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Abstract

Title

Vascular correlates of cognitive performance in a community based elderly 

population.

Introduction

Population studies suggest that cardiovascular risk factors may be associated 

with cognitive impairment. Epidemiological studies evaluating individual markers 

of vascular disease as a risk factor for cognitive dysfunction have yielded 

inconsistent results. Existing studies have largely examined individual vascular risks 

in isolation and have tended to ignore patient psychological status when adjusting 

for potential confounds and concentrated on patient biophysical factors.

Objective

The objective was to investigate the correlations between biomarkers and 

risk factors of vascular disease and cognition in a community dwelling non

demented elderly population while adjusting for vascular and non- vascular 

confounds.

Methods

A random sample of elderly subjects above 65 years were visited in their 

own homes on a single occasion. Each assessment included medical, psychiatric, 

social and neuropsychological evaluation. In addition blood samples were obtained 

for analysis.
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Results

There were 466 subjects, 208 (44.6 %) male with mean (s.d.) age 75.45 

(6.055) years. In addition to established covariates age, education and social class. 

Other biophysical and psychosocial factors such as alcohol use, tea intake, 

depression, life satisfaction, past history of stroke, personality type, intake of fruit 

and use of psychotropic medication were all found to be associated with global 

cognitive performance.

Homocysteine was consistently associated with poorer performance in tests 

assessing visual memory, verbal recall and psychomotor processing speed. DM was 

independently associated with slower psychomotor processing speed and poorer 

global cognition. Higher total cholesterol levels and no previous history of BP were 

associated with poorer global cognition when psychosocial factors were adjusted 

for. There were no consistent significant correlations between CRP, glycosylated 

haemoglobin and smoking status and cognitive performance.

Conclusion

Homocysteine and DM were associated with poorer function in a number of 

domains on neuropsychological testing whereas higher total cholesterol and no 

previous history of BP were associated with poorer global cognition. This was 

independent of other vascular and non- vascular confounds. These potentially 

modifiable vascular biomarkers and risk factors may be important markers for 

cognitive dysfunction in the elderly. No other vascular factors were associated with 

cognitive performance. Other biophysical and psychosocial factors may need to be 

taken into account as potential confounds in future studies investigating cognition.
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Chapter One 

1.1 Introduction

“Except our own thoughts, there is nothing absolutely in our power.

I think; therefore I am.”

Rene Descartes, Discourse on Methods [1]

These words, written over two centuries ago to try to prove the existence of 

self have become foundational elements in western philosophy. Personal identity, 

the identification of self, depends on one’s self- awareness, which in turn depends 

on one’s cognitive ability. If we lose our ability to think, we lose our personal 

identity. We remain the same person only if we are conscious of our past and future 

thoughts and actions in the same way as we are conscious of our present thoughts 

and actions [2]. Loss of identity however, is only one aspect of cognitive loss. Poor 

cognitive performance is associated with poorer physical functioning [3], increased 

risk of dementia [4] and subsequent loss of independence [5]. Cognitive impairment 

in the elderly contributes significantly to institutionalisation, independent of socio

demographic status, social network or functional status [6]. Increases in life 

expectancy these past decades have therefore brought a new challenge for the 

medical profession- a worldwide epidemic of cognitive decline in the ageing 

population.

It is paramount therefore to identify risk markers and suitable preventative 

strategies of cognitive decline. However, despite advances in our understanding of 

neurobiological and neurochemical changes in conditions associated with cognitive 

decline and dementia, the exact sequence of events resulting in cognitive 

impairment is still poorly understood.
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Vascular disease, a common problem in the elderly, may be a possible risk 

factor for cognitive decline [7, 8]. There is evidence to suggest that vascular risk 

factors predispose to the development of vascular dementia and that they may also 

independently increase the risk of developing Alzheimer’s disease [9] although this 

has not been universal [10], Subjects with cardiovascular risks have been shown to 

have greater changes in brain morphology on MRI independent of age or genetic 

effects [11], Traditional risk factors for cardiovascular disease in the elderly such as 

hypertension [12, 13], diabetes [14] and smoking [15] have been independently 

associated with an increased risk of Alzheimer’s disease and vascular dementia [16- 

21]. In addition, biomarkers such as homocysteine [22], C- reactive protein [23, 24] 

cholesterol [25, 26], and glycosylated haemoglobin [27] which have been shown to 

be independent risks for vascular disease have also been associated with cognitive 

decline and dementia [28-33]. These findings challenge our current understanding 

of the pathogenesis of dementia and the role vascular disease may play in its 

aetiology.

There are few strategies available for the prevention of cognitive impairment 

in the older person. In view of the uncertainty as to the role vascular risk factors 

may play in cognitive performance and the development of cognitive impairment, 

modifying risk factors of vascular disease may be one such strategy. Biomarkers of 

vascular disease may therefore be important predictors of cognitive performance 

and potential decline. Although a number of studies have attempted to identify 

specific vascular risk factors for dementia in different communities, the majority of 

these studies have largely examined individual vascular risks in isolation. It is 

possible that individual vascular risk factors or biomarkers may influence each other 

[34, 35], leading to either over or under estimation of their individual effects on

2



cognition. In addition, attention needs to be paid to other patient factors that may 

also influence observed associations between vascular risks, vascular biomarkers 

and cognition. For example, medications used for prevention or treatment of 

vascular risks may also have an impact on cognitive performance [36] or other 

vascular risks [37, 38].

Furthermore, psychosocial and lifestyle factors have been shown to have an 

effect on cognition [39-41] as well as vascular risk factors [42-44]. While 

associations between vascular biomarkers and cognitive impairment have been 

described, the role of potential confounds such as lifestyle and personality, have not. 

The impact of vascular risk factors on cognition may therefore be mediated by 

psychosocial factors. Existing epidemiological studies have tended to ignore patient 

psychological status when adjusting for potential confounds and concentrated on 

patient biophysical factors. Therefore the possibility that the association between 

vascular risks and cognition identified in previous epidemiological studies were 

confounded or modified by other vascular risk factors or psychosocial factors 

cannot be excluded. This is important in light of evidence suggesting 

misidentification of beneficial effects of anti-oxidants and oestrogen hormone 

replacement therapy in vascular disease by several large epidemiological studies 

[45-47]. These most Ukely arose as a result of inadequate controlling for disease 

avoiding behaviours that were associated with use of vitamin supplementation or 

hormone replacement.

The potential for prevention of cognitive decline and dementia through 

modifying vascular risk factors is therefore dependent on understanding the effects 

of these factors on cognition both individually and collectively, taking into account 

potential confounders. Such information will provide insights into how risk factors
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of vascular disease are associated with cognition. It may also help identify 

individuals at high risk of cognitive decline as well as primary and secondary 

interventional strategies important in the prevention of or delay in cognitive decline.

Although a large number of vascular risk factors have been identified [48], 

this study has concentrated on investigating risk factors and biomarkers which are 

highly prevalent in the elderly, strong risk factors for vascular disease (and therefore 

may account for a large proportion of the attributable risk for cognitive impairment) 

and amenable to modification, specifically hypertension, Diabetes Mellitus, 

smoking, homocysteine, C-reactive protein, cholesterol and glycosylated 

Haemoglobin. To date no published studies have looked at the interacting effects of 

all of the previously named vascular biomarkers and risk factors together while 

measuring aspects of lifestyle, personality and mood in addition to the more 

traditional factors such as education, social class, gender and age. This may be 

important as subjects are exposed to all these factors simultaneously and significant 

interaction between these factors may lead to attenuation (or negation) of any 

associations in practice.

This study was performed therefore to address these areas of uncertainty- to 

determine if cognition in a population sample of non- demented older Irish people 

living in the community is associated with cardiovascular risks (specifically 

Hypertension, Diabetes Mellitus and smoking) and biomarkers (specifically 

Homocysteine, C- Reactive Protein, Cholesterol and glycosylated Haemoglobin) 

independently of psychosocial and biophysical factors.
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1.2 Aims

The Aim of this study:

To examine the relationship between vascular risk factors, vascular 

biomarkers and cognition in a population sample of older Irish people living in the 

community using a comprehensive battery of physical, social, psychological, 

biological and cognitive measures in order to determine if these vascular risk factors 

and biomarkers are associated with cognitive performance independent of 

psychosocial and biophysical factors.

The vascular risks investigated were hypertension, diabetes and smoking. The 

biomarkers investigated were homocysteine, C- reactive protein, lipid profiles and 

glycosylated haemoglobin. The physical and psychosocial factors investigated were 

age, gender, social class, education, depression, anxiety, life satisfaction, personality 

(introversion-extroversion, neuroticism), medications (statins, NSAIDs, 

antihypertensives, antipsychotropics), alcohol, tea, cardiovascular disease and 

stroke, exercise, body mass index and diet (fruits, fish, vegetables).
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1.3 Objectives

The objectives of this study are to test the null hypotheses as stated below;

1. Vascular biomarkers and risk factors are not associated with 

cognitive performance.

2. Physical and psychosocial factors do not influence associations 

between vascular risk factors and biomarkers and cognition.
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Chapter Two 

Review of Literature

2.1 Vascular Biomarkers

2.1.1 Homocysteine

Homocysteine (2-amino-4 mercaptobutanoic acid) is a sulphur- containing 

amino acid that acts as an intermediate in methionine biosynthesis. Metabolism is 

via two pathways: remethylation and transulfuration (Diagram 1). Inborn errors of 

homocysteine metabolism are rare and were first described by Carson and Neill in 

1962 who reported two siblings with homocystinuria whose clinical presentation 

included mental retardation, skeletal abnormalities and lens dislocation [49]. The 

normal range of plasma homocysteine is 5-15 |xmol/ L. The prevalence of 

hyperhomocysteinaemia (plasma levels >15 |o.mol/ L) in the general population 

range between 5- 10% [50], increasing to 30% in the elderly [51]. High 

homocysteine levels have been associated with various factors such as increasing 

age, gender, smoking status, higher coffee consumption, lack of exercise, alcohol 

intake, serum creatinine levels, hypothyroidism and nutritional deficiencies in 

vitamin cofactors required for homocysteine metabolism such as folate, vitamins 

B12andB6 [52-55],

Elevated total homocysteine is recognized as an independent risk factor for 

cerebrovascular disease [56] including silent brain infarcts [57, 58] and as such, has 

been implicated in vascular dementia. In addition, elevated homocysteine levels 

have been associated with brain atrophy in a healthy elderly population [59], 

supporting the suggestion that homocysteine has a neurotoxic effect, either directly 

or via its metabolites.
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Case- control studies comparing homocysteine levels between subjects with 

dementia and healthy controls have all shown an association between higher 

homocysteine levels and dementia [60-63] except for one study that showed an 

association with VaD but not AD [64].

The majority of cross- sectional population based studies investigating the 

association between homocysteine and cognitive performance in non- demented 

individuals have shown an association between higher homocysteine levels and 

poorer cognitive performance [65-76]. However, three studies found no associations 

between homocysteine and cognition [77-79] whereas Ravaglia and colleagues [80] 

showed no correlations only in centenarians. One study evaluating homocysteine in 

individuals with cardiovascular disease also reported no associations between 

homocysteine levels and cognition [81]. Stewart and colleagues [82] found an 

association between homocysteine and cognitive performance only in those with 

less education in subjects bom in a Caribbean nation residing in south London, 

attending primary care services, aged 55 to 75 years. Elias and colleagues [83] 

found an association only with an APOE e4 positive subset and two studies found 

an association between higher homocysteine levels and poorer cognitive scores only 

in older individuals [70, 84],

Associations between elevated homocysteine levels and Alzheimer’s in 

prospective cohort studies have also been mixed with studies showing positive 

associations [28, 85-92] and others, no association with decline in cognition [93- 

97]. Seshadri and colleagues who assessed 1092 subjects from the Framingham 

study with a mean age of 76 years over a median period of eight years found that 

the relative risk of developing dementia was 1.4 (95%CI, 1.1 to 1.9) for each 

increase of 1 standard deviation in log- transformed homocysteine levels [28]. An
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association between dementia and higher homocysteine levels was also reported by 

Ravaglia and colleagues [89] who followed 816 dementia free subjects over a 

period of four years. Haan and colleagues who evaluated a cohort of 1,779 

Mexican- Americans over a period of 4.5 years showed an association between 

higher homocysteine levels and dementia as well as cognitive impairment [91]. 

Fasting total homocysteine levels were found to be significantly associated with 

cognitive decline by McCaddon and colleagues who assessed 32 healthy non

demented individuals with MMSE and ADAS-Cog over a period of 5 years [85]. 

