266

<0.01 387
0.1113

0.02 384 0.1102 0.02 339 0.0752 0.12

Model 3 396 0.0992 0.06 387
0.0820 0.09 384

0.1171
0.02 339

0.0526
0.31

Model 1: Age, gender, age left school, tertile social class
Model 2: as per model 1 and depression score, stroke, smoking status, alcohol intake 
Model 3; as per model 2 and homocysteine

Parameter Spearm an’s Rho P value
Total mini mental DL.ROW 0.0446 0.34
F plus A plus S 0.0291 0.53
Animals 0.0765 0.10
D S score 0.0310 0.51
L N score 0.0187 0.69
Visual reproduction 1 0.0299 0.52
Visual reproduction 2 0.0164 0.73
Free recall total 0.0643 0.17
Global Composite 0.0587 0.24

Model 1 Model 2
Std B p value Std B p value

Global Composite 0.0234 0.61 0.007 0.88
MMSE 411 0.0271 0.58 0.0401 0.42

Model 1: controlled for age, gender, tertile social class, age left school
Model 2: controlled as per model 1 and stroke, total depression score, alcohol intake and smoking status.
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CHAPTER 10: POST-HOC ANALYSIS

To further explore the relationship between vitamin B12 and cognition, some post-hoc 

analyses were examined. Vitamin B 12 is a surrogate marker o f frailty; however older 

people do not exist in isolation, and some older people rely on family members for 

their cooking and shopping needs. Therefore some older people who are serologically 

vitamin B12 replete may in fact be frail but supplemented.

There are several ways o f examining this hypothesis from the data collected. A subset 

of the Dublin Healthy Ageing study cohort had instrumental and personal activities of 

daily living measured using Lawton and Brody’s scale (Lawton and Brody, 1969). This 

assessment was introduced after data collection began and was performed on 314 

consecutive subjects. Two components of this scale measure ability to shop or cook 

independently. This is a three-point scale, where 3 indicates complete independence in 

the domain, 2 requires some assistance, and 1 completely unable to perform the task: 

thus this domain can be dichotomized into dependent or independent. The proportions 

able to shop and cook independently, and the association with other measured 

parameters, are presented in table 10.1. Those unable to shop or cook were older, had 

higher depression scores, lower life satisfaction scores and lower cognitive scores.

From the data collected, it would appear that those who shop for themselves make 

poorer food choices. Those who were unable to shop for themselves were 2.31 times 

more likely to eat a diet containing fortified food (table 10.2). In this subset of DHAS 

patients, all vitamin B12 deficiency occurred in those who were independent in 

shopping.
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T able 10.1: Shopping and  cooking vs. cognitive and  psychosocial scores
Independent Shopping

Yes No P (t-test)

n M ean (95%  C l) n M ean (95%  C l)

Age a t f irs t visit 249 75.00(74.29 - 75.72) 57 78.35(76.85 - 79.85) <0.001
Life Satisfaction 
Index 249 14.54(14.07 - 15.00) 57 11.79(10.82 - 12.76) <0.001
T otal depression 
scale 249 06.29(04.98 - 07.59) 56 13.21(10.46 - 15.97) <0.001

M M SE 247 26.23(25.87 - 26.60) 57 25.28(24.52 - 26.05) <0.05
G lobal
C om posite 247 00.53(00.49 - 00.56) 54 00.38(00.30 - 00.45) <0.001

Independen t Cooking

Yes No

n M ean (95%  C l) n M ean (95%  Cl)

Age a t f irs t visit 267 75.18(74.48 - 75.88) 31 78.52(76.47 - 80,56) <0.005
Life Satisfaction 
Index 267 14.40(13.96 - 14.85) 31 11,42(10.10 - 12.74) <0.001
T otal depression 
scale 267 06.75(05.50 - 08.01) 30 12.87(09.13 - 16.60) <0.005

M M SE 265 26.25(25.90 - 26.61) 31 24.48(23.45 - 25.51) <0.005
G lobal
C om posite 264 51.9 (48.5 - 55.4) 29 30.9 (20.4 -41 .4) <0.001

Independent n

(% )

D ependent n

(% )
P Relative Risk

Diet contain ing Fortified 

food
37 / 209 (17.7%) 1 8 /4 4  (40.9%) 10.25 <0.01

2.31 (1 .4 6 -  

3.66)

V itam in B12 deficiency 20 / 227 (8.8%) 0 / 49 (0%) 9.15 <0.005 -

Relatives visiting daily 91 /2 4 5  (37.1%) 38 / 56 (67.9%) 17.5 <0.001
1.83 (1.43 -  

2.33)

Independent n

(% )

D ependent n 

(% )
P Relative Risk

Diet contain ing Fortified 

food
46 / 223 (20.6%) 8 / 24 (33.3%) 1.87 0.17 1.61 (0.87-3.01)

V itam in B12 deficiency 1 8 /2 4 2  (7.44%) 2 /2 7 (7 .4 1 % ) 0.00 0.99
0.99 (0 .2 4 -  

4.06)

Relatives visiting daily 106 /2 6 3  (40.3%) 20 /3 0  (66.7%) 7.59 <0.01
1.65 (1.23 -  

2.22)
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Those who were dependent in shopping or cooking were more likely to see a relative 

every day: one possible inference is that frequent input from relatives improves the 

diets of those unable to shop or cook for themselves. A two-by-two diagram illustrates 

this: those with the highest prevalence of vitamin B12 deficiency were those who were 

independent in shopping and saw their relatives less frequently (figure 10.1).

However, while the data suggest that those dependent patients who have frequent visits 

from relatives have lower prevalence of vitamin B12 deficiency due to better diet, 

closer examination of the data fails to support this hypothesis. Figure 10.2 illustrates a 

regression model that demonstrates that while those who are dependent are more likely 

to have a diet containing fortified food, it is those subjects whose relatives visit less 

often who have the highest probability of having a fortified diet.

However, seeing relatives daily may not the best indicator of the amount of support 

frailer people might receive from relatives: most subjects lived with their relatives so 

would see them daily in any event. A model was constructed using available factors to 

test for interaction between the ingestion of fortified foods, and dependence in cooking 

or shopping. Seeing relatives daily was omitted from the model for the reason outlined. 

The results (Table 10.3) indicate that fortified foods correlated strongly with vitamin 

B12 levels; furthermore, there was an interaction between dependence in cooking with 

B12 levels -  those who were dependent in cooking, but ingested fortified foods, had 

higher vitamin B12 levels than those who did not have a diet containing fortified foods 

(see figure 10.3).

It is possible that more pertinent questions such as -  who prepares your meals? may 

better reveal the relationships between frailty, diet and family support. Only 18 patients 

in the cohort were in receipt of meals-on-wheels: only 11 of these had lADL 

assessment performed; these patients were much more likely to be unable to shop 

independently (54.6 % vs. 17.3%) and unable to cook independently (81.8% vs. 7.7%), 

but the small numbers precluded more meaningful analysis.
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W hat is deducible from the data is that patients who ate fortified foods had higher 

vitamin B12 levels than those who did not. However, perhaps counterintuitively, some 

frailer patients who were unable to shop or prepare m eals for them selves had better 

diets, contributing to higher B12 levels. W hile the data could not reveal why these 

patients had better diets, it suggests external covariates interacting between frailty and 

vitamin B12 levels. One possible covariate is support from relatives. It would be 

important for future studies to try and examine these co-variates, because frail (but 

supplemented) patients may well have differing outcom es to frail, unsupplem ented 

patients.
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Figure 10.1: Prevalence of vitamin B12 deficiency according to relative visits and independence 

shopping
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Figure 10.2: Prevalence of intake of fortified food according to relative visits and independence 

shopping
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Terni Std Beta Prob>|t|

Fortified foods -0.2869 <0,01

Independent Shopping 0.0569 0.49

1 Independent Cooking j 0.0061 0.94

Independent Shopping x Fortified foods 0.0176 0.85

Independent Cooking x Fortified foods -0.2700 <0.05

Figure 10.3: V itam in B12 levels accord ing to intake o f  fortified foods, and dependence or 

independence shopping

Independent  Cookmg

'"''^pendent Cook,t n g
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CHAPTER 11: RESULTS II (LONGITUDINAL)

Repeat assessments were conducted 26 to 50 months (mean= 34) after the first visit. 

Over the study period o f 2.8 years, 34 subjects (7.4 %) were lost to follow-up due to 

illness or moving address, and 133 (29.1 %) refused a second assessment. Two 

hundred and forty-seven assessments (53.9 %) were completed. Forty-four subjects 

(9.6%) died prior to re-assessment.

Among those still alive at re-assessment, the differences between those lost-to follow 

up (n=167) and those re-assessed (n=247) are presented in table 11.1. There were no 

differences in mean vitamin B12 between these two groups; nor were there differences 

in age, gender distribution or social class between those re-assessed and those not. 

Patients who were re-assessed had slightly higher MMSE and global composite scores 

at baseline. There was a slight difference in mean baseline homocysteine that did not 

achieve statistical significance.

Matched-pair analysis o f cognitive indices was perfomied to compare baseline scores 

with follow-up scores. MMSE scores were significantly higher at baseline, as were 

global composite and animal score (table 11.2).

Regression models were constructed with Difference between Baseline and Follow-up 

score as the dependent variable; mixed stepwise models were explored to determine 

what factors influenced the rate o f cognitive decline. Factors that influenced the 

change in MMSE score included Age at first visit, Baseline MMSE score, time elapsed 

between assessments, and presence or absence of stroke, hypertension or 

hyperlipidaemia. For Difference in Global Composite scores, relevant factors included 

Age at first visit, baseline score, and history o f heart attack. Finally, for Difference in 

Animals, factors included age, baseline score, and presence or absence o f stroke and 

hypothyroidism.
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Regression models were constructed using these variables and presence or absence of 

vitamin B12 deficiency (table 11.3), lowest quartile o f vitamin B12 vs. the remainder, 

and serum value o f vitamin B12 expressed as a continuous variable. There were no 

associations found between change in any cognitive score and presence or absence of 

vitamin B12 deficiency when controlled for the factors described.
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Table 11.1: Differences between those seen and those lost to follow-up

Seen Not reassessed P

Age 75.2 (74.6-76.00) 74.6 (73.8 -  75.5) 0.22

Gender {% 

Female)
54.7%

1

59.3% 0.35

1 11.4 17.8 0.19

Social Class (%) 11 22.2 20.2

111 66.5 61.9

Age Left School 

(years)
15.2 14.5 <0.005

Total Depression 

Scale
7.2 (5 .9 -8 .4 ) 7.8 (6.2 -9.4) 0.5

MMSE 26.5 (26.2 -2 6 .9 ) 25.6 (25.1 -26) <0.001

Global Composite 55.5 (5 2 .0 -5 9 .1 )) 4 4 .2 (3 9 .8 -4 8 .6 ) <0.001

Vitamin B12 346.31 (327.65-364.96) 321.89 (298.79-344.99) 0.11

Homocysteine 13.09 (12.37 -  13.81) 14.2(13.31 -  15.11) 0.06

Cognitive

index
Baseline Mean Follow-up mean

Difference (95%  

Cl)
P

MMSE 26.46 26.04
-0 .43  ( -0 .1 0 --  

0.75)
<0.01

Global

Composite
55.7 50.2 (-3.5 - -7 .4 ) <0.001

B12 Deficiency Lowest Quartile vs. Rest Serum B12 level

N Std B P N Std B P N Std B P

MM SE' 226 -0.0436 0.47 226 -0.0268 0.67 226 0.0406 0.50

Global

Composite^
222 -0.0021 0.97 222 -0.0399 0.55 222 0.0605 0.35

Animals^ 221 0.0332 0.60 221 0.0476 0.46 221 0.0386 0.53

Controlled for age, gender, baseline score, months elapsed, presence or absence o f stroke, hypertension.

hyperlipidaemia

^Controlled for age, gender, baseline score, months elapsed, history o f heart attack 

^Controlled for age, gender, baseline score, months elapsed, history o f stroke or hypertension
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CHAPTER 12: DISCUSSION

Discussion:

In this longitudinal, comm unity-based study o f  elderly individuals there was an 

association betw een vitamin B12 and cross-sectional m easures o f cognition across a 

range o f  cognitive domains. However, there was no association between baseline 

vitamin B12 and subsequent cognitive decline.

Previous studies o f relationships between vitamin B12 cognition have demonstrated 

variable results: some studies have demonstrated cross-sectional associations between 

812  and cognition whereas others have not (Jelicic et al., 2001, Kado et al., 2005). 