Dufoil and colleagues [86] who followed 1,241 subjects over a period of 4 years 

and Tucker and colleagues [90] who assessed 321 men over a 3 year period also 

reported an association between higher homocysteine levels and cognitive decline 

whereas Nurk and colleagues who evaluated 2,189 subjects over a period of six 

years found an association between higher homocysteine levels and poorer memory 

[88]. Teunissen and colleagues [92] who assessed the cognitive performance of 144 

normal ageing individuals at baseline and after six years found that elevated 

homocysteine levels at baseline correlated negatively with cognitive performance in 

memory as well as attention and information processing tests throughout the follow- 

up period.

Kado and colleagues [96] however showed an association between cognitive 

performance and homocysteine levels at baseline but not at follow up. Mooijaart 

and colleagues as part of the Leiden 85-plus study, assessed 599 elderly subjects 

aged 85 years over a period of four years found an association between cognitive 

impairment and elevated homocysteine levels but not with cognitive decline [97]. 

Kalmijn and colleagues who assessed 702 subjects over a mean period of 2.7 years 

as part of the Rotterdam study found no association between homocysteine levels
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and cognitive decline as measured by MMSE scores [93]. Similarly, Luchsinger and 

colleagues [94] and Ramos and colleagues [95] reported no significant associations 

between homocysteine and cognitive performance or dementia. There was also no 

significant association between homocysteine and MCI in a study by Reitz and 

colleagues [98].

Cochrane reviews of studies assessing the effect of therapies that potentially 

modify Homocysteine levels (Folate, vitamin B6 and vitamin E l 2) have also not 

shown consistent evidence that such treatments have a beneficial effect on cognitive 

function [99-101].

As such, the association between Homocysteine and cognition remains 

inconclusive.

Table 1 Studies investigating associations between Homocysteine and cognition 

Table 1.1 Homocysteine Case control studies

Study Populatio

n

No. Results

Clarke et al 

1998[60]

UK 76(s)

108(c)

Elevated levels associated with AD

McCaddon et 

al

1998[61]

UK

(Welsh)

30(s)

30(c)

Homocysteine level inversely related to 

cognitive scores
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McEroy et al Northern 83- Significant increase in plasma

2002 [62] Irish (s)AD Homocysteine in all disease groups

78- compared with controls. Moderately high

(s)VaD plasma levels of Homocysteine associated

64- with stroke, VaD and AD independent of

(s)Non- age, sex, hypertension, cholesterol.

demented smoking, creatinine, nutritional status and

stroke MTHFR genotype.

71(c)

Miller et al North 43(s) Elevated levels associated with vascular

2002 [64] American 37(c) but not AD

Cascalheira et European 19 (s) High levels associated with AD

al 36 (c)

2009 [63]

(s) = cases, (c) = controls
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Table 1.2 Homocysteine Cross-sectional studies

Reference Population No. Age

(years)

Results

Riggs et al 

1996[102]

Normative 

Aging Study

70 54-81 >12.6umol/l poorer spatial 

copying skills

Stewart et 

al

2002[82]

African

Caribbean

238 55- 75 >13.85 umol /L associated with 

cognitive impairment

Budge et al 

2002[66]

UK Community 158 60-91 Higher Homocysteine per umol/1 

associated with lower scores

Duthie et 

al

2002[68]

Scottish mental 

survey

Aberdeen Birth 

cohort

334 66 Homocysteine levels negatively 

associated with cognitive scores

Prins et al 

2002[65]

Rotterdam scan 

study

1077 60-90 >14u mol/1 lower scores 

most marked psychomotor speed

Miller et al 

2003 [69]

Sacremento 

Area Latino 

study on aging

1789 >60 Inverse relation between 

Homocysteine levels and cognitive 

test scores

Ravaglia et 

al

2003[67]

Italian- normal 

cognitive 

function 

(Conselice)

650 >65 Inverse relationship between 

Homocysteine and MMSE scores
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Garcia et 

al

2004 [103]

Community

Volunteers

281 >65 Higher Homocysteine, lower 

cognitive scores

Wright et 

al

2004[70]

Triethnic North 

Manhattan study 

(Stroke free)

2871

of

3298

>40 Higher Homocysteine associated 

with lower MMSE in subjects> 65 

years only

Schafer et 

al

2005 [72]

Baltimore 

Memory Study 

Biethnic 

North American

1140 50-70 Homocysteine associated with 

poorer cognition across several 

domains

Clark et al 

2005 [73]

Post menopausal

Australian

women

200 56-67

(m=60)

Reduced verbal and working 

memory, learning for word lists

Elias et al 

2005[84]

Framingham 

Offspring 

(Stroke and 

dementia free 

community)

2096 40-82 Homocysteine associated with 

multiple cognitive domains only in 

those > 60 years

Kado et al 

2005[96]

MacArthur 

Studies of 

Successful 

Aging

(cross-sectional

arm)

499 70-79 Elevated Homocysteine 

independently associated with 

worse cognition

(Similarly for low folate and B6)
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Aleman et 

al

2005 [71]

Dutch 400 40- 80 Positive association

Gunstad et 

al

2006[77]

North American

Cardiovascular

disease

126 NA No association

Lei Feng et 

al

2006[74]

Singapore 

Longitudinal 

Ageing Study 

Singaporean 

Chinese

451 55-86 Associated with deficits in 

constructional ability and 

processing speed

Van Raamt 

et al

2006[75]

Second

Manifestations 

of ARTerial 

disease Study 

Dutch

345 59 Positive association independent 

of extent and location of arterial 

disease- suggests non- vascular 

mechanisms for interaction

Fisher et al 

2006[78]

Vienna 606 75 No association

Elias et al 

2008[83]

Maine- Syracuse 

Study

911 26-98 Positive association with APOE e4 

cohort only.

Suggests APOE e4 modification of 

relation between Homocysteine 

and cognitive performance
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Silbert et Australia 264 NA No association pre or post CABG

al Cardiovascular

2008 [81] disease patients 

only (pre and 

post CABG)
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Table 1.3 Homocysteine Longitudinal studies *

Reference Population No. Mean 

Age at 

onset 

(years)

Follow up

(years)

Results

Kalmijn et 

al

1999[93]

Rotterdam 702 >55 2.7 No association between 

Homocysteine and 

cognitive impairment

McCaddon 

et al

2001 [85]

Community

dwelling

32 >65 5 Baseline Homocysteine 

level predicted MMSE 

and ADAS scores at 5 

years

Seshadri et 

al

2002[28]

Framingham

(Non

demented)

1092 68-97 8 Homocysteine levels 

associated with 

increased risk dementia 

and AD

Teunissen 

et al

2003 [92]

Dutch

(Non

demented)

144 30- 80 6 Homocysteine level 

inversely correlated 

with performance at 

baseline but not follow 

up.
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Dufoil et al 

2003[86]

EVA study 1241 >60 4 >15umol/l associated 

with cognitive decline. 

Odds 2.8 (95% Cl 1.2- 

6.2)

Luchsinger 

et al

2004[94]

WHICAP

North

American

(Washington)

(Non

demented)

679 NA NA No association between 

high Homocysteine and 

AD or decrease in 

memory scores

Garcia et 

al

2004 [104]

Canadian

community

180 >65 2.3 Elevated Homocysteine 

and increases in 

Homocysteine 

associated with lower 

cognitive scores

Ramos et 

al

2005[95]

Sacremento 

Area Latino 

Study

(Prospective

arm)

1789 >60 Recruited

1998

No association

Kado et al 

2005[96]

MacArthur

Study

(prospective

arm)

499 70-79 7 Baseline H associated 

with poorer cognition 

Longitudinal only 

associated with low 

folate levels
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Mooijaart 

et al

2005 [97]

Leiden 85 Plus

Study

Dutch

599 >85 4 Association with 

cognitive impairment 

but not predictive of 

increased rate of 

decline

Nurk et al 

2005[88]

Hordaland H

Study

Norwegian

2189 65-67 6 Positive association for 

memory decline

Ravaglia et 

al

2005 [89]

Italian 816 74 4 Positive for AD and 

dementia

Tucker et 

al

2005[90]

Veterans 

Affairs 

Normative 

Aging Study 

North 

American 

(Boston) 

Men only

321 50-85 3 High Homocysteine 

predicted cognitive 

decline particularly 

spatial copying

Haan et al 

2007[91]

Sacremento 

Area Latino 

study on aging

1779 60-101 4.5 Positive association 

with dementia and 

cognitive impairment
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Reitz et al North 516 >65 5.2 No association with

2009[98] American

(Medicare)

MCI

*For studies on the same cohort- most recent and/or comprehensive study shown 

unless results significantly different.
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2.1.2 C- Reactive Protein

CRP is an acute phase reactant and non- specific marker of systemic 

inflammation that belongs to the pentraxin family of calcium dependent ligand- 

binding plasma proteins produced primarily by hepatocytes [105], It was first 

described by Tillet and Francis and is characterized by its affinity for the 

phosphocholine moiety of the pneumococcal C- polysaccharide [106, 107]. The 

CRP molecule (Mr 115, 135) in human subjects is composed of five 

nonglycosylated polypeptide units (Mr 23, 027) which are identical [108], Each of 

these units contain 206 amino acids and are non-covalently associated in an annular 

configuration ( figure 1 below) [109].

Figure 1 Molecular structure and morphology of human CRP.

i ir

CRP levels in humans under normal conditions is low (l-5mg/l) with 

median concentrations of CRP in healthy young adults at 0.8 mg/1 [110, 111] and 

levels at the 90'*’ centile 3.0 mg/1 and the 99“’ centile, 10 mg/1. The median
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concentration doubles with age to approximately 2.0 mg/1 in the elderly and can rise 

very rapidly in response to a variety of different stimuli such as infections, trauma 

or inflammation to more than 500 mg/1 [111]. After the initial stimulus, de novo 

hepatic synthesis occurs with serum concentration levels rising above normal limits 

within 6 hours and peaking at 48 hours. CRP levels fall rapidly when the stimulus is 

removed. The plasma half- life of CRP is approximately 19 hours [112].

The exact role of CRP is unclear but it is likely that CRP has many 

pathophysiological roles in the inflammatory process and host defence mechanisms 

[113, 114]. Elevated levels of CRP have been shown to be an independent predictor 

for future cerebrovascular [115, 116], cardiovascular disease [23, 117-119], 

colorectal neoplasia [120], functional status [121, 122] and mortality [123, 124]. 

Individuals with raised basal levels of CRP also appear to be at higher risk for 

developing DM, supporting a possible inflammatory role for diabetogenesis [125, 

126].

CRP may also have a role to play in cognitive decline. Inflammatory 

mechanisms have been suggested as having a role in the pathogenesis of 

Alzheimer’s as well as vascular dementia [127]. Animal models show evidence of 

decreased neuronal survival when exposed to inflammatory markers [128]. 

Increased levels of cytokines and acute phase reactants have been found in blood 

and CSF of patients with AD compared with age- matched controls [129-131]. 

Additionally, an association between CRP and cognitive decline may also be 

mediated through increased ischaemic disease [132] or hypertension [34].

Results from cross-sectional studies investigating the association between 

CRP and cognition have been mixed. Gunstad and colleagues [77] showed an 

association between raised CRP and poorer cognition but no association was found
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in three other studies [78, 81, 133]. Two prospective nested case control studies 

have suggested an association between raised CRP levels and dementia [29, 127]. 

The Honolulu- Asia Aging Study which studied 1050 Japanese- American men 

living in Hawaii beginning in 1965 reported that higher levels of CRP increased the 

risk of developing AD 25 years later [127]. The Rotterdam study also found 

increased levels of inflammatory proteins including CRP before the clinical onset of 

any dementia in a random subcohort of 727 subjects and 188 cases of dementia at 

follow-up from a source population of 6713 non-demented subjects at baseline.

Several longitudinal studies investigating the association between 

inflammatory processes and cognition have supported the association between CRP 

and dementia [134-137]. Yaffe and colleagues [134] studied 3,031 subjects enrolled 

in the Health, Aging and Body Composition Study over a two year period and found 

that subjects in the highest tertile of CRP were more likely to have cognitive decline 

compared with the lowest tertile (24 vs 19%; 0R=1.41; 95% Cl 1.10 to 1.79). 

Teunissen and colleagues [135] found that higher levels of CRP at baseline 

correlated negatively with cognitive performance in 93 subjects assessed over a six 

year period. Komulainen and colleagues reported similar findings in 97 women 

followed-up over a period of 12 years. Although there was no association between 

MMSE scores and baseline CRP levels in this cohort, higher baseline CRP levels 

were associated with poorer memory at 12 years follow-up as assessed by a detailed 

cognitive test battery [136]. Further data from the Honolulu- Asia Aging Study also 

showed an association between higher CRP levels and cognitive decline in later life 

in men [137].

Other longitudinal studies however, have failed to demonstrate an 

association between CRP and decline in cognitive performance [138-142]. Schram
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and colleagues, who studied subjects from both the Rotterdam Study (3,874 subjects 

with mean follow-up 4.6 years) and the Leiden 85-plus Study (491 subjects with 

follow-up 5 years) found only a cross-sectional association between higher baseline 

CRP and global cognition and executive function in the Rotterdam cohort [138]. 

Dik and colleagues who assessed 1,284 subjects at baseline and at 3year follow-up 

[139] and Jordanova and colleagues [141] who evaluated 216 subjects of African- 

Caribbean descent over a 3 year period both found no association between CRP 

levels and cognitive decline. There was also no association found between CRP 

levels and cognitive impairment in the MacArthur Study of Successful Aging [142] 

nor was there any association found between CRP levels and risk of incident 

Alzheimer’s disease in the Framingham Study [140],

One systematic review, which selected six studies, suggested that CRP was 

predictive of cognitive decline and dementia [143]. Kuo and colleagues were 

however unable to perform a meta- analysis on the studies selected due to the 

heterogenicity of the studies. The association between CRP and cognition therefore 

remains uncertain.
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Table 2 Studies investigating associations between C- reactive protein and 

cognition

Table 2.1 C- reactive protein Cross sectional studies

Reference Population No. Age at 

onset 

(years)

Results

Fisher et al 

2006[78]

Vienna 606 75 No association

Gunstad et 

al

2006[77]

North American

Cardiovascular

disease

126 Positive association

Weuve et al 

2006[133]

Women’s 

Health Study

4231 60-90 No association

Silbert et al 

2008[81]

Australia 

Cardiovascular 

disease patients 

only (pre and 

post CABG)

264 NA No association pre or post 

CABG
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Table 2.2 C- reactive protein Prospective nested case- control studies

Reference Population No. Mean 

Age at 

onset 

(years)

Follow

up

(years)

Results

Schmidt et 

al

2002[127]

Honolulu-

Asia Aging

study

Japanese

American

men

1050 55 25 Positive association 

between high CRP 

levels and dementia, 

AD, VaD

Engelhart 

et al

2004[29]

Rotterdam

Study

727

188(s)

53(c)

NA 1.5 Elevated CRP 

associated with 

increased risk of 

dementia, AD, VaD

(s) = cases, (c) = controls
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Table 2.3 C- reactive protein Longitudinal studies*

Reference Population No. Mean 

Age at 

onset 

(years)

Follow

up

(years)

Results

Teunissen et 

al

2003[135]

Maastricht 

Aging Study

93 57 6 Elevated CRP at 

baseline negatively 

correlated with 

cognitive performance

Yaffe et al 

2003[134]

Health, Aging

and Body

Composition

Study

African

American and

Caucasians

3031 Mean 

age 74

>2 Positive association 

between high CRP and 

cognitive decline

Dik et al 

2005[139]

Longitudinal 

Aging Study 

Amsterdam

1284 62-85 3 No association

Schram et al 

2007[138]

Rotterdam 

Study (RS) 

and

Leiden 85 

Study (LS)

3874

(RS)

491

(LS)

Mean 72 

(RS) 

all 85 

(LS)

4.6

(RS)

5

(LS)

Higher CRP associated 

with worse global 

cognition. (RS).

LS similar but not 

statistically significant
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Komulainen 

et al 2007 

[136]

Scandinavian 

Women only

97 60-70 12 Higher CRP levels 

predicted worse 

memory at follow up

Jordanova et 

al 2007[141]

UK

African

Caribbean

290 55-75 3 No association

Tan et al 

2007 [140]

Framinham

Study

691 49-51 28-30 No association with 

AD

Alley et al 

2008[142]

Mac Arthur 

Study of 

Successful 

Aging

851 70-79 At 3 

years 

and 7 

years

No association with 

cognitive change

Laurin et al 

2008[137]

Honolulu-

Asia Aging

study

Japanese

American

men

3734 53 31 Positive association 

between high CRP and 

dementia

*For studies on the same cohort- most recent and/or comprehensive study shown 

unless results significantly different.
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2.1.3 Haemoglobin (HbAlc)

Glycation is the post- translational, non-enzymatic covalent linkage of 

glucose to proteins in tissue exposed to glucose. Glycated proteins form advanced 

glycation end products through a series of biochemical reactions [144], Advanced 

glycation end products have been linked with the long term complication of poorly 

controlled glycaemia and have been found in subjects with Alzheimer’s disease 

[145].

In the course of the life span of a red blood cell (120 days), glucose 

molecules can link to haemoglobin to form glycosylated haemoglobin, which is 

expressed as a percentage of total Haemoglobin A. The abnormal haemoglobin, 

HbAlc is formed by the combination of glucose with the N- terminus of the beta 

chain, forming first a Schiff base which then undergoes a rearrangement to form a 

stable ketoamine (see diagram 2). Individuals with persistently elevated sugars, as 

in DM, have increased levels of HbAlc [146]. As such, HbAlc is a marker of 

glycaemic control and measurement of HbAlc assess the effectiveness of glucose 

regulation over the previous 1-3 months [147, 148]. Normal levels in healthy non

diabetic individuals vary but usually range from 4-5.9% [149]. Other proteins, such 

as collagen and albumin can be similarly altered often with disturbed function.

HbAlc has been shown to be independently associated with cardiovascular 

morbidity [27, 150]. HbAlc has also been associated with increased brain atrophy 

both cross-sectionally and longitudinally independent of DM [151].

The relationship between HbAlc and cognition is still unclear. There have 

been few studies directly evaluating the association between HbAlc and cognition 

in non- diabetic subjects. One small case control study showed an association 

between HbAlc and poorer cognitive performance [152]. Results from other case
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control and cross- sectional studies in mixed populations (diabetic and non

diabetic) have been varied [78, 153-160], One cross- sectional study in a Japanese 

population reported a U- shaped relationship between HbAlc and intellectual 

activity [161]. Three longitudinal studies have found positive associations between 

higher levels of HbAlc and the risk of developing dementia or cognitive decline. 

Yaffe and colleagues reported increased risk of dementia in both diabetics and non

diabetics with higher levels of HbAlc [162] whereas Gao and colleagues reported 

that levels of HbAlc greater than 7% in non- diabetics were associated with an 

increased risk of developing dementia [163]. Maggi and colleagues who evaluated 

5,632 diabetic subjects over a period of 8 years as part of the Italian Longitudinal 

Study on Aging found that higher levels of HbAlc were associated with poorer 

cognitive performance on memory tests at follow-up [164],
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Table 3 Studies investigating associations between Glycosylated Haemoglobin 

and cognition

Table 3.1 Glycosylated Haemoglobin Case Control studies

Study Population No. Results

Cosway et al UK 38(s)/ No association

2001 [157] 3(c)

Lindeman et al USA 414 (Hispanic) No association

2001 [156] (New 469 (white)

Mexico) >65 years

Table 3.2 Glycosylated Haemoglobin Cross sectional studies

Reference Population No. Mean

Age

(years)

Results

Worrall et 

al

1996[155]

Canadian 77 67.6 No association

Amano et al 

2005[161]

Akita prefecture 

Japan

935 >65 U shaped (highest and lowest 

tertile lower intellectual activity 

scores compared with middle 

tertile)
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Fisher et al 

2006[78]

Vienna 606 75 No association

Saczynski 

et al

2008[158]

AGES-

reykjavik study 

Iceland

1917 76 No association between cognitive 

performance and HbAlc. Poorer 

cognitive performance in subjects 

with diabetes.

Okura et al 

2009 [159]

Health and 

Retirement 

Study- 

USA

1097 69.2 Significantly higher HbAlc in the 

lowest quartile compared with 

highest quartile. Not significant 

when higher levels of social 

support corrected for.

Cukierman- 

Yaffe et al 

2009 [160]

ACCORD- 

MIND trial 

USA

2977 62.5 Higher HbAlc associated with 

poorer cognitive function in 

diabetics
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Table 3.3 Glycosylated Haemoglobin Longitudinal studies

Reference Population No. Mean 

Age at 

onset

(years)

Follow

up

(years)

Results

Yaffe et al 

2006[162]

North American

Osteoporotic

Women

1983 67.2 4 Positive association for 

dementia and cognitive 

impairment in both 

diabetics and non

diabetics.

Higher HbAlc levels 

associated with greater 

risk

Gao et al 

2008[163]

UK

England and 

Wales

1139 >69 5-6 HbAlc>7% without 

diabetes higher risk of 

developing dementia. 

Diabetes + HbAlc<7% 

similar dementia 

incidence to no 

diabetes + HbAlc <7%

Maggi et al 

2009[164]

Italian

Longitudinal 

study on 

Ageing

5632 65- 84 8 Higher HbAlc 

associated with poorer 

cognitive performance
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2.1.4 Cholesterol

Cholesterol (C27H45OH) is a pearly, fatlike sterol, first identified in 

gallstones by Francois Poulletier de la Salle in 1769 [165], which is synthesized in 

the endoplasmic reticulum primarily from acetyl CoA via the HMG-CoA reductase 

pathway or absorbed from the diet. Approximately 20-25% of the cholesterol 

produced daily (~1 g/day) is synthesized by the liver. The remainder is produced in 

various organs such as the intestines, reproductive and adrenal glands.

Figure 2 Structure of Cholesterol

HO

Cholesterol has many important roles including the maintenance of the 

integrity of cell membranes. Cholesterol metabolism has been linked with 

neurodegenerative diseases such as Alzheimer’s disease in animal [166, 167] and 

autopsy studies [168, 169]. High levels of cholesterol also contribute to vascular 

disease. Benefits of reducing cholesterol may include plaque stabilisation and 

reduction of plaque rupture [170, 171] as well as improvements in endothelium- 

mediated responses and endothelial dysfunction including inflammatory effects
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[172, 173], This may be potentially beneficial cognitively as lipid dysfunction is a 

known risk factor for cerebrovascular disease and is implicated in vascular 

dementia. However, a Cochrane review assessing two randomized placebo- 

controlled trials (HPS [174] and PROSPER [175]) found no evidence to show that 

statins given in late life to subjects with risk factors of vascular disease had an effect 

in preventing AD or dementia [176],

The association between cholesterol levels and cognition therefore remains 

unclear. Studies investigating elevated total cholesterol in mid- life have shown 

consistent associations between high midlife total cholesterol and increased risk of 

AD [20, 177] as well as high midlife total cholesterol and increased risk of any 

dementia [178, 179]. Notkola and colleagues[177] retrospectively reviewed 444 

men who were survivors of the Finnish cohorts of the Seven Countries Study and 

found that previously high serum cholesterol significantly predicted the prevalence 

of AD (OR=3.1; 95% CI=1.2, 8.5). Kalmijn and colleagues [178] prospectively 

studied 3734 Japanese -American men and found a positive association between 

total cholesterol in mid- life and dementia, particularly dementia of vascular origin. 

Kivipelto and colleagues [20] followed 1,449 subjects over an average period of 21 

years and concluded that high serum cholesterol concentration (>/=6.5 mmol/1) in 

midlife significantly increased the risk of developing Alzheimer's disease in later 

life. Whitmer and colleagues[179] retrospectively assessed 8,845 subjects and found 

that high total cholesterol in mid life was associated with a 20- 40% increased risk 

of dementia. Solomon and colleagues [180] who followed 1,449 subjects over an 

average of 21 years also showed that higher cholesterol levels in mid- life was a risk 

factor for more severe cognitive impairment in later life. However, the association 

between elevated mid- life TC and cognitive impairment has not been universal.
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with Tan and colleagues who followed 5,209 subjects from the Framingham Study 

finding no association between serum TC levels and risk for AD [181],

Studies evaluating the association between cognition and TC in later life 

have shown different results from studies assessing the effect of TC in mid-life. 

Romas and colleagues [182] found a weak association between decreased TC levels 

and the risk of AD. Moroney and colleagues [18] showed an association between 

elevated levels of LDL-cholesterol and VaD but not AD. Reitz and colleagues 

[183], Li and colleagues [184], Xiong and colleagues [185] and Raffaitin and 

colleagues [186] reported no association between late life TC and dementia or 

cognitive decline whereas Piquet and colleagues [187] who assessed 377 non

demented community dwelling elderly subjects over a period of 6 years as part of 

the Sydney Older Persons Study, found that high TC was associated with a 

protective effect for the development of dementia. Mielke and colleagues [188] 

evaluated 392 subjects from a 1901 to 1902 birth cohort and found an association 

between high TC in late life and a decreased risk of dementia.

A meta analysis of 18 prospective studies performed by Anstey and 

colleagues showed consistent associations between high midlife TC and increased 

risk of AD as well as increased risk for any dementia but no evidence supporting an 

association between late-life TC and AD or any dementia. There was also weak 

evidence for an association between high mid-life TC and cognitive decline. These 

results suggest that the effect of TC on dementia risk occurs in midlife but not late- 

life, and that there may be different cardiovascular risk factor profiles for different 

dementias [189].