Studies that demonstrate an association tend to exclude disability and m orbidity (Feng 

et al., 2006, Goodwin et al., 1983). The advantages o f  this study include an ethnically 

hom ogenous group; in addition the inclusion criteria were broad, with m ultiple clinical 

and social factors included as controlling variables. The m easures o f cognition used 

tested a broad variety o f domains. W hereas previous studies expressed vitamin B12 

categorically we examined for dose-response relationships (Goodwin et al., 1983, 

Jelicic et al., 2001). W e demonstrated that cognitive perform ance was worse in the 

presence o f  vitamin B12 deficiency, but did not correlate with vitamin B12 levels in 

the normal range. This suggests a threshold association.

This study also examined possible interaction effects between vitamin B12 and 

hom ocysteine. The cross-sectional association betw een vitamin B12 and general tests 

o f  cognitive function -  M M SE and global composite score -  disappeared when 

controlled for homocysteine. This suggests that cognitive im pairm ent associated with 

vitamin B12 deficiency acts via the m echanism  o f  elevated hom ocysteine levels.
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Conversely, vitamin B12 deficiency was associated with worse scores on the Animals 

cognitive subtest and this relationship was independent o f homocysteine levels. This 

cognitive domain tests semantic memory and has been specifically associated with 

activity in the temporal lobe (Baldo et al., 2006). It is possible that vitamin B12 

deficiency affects the temporal lobe via a mechanism that does not involve 

homocysteine.

Previous studies that demonstrated an association between vitamin 812 and rate of 

cognitive decline were conducted over longer time periods (4-5 years): however, the 

measures of cognition used in our study are subtle and sensitive to change over time 

(HAALAND et al., 2003). The cognitive scales used in this study are more precise 

than the MMSE. Studies that have restricted themselves to using the MMSE suffer 

from its limitations. It is recognised that a large ceiling effect exists in those with high 

function; conversely a floor effect exists in those with moderate to severe cognitive 

impairment (Folstein et al., 1975).

Some studies restricted their analysis to healthy, disease-free subjects (Feng et al., 

2006, Kado et al., 2005). While the subjects in this study were cognitively intact at the 

time o f first assessment, they were a clinically heterogeneous group. Controlling for 

co-morbidities did not alter the relationships. The attrition rate over the study period 

was significant, but it is comparable to other longitudinal studies (La Rue et al., 1997). 

Those refusing re-assessment tended to have lower levels o f education and lower 

baseline scores- these attributes were entered as co-variates in all statistical models.
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The longitudinal com ponent o f this study (n=203) was adequately powered to 

dem onstrate a correlation o f 0.195 with an 80% level o f  confidence; however more 

subtle relationships can not be excluded given the lim itations o f power (Dell et al., 

2002). Relatively few patients were vitamin B12 deficient (7.5%) and this may have 

impacted on the outcome.

To date, random ised, controlled trials designed to lower hom ocysteine have not 

dem onstrated an improvement in cognitive outcomes. However, num bers have been 

small (11 -  276) and many subjects had dementia at time o f  inclusion (Clarke et al., 

2003a, De La Foum iere et al., 1997, M cM ahon et al., 2006). It is possible that 

prospective trials to date have lacked the numbers or time frame to demonstrate an 

effect. Similarly, patients included in these trials and in this study tended to be middle- 

aged or older: it may require decades o f repletion from a younger age to demonstrate 

any beneficial effect. It is also possible that lower B12 levels are a result o f  cognitive 

impairment, rather than a cause: in this case, correction o f  depletion would have no 

benefit.

Conclusions:

Vitam in B12 deficiency was related to cognitive function at first assessment, but this 

relationship was attenuated by homocysteine. There was no evidence for a relationship 

between vitamin B12 levels and rate o f  cognitive decline.
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SECTION THREE: VITAMIN B12 AND ORTHOSTATIC

HYPOTENSION
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CHAPTER 13: INTRODUCTION

Orthostatic hypotension (OH) is a physical finding defined by the American 

Autonomic Society and the American Academy of Neurology as a systolic blood 

pressure decrease of at least 20 mm Hg or a diastolic blood pressure decrease of at 

least 10 mm Hg within three minutes of standing. (American Academy of Neurology, 

1996) The majority of older subjects who fulfil the criteria for OH are asymptomatic 

(Rutan et al., 1992)

When symptomatic, OH may be part of a syndrome of compromised cardiovascular 

response to change in posture: it is common in elderly populations, with a prevalence 

in the community of up to 34% (Hiitola et al., 2009). The syndrome is associated with 

significant cardiovascular morbidity (Raiha et al., 1995), as well as increased risk of 

transient ischaemic attack (Rutan et al., 1992). There is some evidence suggesting that 

it may confer increased risk of cognitive decline (Allcock et al., 2006).

The aetiology of this syndrome may be divided into non-neurogenic and neurogenic 

causes. Of the latter, autonomic neuropathy leading to autonomic failure is the cause in 

up to 40% of patients evaluated for orthostatic hypotension (Low, 2008b). The causes 

of autonomic failure are numerous: they include primary autonomic failure, or 

idiopathic neuropathy. Cobalamin deficiency is often listed as a cause, but is 

considered rare (Freeman, 2008b).

However, cobalamin deficiency is not uncommon in elderly, community-dwelling 

populations: measured prevalence ranges from 5% - 15% (Flicker et al., 2004, Joosten 

et al., 1993b). While pernicious anaemia was traditionally thought to be the 

commonest cause (Andres et al., 2004), the majority of vitamin B12 deficiency in 

elderly populations is likely due to an inability to dissociate B12 from its carrier 

proteins in the stomach: this is known as food-cobalamin malabsorption (Camiel, 

1995).
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Vitamin B12 deficiency is known to cause a demyelinating neuropathy, with axonal 

damage and vacuole formation (Victor et al., 2001). The mechanism o f neuronal 

damage remains a matter for debate, but likely involves defective myelin synthesis due 

to derangement o f cobalamin-dependent fatty acid synthesis. A significant proportion 

(up to 28%) of cobalamin-deficient elderly patients are asymptomatic (Stabler et al., 

1990). Where symptoms occur, the commonest syndrome is considered to be a distal, 

peripheral neuropathy with symmetrical increased or absent reflexes depending on the 

level o f spinal cord affected (Victor et al., 2001).

However, vitamin B12 deficiency has been associated with a wide variety of other 

neurological syndromes, as diverse as nystagmus, and mania (Goggans, 1984, Puri et 

al., 2006). A small number o f cases have documented vitamin B12 deficiency 

presenting as orthostatic hypotension (Sahni et al., 2005, Fehmann, 2003, Girard et al., 

1998, Johnson, 1987, White et al., 1981, Lossos and Argov, 1991, Eisenhofer et al., 

1982, Toru et al., 1999, Kalbfleisch and Woods, 1962). Nerve biopsy disclosed axonal 

degeneration with demyelination in one case (Toru et al., 1999) or pure axonal 

degeneration without demyelination (McCombe and McLeod, 1984).

Investigating this further, Beitzke et al examined a series of 21 patients with cobalamin 

deficiency, compared with age-matched controls: they demonstrated differences in 

resting heart rate, drop in systolic blood pressure on head-up tilt, and failure to increase 

total peripheral vascular resistance between cases and controls (Beitzke et al., 2002). 

Subsequently, an unblinded intervention was conducted in eight cobalamin deficient 

patients with OH, matched with eight controls. This demonstrated an improvement in 

changes in systolic blood pressure and systemic vascular resistance in response to a 

head-up tilt (Moore et al., 2004). Commenting on these results, some authors have 

called for blind substitution of vitamin B12 in elderly populations (Skrabal, 2004).

However, the numbers in each of these studies have been small. There has been no 

attempt to describe the prevalence of vitamin B12 deficiency as a cause of OH in the 

context of multiple causes, and it is not known if vitamin B 12 is a common, or 

important contributor to the syndrome.
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We hypothesized that if vitamin B12 contributed significantly to orthostatic 

hypotension, via the mechanism o f autonomic neuropathy, there should be significant 

differences in serum  vitamin B12 levels between patients with OH and age- and 

gender- matched controls.

CHAPTER 14: METHODS

Cases were selected from consecutive older out-patients (>65) attending a falls and 

blackout unit for investigation who were diagnosed with orthostatic hypotension.

Controls were age (within 5 years) and gender matched com m unity dwelling elderly 

selected from a random comm unity sample (Dublin Healthy Ageing Study - DHAS) 

(Chin et al., 2008). These subjects had already been visited as part o f the DHAS and 

their clinical data and blood levels were used for comparisons with cases.

Subjects unwilling or able to give consent were excluded. Controls were excluded 

where they admitted to a history o f falls, blackouts or symptoms attributable to 

orthostatic dizziness within the preceding year.

The ethics comm ittees of St Jam es hospital and the Irish College o f General 

Practitioners granted ethical approval.

Demographic details, history and examination

The subject’s age, gender, and social class were noted, and details recorded o f each 

subject’s past medical history and current m edications. Smoking status and alcohol 

intake were recorded. Physical exam ination included checking for presence or absence 

o f ankle tendon jerks, which are a sensitive m easure of peripheral neuropathy. The 

M M SE (Folstein et al., 1975) was chosen as a general index o f cognitive function.
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Haemodynamic variables of subjects were recorded during an “active stand” (i.e. 

standing up quickly after 5 minutes lying supine and continuing to stand for 2 

minutes). A non-invasive continuous beat to beat blood pressure recording device was 

used for haemodynamic measurement (“Finometer” TNO, Amsterdam) where finger 

arterial pressures are converted to brachial arterial pressures by the Bos (Guelen et al., 

2003) method of brachial reconstruction: this allows measurement of systolic blood 

pressure (BP) and heart rate (HR). Stroke volume (SV), cardiac output (CO) and total 

peripheral resistance (TPR) were then derived from M odelflow calculations 

(Wesseling et al., 1993). Haemodynamic parameters were exported in 1-second bins 

from 60 seconds before to 120 seconds after standing. These were averaged over ten 

second intervals to reduce beat-to-beat variability (Fan, 2008).

Definitions

Resting blood pressure was taken as an average of readings for 60 seconds prior to 

standing. Nadir blood pressure was defined as the lowest reading over the first two 

minutes of standing. Autonomic failure was defined as a failure to raise heart rate by 

more than 12 beats more minute in response to a fall in blood pressure within the first 

fifteen seconds of standing.

Serum vitamin B12 and creatinine were measured using standardized laboratory 

techniques (Kelleher and Broin, 1991)
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Statistical analysis

Power calculations were based on research conducted in community dwelling elderly 

subjects in the Dublin Healthy Ageing Study showing mean (s.d.) serum levels o f B12 

o f 346.6 (163.6) pg/ml.

It was calculated that a sample of 100 patients and 100 age-matched controls would be 

capable o f detecting a difference of 65 pg/ml in serum B12 with a power of 80% and 

an alpha o f 0.05. This is less than one half of one standard deviation o f each variable, 

allowing for the detection or exclusion of very subtle variations between groups. All 

calculations were perfonned using JMP 8.0.2 (SAS Institute, 2009).

Between group comparisons for serum B12 was calculated using a one-way analysis of 

variance.
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CHAPTER 15: RESULTS

15.1 Characteristics of sample

One hundred consecutive cases attending a falls service were assessed over a 6-month 

period. The average age was 78.03 (Standard error of mean, SEM 0.63). Fifty-nine 

were female. These were matched according to age and gender with 100 controls from 

the Dublin Healthy Ageing study.

15.2 Comparisons between cases and controls

Table 15.1 notes that there was no difference in creatinine levels, age or body mass 

index between cases and controls. There was a significant difference in MMSE score. 

Homocysteine was significantly higher in cases compared to controls.