The relationship between cholesterol and dementia may also be 

bidirectional. In addition to finding an association between mid-life TC and more
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severe cognitive impairment in later life, Solomon and colleagues also reported that 

a moderate decrease in serum total cholesterol from mid- life to late- life (0.5 to 2 

mmol/L) was found to be associated with a more impaired cognitive status in later 

life. Stewart and colleagues [190] assessed 1027 Japanese American men who had 5 

serial TC measurements between 1965 and 1993 as part of the Honolulu- Asia 

Aging Study. Subjects diagnosed with dementia, particularly AD, had serum TC 

which had declined at least 15 years before the diagnosis and had lower TC levels 

than subjects without dementia throughout that period. Thus serum cholesterol 

levels may decline prior to the development of dementia, limiting the ability to 

accurately assess the effect of hypercholesterolaemia on cognition when 

measurements are made in later life. Furthermore, the effect of 

hypercholesterolaemia on cognition may be attenuated by APOE epsilon E status in 

certain populations [191, 192] although this has been inconsistent [182].
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Table 4 Studies investigating associations between Cholesterol and cognition 

Table 4.1 Cholesterol Longitudinal studies*

Table 4.1.1 Midlife serum Cholesterol and Alzheimer’s disease or Dementia

Reference Population No. Mean 

Age at 

onset 

(years)

Follow up

(years)

Results

Notkola et 

al

1998 [177]

Seven Countries 

Study

Finnish cohort

444 40-59 15-25 Positive association

Kalmijn et 

al

2000 [178]

*Stewart et 

al 2007 

[190]

Honolulu- Asia 

Aging study: 

Japanese 

American men

3734

*1027

53 25 Positive association

*Subjects with TC 

measured on 5 

occasions between 

1965 and 1993. 

Decline in serum 

TC at least 15 years 

before associated 

with dementia

Kivipelto 

et al 

2001 [20]

Finnish 1449 44-58 21 Positive association
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Tan et al 

2003 [181]

Framingham

study

1026 NA Recruited 

since 1950

No association

Whitmer et 

al

2005 [179]

Kaiser

Permanente

Medical Care

Program

(Retrospective

study)

8845 40-47 27 Positive association 

20- 40% increased 

risk

Solomon et 

al

2007[180]

Cardiovascular 

Risk Factors 

Aging and 

Dementia

1449 49.7 21 Positive 

association. 

Decreasing TC 

after mid life may 

be risk marker for 

late life cognitive 

impairment
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Table 4.1.2 Late Life serum Cholesterol and Alzheimer’s disease (AD), Vascular 

Dementia (VaD) or Mild Cognitive Impairment (MCI)

Reference Population No. Mean 

Age at 

onset 

(years)

Follow

up

(years)

Results

Romas et al 

1999[182]

North American 

(New York)

987 73 2.5 Risk of AD weakly 

associated with low 

cholesterol

Moroney et 

al

1999[18]

North American 

(New York 

Medicare)

1168 73 2.1 No association with 

AD.

Risk of dementia with 

stroke associated with 

raised LDL-cholesterol

Piguet et al 

2003[187]

Sydney Older 

persons study

377 75 5.8 Hypercholesterolaemia 

protective for dementia 

and cognitive decline

Reitz et al 

2005[183]

North American 

(New York 

Medicare)

1147 78.4 7 No association

Li et al 

2005 [184]

North American 

(Seattle)

2141 74.9 5.6 No association with 

dementia

Mielke et al 

2005[188]

Swedish

(Goteberg)

382 70 18 Dementia risk reduced 

with higher total 

cholesterol
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Xiong et al 

2006[185]

Duke Twins 

Study

282

pairs

72 12 No association with 

cognitive decline

Reitz et al 

2008[193]

North American 

(New York 

Medicare)

854 >65 1.5 No association with 

MCI

Raffaitin et 

al 2009 

[186]

French Three 

city cohort 

(3C)

7087 >65 4 Elevated TG but not 

TC associated with all 

cause and VaD

*For studies on the same cohort- most recent and/or comprehensive study shown 

unless results significantly different.
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Table 4.2 Cholesterol Meta- Analysis of prospective studies

Reference No of 

studies

No. Follow

up

(years)

Results

Anstey et al 

2008[189]

18 14331 AD 

9458 VaD 

1893

Cognitive

decline

4793

Cognitive

Impairment

3- 29 Consistent associations between 

high midlife TC and increased 

risk of AD, and high midlife TC 

and increased risk of any 

dementia. No evidence 

supporting an association 

between late-life TC and AD or 

any dementia. Weak evidence 

for an association between TC 

and cognitive decline.
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2.2 Other Vascular Risk Factors 

2.2.1 Hypertension

Hypertension, particularly isolated systolic hypertension, is one of the most 

common conditions seen in the elderly population. The prevalence of hypertension 

increases with age. Changes in the large arterial vasculature such as reduced 

elasticity and increased stiffness from atherosclerosis result in increasing systolic 

blood pressure with age whereas diastolic blood pressure tapers off in mid-life. As 

such, high systolic pressures in the elderly have traditionally been thought of as a 

product of ageing, requiring no intervention. Studies such as the Framingham study 

[194] however, have advanced our understanding of hypertension in recent decades. 

Hypertension in the elderly is far from a benign consequence of ageing, causing 

significant cardiovascular morbidity and mortality [195, 196]. The cardiovascular 

benefits of treating hypertension are well known [197, 198], Although hypertension 

is an important risk factor for stroke [199], which is in turn a risk factor for vascular 

dementia, the precise effect that hypertension has on cognition in the elderly 

population remains uncertain.

Longitudinal studies examining mid- life hypertension and cognition have 

consistently shown an association between hypertension and poorer cognitive 

function in later life [7, 20, 179, 200-204] although one Japanese study found only 

an association with vascular dementia [205]. Swan and colleagues [202] found that 

subjects with persistently elevated SBP had reduced verbal learning and memory 

whereas individuals who experience a decrease in SBP did poorly in psychomotor 

speed.

Studies in the elderly have been mixed with studies showing an association 

with high blood pressure [206-208], low diastolic blood pressure [209, 210], no
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association [187, 211-213] or a non linear association [187, 206, 208-215]. These 

discrepancies may be partly explained by differences in population groups, 

methodology and follow-up periods particularly if there is a long delay from 

exposure to clinical manifestation of cognitive decline. The use of antihypertensive 

medications may also have an impact on cognition with some studies suggesting 

that blood pressure reducing therapies may be protective for dementia [216, 217]. A 

Cochrane review however did not find convincing evidence that reducing blood 

pressure in elderly hypertensive subjects without cerebrovascular disease was 

cognitively beneficial although analysis of the studies included in this review was 

problematic due to the heterogeneity of the trials as well as the number of patients 

lost to follow- up. Many of the placebo subjects also received antihypertensive 

treatment [218]. Other possibilities include the fact that hypertension can be 

associated with certain subtypes of dementia and not others, that any relationship 

between hypertension and cognition may be age specific [219] or that the link may 

be complex [220, 221].
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Table 5 Studies investigating associations between Hypertension and cognition 

Table 5.1 Hypertension Longitudinal Studies*

Table 5.1.1 Hypertension in Mid life and Dementia (all subtypes). Cognitive 

Decline

Reference Population No. Age at 

onset 

(years)

Follow

up

(years)

Results

Swan et al 

1998 [202]

Western 

Collaborative 

Group Study

717 45 30 Positive association for 

2 SBP subgroups- 

persistent high SBP 

associated with 

decreased verbal 

learning and memory, 

decrease in SBP during 

study at risk for 

decrease psychomotor 

speed.

Swan et al 

1998[204]

National Heart, 

Lung and Blood 

Institute Twin 

Study

392 47 25 Midlife SBP associated 

with decline in 

cognitive function and 

decreased brain volume

Knopman 

et al 

2001 [7]

Atherosclerosis 

Risk in 

Communities 

cohort

8729

(w)

2234

(b)

47-70 6 Positive association 

with cognitive decline
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Biracial 

White (w) and 

Black (b)

Kivipelto et 

al

2001 [20]

Finnish 1449 44-58 21 Positive association for 

systolic blood pressure

Yamada et 

al

2003[205]

Radiation

Effects

Research

Foundation

Health Study,

Hiroshima

1774 Bom

before

Sept

1932

25-30 Positive association for 

systolic blood pressure 

with VaD only

Whitmer et 

al

2005[179]

Kaiser 

Permanente 

Medical Care 

Program

8845 40-47 27 Positive association 

20- 40% increased risk
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Table 5.1.2 Hypertension in Late life and Dementia (all subtypes). Cognitive 

Decline

Reference Population No. Age at 

onset 

(years)

Follow

up

(years)

Results

Katzman et 

al

1989[222]

North American 

(New York)

434 75-85 5 No association

Yoshitake 

et al

1995[214]

Hisayama Study 

Japan

828 74 7 Positive association 

with VaD

Skoog et al 

1996[206]

Longitudinal

Population

Study

Goteborg,

Sweden

382 70 15 Positive association 

with dementia with 

increased risk at age 

79-85 with high SBP at 

70 years or high DBP 

at ages 70 or 75

Elias et al 

1997[223]

Framingham

Study

1811 67 28-30 DBP>90 associated 

with worse immediate 

and delayed memory 

and word fluency. 

Risk increased further
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with DM

Glynn et al 

1999[215]

Established 

Populations for 

the

Epidemiologic 

Study of the 

Elderly 

(EPESE)

3657 74

(65-102)

6 years 

and 15 

years

No linear association 

with cognitive decline 

but suggests a 

U shaped association

Morris et al 

2001[224]

EPESE subset 634 72 6-15 No association with 

AD

Lindsat et 

al

2002[211]

Canadian 6434 >65 5 No association

Piquet et al 

2003[187]

Sydney Older 

Persons Study

377 >75 6 Positive association 

with cognitive decline 

but not dementia

Verghese et 

al

2003[210]

North American 

Bronx Aging 

study

488 >75 21 Persistent low BP over 

2 years at higher risk of 

developing dementia.

Hassing et 

al

2004[225]

OCTO-Twin

Study

258 83 8 Positive association 

with cognitive decline

47



Luchsinger 

et al

2005[226]

North American 

(Manhattan’ 

New York) 

Medicare

1138 76.2 5.5 Positive association 

with AD, increased 

when clustered with 

smoking and Diabetes

Xiong et al 

2006[185]

Duke Twins 

Study

326

pairs

72 12 No association with 

cognitive decline

Li et al 

2007[227]

North American 

(Washington)

2356 >65 8 High SBP associated 

with risk of dementia in 

younger elderly (<75 

years) but not older 

subjects.

Suggests adequate 

hypertension control 

may reduce risk of 

dementia

Rastas et al 

2008[228]

Finnish 339 >85 9 History of hypertension 

associated with lower 

probability of dementia

*For studies on the same cohort- most recent and/or comprehensive study shown 

unless results significantly different.
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2.2.2 Smoking

The deleterious effects of smoking have been well documented [229]. 

Smoking has been suggested however to have a protective effect on cognition. A 

review of 19 case control studies in 1994 showed a highly negative association 

between smoking and Alzheimer’s disease [230]. However, more recent cohort 

studies evaluating the effect of smoking in mid-life on cognition have shown mixed 

results. Doll and colleagues [231] who assessed a cohort of 34, 439 male British 

doctors from 1951 found no significant association between smoking and AD or 

dementia. Knopman and colleagues [7] administered cognitive assessments which 

included the delayed word recall test (DWR), the digit symbol (DSC) and letter 

fluency (FAS) tests to 10,963 subjects on two occasions six years apart. Change in 

cognitive test scores was not found to be associated with smoking status. Yamada 

and colleagues [205] as part of the Radiation Effects Research Foundation Adult 

Health study also found no association between mid-life smoking status and either 

AD or VaD.

Kalmijn and colleagues [232] however, showed that psychomotor speed and 

cognitive flexibility were reduced in middle-aged subjects who were smokers. 

Whitmer and colleagues [179] also reported an increase risk of late- life dementia of 

20-40% (HR 1.26, 95% Cl 1.08 to 1.47) for subjects who smoked in mid-life. Tyas 

and colleagues [233] found that the risk of AD in smokers increased with the 

number of cigarettes smoked in pack years for individuals at medium and heavy 

smoking levels but not for very heavy smokers whereas Reitz and colleagues [234] 

who followed 6,868 subjects over a mean period of l . \  years as part of the 

Rotterdam study found an association between current smokers at baseline and an
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increased risk of dementia (HR 1.47, 95% Cl 1.18 to 1.86) and AD (HR 1.56, 95% 

CI1.21 to 2.02) which was restricted to individuals without the APOEe4 allele. No 

association was found between current smoking at baseline and VaD or past 

smoking with an increased risk of any dementia in this study.

Studies evaluating the effect of smoking in late life on cognition have been 

equally mixed. Katzman and colleagues [222] who followed 434 subjects between 

75 and 85 years of age over a 5- year period found no association between smoking 

and AD. Ford and colleagues [235], Lindsay and colleagues [211] and Piquet and 

colleagues [187] also found no association between smoking status and dementia. 

Ott and colleagues [31] however, in a European multi-centred study, found that after 

an average of 2.3 years, MMSE scores in non- demented elderly smokers declined 

greater than non- smokers with higher exposure in pack-years correlating 

significantly with a higher rate of decline. Smoking was also found to be associated 

with a higher risk of AD (p<0.10) in 1,138 subjects followed over a mean period of 

5.5 years in a study done by Luchsinger and colleagues [226].

A meta- analysis of 19 prospective studies has suggested that current 

smokers at baseline had a greater risk for developing AD, Vascular dementia and 

for any dementia compared with subjects who never smoked. Current smokers at 

baseline showed greater declines in MMSE scores compared to those who never 

smoked [236].

As such, although it is likely that smoking has a negative impact on cognition, some 

uncertainty remains as not all results from previous studies have been conclusive.
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Table 6 Studies investigating associations between Smoking and cognition

Table 6.1 Smoking Longitudinal studies*

Table 6.1.1 Smoking in Mid life and Dementia (all subtypes). Cognitive Impairment

Reference Population No. Ave 

age at 

onset 

(yrs)

Follow

up

(years)

Results

Doll et al 

2000 [231]

British Doctors 

(Male)

34439 32 49 No association

Knopman 

et al 

2001 [7]

Atherosclerosis 

Risk in 

Communities 

cohort 

Biracial 

White (w) and 

Black (b)

8729

(w)

2234

(b)

47-70 6 No association

Kalmijn et 

al

2002[232]

Dutch 1927 45-70 5 Positive association 

with cognitive 

impairment

Yamada et 

al

2003[205]

Radiation

Effects

Research

Foundation

Health Study

(Hiroshima)

1774 Born

before

Sept

1932

25-30 No association
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Tyas et al 

2003[233]

Honolulu- Asia 

Aging Study 

Japanese 

American men

3734 53 25 Positive association 

except for very heavy 

smokers

Whitmer et 

al

2005[179]

Kaiser 

Permanente 

Medical Care 

Program

8845 40-47 27 Positive association 

20- 40% increased risk

Reitz et al 

2005[237]

North American 

(Manhattan, 

New York) 

Medicare

791 75.6

±5.4

5 Positive association in 

current smokers>75 

years.

No association < 75 

years

Reitz et al 

2007[234]

Rotterdam Study 6868 >55 7.1 Positive association for 

current smoking only. 

Less pronounced for 

subjects with APOE e4
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Table 6.1.2 Smoking in Late life and Dementia (all subtypes)

Reference Population No. Age at 

onset 

(years)

Follow

up

(years)

Results

Katzman et 

al

1989[222]

North American 

(New York)

434 75-85 5 No association

Ford et al 

1996[235]

North American

(Cleveland,

Ohio)

647 >74 4 No association

Lindsay et 

al

2002[211]

Canadian 6434 >65 5 No association

Piquet et al 

2003[187]

Sydney Older 

Persons Study

377 >75 6 No association

Ott et al 

2004[31]

Multi centre

analysis

EURODERM

(Odense,

Paquid,

Rotterdam),

MRC ALPHA

17610 >65 2.3 Positive association
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Luchsinger North American 1138 76.2 5.5 Positive association

et al (Manhattan, with AD

2005[226] New York) 

Medicare

*For studies on the same cohort- most recent and/or comprehensive study shown 

unless results significantly different.

Table 6.2 Smoking - Meta- Analysis of prospective studies

Reference No of 

studies

No. Follow

up

(years)

Results

Anstey et al 19 26374 2-30 Elderly smokers higher risk for

2008 [236] 17023 2-7 dementia

54



2.2.3 Non Insulin Dependent Diabetes Mellitus

NIDDM is a co-morbid risk for stroke disease [238] and as such, thought to 

be Unked to vascular cognitive impairment. The presence of advanced glycation 

end- products and increased advanced glycation end- product receptor expression in 

the brains of patients with Alzheimer’s disease [145] suggest that diabetes may have 

a role in influencing brain pathology in Alzheimer’s disease. Insulin resistance 

[239] and high insulin levels [240] have also been associated with cognitive 

impairment.

Early case control studies showed no association between NIDDM [241] and 

cognitive impairment as well as relatively low rates of diabetes in Alzheimer’s 

disease [242], Almost all population based prevalence and prospective cohort 

studies however, have reported impaired cognitive function and greater cognitive 

decline in subjects with NIDDM and impaired glucose tolerance. Studies 

investigating the effect of DM in mid- life and cognition such as Ott and colleagues 

[243] who studied 6,370 subjects as part of the Rotterdam study, Knopman and 

colleagues [7] who conducted cognitive assessments on 10,963 subjects over six 

years, Schnaider Beeri and colleagues [244] who assessed survivors of the Israeli 

Ischaemic Heart Disease study cohort as well as Whitmer and colleagues [179] who 

performed a retrospective study on 8,845 subjects all found an association between 

DM in midlife and cognitive decline or dementia. Curb and colleagues [17] 

however found only an association between impaired glucose tolerance at baseline 

and vascular dementia but no association between DM and AD. There was also no 

association found between DM and dementia in the Adult Health study, a 

prospective cohort study of 1,774 subjects in Hiroshima, Japan [205].
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Although all studies investigating the effect of DM on cognition in later life 

suggest a detrimental effect of DM on cognition, results have not been consistent. 

Three studies, Katzman and colleagues [222], Hassing and colleagues [245] and 

MacKnight and colleagues [246] found an association with vascular cognitive 

impairment and VaD but not AD. Raffaitin and colleagues[186] also reported an 

association between DM and VaD as well as all cause dementia. Arvanitakis and 

colleagues [247] however, showed a significant association between DM and an 

increased risk of AD (HR 1.65; 95% Cl 1.10- 2.47) as well as a poorer cognitive 

performance at baseline and a decline in perceptual speed in 824 subjects followed 

over a period of 5.5 years. Yoshitake and colleagues [214], Brayne and colleagues 

[248] and Luchsinger and colleagues [226] also reported an association between AD 

and DM. Peila and colleagues [249] and Xu and colleagues [250] both showed an 

association between DM and AD as well as VaD. In the Framingham study, 

Akomolafe and colleagues [251] only found an association between DM and AD in 

subjects without APOE e4 or elevated Homocysteine levels.

Xiong and colleagues [185] who studied twin pairs over a twelve year period 

found an association between DM and greater cognitive decline particularly among 

older men. Four other studies also found an association between DM and cognitive 

decline [223, 225, 252, 253] whereas one other study showed an association 

between DM and amnestic MCI [254].

Age may be a possible explanation for these discrepancies. One study has 

suggested that the effect of diabetes on cognition may be age specific, with impaired 

cognition occurring only in subjects over the age of 70 years [185]. Other possible 

reasons for these discrepancies may be methodological differences. Endpoints in 

these studies have varied with some studies using Alzheimer’s dementia as an
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endpoint while others have used dementia regardless of aetiology. Furthermore, 

different definitions of diabetes have been used in these studies. In addition, studies 

evaluating diabetes from mid life may not have accounted for differences in drop

out rates between diabetics and non- diabetics or for incident diabetes [255].
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Table 7 Studies investigating associations between Diabetes Mellitus and 

cognition

Table 7.1 Diabetes Mellitus Longitudinal studies*

Table 7.1.1 Diabetes in Mid life and Dementia (all subtypes), Cognitive Decline

Reference Population No. Age at 

onset 

(years)

Follow

up

(years)

Results

Ott et al 

1999[243]

Rotterdam

Study

6370 >55 2.1 Positive association for 

dementia particularly 

for subjects on insulin 

treatment. Risk of 

dementia and AD 

doubled in DM patients

Curb et al 

1999[17]

Hawaii 3774 45-68 15 and 

25

No association with 

AD

Positive association 

between impaired 

glucose tolerance and 

VaD

Knopman 

et al 

2001 [7]

Atherosclerosis 

Risk in 

Communities 

cohort

8729

(w)

2234

(b)

47-70 6 DM associated with 

cognitive decline
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Biracial 

White (w) and 

Black (b)

Yamada et 

al

2003[205]

Radiation

Effects

Research

Foundation

Health Study,

Hiroshima

1774 43

(Bom

before

Sept

1932)

25-30 No association

Schnaider 

Beeri et al 

2004[244]

Israeli

Ischaemic Heart 

Disease Study

1892 40-65 30 Positive association

Whitmer et 

al

2005[179]

Kaiser 

Permanente 

Medical Care 

Program 

(Retrospective)

8845 40-47 27 Positive association 

20- 40% increased risk
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Table 7.1.2 Diabetes in Late life and Dementia (all subtypes), Cognitive Decline, 

Mild Cognitive Impairment (MCI)

Reference Population No. Age at 

onset 

(years)

Follow

up

(years)

Results

Katzman et 

al

1989[222]

North American 

(New York)

434 75-85 5 Positive association 

with VaD. No 

association with AD.

Yoshitake 

et al

1995[214]

Hisayama Study 

Japan

828 74 7 Positive association 

with AD

Elias et al 

1997[223]

Framingham

Study

1811 67 28-30 DM associated with 

increased risk for poor 

visual memory. 

Duration of DM 

associated with poorer 

verbal memory and 

concept formation. 

Insulin treated DM 

higher risk of poorer 

cognitive performance 

than non insulin 

treated.

Risk increased further 

with DM
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Brayne et 

al

1998 [248]

UK 376 >75 2.4 Positive association 

with AD

Gregg et al 

2000[253]

Study of 

Osteoporosis 

Fractures 

Research Group 

North American

9679 >65 3-6 Positive association 

with reduced cognitive 

performance and 

decline

Fontbonne 

et al

2001 [252]

Epidemiology 

of Vascular 

Aging Study 

Nantes,France

1389 59-71

(Bom

between

1922-

32)

4 Diabetics worse on 

psychomotor speed, 

memory and attention

Hassing et 

al

2002[245]

Swedish 702 83 6 Positive association 

with VaD (twofold 

increase in risk)

No association with 

AD

MacKnight 

et al

2002[246]

Canadian Study 

of Health and 

Aging

5574 74 5 No association with 

AD

Positive association 

with vascular cognitive 

impairment
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Peila et al 

2002[249]

Honolulu- Asia 

Aging Study 

Japanese 

American men

2574 77 2.9 Positive association for 

AD, VaD particularly 

with APOE e4

Arvanitakis 

et al

2004[247]

North American 

(Chicago) 

Catholic order 

(Nuns, Priest, 

Brothers)

824 75 Mean

5.5

Positive association 

with AD

(65% increase in risk) 

Positive association 

with cognitive 

impairment

Hassing et 

al

2004[225]

OCTO-Twin

Study

258 83 8 Positive association 

with cognitive decline

Luchsinger 

et al

2005[226]

North American 

(Manhattan, 

New York 

Medicare)

1138 76.2 5.5 Positive association 

with AD

Xiong et al 

2006[185]

Duke Twins 

Study

177

pairs

72 12 Positive association 

with cognitive decline
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Akomale et 

al

2006[251]

Framingham

Study

2210 70 12.7 No association with 

dementia except for 

subset without 

APOE e4 or elevated 

homocysteine, 

particularly in > 75 

years

Xu et al 

2007[256]

Swedish 1173 75 9 Positive association for 

dementia, AD and 

VaD, particularly in 

subjects with severe 

systolic hypertension or 

heart disease

Luchsinger 

et al

2007[254]

North American

(Manhattan,

New York)

Minority

(Hispanic,

African

American)

918 >80 >1 Positive association for 

amnestic MCI

Rastas et al 

2008[228]

Finnish 339 >85 9 DM associated with 

higher probability of 

developing dementia
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Raffaitin et French Three 7087 >65 4 DM associated with all

al city cohort - cause and VaD

2009[186] (3C)

*For studies on the same cohort- most recent and/or comprehensive study shown 

unless results significantly different.
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2.3 Established and other risk factors, Epidemiological studies and 

misidentification of confounders

Age, gender and education are factors usually controlled for in the majority 

of studies assessing cognitive decline and dementia. Age is the strongest identified 

risk factor for dementia, particularly AD [228, 257, 258]. Hebert and colleagues 

reported that the incidence of AD was approximately 14 times higher in individuals 

older than 85 years compared with those between 65 and 69 years of age. The 

estimated annual incidence of AD in individuals between 65 to 69 years was 0.6%, 

1.0% for individual aged between 70 to 74, 2.0% for individuals aged between 75 to 

79 years, 3.3% for individuals aged 80 to 84 and 8.4% for individuals aged 85 and 

older [259]. This was supported by a prospective cohort study by Kukull and 

colleagues who followed 2581 subjects aged 65 years or older over a period of eight 

years from 1994. The incidence of dementia rose from 2.8 per 1000 person- years in 

the 65 to 69 year age group to 56.1 per 1000 person- years in the >90 years age 

group [260]. A meta- analysis of 23 studies reporting age specific incidence of 

dementia showed that the incidence of both AD and dementia increased 

exponentially up to the age of 90 years with no evidence of levelling off [261]. 