Five cases had Parkinson’s disease, versus 1 control 2.788, p=0.10). More controls 

disclosed a history of heart attack, compared with cases (16.5% vs. 5%, 

X'=8.689,p<0.05). There were no statistically significant differences in the numbers of 

patients in each group who admitted to a history of diabetes mellitus, angina or 

hypertension (table 15.2).
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Table 15.1: Comparisons between cases and controls

Cases Controls

n Mean (95% Cl) n Mean (95% Cl) P’
Age 100 78.03 (76.89-79.17) 100 78.23 (77.09-79.37) 0.81

Weight 100 69.88 (67.08-72.68) 97 67.31 (64.47-70.15) 0.20

Height 100 164.44 (162.60-166.28) 97 161.26 (159.39-163.13) <0.05

BMI 100 25.69 (24.85-26.53) 97 25.83 (24.98-26.69) 0.81

Packs/Wk 99 2.62 (01.41-03.83) 99 3.85 (02.64-05.06) 0.16
Alcohol:
UnitsAVk 100 7.72 (05.65-09.79) 100 2.84 (00.77-04.91) <0.01

MMSE 100 24.9 (24.25-25.55) 98 26.82 (26.16-27.47) <0.001

Folate (ng/ml) 85 18.87 (15.95-21.80) 91 19.67 (16.84-22.49) 0.70

Homocysteine 90 16.01 (14.89-17.12) 87 13.82 (12.69-14.96) <0.01

Creatinine 99 88.08 (82.17-93.99) 67 89.57 (82.38-96.75) 0.75
'(t-test)

Cases (%) Controls (%) P'
Stroke 13 2 <0.01
Hypertension 43 43 0.99
Epilepsy 1 2 0.56
Angina 6 12 0.14
Parkinson’s Disease 5 1 0.08
Myocardial infarction 5 16 <0.01
Diabetes Mellitus 7 11 0.32
‘Chi-squared comparison of proportions
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Figure 15.1: Vitamin B12 levels amongst cases and controls 
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There were ten failed assays in the case group and six failed assays amongst the 

controls. Within the 186 successful assays, vitamin B12 levels were approximately 

normally distributed in both groups. Cases had a mean (95% confidence interval) 

serum vitamin B12 of 370.97 pg/mL (330.86 -  411.08), vs. 377.19 pg/mL (337.95 -  

416.44) in controls (p=0.83) (see Figure 15.1). Seven of 90 cases were vitamin B12 

deficient (<150 pg/mL) vs. 4 of 94 controls (7.78% vs. 4.25%, x '= l  .025, p=0.31).
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15.4 Vitamin B12 levels and haemodynamic parameters within the case-group

W ithin the case-group, 7 patients (8.8%) were vitamin B12 deficient with serum values 

equal to or less than 150 pg/ml. This is in keeping with m easure prevalence o f B 12 

deficiency in com m unity-dwelling elders (Joosten et al., 1993b).

Forty-three patients denied taking any anti-hypertensive medications: fifty-seven 

admitted to taking one of |3-blockers (n=25), angiotensin converting enzyme inhibitors 

(n=19), calcium  channel blockers (n=18), angiotensin-renin blockers (n=12), or 

diuretics (n=18).

Several analyses were performed. Firstly, comparisons were made between cobalamin- 

deficient vs. cobalamin replete individuals. Outcome variables included 

haem odynamic param eters at rest and on active stand. Resting variables o f interest 

included resting heart rate, systolic blood pressure (SEP) and diastolic blood pressure 

(DBF). Dynamic variables upon standing included nadir systolic and diastolic blood 

pressure during active stand, and maximum drop in blood pressure. Secondly, this 

analysis was elaborated using a logistic regression model to control for potential 

confounders such as age, gender, and presence or absence of anti-hypertensive 

medications.

The num ber of patients in the cobalamin-deficient category was small, therefore the 

analysis was repeated com paring those individuals in the lowest quartile o f vitamin 

B 12 with the remainder.

Table 15.3 compares vitamin B12 deficient subjects (n=7) with the rem ainder; table

15.4 compares those in the lowest quartile of vitamin B12 (n=23) with the remainder. 

Outcom e variables were visually inspected for normality -  each was approximately 

normally distributed therefore t-test was used to compare means.
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Table 15.3: Comparison of haemodynamic param eters in deficient vs. replete individuals
Deficient Replete P

Nadir SBP 105.57 (86.25-124,89) 104.95 (99.04-110.85) 0.95
Nadir DBP 56.43 (42.97-69.89) 51.43 (47.31-55.54) 0.48
Max ASBP 54.07 (34.66-73.49) 53.96 (47.99-59.93) 0.99
Max ADBP 31.18 (21.01-41.35) 27.77 (24.65-30.90) 0.53
Resting SBP 159.65 (142.42-176.87) 159.04 (153.75-164.34) 0.95
Resting DBP 87.60 (77.57-97.64) 79.37 (76.28-82.46) 0.12
Resting Heart rate 71.13 (61.92-80.34) 69.70 (66.86-72.53) 0.77
Vitamin B12 103.57 (-33.10-240.24) 393.52 (353.83-433.21) <0.001
Homocvsteine 21.28 (16.67-25.90) 15.56 (14.22-16.90) 0.02
“/oChange TPR 46.4 (2 9 .8 -6 3 .0 ) 34.3 (29.2 -3 9 .4 ) 0.17

Mean (95% Cl)
Lowest Quartile Remainder P

Nadir SBP 105.74 (94.01-117.46) 104.78 (98.34-111.22) 0.89
Nadir DBP 47.37 (39.25-55.49) 53.21 (48.75-57.66) 0.21
Max ASBP 48.81 (37.10-60.52) 55.55 (49.07-62.04) 0.32
Max ADBP 30.88 (24.74-37.03) 27.21 (23.80-30.61) 0.30
Resting SBP 154.54(144.16-164.93) 160.49(154.74-166.24) 0.32
Resting DBP 78.25 (72.08-84.42) 80.64(77.23-84.06) 0.50
Resting heart rate 71.05 (65.47-76.64) 69.44 (66.35-72.53) 0.62
Vitamin B12 169.86 (104.25-235.48) 440.01 (401.56-478.45) <0.001
Homocysteine 17.82 (15.23-20.41) 15.38 (13.87-16.90) 0.11
% Change TPR 38.0 (28.8 -4 9 .1 ) 34.3 (28.7 -  39.9) 0.42

B12 deficient B12 lowest quartile Serum vitamin B12

Std B P Std B P Std B P
Nadir SBP 0.0192 0.85 0.0832 0.43 0.0520 0.62

Nadir DBP -0.0410 0.64 -0.0979 0.26 0.0409 0.6

Max ASBP -0.0192 0.85 -0.0833 0.43 -0.0520 0.62

Max ADBP 0.1139 0.33 0.1301 0.26 -0.0544 0.64

% Change TPR 0.1564 0.17 0.1026 0.37 -0.0448 0.70
Controlled for age, gender, resting blood pressure, body mass index, presence or absence o f anti
hypertensive medication
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15.5 Vitamin B12 and haemodynainic outcomes: logistic regression

Each of the outcome variables o f interest were entered as dependent variables into a 

logistic regression model controlling for age, gender, resting SBP or resting DBP as 

appropriate, body mass index and use of anti-hypertensives. Resting SBP and resting 

DBP were associated with nadir SBP and DBP, respectively (p<0.001). There were no 

associations between presence or absence of vitamin B12 deficiency, vitamin B12 

quartile or serum vitamin B12 level and the haemodynamic outcomes o f interest.

The changes in haemodynamic variables upon active stand are illustrated in the 

following figures. Time is plotted on the x-axis: experimental subjects changed posture 

at 60 seconds. In each figure, there is overlap between the values measured in B12- 

deficient or those in the lowest quartile o f vitamin B12 vs. the remainder (see figures 

15.2-15.4). There were no statistically significant differences between vitamin B12 

and replete subjects, or those in the lowest quartile o f vitamin B12 vs. the rest, with 

respect to haemodynamic outcomes (Table 15.5).
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15.6 Neuropathy and steadiness

Standardised questionnaires were used to assess unsteadiness (score 0-9, with 

increasing score denoting increased unsteadiness) and neuropathy (score 0-14, with 

increasing score denoting clinical signs and symptoms o f neuropathy). Mobility was 

assessed and categorized nominally according to five different levels, from 

independent to immobile.

Neuropathy and unsteadiness scores were strongly linearly associated with each other 

(correlation co-efficient, 0.322 p<0.005). Worsened levels o f mobility were strongly 

associated with increased neuropathy (one way anova, p=0.0001) and unsteadiness 

scores (p<0.0001). Neuropathy and unsteadiness were not associated with increasing 

age, different gender, or presence or absence o f stroke or diabetes. The presence of 

Parkinson’s disease was associated with an increased mean neuropathy score (student’s 

t-test p=0.068) and mean unsteadiness score (p=0.067) but this did not achieve 

significance.

There were no differences in neuropathy or unsteadiness scores between those subjects 

who were vitamin B12 deficient (n=7), or those in the lowest quartile of vitamin B12 

(n=23) and the remainder (see table 15.6).

Lowest Quartile Remainder

n Mean (95% Cl) n Mean (95% Cl) P
Neuropathy 23 3.67 (2.77-4.58) 67 3.69 (3.17-4.22) 0.97
Unsteadiness 23 4.43 (3.54-5.33) 67 4.01 (3.49-4.54) 0.42

1 1
Deficient Replete

Neuropathy 7 3.07 (1.44-4.70) 83 3.74 (3.27-4.21) 0.43
Unsteadiness 7 4.43 (2.80-6.06) 83 4.10(3.62-4.57) 0.70
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CHAPTER 16: DISCUSSION

There was no difference in mean vitamin B12 levels betw een elderly patients 

diagnosed with orthostatic hypotension and age- and gender- m atched controls who 

denied symptom s attributable to OH. Furthermore, we found no relationship between 

vitamin B12 status and changes in blood pressure, heart rate, or total peripheral 

resistance during active stand in a population o f patients with orthostatic hypotension. 

This would suggest that vitamin B12 deficiency is not an im portant contributor to the 

phenom enon o f orthostatic hypotension.

Our results differ slightly from that o f previous investigators. Beitzke et al 

demonstrated haem odynamic differences between B12-deficient patients with 

orthostatic hypotension and nonnal controls (Beitzke et al., 2002). M oore et al 

demonstrated an improvement in haemodynamic changes during active stand when 

B12 was replaced in deficient subjects (M oore et al., 2004). However, it is possible 

that Beitzke’s group had concomitant B12 deficiency and OH without causation; 

M oore’s study was observational rather than random ized and other treatm ents o f  OH 

were not precluded. Lastly, our study addresses a different research question: while 

individual patients with B12 deficiency may suffer autonom ic failure and OH as a 

consequence, B12 deficiency does not appear to be a more comm on problem  in a 

population o f patients presenting with OH to a clinical unit.

Limitations o f  this study include restriction to a single site; we relied on self-report o f 

m edical history and medications -w ith  corroboration in m edical notes where possible -  

and recollection m ay not be entirely accurate. A significant num ber o f  older patients 

with orthostatic hypotension have no symptoms- there may have been undetected 

orthostatic hypotension in the control group. Patients were not restricted from taking 

their usual medications prior to visiting the falls and black out unit, and this m ay have 

impacted upon their haemodynamic parameters. However, there were no associations 

between haem odynam ic changes and medication use noted in univariate analyses; nor 

were there significant associations in m ultivariate models.
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The study was adequately powered to detect small differences between mean vitamin 

B12 in cases vs. controls: within the control group, however, the small number of 

patients with vitamin B12 deficiency reduces power when comparing B12-deficient 

cases vs. the remainder.

Based upon these results, measurement of vitamin B12 in patients presenting to a falls 

and black out unit is not indicated. Furthermore, this study does not support the 

empirical replacement o f vitamin B12 in those presenting to a falls and black-out unit 

(Skrabal, 2004).

122



SECTION FOUR: VITAMIN B12 AND FALLS
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CHAPTER 17: INTRODUCTION

Falls are an important and common cause o f morbidity and mortality in the elderly: 

10% of falls in the elderly result in fracture (Campbell et al., 1990), and where fracture 

occurs, there may be serious consequences. Twenty percent o f patients suffering a hip 

fracture remain institutionalized at 12 months after their fall (Leibson et al., 2002). The 

economic costs are significant: the United Kingdom spends an estimated £981 million 

on in-patient and emergency department care for older fallers (Scuffham et al., 2003). 

When out-patient and primary care are included costs rise further still: estimates o f the 

cost to Ireland are in the region o f €404 million (Gannon et al., 2008).

Abnonnalities o f gait, reduced vision, inappropriate prescribing and syncope have all 

been implicated as causal factors, and interventions are designed to correct these 

problems (World Health Organisation, 2007). To date, few have considered vitamin 

B12 deficiency as a possible cause o f falls. B12 deficiency is not uncommon in 

community-dwelling elderly, with a prevalence of up to 14% (Flicker et al., 2004).

There is some biological plausibility to the theory that vitamin B12 deficiency may be 

associated with falls: peripheral neuropathy is well recognized in vitamin B12 

deficiency (Victor et al., 2001), and this can contribute to abnomial gait and an 

increased risk o f falls (Richardson and Hurvitz, 1995). Two case histories recorded a 

reduction in frequency of falls with vitamin B12 replacement in the setting of 

deficiency (Nelson, 2001, Olmedo et al., 2004). Vitamin B12 deficiency is associated 

with an increased amount of white matter disease (de Lau et al., 2009), and increased 

white matter is associated with gait disturbance, which may increase risk o f falls 

(Wilkieson et al., 1994).

Only that portion o f measured B12 that is bound to transcobalamin -around 20 % - is 

available to body tissues (Carmel, 2002), and measuring this complex o f vitamin B12 

and transcobalamin (holo-transcobalamin or holo-TC II) has been mooted as a more 

accurate method of diagnosing clinically significant cobalamin deficiency (Hvas and 

Nexo, 2005).
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Low levels o f vitamin B12 contribute significantly to hom ocysteinaemia. Higher levels 

o f hom ocysteine have been associated with increased cardiovascular risk and stroke 

(Perry, 1999). Hyperhom ocysteinaem ia also increases the rate o f silent brain infarcts 

(Matsui et al., 2005). W hite m atter disease o f the brain can cause gait imbalance 

(W ilkieson et al., 1994), which confers an increased risk o f  falls (Ganz et al., 2007).

The hypothesis to be tested by this study was that lower levels o f  vitamin B12 

contribute to the risk o f falls: we postulated that older patients who had fallen in the 

previous 12 months would have lower serum vitamin B12 than patients who had not 

fallen. Secondary hypotheses included that serum holotranscobalam in is lower in 

patients who have fallen compared to controls, and that serum levels o f  hom ocysteine 

are higher in patients who have fallen comipared to controls.
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CHAPTER 18: METHODS

The experiment was designed as a case-control study. All cases and controls were 

participants in the second wave o f assessment o f the Dublin Healthy Ageing Study 

(Chin et al., 2008). Cases were older (>65) community dwelling subjects with a self- 

reported fall within the preceding twelve months. Controls were community-dwelling 

subjects over 65 who denied a fall in the preceding twelve months. All subjects 

provided written, informed consent and the study was approved by the ethics 

committees o f St James Hospital and the Irish College o f general practitioners.

Assessments were carried out in the patient’s own home by either a geriatrician or 

psychiatrist o f later life and a psychologist. Details recorded included age, gender and 

social class, past medical history and medications. Physical examination consisted of 

weight, height, waist-hip ratio and blood pressure measurement.

Patients were questioned according to a standardized falls questionnaire. Details 

gathered included whether the patient had fallen in the preceding twelve months, 

frequency of recalled falls, and whether the patient felt dizzy on rising or while 

standing for a prolonged period. Patients were also asked if they had suffered any 

injuries as a result o f falls, and whether they had to attend their general practitioner or 

local emergency department as a result. Assessments included a timed-up and go test, 

defined as the time taken to rise, walk three metres and sit down again. The assessing 

physician assigned a perceived risk o f falling, graded from 1 (low risk) to 5 (high risk)
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Dietary questionnaire

A dietary questionnaire was completed, recording frequency of intake of meat, seafood 

and fruits and vegetables. A small number of products on the Irish market are fortified 

with vitamins; a subject was considered to have fortified food in their diets if they had 

consumed one of the fortified products regularly within the preceding two weeks. 

Regular intake of multivitamins was recorded in the same fashion.

Serum measurements

Non-fasting blood samples were drawn at time o f assessment, placed on ice and spun 

within 30 minutes. These were then stored at -20 degrees C until processing.

Vitamin B12 was measured by a microbiological assay using Lactobacillus delbrueckii 

with an average intra-assay CV of 4.1 % and an inter-assay CV of 9.9 %. Low vitamin 

B12 was defined as serum value less than 150 pg/ml (Kelleher and Broin, 1991).

Serum homocysteine was quantified by fluorescence polarization immunoassay (Imx 

system; Abbott laboratories). Repeat assays were conducted across a range of sample 

homocysteine concentrations to determine precision; these yielded intra-assay co

efficients of variation (CV) of 1.4 % - 2.2%. Inter-assay CV was determined at 3.7 % - 

5.2%.

Serum folate was quantified using a Lactobacillus rhamnosus assay; it yielded an 

average intra-assay CV of 5.82 % and an inter-assay CV of 8.9 %. Serum folate values 

less than 2.7 ng/ml were considered deficient (Molloy and Scott, 1997). All CV's 

quoted are based on quality control procedures in the Nutrition Lab., St James' 

hospital.
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Statistical analysis:

Power calculations are based on research done by our group in community dwelling 

elderly subjects in Dublin (Dublin Healthy Ageing Study) showing mean (s.d.) serum 

levels of B12 o f 346.6 (163.6) pg/ml and HoloTC of 55.7 (27.6) pmol/1.

A sample o f 100 patients and 100 age-matched controls would be capable o f detecting 

a difference of 65 pg/ml in serum B12 and 12.7 pmol/1 in serum HoloTC with a power 

o f 80% and an alpha o f 0.05. These are both less than one half of one standard 

deviation o f each variable and as such the study is capable of showing / excluding very 

subtle changes in either variable.

All variables were visually inspected for normality. Student’s t-test or Wilcoxon rank 

were used to compare means or medians as appropriate. All statistical analysis was 

performed using JMP 8.0.2 (SAS Institute, 2009).
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CHAPTER 19: RESULTS

19.1 Characteristics of population

Two hundred and fifty-two patients were assessed over an 18-month period. Six 

patients were receiving vitamin B12 treatment and were excluded from all subsequent 

analyses. O f the remaining 246 patients, average age was 78.13 years (Standard 

deviation 5.68). One hundred and ten (44.7%) were male.

19.2 Falls and dizziness

Results are presented in table 19.1. One-third of patients had fallen in the last year, and 

approximately a third (34.4%) of patients were afraid o f falling. A fifth of patients who 

had fallen required admission to hospital.

19.3 Cognitive and haematological indices

Mean Mini-mental state examination (MMSE) scores and haematological indices of 

interest are presented in table 19.2. MMSE scores were left-skewed and folate and 

depression scores were right-skewed, whereas creatinine, vitamin B12, 

holotranscobalamin and homocysteine measures were approximately normally 

distributed.

19.4 Differences in fallers vs. non-fallers

There were no differences in age, gender distribution or MMSE between fallers and 

non-fallers (see Table 19.2). Fallers had significantly higher depression scores and 

higher homocysteine levels; fallers had higher creatinine levels and a greater 

prevalence o f stroke, although neither parameter achieved statistical significance.
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19.4.1 Fallers vs. non-fallers: vitamin B12, holotranscobalamin

There were no differences between vitamin B12 levels in those subjects who recalled 

falling and those who didn’t. Six o f 78 fallers were vitamin B12 deficient (<150 

pg/mL), vs. 7 o f 154 non-fallers (7.7% vs. 4.6%, x^=0.93, p=0.34). There was no 

significant difference in mean holotranscobalamin amongst those who had fallen 

compared to those who hadn’t.

19.4.2 Fallers vs. non-fallers: homocysteine:

Homocysteine was significantly higher in those patients who recalled a fall in the 

previous twelve months. In a regression model, this association approached 

significance when controlled for age and gender, and presence or absence o f stroke 

(Std 6 -0.1186, p=0.0512). Homocysteine and creatinine were highly co -lin ear- a 

regression model with Fallen in the Last year as the dependent variable revealed an 

association for homocysteine which was attenuated when both variables were entered.

With homocysteine expressed as the dependent variable. Fallen in the last year  was 

associated (p<0.05) until corrected for creatinine (Std B -0.0685,p=0.25).

18.4.3 Fallers vs. non-fallers: folate

Folate levels were significantly lower in patients who had fallen compared to those 

who hadn’t (Table 19.3). This difference persisted when controlled for age, gender and 

presence or absence o f stroke (Std B 0.1533, p<0.01). This relationship was attenuated 

when homocysteine was added to the model (p=0.09).
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19.4.4 Fortified foods and multi-vitamins

Table 19.4 presents haematological indices compared to subjects taking multivitamins 

or fortified foods -  the latter were associated with higher values, whereas the former 

were not. There was no difference in the proportion o f  fallers vs. non-fallers in those 

taking multivitamins (6.1% vs. 4.3%) or fortified foods (11% vs. 7.6%).

n (%)

Yes No

D izzy if  standing for period 27 (1 1 .4 % ) 2 1 0 (8 8 .6 % )

D izzy if  stands up too quickly 61 (26.3 %) 171 (73.7 % )

N eeds to be careful m oving from lying to sitting 78 (35.1 %) 144 (64.9 % )

Have ever fainted 51 (20.9 %) 193 (79.1 %)

A fraid o f  falling 84 (34.4 %) 160 (65.6 % )

Lim it household activities due to fear o f  falling 55 (23.2 %) 182 (76.8 %)

Lim it outside activities due to fear o f  falling 68 (28.7 % ) 169 (71.3 %)

Fallen in past year 82 (33.5 %) 163 (66,5 %)

O f those w ho had fallen in the last year (n=82) Yes No

Saw general practitioner 21 (25.3 %) 62 (74,7 %)

A ttended A & E 31 (40.3 %) 46 (59.7 %)

Suffered a fracture 12(16 .7% ) 60 (83.3% )

A dm itted to hospital 15 (2 0 .0 % ) 60 (80.0 %)

Mean (St Dev)
M M SE 26.05 (03.05)

Total depression scale 07.44 (09.47)

Serum  creatinine 91.25 (26.94)

Serum  holotranscobalam in 44.20 (23.15)

V itam in B12 (pg/m l) 336.51 (140.02)

Folate 19 .14(16 .02)

H om ocysteine 14.28 (04.83)
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T able 19.3: D ifferences between falters and non fallers
M ean (95%  C l)

Fallers N on-Fallers P
Age a t first visit 78.3 (7 7 -7 9 .5 ) 78 (77.2 -7 8 .0 ) 0.76
Alcohol to tal 13.15 (09.36-16.95) 09.68 (06.89-12.47) 0.15
MIMSE 25.83 (25.16-26,49) 26.17(25.71-26.65) 0,40*
Total depression scale 10.78 (08.78-12.78) 05.73 (04.29-07.16) <0.001*
C rea tin ine 96.42 (90.12-102.72) 89.05 (84.62-93.49) 0,06
T im ed Up and  go (secs) 15.3 (13.4-17.3) 11.6(10.3-12.9) <0.005*
H olo transcobalam in 42.73 (37.48-47.97) 44.94 (41.26-48.62) 0.49
B12 324.74 (292.32-357.16) 342.47 (320.23 -3 6 4 .7 1 ) 0.36
Hom ocvsteine 15.39 (14.32-16.47) 13.68 (12.92-14.44) 0.01
Folate 15.27 (1 1 .7 4 -  18.79) 21.1 (1 8 .6 -2 3 .6 ) <0.01*
S troke 11.25% 4.94 % 0.07**
* M ann-W hitney U; **

Fortified Foods
Yes No P

HoloTC 60.53 (50.45-70.61) 42.65 (39.59-45.7) <0.005

B12 447.00 (384.51-509.49) 326.1 (307.7 -3 4 4 .5 ) <0.001

Folate 26.28 (19.28-33.27) 18.5 (16.3 -20.6) <0.05

Homocysteine 13.53 (11.39-15.66) 14.35 (13.69-15) 0.47

Multivitamins

Yes No

HoloTC 49.53 (36.76-62.30) 44.89 (40.8 -4 6 .8 ) 0.39

B12 390.14 (310.83-469.46) 333.33 (314.72 -3 5 1 .9 3 ) 0.16

Folate 23.03 (14.29-31.78) 18.91 (1 6 .8 -2 1 .1 ) 0.37

Homocysteine 12.75 (10.1 1-15.39) 14.37 (13.72-15.01) 0.25

132



CHAPTER 20: DISCUSSION

This cross-sectional, community-based case-control study did not demonstrate 

differences in serum vitamin B12 levels or serum holotranscobalamin levels between 

those patients who recalled falling in the previous year, and those who denied a history 

of falls. This fails to support a hypothesis that vitamin B12 might be a significant 

contributor to falls in the elderly (Nelson, 2001).

Some reasons for failing to find a relationship must be considered. Up to 30% of 

elderly fail to recall a fall -  however, there were no differences in MMSE score 

between fallers and non-fallers in this cohort. This suggests that fallers had the same 

levels o f cognition as non-fallers, and were as likely or unlikely to recall a fall as those 

who had not. Failing to remember a fall could be considered a marker o f frailty 

syndrome, which is associated with lower MMSE and vitamin B I2 levels: the 

equivalence of these measures between the two groups attenuates this concern. The 

study was conducted in an urban, ethnically homogenous population o f community- 

dwelling elderly and may not be applicable to other patient groups -  however, the 

group is well defined and well documented (Chin et al., 2008).

The study was adequately powered to detect very subtle differences in the mean levels 

between the two groups. While this is a valid method to look for dose-response 

relationships, a much larger sample size would be needed to adequately power a 

comparison for threshold effect; i.e., comparing the proportion o f subjects that are 

vitamin deficient in each group. For example, assuming prevalence of 7% deficiency 

as the norm, and a higher prevalence o f 15% deficiency as significant, the sample size 

required would be approximately 460.