Although the incidence of vascular dementia varied from study to study, the general 

trend was also an exponential increase with age. Studies estimating dementia 

incidence in the very old have generally been limited by low numbers [261]. One 

study which enrolled 488 healthy non- demented community dwelling elderly aged 

75 to 85 years and followed these individuals up to 21 years showed that the 

incidence of dementia continued to increase with age after 85 years but at a slower 

rate relative to that between 65 and 85 years [262].
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The prevalence of dementia also increases with age. Jorm and colleagues 

who analysed studies of dementia prevalence from 1945 to 1985 found that the rates 

of dementia consistently doubled every 5.1 years [263], The prevalence rate for 

individual aged from 65 to 69 was 1.4%. This increased to 23.6% for individuals 

over the age of 85 years.

In addition, the meta- analysis by Jorm and colleagues showed no gender 

difference in dementia incidence. Men however, tended to have a higher incidence 

of vascular dementia at younger ages whereas women tended to have a higher 

incidence of AD in very old age [261]. Kukull and colleagues also showed no 

appreciable gender difference in dementia incidence [260].

Many studies have assessed the relationship between educational 

attainments and dementia with most showing an association between lower 

education and an increased risk of dementia [260, 264-268] as well as faster 

cognitive decline in individuals with dementia [269]. This however has not been 

universal with some studies reporting associations between lower education and 

dementia only in women [270, 271]. Wilson and colleagues found an association 

between education and level of cognitive function in older residents of a south side 

Chicago community but not with cognitive decline. As such, the association 

between education and level of cognitive function may account for the correlation 

seen between education and the risk of dementia [272]. Measures used to assess 

cognitive performance are also highly influenced by pre-morbid ability [273]. 

Cervilla and colleagues found an association between pre-morbid IQ and poorer late 

life cognition but not education [274]. Another study suggested that poorer 

linguistic ability at a younger age was associated with poorer cognitive ability later
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as well as AD [275]. As such, the confounding effect of pre-morbid ability needs to 

be taken into account when evaluating risks for cognitive decline.

Lifestyle and environmental factors such as physical exercise, diet and 

leisure activities may also be important confounders in studies evaluating risk 

factors of dementia and cognitive decline [276, 277]. Scarmeas and colleagues who 

assessed 1880 non- demented community dwelling elderly subjects living in New 

York over a period of 14 years found that adherence to a Mediterranean- type diet 

(high intake of fish, vegetables, legumes, fruits, cereals and monounsaturated fatty 

acids; relatively low intake of dairy products, meats and saturated fats; and 

moderate alcohol consumption) and higher physical activity were independently 

associated with a reduced risk for developing AD [41]. Higher adherence to a 

Mediterranean type diet was also associated with a reduced risk of MCI as well as 

conversion from MCI to AD [278]. Other studies have also reported similar findings 

as well as other factors found to attenuate the risk of dementia including 

consumption of seafood and fish [279-282], fruits and vegetables [283], tea [284], 

cognitive [285] and physical [286] activity, social engagement and support [287], 

occupation [288] and personality traits such as neuroticism and extroversion [289].

Epidemiological studies however have tended to focus on biophysical 

factors rather than lifestyle factors or psychosocial status when adjusting for 

potential confounds. Observational studies conducted to determine possible 

associations between adverse health- related outcomes and risk factors may be 

prone to systematic errors such as confounding bias. This may convey the 

appearance of an association where the confounding characteristic may be 

responsible for the observed association rather than the putative cause. Examples of 

the importance of confounding in epidemiological studies include studies
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investigating the use of antioxidants and vitamin supplements. Such studies had 

suggested that the use of vitamin E and vitamin C may be beneficial in reducing the 

risk of cardiovascular disease [290], However, randomised controlled trials not only 

showed no benefits but a potential for harm. The Physician’s Health Study II was a 

randomised, double blind, placebo- controlled trial of vitamin A and vitamin C. 

14,641 male physicians aged 50 years or older were randomised to either placebo or 

400 lU of vitamin E on alternate days and 500mg of Vitamin C daily over a mean 

period of 8 years. There was no reduction in the risk of major cardiovascular with 

vitamin supplementation. Vitamin E was associated with an increased risk of 

haemorrhagic stroke [291]. A meta-analysis of seven randomised controlled trials 

on vitamin E also failed to find any benefits for vitamin E in reducing 

cardiovascular disease or mortality. A meta- analysis of eight studies on beta 

carotene found a small but significant increase in mortality and cardiovascular 

deaths [292].

This misidentification of beneficial effects of anti-oxidants in vascular 

disease most likely arose as a result of inadequate controlling for confounding 

factors such as disease avoiding behaviours associated with use of vitamin 

supplementation. Psychosocial factors including education, socioeconomic class 

and income have been shown to influence disease avoiding behaviour and therefore 

health [293],

Many factors may be confounders in any given study and the presence of 

confounding in epidemiological studies remains a common and important 

phenomenon. Although it is not possible to account for every single variable, failure 

to account for the most important confounders may limit the validity of observed 

associations. Identification of possible confounders and controlling for such
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variables increases the validity of a study and reduces the chance that the observed 

association is spurious.
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2.4 Cognitive and neuropsychological Assessment in Research

Neuropsychology is essentially the study of brain- behaviour relationships 

including the impairment of cognitive ability [294, 295], The objective of 

neuropsychological assessment in clinical practice is to evaluate disturbances in 

mentation and cognitive ability in individuals with suspected brain dysfunction. 

Knowledge of the presence and characteristics of such cognitive impairments in 

relation to their neurological implications can aid in the diagnosis and clinical 

treatment of individuals with neurological disease as well as provide information on 

possible disease processes [296].

Cognitive impairment associated with advanced age was recognised as early 

as 2000 B.C. by the Egyptians. Neuropsychological testing however is largely a 

phenomenon of the twentieth century although rudimentary forms of testing have 

been recorded as far back as 2200 B.C. in China where officials were evaluated 

every three years to determine their fitness for office [297]. Much of current 

neuropsychological testing is influenced by late nineteen- century investigations by 

British and German experimentalists. Included in these were examinations 

conducted on the mentally ill as well as those on brain- injured individuals, which 

resulted in the development of many early non- standardised neuropsychological 

tests [298], Although Wilhelm Wundt (1832- 1920) is credited with founding the 

first psychological laboratory [299], Sir Francis Galton (1822- 1911) is often 

regarded as the father of mental testing because of his efforts in devising practicable 

objective tests that obtained scores through standardised procedures [300], His work 

was continued by James McKeen Cattell (1860- 1944) whose students in turn 

helped to further the development of neuropsychological testing [301]. In 1905, the 

first intelligence test was devised by Alfred Binet (1857- 1911) [301] in order to
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identify children who would benefit from receiving special educational supports. 

This proved to be the springboard for the invention of the intelligence quotient as 

well as the development of other early, standardised neuropsychological tests that 

have helped shape current contemporary tests.

Like all tests, neuropsychological assessments are of limited use by 

themselves. Results of assessments need to be interpreted in the light of other 

clinical, radiological and haematological information available. In addition, other 

factors pertaining to test construction such as sensitivity, reliability and validity as 

well as factors associated with the subject being assessed such as age, gender, 

culture and educational status can have an impact on test outcomes [302].

Since neuropsychological assessments are dynamic processes that can be 

affected by extraneous factors, standardised procedures and conditions are essential 

elements of valid testing. However, there may be occasions where some degree of 

flexibility is required for example in situations where home assessments are 

necessary although test administration still need to follow carefully the standardised 

procedures for administration and scoring specified by the test publisher. 

Specifications regarding instructions to test takers, time limits, the form of item 

presentation, or response, and test materials or equipment have to be strictly 

observed. Exceptions should only be made on the basis of carefully considered 

professional judgement, primarily in clinical applications. An examiner requires 

considerable clinical experience and a familiarity with test procedures as well as test 

materials. Physical disabilities in subjects such as impairments in speech, vision or 

hearing commonly found in the elderly must be recognised by the examiner and 

appropriate corresponding adjustments to testing and scoring should be made [303]. 

The examiner should also be experienced in interacting with the elderly in order to
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establish an appropriate rapport. Examiner factors such as gender and race are 

generally thought to have little effect on testing although there may be special 

situations where these may have a bearing on test outcomes [304], Subject 

characteristics such as test anxiety and poor motivation may also have a bearing on 

test results and should be noted if thought to be significant [305]. Examiners have 

little impact on scoring if scoring criteria for tests are strictly adhered to. However 

care must be taken to avoid clerical scoring errors [306].

In order to assess current cognitive functioning, a neuropsychological 

assessment should typically evaluate multiple areas of cognitive function. The 

major cognitive domains usually assessed in neuropsychological assessments 

include: orientation, attention and concentration, learning and memory, language 

skills, executive function, visuospatial ability, sensory abilities and motor abilities 

[307]. In addition, assessments of activities of daily living, behaviour, mood and 

personality are also performed [294]. A battery of tests, either fixed or 

individualised to the subject, is commonly administered to assess the above domains 

as well as general cognitive function and various different tests suitable for 

administration to the elderly exist.

Ideally, assessments should be longitudinal to assess cognitive decline. 

However, in practice this is rarely available on the initial assessment. As such, 

additional tests based on vocabulary such as the National Adult Reading Test 

(NART) can be helpful as an indirect measure of pre-morbid ability and should be 

included in the test battery.

Prior to administration of the test battery however, a comprehensive history from 

the subject and a collateral history from an appropriate informant, if available, 

independently is desirable. The onset and course of any deterioration, family
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history, risk factors particularly vascular risks, concomitant illnesses, medications 

and social history all have diagnostic relevance. Finally, a cognitive assessment is 

incomplete without a careful general neurological examination, noting subject 

alertness and cooperation as well as any findings which may be associated with 

cognitive disorders.
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Chapter Three 

Research Methods

3.1 Study population and design

This study was a community based cross- sectional analytical study of 466 

non- demented elderly subjects, stratified for age (> or < 75 years), randomly 

selected from the patient lists of four General Practitioners in the catchment area of 

St. James’s Hospital, Dublin. Data was collected between 2003 and 2005.

Inclusion criteria

Community dwelling subjects 

Aged 65 and over 

Willing to provide consent 

Medically stable

Able to cooperate with neuropsychological testing.

Exclusion criteria

Dementia (DSM IV criteria [308]) as this would preclude cooperation with 

detailed testing.

3.2 Ethics Approval

Ethics approval was obtained from the Irish College of General Practitioners 

Research Ethics committee as well as the St. James’s Hospital and Federated Dublin 

Voluntary Hospitals Joint Research Ethics committee.

74



3.3 Subject Recruitment

Subjects were contacted by mail and offered participation in the study. All 

community dwelling individuals aged over 65 years who were medically stable with 

no history of dementia and able to cooperate with neuropsychological testing were 

eligible for recruitment if they were able to provide consent. A total of 1349 letters 

to individuals were sent. Of 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 (table 8). There was no significant gender 

difference between those who participated in the study, those who refused 

participation and those who had passed away (p= 0.313). However, those who had 

passed away were more likely to be older and those who refused participation, 

younger than those who participated in the study (p< .009, mean rank 106.75, 71.44, 

84.83)

Table 8 Reasons for non participation

All Ages 65-75 years >75 years
N % N % N %

Refusal- Reason not given 368 27.3 195 32.8 173 22.9

Refusal- Health reasons 12 0.9 5 0.8 7 0.9

Refusal- Other reasons 24 1.8 11 1.9 13 1.7

Refusal -  No reply 15 1.1 13 2.2 2 0.3

Not living at given address 71 5.3 23 3.9 48 6.4

Did not meet inclusion 
criteria

111 8.2 30 5.1 81 10.7

RIP 175 13 32 5.4 143 18.9

No longer on GP list 59 4.4 17 2.9 42 5.6

Participated 466 34.5 256 43.1 210 27.8

Total 1349 100 594 100 755 100
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3.4 Assessment Procedure

A research psychologist and a doctor visited subjects who agreed to 

participate, in their own homes, on a single occasion. The duration of each 

assessment was approximately two hours.

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. This included the use 

of a standardised psychiatric interview based on DSM IV: SCID [308], the CAGE 

alcohol screening questionnaire [309], the Centre for Epidemiologic Studies 

Depression Scale [310] and a measure of life satisfaction, the Life Satisfaction 

Index [311].