We detected a difference in fallers vs. non fallers with respect to levels o f serum 

homocysteine, an amino-acid associated with atherosclerosis and cardiovascular 

disease (Antoniades et al., 2009). This relationship persisted when controlled for age, 

gender and presence or absence o f stroke. Higher homocysteine levels are closely 

related to lower levels o f vitamin B12 and folate (Selhub et al., 1993), and to serum 

creatinine.

133



The high co-linearity of homocysteine and creatinine levels in this population meant 

that the study was underpowered to detect relationships. It is possible that higher 

homocysteine levels in the fallers represent a non-specific marker o f frailty.

We noted a relationship between falls and serum folate, independent o f age, stroke and 

other co-variates. This unusual relationship has been reported once before, in a smaller, 

self-selected group (Shahar et al., 2009). This relationship was attenuated when 

controlled for homocysteine, suggesting that lower folate levels are associated with 

falls via higher homocysteine levels. It is difficult to postulate a causal mechanism 

linking folate deficiency and falls: folate may be a non-specific marker for frailty, or 

may co-exist along with other vitamin deficiencies such as vitamin D: we did not 

measure vitamin D in this population, but there were no differences in proportion of 

fallers in those taking multivitamins or fortified food compared to those who weren’t.

Conclusion:

This study does not support a hypothesis that lower vitamin B12 levels are associated 

with falls. Lower levels o f serum folate -  and higher levels of homocysteine -  are 

associated with a history o f falls in the previous twelve months in an elderly 

population.
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SECTION FIVE: VITAMIN B12 AND MOOD
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CHAPTER 21: INTRODUCTION

The detected prevalence of major depression in the elderly ranges from 0.3 % to 10.2 

% depending on the methodologies (Kirby et al., 1997). Prevalence of depressive 

symptoms is reported as being slightly higher (Harwood et al., 1999). Major 

depression in the elderly is associated with increased mortality and morbidity (Schulz 

et al., 2002), while minor depressive symptoms are a risk factor for subsequent major 

depression (Lyness et al., 2009). This amounts to a significant burden on the 

individual, their support networks and their health services (Unutzer et al., 1997).

Models of depression in later life may broadly be divided into psychological and 

biological. With the advent of magnetic resonance imaging interest in biological 

models has risen -  in particular, the concept of vascular depression has received much 

attention (Blazer, 2003).

McCully first made the link between homocysteine and atherosclerosis when 

describing autopsy findings in two children with differing causes of 

hyperhomocysteinaemia (McCully, 1969). There is now significant evidence linking 

hyperhomocysteinaemia with cardiovascular risk (Perry, 1999),and elevated 

homocysteine is associated with burden of white matter disease in older community 

dwellers (Vermeer et al., 2002). Homocysteine has been implicated in cross-sectional 

studies of depression and depressive symptoms (Tiemeier et al., 2002) and higher 

levels of homocysteine are associated with higher incident depression (Kim et al., 

2008).

An operational description of “vascular depression” was proposed by Alexopolous in 

1997 (Alexopoulos et al., 1997), and the radiological findings of sub-cortical ischaemic 

depression were described in the same year (Krishnan et al., 1997). The concept has 

evolved with time: while some evidence does not support an association between 

cortical vascular disease burden and depressive symptoms, the concept is considered 

reasonably robust (Baldwin, 2005).
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H om ocysteine levels increase with age and with renal im pairm ent, and its m etabolism 

is critically dependent on adequate vitamin B12 and folic acid. Deficiencies o f these 

vitamins are considered important contributors to elevated levels o f hom ocysteine in 

elderly populations (Selhub et al., 1993). Vitam in B12 deficiency has been associated 

with a greater burden of vascular lesions on neuroim aging (de Lau et al., 2009). Other 

studies have noted an association between low folic acid or vitamin B12 levels and 

depressive symptoms (Tiem eier et al., 2002). It is posited that deficiency o f vitamin 

B12 or folate causes elevated hom ocysteine, thereby increasing atherosclerosis, hence 

causing vascular depression (Folstein et al., 2007).

How ever, other studies have failed to demonstrate an association (Bjelland et al., 

2003). Analysis is confounded by the multiple aetiologies of depressive illness and by 

the limitations of the assays involved.

Vitam in B12 was technically difficult to m easure until the introduction of autom ated, 

reliable assays. Despite the advance in assay techniques, relying on vitamin B12 

m easurem ent alone remains problematic: m ost m easured vitamin B12 is bound to 

transport proteins and is not bioavailable. Only that portion -  20% - that is bound to 

the delivery protein holotranscobalam in is available to end-tissues (Carm el, 2002). 

M easurem ent of this protein is considered a more accurate m easure o f recent vitamin 

B12 absorption (Bor et al., 2004), and a better approxim ation o f end-tissue B12 

repletion.

The purpose of this study was to examine the relationships between vitamin B12, 

holotranscobalam in, folate and hom ocysteine and depressive symptom s in a cohort of 

well-described com m unity-dwelling elderly while controlling for physical and social 

factors.
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CHAPTER 22: METHODS

The Dublin Healthy Ageing Study is a prospective examination of the psychiatric, 

cognitive, physical and social well-being of 466 non-demented community-dwelling 

elderly in inner-city Dublin. Patients who attended general practitioners in the 

catchment area of St James’ hospital and who were cognitively intact, medically stable 

and capable of co-operating with neuropsychological testing and interview were 

eligible for inclusion. The selection process is described elsewhere (Chin et al., 2008). 

Briefly, of 1,349 individuals randomly selected and contacted, 419 refused, 159 (11.8 

%) did not meet inclusion criteria; 175 (13%) had died before they were contacted for 

participation and 71 (5.3%) were no longer at their given addresses; 59 subjects were 

no longer on the GP list.

All included patients provided written, informed consent: ethics approval was obtained 

from the committees of St James’ hospital and the Irish College of General 

Practitioners. Patients were assessed on two occasions: first visits took place between 

2003 and 2005, and a follow-up visit was performed two years later. At the second 

visit 252 subjects were assessed, at which time holotranscobalamin was added to the 

laboratory analyses: results from this second wave of assessment are presented in this 

paper.

A battery of assessments was conducted in the subject’s home. They were conducted 

by a psychologist and either an experienced geriatrician or a psychiatrist specialising in 

care of the elderly. The assessment included basic demographic details and 

anthropomorphic metrics including weight, height and waist-hip ratio. Past medical 

illnesses were recorded and coded according to system affected (Respiratory, 

Cardiovascular etc.). Physical function was assessed using personal and instrumental 

measures of activities of daily living (Lawton and Brody, 1969). Medication and multi

vitamin use, prescription and over-the-counter, was recorded.
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Lifestyle factors that were noted included exercise, sm oking, alcohol intake and a 

detailed questionnaire regarding the frequency of intake of fruit, vegetables, m eat and 

fish. A small num ber o f products on the Irish market are fortified with vitamins, and a 

list o f  these was presented to the subjects. A subject was considered to have fortified 

food in their diets if they had consumed one o f the fortified products regularly within 

the preceding two weeks.

M easures of psychological well-being included a life-satisfaction scale (W ood et al., 

1969) and a standardised instrument to m easure loneliness (Russell, 1996). The Centre 

for Epidem iological Studies-Depression Scale (CES-D) was chosen as a screening test 

for depressive symptom s (Radloff, 1977). M easures o f social interaction included a 

social intim acy scale (M iller and Lefcourt, 1982) and a m easure o f type and extent of 

social networks (W enger, 1991).

A battery o f neuropsychological testing was conducted to detect cognitive function in 

a variety o f  domains: these included working m em ory, visuo-spatial m em ory, 

processing speed, and immediate and delayed recall (W echsler, 1997b). The M ini

mental state exam ination (MM SE) was used as an index of general cognitive function 

(Folstein et al., 1975).

Laboratory analysis

Non-fasting blood samples were draw n, centrifuged within 30 m inutes of venepuncture 

and stored on ice at -20 degrees C. They were later assayed for vascular biomarkers 

and B-vitamins including c-reactive protein, glycosylated haem oglobin, lipid profile, 

vitamin B 12, holotranscobalam in, serum folic acid and hom ocysteine.

C-reactive protein was m easured using particle enhanced im m unonephelom etry (co

efficient o f  variation (CV) 2.1 -  5.7 %).  G lycoslyated haemoglobin was quantified by 

means o f Hi-Auto A le  Analyser high-perform ance liquid chrom atography (CV 5 -  

10%). Enzym atic clearance assay (Randox laboratories) was used to m easure LDL 

(CV 0.49 -  1.79%) and HDL (CV 0 .8 8 -1 .2 % ) .
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Vitamin B12 was measured by a microbiological assay using Lactobacillus delbrueckii 

with an average intra-assay CV of 4.1 % and an inter-assay CV of 9.9 %. Serum folate 

was quantified using a Lactobacillus rhamnosus assay: it yielded an average intra

assay CV of 5.82 % and an inter-assay CV of 8.9 %.

Serum homocysteine was quantified by fluorescence polarization immunoassay (Imx 

system; Abbott laboratories). Repeat assays were conducted across a range of sample 

homocysteine concentrations to determine precision: these yielded intra-assay CV of 

1.4 % - 2.2%. Inter-assay CV was determined at 3.7 % - 5.2%.

Holotranscobalamin was directly assayed using a commercial, monoclonal technique 

(Abbott AxSYM, Microparticle Enzyme Immunoassay), with an intra-assay CV of 

6.55 % and inter-assay CV of 10.19% (Orning et al., 2006).

Statistical analysis

All variables were inspected for normality. CES-D was significantly right-skewed, and 

was log-transformed for inclusion in regression models (Cole et al., 2000). The 

relationships between biomarkers of interest (vitamin B12, holotranscobalamin, serum 

folate and homocysteine) and CES-D were first examined in separate univariate 

analyses controlling for age, gender and social class. Associations between CES-D and 

psychosocial and physical factors were explored in multiple backward regression 

models. In subsequent multivariate analysis, the biomarkers of interest were controlled 

for those psychosocial and physical factors found to be significant in exploratory 

analyses. Finally, all biomarkers were entered into a controlled model to examine for 

independent effects. All analyses were performed using JMP 7.0.2 (SAS Institute, 

2009).
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CHAPTER 23: RESULTS

Baseline dem ographic, cognitive, psychosocial and biological data are presented in 

table 23.1. Five patients receiving vitamin B12 injections (mean vitamin B12 

concentration 3064 pg/m l, range 531 -  9361) were excluded from subsequent analysis. 

Fourteen percent o f patients (n=35) had a CES-D score o f 16 or greater; this cut-off 

point is traditionally selected to discrim inate between higher depressive symptoms and 

euthym ia (Radloff, 1977). Factors relating to CES-D are presented in table 23.2: 

depressive symptoms did not correlate with age but correlated strongly with increased 

loneliness, increased physical disability, smoking status and lower socio-economic 

status. Factors that inversely correlated with depressive symptoms included higher 

levels o f life satisfaction, better cognitive performance and a locally integrated or 

com m unity focused social network.

Biomarkers of interest and their relationship to CES-D are presented in table 23.3. 

These were first analysed using univariate linear regression, controlled for age, gender 

and social class (Model 1). Holotranscobalamin was inversely correlated with 

depressive symptoms while higher hom ocysteine levels were associated with higher 

depressive scores. Subjects in the lowest quartile of holotranscobalam in concentration 

had an adjusted odds ratio for threshold depressive symptoms (CES-D of 16 or greater) 

o f 2.37. W hen controlled for other factors -  including biological, physical function and 

psycho-social covariates -  the relationship between holotranscobalam in and depressive 

symptoms persisted. The correlation between hom ocysteine and CES-D score did not 

persist when controlled for these factors (Model 2).
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Finally, all biomarkers of interest were entered in separate, forced models and 

controlled for other components of the vitamin B 12-homocysteine cycle (model 3). 

Holotranscobalamin remained inversely associated with CES-D scores when controlled 

for homocysteine, folate and other biopsychosocial factors. Vitamin B12 also 

correlated inversely with depressive symptomatology, although this correlation was 

weaker. The relationship between holotranscobalamin and depressive symptoms 

remained significant when controlled for the presence or absence of angina, 

hypertension or stroke, or a history of angioplasty, myocardial infarction or coronary 

artery bypass grafting.