Cognitive status was assessed using the National Adult Reading Test [312] 

for pre- morbid intellect, Wechsler Adult Intelligence Scale -III Digit Symbol -  

Coding [313] for psychomotor processing speed, Verbal fluency (letter [FAS test] 

and category [animal] fluency) [314], Wechsler Memory Scale -III Serial Word 

Lists for verbal learning, interference, delayed recall and recognition [315], 

Wechsler Memory Scale -  Revised Visual Reproduction for visuoconstruction, 

immediate and delayed visual memory [316] and the Wechsler Memory Scale -III 

Letter Number Sequencing [315] for working memory. Test scores were 

standardized (z- transformation- subject score minus sample mean divided by 

sample standard deviation) to enable comparison of tests with different matrices. A 

composite score consisting of the above tests was used as a global measure of 

cognitive performance (GC). In addition, the Mini Mental State Examination 

(MMSE) [317] was performed as a general index of cognitive functioning. 

Personality was measured using the Eysenck Personality Inventory [318] which
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measures two important personality dimensions, Extroversion-Introversion and 

Neuroticism-Stability.

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 with the 

manometer placed at the same level as the cuff on the subject’s upper arm. All 

clothing was removed from the arm before the cuff was applied with its lower 

border not less than 2.5 cm from the cubital fossa. The systolic reading was taken as 

the reading at which the first Korotkoff sounds occurred (phase one) and the 

diastolic as the reading when the sounds disappeared (fifth phase). Three readings 

were measured and the lowest reading taken as the subject’s blood pressure. A 

comprehensive physical assessment of neurological status was performed. Further 

clinical assessments such as assessment of gait were performed if deemed 

necessary.

Social class was determined according to the Central Statistics Office of 

Ireland 2002 Social Class Census Classification [319]. Lifetime alcohol intake was 

estimated from self- report and calculated in number of units/ week. Exercise was 

estimated from self- report and calculated as number of minutes spent exercising in 

a fortnight. Smoking was defined as current smokers, ex- smokers (6 months) and 

non- smokers. Pack years were calculated by dividing the number of cigarettes 

smoked a day by 20 and multiplying this by the number of years smoked. Subjects



were considered to have hypertension if they had one of the following: use of 

antihypertensive medication or self- report of physician diagnosed hypertension. 

Diabetes mellitus was defined by use of insulin or oral hypoglycaemic agents, a 

non- fasting glucose of > 11.1 mmol/L or a self- report of physician- diagnosed 

diabetes mellitus.

Blood samples were collected by venepuncture and non- fasting samples 

taken for homocysteine, glucose, glycosylated haemoglobin, lipid profile and C- 

reactive protein. All samples were measured by a commercial laboratory. 

Homocysteine samples were transported on ice, spun within 30 minutes and stored 

at -20° C or below until analysed. Quantitative measurement of L- Homocysteine in 

serum was by Fluorescence Polarization Immunoassay (Imx system; Abbott 

laboratories). Sensitivity of these assay were calculated to < O.SOumol/ L 

corresponding to upper limit of the 95% confidence interval. Precision of these 

assay were determined by assaying samples on 5 days, 2 runs per day across 10 

instruments. Samples with mean value 5.9, 10.8, 21.6 |lmol/L yielded within run 

coefficient of variation (CV) % of 2.2, 1.9 and 1.4 respectively and total CV% of 

5.2%, 4.1% and 3.7% respectively. Glucose levels were determined enzymatically 

(bioMerieux) with CV range of 0.75% to 0.81%. Glycosylated Haemoglobin was 

measured using High-Performance Liquid Chromatography (Hi- AUTO A le 

Analyser system) with a CV of 5 to 10%. Serum cholesterol, HDL and LDL were 

measured by enzymatic clearance assay (Randox Laboratories) using a Hitachi 737 

or 747 with a CV range of 0.88% to 1.2% for HDL and CV 0.49% to 1.79% for 

LDL. Triglyceride levels were measured by the triglycerides liquicolor test (Human 

Gesellschaft fur Biochemica und Diagnostica mbH) with a CV range between 2.0%
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and 3.5%. C- reactive protein was measured by particle enhanced 

inimunonephelometry (BN Systems) with a CV range between 2.1% to 5.7%.

3.5 Study Instruments

3.5.1 Verbal fluency (letter [FAS test] and category [animal] fluency) [314]

Standard recommended instructions were used during the administration of 

the letter FAS and category (semantic association) fluency tests (appendix 3). This 

test took approximately 5-10 minutes. 1 minute, timed using a stopwatch, was 

allowed for each letter (F, A and S). Subjects were encouraged to continue trying to 

think of more words if they stopped before the allotted time. If a silence lasting for 

15 seconds occurred, standard basic instructions were repeated. Actual words were 

written down in the order produced (or plus signs if words are produced too rapidly 

for verbatim recording) for scoring purposes. The category [animal] fluency test 

was administered immediately following the letter [FAS] fluency test. Standard 

recommended instructions were used for explaining the task. I minute was allowed 

for the task and the subject was encouraged to produce more names of animals if the 

subject discontinued before this period was up. Basic instructions were repeated if 

there was a delay of 15 seconds or more. Actual words were written down in the 

order they were produced. Scoring for the letter [FAS] fluency test was the sum of 

all admissible words for the three letters. Scoring for the category [animal] fluency 

test was the sum of all admissible words, which included extinct, imaginary and 

magic animals.
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3.5.2 Word Lists (WMS-III; acquisition, interference, delayed recall, 

recognition) [313]

Standard recommended instructions were used to explain the task. List A 

from the record form (appendix 4) was read at approximately 1 seconds per word. 

For trial 1, subjects were then asked for as many words as they could remember. 

This was repeated for trial 2-4 using standard recommended instructions. A new list 

(list B) was read when all four trials of list A were completed. Again, standard 

recommended instructions were given and all words were read at approximately 1 

seconds per word. All responses were recorded on the record form. Subjects were 

then asked to recall words on the first list (list A) for the subject’s Short-Delay 

Recall. Responses were recorded. After a delay of 25-35 minutes, subjects were 

then asked to recall words on list A again for Retention and then asked using 

standard recommended instructions to identify words from list A read from the 

recognition list of 24 words for Recognition.

3.5.3 Visual Reproduction (WMS-R; visuoconstruction, immediate memory, 

delayed recall) [316]

Four visual reproduction cards (see figures 3-6 for cards A-D) were used for 

this assessment. The subject was asked, using standard recommended instructions, 

to look at each geometric design in turn for 10 seconds before drawing it from 

memory. After a delay of 25-35 minutes, the subject was asked to draw the 

geometric designs once more from memory. The drawings were scored for accuracy 

according to detailed standard criteria.
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3.5.4 Letter Number Sequencing [315]

Standard instructions regarding the task were given to subjects. Subjects 

were then read a group of letters and numbers and required to place them in order

with numbers first, starting with the lowest number followed by the letters in

alphabetical order. Each combination was said at the rate of one number or letter per 

second and subjects were given ample time to respond. The following practice trials 

were administered prior to starting the actual task (correct answers in parentheses) 

6-F (6-F)

G-4 (4-G)

3-W-5 (3-5-W)

T-7-L (7-L-T)

1-J-A (1-A-J)

If the subject made an error in practice, the subject was corrected and the standard 

instructions were repeated if necessary. The task was performed even if the subject 

failed all the practice trials. A standard Record Form (appendix 7) was used and 

items were administered from the Record Form. All responses were recorded on the 

Record Form. The task was discontinued if the subject failed three to respond 

correctly to three consecutive letter number combinations.

3.5.5 CAGE [309]

The CAGE questionnaire (appendix 8) consists of four questions. Subjects 

were required to answer “Yes” or “No” to each answer with more “Yes” answers 

signifying greater problems with alcohol consumption and dependence.
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3.5.6 Digit Symbol -  Coding (WAIS-III; psychomotor / processing speed)

[313]

Subjects were instructed using standard instructions to copy symbols paired 

with numbers. Using a key, subjects copied each symbol under its corresponding 

number (appendix 9) with the subject’s score being the number of correctly drawn 

symbols within a 120 second time limit.

3.5.7 National Adult Reading Test (NART) [312]

The NART (appendix 10) comprises a list of 50 relatively short words 

“irregular” with respect to common rules of pronunciation to minimise phonemic 

decoding and arranged in order of increasing difficulty. Subjects were asked, using 

standard recommended instructions, to read the list of words aloud and errors were 

recorded on the NART answer sheet. Predicted IQs approximated to subject’s 

premorbid IQs.

3.5.8 Centre for Epidemiologic Studies Depression Scale (CESD) [310]

The CESD (appendix 11) consists of 20 questions answered either Rarely 

(less than one day in a week). Sometimes (1-2 days in a week). Occasionally (3-4 

days in a week) or Most of the time (5-7 days in a week) by the subject. Standard 

instructions to explain the task were given prior to commencement. Scoring was 

zero for Rarely, 1 for Sometimes, 2 for Occasionally and 3 for Most of the time. 

The range of scores was from 0-60 with higher scores indicating the presence of 

more depressive symptomatology.
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3.5.9 Life Satisfaction Index A (LSIA) [311],

The LSIA (appendix 12) consists of 20 statements descriptive of satisfaction 

with one’s life. Subjects are instructed to respond with “agree” or “disagree”, 

indicating their feeling regarding the statement. Scoring was according to a standard 

template which identified the response indicative of satisfaction with life in that 

area. The potential score range was from 0 to 20 with higher scores indicating 

greater satisfaction with life.

3.5.10 Eysenck Personality Inventory (EPI) [318]

The EPI (appendix 13) is a measure of behaviour assessing two important 

personality dimensions. Extroversion- Introversion and Neuroticism- Stability. 

Subjects were asked to answer 57 “Yes” or “No” questions. Scoring was based on a 

standardised template, (appendix 14) Subjects with a higher “E” score had more 

extroverted tendencies. Subjects with a higher “N” had more neurotic tendencies . 

The “L” score assessed the honesty of the answers.

3.5.11 Mini Mental State Examination (MMSE) [317]

The MMSE (appendix 15) is a general index of global cognitive functioning. 

Subjects were asked to answer 11 questions over 5-10 minutes assessing 5 different 

domains of cognition including orientation, registration, attention and calculation, 

recall and language ability. The maximum score was 30.
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3.5.12 Global Measure of Cognitive Performance (GC)

The cognitive tests were combined into a global composite score following the 

method employed by Dufouil and colleagues [320], To give each test equal 

weighting in the composite score each individual test score was standardised (mean 

= 0, standard deviation = 1) by subtracting the score from the mean for all 

participants and dividing by the standard deviation. The tests included were Digit 

Symbol-Coding, Letter Number Sequencing, FAS test, animal fluency, combined 

immediate and delayed Visual Reproduction, WMS-III Word List delayed recall, 

and MMSE. The global composite score was computed as the mean of the sum of 

the standardised test scores.
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3.6 Statistical Analysis

A sample size of 500 subjects was estimated to have 80% Power to detect 

approximately a quarter of a standard deviation for each of the vascular biomarkers 

with an alpha of 0.05. Standard deviations for each of the markers were obtained 

from published series of similar populations.

Table 9 Power calculations for vascular biomarkers

Vascular biomarker SD alpha Power N

Detectable

difference

HbAlc 0.8 0.05 0.8 500 0.2

Glucose 0.5 0.05 0.8 500 0.125

Homocysteine 7 0.05 0.8 500 1.8

CRP 5.2 0.05 0.8 500 1.25

Total Cholesterol 1.1 0.05 0.8 500 0.275

A sample size of 500 subjects was estimated to have 95% Power to detect a 

10-20% difference for each of the neuropsychological test measures with an alpha 

of 0.01. This was all less than 1 standard deviation for each test (generally accepted 

as the minimum for clinical significance in a neuropsychological test).
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Table 10 Power calculations for neuropsychological tests

Test Mean SD alpha Power

% mean 

difference

Absolute 

difference 

detectable 

by study

DSST 54 17 0.01 0.95 11.9 6.4

WMS III Word lists recall 27.5 5.5 0.01 0.95 7.6 2.1

WSR R Visual Reproduction 1 27 7 0.01 0.95 9.8 2.6

WSR R Visual Reproduction 2 22 10 0.01 0.95 17.3 3.8

FAS test 35.6 12.5 0.01 0.95 13.2 4.7

Animals 16.4 4.3 0.01 0.95 9.8 1.6

Potential lifestyle, dietary, psychosocial and clinical confounders were 

introduced in backward regression models together with known covariates of 

cognitive performance such as age, gender, educational status and socio-economic 

class with the results of global cognitive assessments, MMSE and GC as outcomes 

(Model 1) to identify potential confounders. All categorical data was recoded as 

dummy variables prior to statistical analysis.