Tabic 23.1: Baseline data

Parameter M ean (Std dev)

A ge at assessm ent (years) 78.11 ( 5.68 )

Life Satisfaction  Index (0 -  20) 14.53 ( 3.86 )

C ES-D  (0 -  60) 7.45 ( 9.45 )

U CLA  loneliness score (0-20) 5.38 ( 6.58 )

Total Social Intim acy score (17-170) 7L 84  ( 11 .04)

Total M M SE  (0-30) 26.07 ( 3.05 )

Total lA D L  (0-20) 25.13 ( 3.86 )

Total PSM S (0-20) 23.13 ( 1.85 )

V itam in B12 (pg/m l) 339.14 ( 145.36 )

H olotranscobalam in (pmol/1) 44.43 ( 23.35 )

H om ocysteine (|xmol/l) 14.25 (4 .8 4  )

H aem oglobin  (g/dl) 13.27 ( 2.13 )

M ean corpuscular volum e (fl) 90.42 ( 5.29 )

C reatinine (|xmol/l) 91.22 ( 26.89 )

Folate (ng/m l) 19.17 ( 15.99 )

N um ber (Percentage)

G ender (fem ale) 140 ( 55.5 )

Angina 41 (16.7 )

A ngioplasty /coronary  artery bypass 34 ( 1 3 .9 )

D iabetes 2 4 ( 9 . 8 )

M yocardial infarction 40 ( 16.3 )

H yperlip idaem ia/cholesterolaem ia 101 ( 4 1 . 4 )

H ypertension 128 ( 51.8 )

Stroke 1 7 ( 7 )

Living alone 93 ( 37.6 )

CES-D  -  C enter for epidem iological studies depression scale;
U CLA  -  U niversity  o f  C alifornia,Los A ngeles
M M SE -  M ini-m ental state exam ination;
lA D L  -  Instrum ental activities o f  daily living
PSM S -  physical self-m aintenance scale
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Table 23.2: Associations with Centre for Epidemiological Studies-Depression Scale (CES-D):iniii
Age at assessm ent 0,02 0.76
Life Satisfaction Index -0.59 <0.001
UCLA loneliness score 0.61 <0.001
Total Social Intim acy score -0.105 0.02
M M SE -0.18 <0.0!
Total lADL -0.28 <0.001
Total PSMS -0.095 0.04

n M ean CES-D  Score (95%  Cl) P

G ender
Fem ale 135 7.96 (6.35-9.56)

0.35"
M ale 109 6.83 (5.04-8,61)

Living Alone
N 152 6.86 (5.35-8.36)

0.20‘
Y 92 8.43 (6.50-10.37)
Dont know 2 12.50 (-0.41-25.41)

Angina No 199 7.39 (6.09-8.68) 0 .61 '
Yes 41 6.49 (3.64-9.34)

A ngioplasty/CA B G
N o 207 7.12 (5.85-8.39)

0.48“
Yes 34 8.32 (5.19-11.46)

Diabetes
N o 219 7.29 (6.03-8.54)

0.59"
Yes 24 8.38 (4.58-12.17)
Dont know 3 5.00 (-5.78-15.78)

M yocardial infarction No 200 7.53 (6.20-8.85) 0 .86‘
Yes 40 7.00 (4.05-9.95)
Dont know 11 11.73 (6.09-17.37)

H yperlipidaem ia/cholesterolaem ia N o 129 7.51 (5.86-9.16) 0 .28 '
Yes 101 6.96 (5.10-8.82)

Stroke
No 224 7.51 (6.26-8.76) 0.86*’
Yes 17 7 .94(3 .40-12 .48)
Current 41 9.63 (6.76-12.51)

< 0 .05 '
Sm oking Status Form er 115 8.31 (6.59-10.03)

N ever 87 5.37 (3.39-7.34)
A: Fam ily dependent 37 13.03 (10.05-16.01)
B: Locally integrated 147 5.90 (4.40-7.39)

Total Social N etw ork Type
C: Local self-contained 14 9.86 (5.01-14.70) < 0 .005 '
D: W ider com m unity focused 6 2.83 (-4.56-10.23)
F: Private 5 10.20 (2.10-18.30)
M ixed 32 7 .84(4 .64-11 .05)
High 92 6 .86 (4 .94 -8 .78 )

Tertile Social Class M iddle 82 5.90 (3.87-7.93) < 0 .05 '
Lower 70 10.04 (7.84-12.24)

‘Spearm an’s rho 
t-test

‘ one-w ay ANOVA
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Table 233: Associations between biomarkers of interest and depressive symptoms (log 
CES-D):

StdB P S tdB P StdB P Std B P
Vitamin B12 -0.119 0.11 -0.1345 <0.05 -0.1143 0.09

Folate -0.078 0.29 -0.0987 0.11 -0.0737 0.26

H olotranscobalam in -0.161 0.03 -0.2004 <0.005 -0.1854 <0.01 -0.2078 <0,005

H om ocysteine 0.168 0.04 0.1018 0.17 0.0078 0.92

Model 1: C ontrolled  for age, gender, social class

Model 2: C ontro lled  for age, gender, social class, living alone, sm oking status, serum  creatinine,
M M SE, instrum ental activities o f  daily living, physical self-m aintenance scale, alcohol intake. 
Life Satisfaction Index, L oneliness score

Model 3: C ontro lled  as follow s:
B12 -  M odel 2 and folate, hom ocysteine 
Folate -  M odel 2 and vitam in B12, hom ocysteine 
H oloT c -  M odel 2 and folate, hom ocysteine 
H om ocysteine -  M odel 2 and holotc, folate

Model 4: C ontro lled  for factors in M odel 2, and hom ocysteine, presence or absence o f  angina,
hypertension , stroke, history o f  angioplasty, m yocardial infarction or coronary artery bypass 
grafting.
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CHAPTER 24: DISCUSSION

This study demonstrated strong and robust associations between holotranscobalamin -  

a more accurate measure of vitamin B12 than traditional assays -  and depressive 

symptoms in a community-dwelling population. While some associations existed 

between homocysteine and depressive symptoms, these disappeared when controlled 

with a number of social and physical factors.

The traditional view of vitamin B12 and folate metabolism and depression has been 

through the lens of the vascular hypothesis, via the mechanism of homocysteine. This 

study does not support this view as the relationships described were independent of the 

presence or absence of cardiovascular disease and independent of homocysteine levels.

Low holotranscobalamin may be a surrogate marker for frailty, or functional disability. 

A similar interaction between folate, functional disability and depression has been 

previously observed (Tiemeier et al., 2002). However, instrumental activities of daily 

living were measured in this study and included in subsequent regression models. An 

alternative explanation is that a depressed person’s diet is poorer, leading to spuriously 

low levels of serum vitamin. However, we recorded in detail the participants’ intake of 

fruit, vegetables, fortified food and multivitamins -  there were no differences in intake 

between those with a CES-D score of 16 or higher and those below 16 (data not 

shown).

This aspect of the Dublin Healthy Ageing study was cross-sectional in design and 

therefore subject to some limitations. A single measurement of biomarkers lends itself 

to assay error: however, holotranscobalamin has higher sensitivity and specificity for 

diagnosis of vitamin B12 deficiency than traditional means (Obeid and Herrmann, 

2007). Subjects did not fast for blood sampling, however time of day and non-fasting 

state do not significantly influence holotranscobalamin levels (Hvas et al., 2005). The 

population of Dublin’s inner city is ethnically homogenous and may not be applicable 

to other populations. While we controlled for multiple physical and social factors, there 

may be other unmeasured confounders at work.
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A small proportion o f patients (14%) scored greater than 16 on the CES-D, indicating 

depressive symptoms: however, this is consistent with validation studies (Radloff, 

1977). Finally, it is not possible to infer causal relationships from  cross-sectional 

observation.

Previously, many studies have found an association between depression or depressive 

symptom s and hom ocysteine. This association has been shown to attenuate when 

cardiovascular disease or functional disability are included as co-variates (Tiem eier et 

al., 2002). It is possible that hom ocysteine is a m arker o f atherosclerosis rather than a 

cause of disease. Alternative views o f hom ocysteine include its role as a 

chem oattractant in tissue damage and inflammation: these have failed to gain traction 

(Dudm an, 1999). Further evidence against hom ocysteine as a causal agent in disease is 

the failure to improve outcomes with hom ocysteine-lowering therapies in m ultiple 

disease states, including depression (Hvas et al., 2004).

If vitamin B12 associated depressive symptom atology is not mediated via 

atherosclerosis it is necessary to posit other mechanisms. In hum ans, methionine 

synthase is one o f two enzymes dependent upon vitamin B12. There is some evidence 

in hum ans that reduced methionine synthase activity leads to depletion of central 

nervous system  m ethionine, required for adequate myelination and methyl donation 

(M etz, 1992). M ethyl donation is required for subsequent mono-am ine 

neurotransm itter formation: while some empirical evidence for this hypothesis exists it 

is of poor quality (W illiams et al., 2005). Vitam in B12 deficiency may also affect 

serotinergic pathways: low vitamin B12 levels are associated with reduced 5- 

hydroxyindoleacetic acid levels in the cerebrospinal fluid (Coppen and Bolander- 

Gouaille, 2005). However, the exact pathophysiology o f vitamin B12 deficiency in the 

central nervous system is poorly understood and there may be other unm easured or 

undetected pathways.
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Conclusion:

We found an inverse association between holotranscobalamin -  a measure of 

bioavailable vitamin B12 -  and depressive symptomatology in a community-dwelling 

elderly population, independent of homocysteine, vascular disease or other 

biopsychosocial factors. While a relationship between depressive symptoms and 

homocysteine existed, this did not persist when corrected for the other factors 

described.
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SECTION SIX: VITAMIN B12 AND MORTALITY
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CHAPTER 25: INTRODUCTION

Overall mortality in Ireland has improved significantly over the last century. While 

much of this improvement can be attributed to reductions in infant mortality, life 

expectancy in later life has also improved: a 75 year old male can expect to live a 

further 9.8 years now, compared to 6.5 years in 1870 (the figures for women are 12.1 

and 6.6 years, respectively) (Central Statistics Office, 2009a). Ischaemic heart disease, 

lower respiratory tract infections and cerebrovascular disease rank as the major causes 

of mortality in Ireland (World Health Organisation, 2006). While these might be 

considered proximate causes of death, other researchers have reached along the chain 

of causality to identify “external” or “actual” causes of death (McGinnis and Foege, 

1993). Such causes include smoking (Hammond and Horn, 1954), exercise (or lack of 

it) (Wagner et al., 2002), alcohol consumption and body mass index (Mokdad et al., 

2004). Many of these factors are modifiers of atherosclerosis -  it is possible that other 

factors may influence mortality in older persons. Vitamin B12 is one such factor.

Vitamin B12 deficiency is common in community-dwelling older persons (Clarke et 

al., 2004, Lindenbaum et al., 1994), and deficiency has classically been associated with 

peripheral neuropathy, anaemia and dementia (Victor et al., 2001). Lower levels of 

vitamin B12 have been associated with other disease states, including osteoporosis and 

hip fracture (Dhonukshe-Rutten et al., 2003, Sato et al., 2005a).

There are several potential biological mechanisms that might link vitamin B12 levels 

and mortality. Lower levels of vitamin B 12 are associated with higher serum 

homocysteinaemia (Selhub et al., 1993), and higher levels of homocysteine are 

associated with mortality in the elderly (Bostom et al., 1999b). Low levels of vitamin 

B 12 are a marker of frailty (Matteini et al., 2008).
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Conversely, elevated vitamin B12 levels are associated with several disease states of 

varying prognosis, including alcoholic hepatitis (Baker et al., 1987), renal im pairm ent, 

and some leukaemias (Ermens et al., 2003). A num ber o f longitudinal studies have 

shown increased mortality in select populations o f older patients. These include older 

patients with cancer (Geissbuhler et al., 2000), in-patients (Hem m ersbach-M iller et al., 

2005b), and “old old” (i.e. individuals over 75) com m unity-dwellers (Zeitlin et al., 

1997).

However, in each o f these studies a lim ited num ber of co-variates were used: 

creatinine, alcohol and functional status were not m easured. The purpose of this 

longitudinal, observational study was to determine if vitamin B12 deficiency -  or 

elevated levels of vitamin B12 -  were associated with an increased risk o f death 

amongst com m unity-dwelling Irish elders.
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CHAPTER 26: METHODS

Study design and participants

The study was conceived as a longitudinal, observational study. Participants were 

subjects in the Dublin Healthy Ageing Study who, having been selected randomly 

from the lists of general practitioners in the St James Hospital catchment area, 

consented to an extensive biological, psychological and psychiatric assessment in their 

homes (Chin et al., 2008). Four hundred and sixty-six subjects participated in initial 

assessments. All patients provided written, informed consent, and approval was 

granted by the ethics committees o f St James’ hospital and the Irish College o f General 

Practitioners.

Clinical Assessments

Initial assessments were carried out in the subjects’ homes between January 2003 and 

December 2005. Demographic details were recorded and a brief physical examination 

including blood pressure and anthropometries (height, weight, and waist-hip ratio) was 

conducted. Subjects underwent detailed neuropsychological testing by a trained 

psychologist, which included cognitive fiinction testing across a range o f domains: 

Mini-mental state examination (MMSE) was chosen as a general indicator o f cognitive 

function. Measures of psychological well-being included a life-satisfaction scale(Wood 

et al., 1969) and a standardised instrument to measure loneliness(Russell, 1996). The 

Centre for Epidemiological Studies-Depression Scale (CES-D) was chosen as a 

screening test for depressive symptoms(Radloff, 1977).
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Blood sampling

Non-fasting samples of blood were drawn from participants, transported on ice and 

spun within 30 minutes of venepuncture. Serum was pipetted and stored at -20 C until 

analysis at a later date.

Vitamin B12 was quantified by a microbiological assay using Lactobacillus 

delbrueckii'^Nilh. an average intra-assay CV of 4.1 % and an inter-assay CV of 9.9 %. 

Low vitamin B12 was defined as serum value less than 150 pg/ml (Kelleher and Broin, 

1991).

Serum homocysteine was measured using a fluorescence polarization immiunoassay 

(Imx system; Abbott laboratories). Repeat assays were conducted across a range of 

sample homocysteine concentrations to determine precision and yielded intra-assay co

efficients of variation (CV) of 1.4 % - 2.2%. Inter-assay CV was determined at 3.7 % - 

5.2%.

Serum folate was quantified using a Lactobacillus rhamnosus assay: it yielded an 

average intra-assay CV of 5.82 % and an inter-assay CV of 8.9 %. Serum folate values 

less than 2.7 ng/ml were considered deficient (Molloy and Scott, 1997). All CV's 

quoted are based on quality control procedures in the Nutrition Lab., St James' 

hospital.

Follow-up

Permission was sought and obtained to conduct a search of the General Register of 

Births and Deaths from the General Register Office (Government Offices). The 

database was interrogated on one day, using name, date of birth and address. Each 

subject was checked against the register and the date and cause of death recorded. This 

procedure took place 6 years after the first assessment took place. The average time 

span between assessment and checking the register was 4.6 years (minimum time span 

39 months).
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Statistical Analysis

7.5 % o f the Dublin Healthy Ageing cohort is B12 deficient (defined as less than 150 

pg/ml). With an expected baseline mortality o f 15 % over three years, a sample size of 

466 would be capable o f detecting a difference o f 20% in mortality rates between those 

patients who are B 12 deficient compared with those who are not, with a power o f 80% 

and an alpha o f 0.05.

Three-year survival data were considered -  subjects were right-censored to account for 

those surviving beyond this time. Univariate survival analyses were performed in the 

first instance using log-rank testing, followed by Cox proportional hazards multivariate 

models to include those factors that were significant in the univariate models.
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CHAPTER 27: RESULTS

Demographics and initial assessment

Four hundred and sixty-six patients were assessed in their homes; eight were receiving 

intram uscular vitamin B12 supplem entation and were excluded from further analysis. 

Baseline characteristics are presented in Table 27.1.

Forty-one patients (8.95 %)  had died three years after entering the study. (Figure 27.1). 

The mean time to death was 538 days (approximately 18 months).

Figure 27,1: Time to death in the Dublin Healthy Ageing Cohort:
F a i lu re  P lo t
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The data were right-censored to account for survivors, and param eters were 

dichotom ized to allow for groupings to compare in univariate survival analysis. Table 

27.2 presents the results for these dichotomized variables using M antel-Cox log-rank 

testing. It can be seen from  this table that male sex, sm oking, higher levels o f 

hom ocysteine and presence of a history o f stroke or myocardial infarction were 

associated with higher mortality rates over the observational period.
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Vitamin B12 and mortality:

There were no mortality differences with respect to quartile of vitamin B12, or 

presence or absence of vitamin B12 deficiency. Figures 27.2 and 27.3 display Kaplan- 

Meier survival curves of quartile of vitamin B12 and homocysteine, respectively.

Multi-variate Cox Proportional Hazards

Finally, the elements described above were entered into a multivariate model to 

examine for interactions. Models were trialled sequentially to examine for additive 

effects. Vitamin B12 status was not associated with mortality over 3 years when 

corrected for age and gender. The final model is presented in table 27.3: homocysteine 

remained associated with mortality until the addition of stroke and heart attack.
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Figure 27.2; Survival o f lowest quartile of vitamin B12 vs. the remainder
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Figure 27.3: Survival o f highest quartile o f homocysteine vs. the remainder
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Table 27.1: Baseline variables
Mean (95% Confidence Interval)

Age at first visit 75.41 (74.86-75.96)
Body Mass Index 26.82 (26.36-27.28)
Life Satisfaction Index 14.04(13.68-14,41)
Total depression scale 07.77 (06.81-08.72)
Total MMSE score 26.04(25.78-26.30)
Total lADL 25.44(24.98-25.90)
Total PSMS 23.43 (23.26-23.60)
Haemoglobin 14.11 (13.95-14.26)
Homocysteine 13.93 (13.36-14.51)
Vitamin 312 336.02 (321.99-350.04)
Serum Folate 19.50(17.00-22.00)
Alcohol total 06.62 (05.47-07.77)

n (% )
Yes No D on’t  know

Gender (Male) 207 (45.2) 251 (54.8) -

Living Alone 149 (32.5) 309 (67.5) -

Diabetes 43 (9.4) 409 (89.5) 5(1.1)
History of myocardial infarction 56(12.3) 396 (86.7) 5(1.1)
Stroke 31 (6.8) 423 (92.6) 3 (0.7)
Hypertension 182 (39.8) 244 (53.4) 31 (6.8)
Hyperthyroidism 17 (3.7) 439 (96.3) -

Hypothyroidism 27 (5.9) 428 (94.1) -

Hyperlipidaemia 94 (20.6) 321 (70.2) 42 (9.2)
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Table 212 '. Univariate Survival analysis (log-rank)
Parameter Percentage dead at 3 years Chi-Squared P

Yes No
Gender (Male vs. Female) 12.08 6.37 4.6672 0.03
Living Alone 11.41 7.77 1.6855 0.19
Stroke 25.8 7.8 13.6326 <0.005
Diabetes 11.63 8 8 0.9456 0.62
Myocardial Infarction 21.43 7.32 12.9296 <0.005
Vitamin B12 deficient 12.9 9.35 0.3664 0.55

Smoking Status Current Former Never
16.46 8.8 5.52 7.5220 <0.05

Tertile of Social Class Highest Middle Lowest
9.86 10.31 8.28 0.4544 0.77

Lowest Remainder
Lifestyle Satisfaction Quartile 14.17 6.67 6.7573 <0.01
Quartile of Haemoglobin 16.04 6.96 8.1182 <0.005
Quartile of Vitamin B 12 13.46 8.33 2.1276 0.15

Highest Remainder
Quartile of Vitamin B 12 9.62 9.62 0.000 0.99
Quartile of homocysteine 14.68 7.32 5.4372 <0.05

Risk Ratio P
Age

Per unit increase in 
regressor

1.09 <0.005
Homocysteine 1.04 <0.10
MMSE 0.84 <0.005
Gender 2.04 <0.05
Heart attack 2.58 <0.05
Stroke 3.27 <0.05

Smoking
Current: Never 2.73

<0.06Current; Former 2.33
Former: Never 1.17
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CHAPTER 28: DISCUSSION

We did not detect differences in mortality rates between vitamin B12 deficient and 

replete subjects over a three-year period. Nor was there a higher mortality rate in those 

individuals with higher levels of vitamin B12. One previous community-based study 

demonstrated a difference in mortality of 10% per 100 pg increase in serum vitamin 

B12 (Zeitlin et al., 1997) -  this study consisted of older participants who were 

followed for significantly longer (ten years) than the cohort presented here. It is 

possible that a longer time span may be required to demonstrate a divergence in 

mortality rates, or that vitamin B12 associated mortality does not manifest until later in 

life. Furthermore, this cohort of older community-dwellers enjoyed a lower mortality 

rate (8.5%) over a three-year period than that predicted by the relevant life tables. 

Statistical power would be greater over a longer period, with fewer subjects right- 

censored.

Other studies that demonstrated an association between higher B12 levels and death 

were in in-patient populations (Hemmersbach-Miller et al., 2005b) or patients with 

cancer (Geissbuhler et al., 2000): it is possible that these associations are not relevant 

in a healthy cohort of community dwellers with lower disease prevalence.

There was a significantly higher mortality rate in those in with higher levels of 

homocysteine -  this association was blunted when controlled for the presence of stroke 

or myocardial infarction, suggesting it was these diseases that accounted for the lower 

survival. Similar associations have been noted before (Bostom et al., 1999b): 

homocysteine is considered an independent risk factor for atherosclerosis (Antoniades 

et al., 2009). It is unclear if this relationship is causal: randomized trials designed to 

lower homocysteine levels have failed to demonstrate any improvement (Lundberg, 

2008).

Conclusion

We did not demonstrate an association between vitamin B12 levels and mortality 

during the three-year study period.
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SECTION SEVEN: CONCLUSION
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CH A PTER 29: CONCLUSIONS

The aims of this study were to examine the relevance of vitamin B12 deficiency to a 

community-dwelling elderly population, with particular emphasis on the domains of 

cognition, falls, orthostatic hypotension, mortality and mood.

We detected cross-sectional associations between vitamin B12 levels and tests of 

general cognitive function (MMSE) and semantic function (list of animals). Those 

subjects deficient in vitamin B12 performed lower in these tests. There was no 

relationship within the replete range, suggesting a threshold effect. Furthermore, over 

the longitudinal arm of the study, vitamin B12 deficiency did not result in greater 

cognitive decline compared to replete subjects.

With respect to falls and orthostatic hypotension, we did not detect differences in mean 

vitamin B12 levels between experimental subjects classed as fallers compared with 

non-fallers; nor were there differences in subjects diagnosed with orthostatic 

hypotension compared to age- and gender- matched controls. While there are a number 

of case reports of vitamin B12 deficiency presenting as orthostatic hypotension, this is 

the largest case-control study of its kind and suggests that vitamin B12 deficiency does 

not contribute a great deal to the phenomenon of orthostatic hypotension.

We examined relationships between vitamin B12 and mood. For this part of the study, 

we included holotranscobalamin -  a novel marker of vitamin B12. There is some 

evidence that holotranscobalamin levels better approximate tissue state of vitamin B12. 

We demonstrated that lower levels of holotranscobalamin -  and vitamin B 12 -  were 

associated with higher burden of depressive symptoms. This relationship persisted 

when controlled for other co-morbidities and when controlled for homocysteine, 

traditionally thought to be the mediator of relationships between vitamin B 12 and 

disease. This study suggested that lower levels of vitamin B 12 are related to depressive 

symptoms via a mechanism other than homocysteine.
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Lastly, we exam ined the mortality rate in the study cohort over a 3-year period. There 

was no increase in mortality rate in those participants who were vitamin B12 deficient 

at baseline. This contradicts earlier work in similar cohorts -  however, the follow-up 

period in our study was shorter and re-analysis at some future point may yield a 

different result.

The strengths o f the study are that this is a well-docum ented, hom ogenous group. The 

cognitive tests employed are com prehensive, test different domains and are sensitive to 

subtle changes over time. A variety o f psycho-social covariates such as quality of life 

scores or depressive symptoms were included in analysis.

Limitations o f the longitudinal component o f the study included the attrition rate. The 

period between baseline and re-testing may not have been long enough to yield 

information with respect to mortality or cognitive decline -  however, given the 

attrition rate postponing re-assessment would likely have resulted in fewer successful 

follow-up visits.

W ith respect to the case-control experiments comparing fallers and non-fallers, we 

relied on self-report to classify participants. Similarly, when com paring subjects 

attending the Falls and Blackout clinic who were diagnosed with orthostatic 

hypotension, we relied on a self-report of absence of symptoms to define our control 

group.
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CHAPTER 30: IMPLICATIONS FOR FUTURE RESEARCH

The cognitive aspect o f this study confirms that future research into cognition in the 

elderly should include measurements o f depressive symptom atology and quality o f life 

as potential confounders.

Furtherm ore, post-hoc analysis o f our data suggested that there is a difference between 

frail elderly who are effectively supplem ented by their families and those frail elderly 

who have no such support. Our study suggested that some frail elderly are 

com pensated by increased visits from fam ily m em bers, or a better diet supplied by 

fam ily members. Vitam in serum values alone may not reflect this complexity and 

could lead to confounding of analysis. Future com m unity studies examining vitamin 

status should explicitly enquire as to who shops and who prepares food to help detect 

this supplem entation effect.

The relationship between holotranscobalam in and depressive symptoms -  independent 

o f hom ocysteine -  suggests an alternative to the traditionally proposed m echanism  of 

vascular damage. Further studies investigating relationships between 

holotranscobalam in and white-m atter disease o f the brain or incident depression may 

yield interesting insights.

W hile we did not detect an association between vitamin B12 deficiency and m ortality, 

the time period allowed may not have been sufficient to detect a subtle difference. 

How ever, we have recorded baseline data for a well-docum ented cohort o f comm unity- 

dwelling Irish elderly. Future studies will be able to examine vitamin B12 status and 

other param eters with greater power.
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PSYCHOSOCIAL AND FALLS SCALES

FALLS

1) Have you fallen In the last year? YesD No □
(Note: "A fall is an event In which an individual comes to rest on the ground or 

another lower level with or without loss of consciousness,” (Oxford textbook of 
Geriatric Medicine 2nd Edition 2000).

If yes: a) How many times in the past year?_______
b) Did you sustain any injuries? YesD No □

If yes, what type of injury?
□Soft tissue injury (bruise / laceration)
State location:_______________________________________
□  Fracture
State location:_______________________________________

c) Did you need to see your General Practitioner as a result? Yes^ 
No □

d) Did you need to go to an Emergency department (A/E) as a 
result?
Y es^ No □

e) Did you need to be admitted to hospital as a result?
YesD No □

2) Do you have to be careful not to stand up too quickly when rising from 
a sitting or lying position? Y es^ No □

3) Do you feel dizzy if you stand up too quickly? Y es^ No □
If yes, how often? Several times a day □

Several times a week □
Several times a month □
Several times a year □
Less than once a year □

4) Do you feel dizzy if you stand for a prolonged period (other than just 
after standing up)? Y es^ No □
If yes, how often? Several times a day □

Several times a week □
Several times a month □
Several times a year □
Less than once a year □

5) Have you ever fainted (i.e. lost consciousness)? Y es^ No □

Ifyesia) How many times?_______
b) How many times in the past year?_______

190



6) Have you ever felt that you were going to faint but did not?
Yes □  No □

If  yes: a) How many times? _______
b) How many times in the past year?_______

7) Are you afraid of falling? YesD No □

8) Do you limit any household activities because you are afraid you
might fall? YesD No □

9) Do you limit any outside activities because you are frightened you 
may fall? YesD No □

MINI MENTAL STATE EXAMINATION 

Break for Neuropsych: Verbal and Category Fluency
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LIFE SATISFACTION

As 1 grow older things seem better than 1 thought they would 

be.

D Agree 

D Disagree

1 have gotten more of the breaks on life than most of the O Agree

people 1 know. D Disagree

This is the dreariest time of my life. O Agree 

D Disagree

1 am just as happy as when 1 was younger. D Agree 

O Disagree

My life could be happier than it is now. D Agree 

D Disagree

These are the best years of my life. O Agree 

O Disagree

Most of the things 1 do are boring or monotonous. O  Agree 

O  Disagree

1 expect some interesting things to happen to me in the O Agree

future. D Disagree

The things 1 do are as interesting to me as they ever were. O Agree 

O Disagree

1 feel old and somewhat tired. O Agree 

n  Disagree

1 feel my age but it does not bother me. D Agree 

O Disagree

As 1 look back on my life 1 am fairly well satisfied. O Agree 

D Disagree

1 would not change my past life even if 1 could. O Agree 

O  Disagree

Compared to other people my age I ’ve made a lot of foolish O Agree

decisions in my life. D Disagree

Compared to other people my age 1 make a good O Agree
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appearance. O Disagree

1 have made plans for things I’ll be doing a month or a year n  Agree

from now. D Disagree

When 1 think back over my life 1 didn’t get most of the D Agree

important things 1 wanted. O Disagree

Compared to other people 1 get down in the dumps too O Agree

often. O  Disagree

I’ve gotten pretty much what 1 expected out of life. D Agree 

O Disagree

In spite of what some people say the lot of the average man D Agree

is getting worse not better. D Disagree
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DEPRESSION

Below Is a list of the ways you might have felt or behaved. Please 
respond on how often you have felt this way during the PAST WEEK, by 
ticking the most appropriate box.

/ was bothered by things that 
usually don’t bother me

O  Never or Rarely (less than 1 day) 
O  Some of the time (1-2 days) 
n  Occasionally (3-4 days)
D  Most of the time (5-7 days)

1 did not feel like eating; my appetite 
was poor

O  Never or Rarely (less than 1 day) 
D  Some of the time (1-2 days)
O  Occasionally (3-4 days)
D  Most of the time (5-7 days)

1 felt that 1 could not shake off the 
blues even with help from my family 
or friends

D  Never or Rarely (less than 1 day) 
O  Some of the time (1-2 days)
O  Occasionally (3-4 days)
O  Most of the time (5-7 days)

1 felt that 1 was just as good as other 
people

D  Never or Rarely (less than 1 day) 
n  Some of the time (1-2 days)
O  Occasionally (3-4 days)
O  Most of the time (5-7 days)

1 had trouble keeping my mind on 
what 1 was doing

D  Never or Rarely (less than 1 day) 
O  Some of the time (1-2 days)
D  Occasionally (3-4 days)
D  Most of the time (5-7 days)

1 felt depressed O  Never or Rarely (less than 1 day) 
D  Some of the time (1-2 days)
D  Occasionally (3-4 days)
O  Most of the time (5-7 days)

1 felt that everything 1 did was an 
effort

D  Never or Rarely (less than 1 day) 
D  Some of the time (1-2 days)
D  Occasionally (3-4 days)
D  Most of the time (5-7 days)

1 felt hopeful about the future O  Never or Rarely (less than 1 day) 
n  Some of the time (1-2 days)
D  Occasionally (3-4 days)
O  Most of the time (5-7 days)

1 thought my life had been a failure O  Never or Rarely (less than 1 day) 
D  Some of the time (1-2 days)
D  Occasionally (3-4 days)
O  Most of the time (5-7 days)

1 felt fearful n  Never or Rarely (less than 1 day) 
O  Some of the time (1-2 days)
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O  Occasionally (3-4 days)
O  Most of the time (5-7 days)

My sleep was restless O  Never or Rarely (less than 1 day) 
O  Some of the time (1-2 days)
D  Occasionally (3-4 days)
D  Most of the time (5-7 days)

1 was happy n  Never or Rarely (less than 1 day) 
O  Some of the time (1-2 days)
O  Occasionally (3-4 days)
D  Most of the time (5-7 days)

1 talked less than usual O  Never or Rarely (less than 1 day) 
O  Some of the time (1-2 days)
O  Occasionally (3-4 days)
D  Most of the time (5-7 days)

1 felt lonely D  Never or Rarely (less than 1 day) 
D  Some of the time (1-2 days)
D  Occasionally (3-4 days)
O  Most of the time (5-7 days)

People were unfriendly O  Never or Rarely (less than 1 day) 
D  Some of the time (1-2 days)
O  Occasionally (3-4 days)
O  Most of the time (5-7 days)

1 enjoyed life O  Never or Rarely (less than 1 day) 
D  Some of the time (1-2 days)
D  Occasionally (3-4 days)
O  Most of the time (5-7 days)

1 had crying spells O  Never or Rarely (less than 1 day) 
D  Some of the time (1-2 days)
D  Occasionally (3-4 days)
D  Most of the time (5-7 days)

1 felt sad O  Never or Rarely (less than 1 day) 
D  Some of the time (1-2 days)
O  Occasionally (3-4 days)
D  Most of the time (5-7 days)

1 felt that people disliked me O  Never or Rarely (less than 1 day) 
n  Some of the time (1-2 day)
O  Occasionally (3-4 days)
O  Most of the time (5-7 days)

1 could not get “going” n  Never or Rarely (less than 1 day) 
D  Some of the time (1-2 days)
O  Occasionally (3-4 days)
O  Most of the time (5-7 days)
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SOCIAL NETWORK

Q uestion R esponse
categ ories

C ode Fam ily
depende
nt

Locally
in tegrated

Local se lf 
contained

W id er  
com m u nit  
y focu sed

Private

How far in No relative A - - - - -

terms of Same B B ■ - - -

distance does house/within 1 C - C - - -

your nearest mile D - D D - -

child or other 1-5 miles E - - E E E
relative live? 
Do not include 
spouse

6-15 miles 
16-50miles 
50 miles

F F F

If you have any No relative A - - A A
children where Same B B B - -

does your house/within 1 C C C - -

nearest child mile D - D D -

live? 1-5 miles E - - E -

6-15 miles 
16-50miles 
50 miles

F F F

If you have any No sister/brother A - - - A A
living sisters or Same B B B - - -

brothers where house/within 1 C C C C - -

does your mile D - D D - -

nearest sister 1-5 miles E - - E - -

or brother live? 6-15 miles 
16-50miles 
50 miles

F F F

How often do Never /no A - - - - A
you see any of relative B B B - - -

your children Daily C C C - - -

or other 2-3 times a week D - - D - -

relatives to At least weekly E - - E E -

speak to? At least monthly 
Less often

F - - - F F

If you have Never /no A - - - - A
friends in this relative B - B - B -

community Daily C - C - C -

how often do 2-3 times a week D - D - D -

you have a chat At least weekly E E - E - -

or do
something with 
one of your 
friends?

At least monthly 
Less often

F F F F

How often so No contact with A A - - - A
you see any of neighbour B - B - - -

your Daily C - C - - -

neighbours to 2-3 times a week D - D D D -

have a chat At least weekly E E - E E -

with or do 
something 
with?

At least monthly 
Less often

F F F

Do you attend Yes regularly A - A - A -

any religious Yes occasionally B B - B B -

meetings? No C - - C " C

Do you attend Yes regularly A - A - A -

meetings of Yes occasionally B B - B - -

any community 
or social 
groups such as 
clubs, lectures 
or anything like 
that?

No C C C c

N etw ork  type
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PHYSICAL SELF MAINTENANCE SCALE

1) Do you eat:
3 Without any help
2 With some help (e.g. cutting food, etc.)
1 Someone must feed me

2) Do you dress and undress yourself:
3 Without help (able to pick out clothes & dress)
2 With some help
1 No, someone must dress and undress me

3) Do you take care of your own appearance? (e.g. combing your hair, or for 
men, shaving)

3 Yes, without help
2 Yes, with some help
1 No, someone must help me with this type of thing

4) Are you able to get around your house/apartment without any help?
3 Yes, without help of any kind (except a cane)
2 Yes, with some help (from a person, walker, crutches, or chair)
1 No, I cannot get around my home unless someone moves me

5) Are you able to get in and out of bed yourself?
3 Yes, without help or aid
2 Yes, with some help (from a person or device)
1 No, I cannot get out of bed unless someone lifts me

6) Are you able to bathe, --that is, take a bath, shower, or sponge bath by 
yourself?

3 Yes, without help
2 Yes, with some help (from a person or device)
1 No, someone must bathe me and lift me in and out of the bath

7) a. Do you ever have trouble getting to the bathroom on time?
1 Yes
2 No

b. About how often would you wet or soil yourself during the day or 
night?

4 Never
3 Less than once a week 
2 Once or twice a week
1 Three times a week or more
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INSTRUMENTAL ACTIVITIES OF DAILY LIVING [

1) Can you the use the telephone?
3 Yes, without help
2 Yes, with some help
1 No, I am completely unable to use the telephone

2) Can you get to places out of walking distance?
3 Yes, without help
2 Yes, with some help
1 No, I am completely unable to travel unless special arrangements are made

3) Can you go shopping for groceries?
3 Yes, without help
2 Yes, with some help
1 No, I am completely unable to do any shopping

4) Can you prepare your own meals?
3 Yes, without help
2 Yes, with some help
1 No, I am completely unable to prepare meals

5) Can you do your own housework?
3 Yes, without help
2 Yes, with some help
1 No, I am completely unable to do my own housework

6) Can you do your own handyman work? |
3 Yes, without help I

2 Yes, with some help
1 No, I am completely unable to do my own handyman work

7) Can you do your own laundry?
3 Yes, without help
2 Yes, with some help
1 No, I am completely unable to do any laundry at all

8) a. Do you take or use any medications?
1 Yes
2 No

b. Do you take your own medicine?

c. If you had to take medicine, can you do it:
3 Without help, taking the right dose at the right time
2 With some help (e.g. someone prepares it for you, or reminds you) 
1 I am completely unable to take my own medicines
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9) Can you manage your own money?
3 Yes, without help 
2 Yes, with some help
1 No, I am completely unable to handle money
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