Multiple linear regression models were then used to investigate the relationship 

between vascular biomarkers (Homocysteine, C- reactive protein, glycosylated 

haemoglobin and Cholesterol) and risk factors (DM, Hypertension, Smoking status) 

and neuropsychological tests, controlling for covariates.
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Neuropsychological test scores and vascular biomarkers and risk factors were 

initially modelled individually in base models controlling for established covariates 

(gender, age, social class and educational status) (Model 2).

In a higher order model, all potential confounders identified in Model 1 (use of 

psychotropic medications, intake of fruit, life satisfaction as measured by the LSI, 

extroversion, stroke, alcohol intake, tea intake and depression) were included as 

covariates together with the established covariates in the base models (Model 3).

In the final model, all vascular biomarkers and risk factors were included into the 

regression models simultaneously with all confounders identified in Model 1 and 

established covariates with specific neuropsychological test results, MMSE and GC 

as outcomes (Model 4).

All statistical analysis was performed using SPSS 13.0. (SPSS Inc, Chicago,

IL).
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3.7 Summary of Research Methodology

A summary of the research methodology used in this study is shown in sequence in 

the flow chart below:

Postal Contact

Subjects meeting criteria and consenting to take part in the study recruited 

Assessment in subject’s home 

Demographic and Medical history 

Verbal fluency (letter [FAS test] and category [animal] fluency)

Word Lists I 

Visual Reproduction I 

Letter Number sequencing 

Standardised Psychiatric interview based on DSM IVrSCED

CAGE 

Word List II
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Visual Reproduction II 

Digit Symbol Coding 

NART 

CESD 

LSI 

EPI

Physical Examination and Biophysical Measurements

MMSE

Phlebotomy



Chapter 4 

Results

4.1 Demographic Profile

A total of 466 subjects participated in the study. 258 (55.4%) were female; 

mean age was 75.45 years (± 6.06 SD). The mean age at which subjects left school 

was 14.88 ((± 2.15 SD). 15.7% were from social classes 1 and 2.

Table 11 shows the distribution of subjects by age, gender, education and social 

class.

Table 11 Demographic profile

Subjects (n=466)

Demographic Characteristics

Gender [n=females ( %)] 258 (55.4)

Age [mean (SD)] 75.45 (6.06)

Education 14.88 (2.15)

[mean year left school (SD)]

Social class 1+2 % 15.7

90



4.2 Clinical, Psychosocial and Lifestyle Characteristics

16.5% of the subjects were current smokers. Total exposure in pack years 

was 24.38 (± 35.57 SD). 22.1% drank no alcohol. 55.2% of the subjects had a 

history of hypertension. Mean systolic BP wasl56.70 (± 23.56 SD). Mean diastolic 

pressure was 82.15 (±13.37 SD). Nearly 10% of subjects had DM. 23.3% had a 

history of cardiovascular disease, 11.2% had had a previous stroke and 6% had 

atrial fibrillation. Mean Body Mass Index was 26.77 (± 4.88 SD). 16.8% of subjects 

were on psychotropic medications, 27.3% on a statin, 52.5% on an antihypertensive 

and 40% were on NSAIDs.

Mean Life Satisfaction Index A scores were 14.04 (±3.95 SD). Mean CESD 

scores were 7.73 (±10.32 SD). Case level anxiety was 2.6% whereas case level 

depression was 9%.

The average number of cups of tea drunk per day was 4.46 (±2.57 SD). The 

average number of portions of fish, vegetables and fruit consumed per week were 

1.35 (±0.7 SD), 3.01 (±0.83 SD) and 2.57 (±1.23 SD) respectively. Mean number of 

minutes exercised per fortnight was 396 (±492.29 SD). Range for minutes exercised 

per fortnight was between none and 4 hours per day.

Table 12 summarizes the clinical characteristics of subjects who participated 

in the study whereas table 13 summarizes the psychosocial characteristics and table 

14, the dietary and lifestyle characteristics.
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Table 12 Clinical Characteristics

Clinical Characteristics

Current smokers % 16.5

Pack years [mean (SD)] 24.38 (35.57)

Teetotalers % 22.1

Hypertension % 55.2

Systolic BP [mean (SD)] 156.70 (23.56)

Diastolic BP [mean (SD)] 82.15 (13.27)

NIDDM % 9.9

Cardiovascular disease % 23.3

Stroke % 11.2

Atrial fibrillation % 6.0

Body Mass Index [mean (SD)] 26.77 (4.88)

Psychotropic Medications % 16.8

Statins % 27.3

Antihypertensives % 52.5

NSAID % 40
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Table 13 Psychosocial Characteristics

Psychosocial characteristics

Life Satisfaction Lidex A 

[mean (SD)]

14.04 (3.95)

Depression scale ( CESD) 

[mean (SD)]

7.73 (10.32)

Anxiety (case level) % 2.6

Depression (case level)% 9

Table 14 Dietary and Lifestyle characteristics

Dietary and lifestyle 

characteristics

Mean (SD)

Tea (cups/day) 4.46 (2.57)

Fish (portions/week) 1.35 (0.70)

Vegetables (portions/week) 3.01 (0.83)

Fruit (portions/week) 2.57 (1.23)

Exercise (minutes/ fortnight) 396 (492.29)
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4.3 Biochemical test results

Mean Glucose was 6.02 (±3.14 SD) mmol/L whereas mean HbAlc was 5.98 

(±0.81 SD) %. Mean Total Cholesterol, LDL, HDL and TG levels were 5.17 (±1.12 

SD) mmol/L, 2.90 (±0.92 SD) mmol/L, 1.39 (±0.39 SD) mmol/L and 1.75 (±0.97 

SD) mmol/L respectively. Mean Homocysteine was 13.86 (±6.11 SD) ^mol/L. 

Mean CRP was7.29 (±14.1) mg/L.

Table 15 summarizes the biochemical test results

Table 15 Biochemical test results

Biochemical test results Mean (SD)

Glucose (mmol/L) 6.02 (3.14)

HbAlc % 5.98 (0.81)

Total Cholesterol (mmol/L) 5.17(1.12)

LDL (mmol/L) 2.90 (0.92)

HDL (mmol/L) 1.39 (0.39)
j

Triglycerides (mmol/L) 1.75 (0.97)
1

Homocysteine (^mol/L) 13.86(6.11)

CRP (mg/L) 7.29(14.1)

94



4.4 Neuropsychological test scores

Mean MMSE scores were 26.04 (±2.87 SD). Average Premorbid IQ as 

measured by the NART was 98.09 (±12.55 SD). Mean letter fluency score was 

25.32 (±10.38 SD) whereas mean category fluency score was 13.68 (±4.38 SD). 

Mean Digit Symbol Coding (Psychomotor processing speed). Letter Number 

Sequencing (working memory) and Visual memory scores were 33.45 (±12.01 SD), 

6.52 (±2.99 SD) and 33.50 (±14.99 SD) respectively. Mean scores for Verbal 

memory learning slope was 3.63 (±1.96 SD), Short delay recall 3.70 (±2.49 SD), 

Long delay recall 3.95 (±2.46 SD), Recognition 21.32 (±2.59 SD), Total recall list 

23.23 (±6.17 SD), List B recall 4.12 (±1.56 SD), Proactive interference -0.45 (±1.74 

SD) and Retroactive interference 3.62 (±2.25 SD)

Table 16 summarizes the neuropsychological test scores.

Table 16 Neuropsychological test scores.

Neuropsychological test scores Mean (SD)

MMSE 26.04 (2.87)

Premorbid IQ (NART) 98.09 (12.55)

Letter fluency (FAS) 25.32 (10.38)

Category fluency (Animals) 13.68 (4.38)

Psychomotor processing speed 

(WAlS-IIl Digit Symbol Coding)

33.45 (12.01)

Working Memory 

(WMS-m Letter Number 

Sequencing)

6.52 (2.99)
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Visual Memory (immediate & 

delayed)

(WMS-R Visual Reproduction)

33.50(14.99) I

1

Verbal Memory 

(WMS-m Serial Words)

Learn slope 3.63 (1.96)

Short delay recall 3.70 (2.49)

Long delay recall 3.95 (2.46)

Recognition 21.32(2.59)

Total recall list 1-4 23.23 (6.17)

List B recall 4.12(1.56)

Proactive interference -0.45(1.74)

Retroactive interference 3.62 (2.25) 1



4.5 Correlations between physical and psychosocial factors and global 

cognition

Backward regression analysis of biological and psychosocial factors (Model 

1) showed that age, lower education, lower social class, increased use of 

psychotropic medications, lower intake of fruit, reduced satisfaction with life as 

measured by the LSI, a less extroverted personality, a previous history of stroke, 

lower intake of alcohol, lower intake of tea and increasing severity of depression 

were significantly associated with poorer global cognition (as measured by a 

composite of the neuropsychological test battery, GC and the MMSE).

Model 1 Hierarchical multiple regression analysis of biological and psychosocial 

factors with only factors significant at p<0.05 remaining with MMSE and GC as 

dependents

Psychosocial and Dependent-

Biophysical Factors GC

Beta Sig.

Age -.266 <.001

Education .264 .001

Social class -.205 <.001

Psychotropic Medications -.119 .046

Fruit portions .135 .028

Extroversion -.170 .006

Life satisfaction Index .164 .009

Stroke -.146 .012
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Psychosocial and 

Biophysical Factors

Dependent- 

MMSE (DRLOW)

Beta Sig.

Social class -.112 .049

Alcohol .115 .030

Tea Intake .107 .042

Life satisfaction .141 .021

Depression -.128 .028

Psychotropic medications -.105 .046



4.6 Correlations between vascular biomarkers and risk factors and cognition

Hierarchical multiple regression analysis with adjustment for established 

covariates age, gender, educational level and social class showed that higher 

Homocysteine levels were associated with poorer verbal memory, visual memory, 

slower psychomotor speed and MMSE (model 2). Additional adjustment for other 

biophysical and psychosocial covariates (alcohol, tea intake fish intake, stroke, use 

of psychotropic medications, depression and life satisfaction) identified in model 1, 

together with established covariates only marginally attenuated these relationships 

and showed that higher Homocysteine levels remained significantly associated with 

poorer verbal memory, visual memory and slower psychomotor speed independent 

of established and possible novel covariates (model 3). However, Homocysteine 

was no longer significantly correlated with MMSE. In the final model, the 

correlations between Homocysteine and the above cognitive domains remained 

significant even with the additional adjustment for vascular co-morbidities.

DM was significantly correlated with slower psychomotor speed and poorer 

global cognition independent of established covariates. These relationships 

remained significant with the addition of other identified covariates in model 1 as 

well as vascular co-morbidities. DM was also significantly associated with subsets 

of visual memory but these were not consistent.

Smoking status was associated with slower psychomotor speed independent 

of established covariates. However with the addition of other identified covariates in 

model 1, this association was rendered insignificant. Smoking status was also 

significantly associated with subsets of verbal memory although this was not 

consistent.
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BP and Cholesterol were not associated with any measures of cognitive 

performance in Model 2. However, a previous history of BP was associated with 

better MMSE scores and higher Cholesterol levels were associated with poorer 

global cognition, GC in both model 3 and 4 when identified covariates and vascular 

co-morbidities were included.

There were no consistent significant correlations between CRP, HbAlc and 

cognition.
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Model 2

Vascular biomarkers and risk factors individually, adjusted for covariates age, 

gender, education, social class, with neuropsychological test results, MMSE and GC 

as outcomes

Cognitive test Vascular Risk Factors and Biomarkers

HOM CRP HbAlc CHOL DM tBP CIGS

Beta

Sig.

Beta

Sig.

Beta

Sig.

Beta

Sig.

Beta

Sig.

Beta

Sig.

Beta

Sig.

FAS .010

.836

.023

.637

.013

.797

-.001

.975

-.051

.280

.054

.258

.018

.717

Animals -0.31

.504

-.042

.361

.066

.153

.046

.371

-.037

.412

.040

.372

.019

.680

Visual

reproduction!

-.127

.008*

.021

.656

.005

.921

-.054

.276

-.039

.405

.012

.802

-.030

.530

Visual

reproduction2

-.127

.008*

.033

.700

-.025

.594

-.033

.513

-.089

.052

.041

.377

-.002

.964

Visual

Reproduction

savings

-.136

.006*

.018

.357

-.093

.058

-.029

.589

-.126

.008*

.028

.559

.021

.671

vrcombo -.131

.006*

.028

.601

.004

.930

-.044

.366

-.059

.193

.032

.493

-.016

.728
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Letter

number

sequencing

-.078 • 

.144

-.040

.446

-.027

.608

-.067

.210

-.074

.146

-.012

.810

.007

.895

Digit symbol 

score

-.134

. 006*

-.073

.130

-.503

.268

-.024

.627

-.098

. 037*

.001

.981

-.129

.007*

Verbal Short 

delay recall

-.057

.243

-.017

.720

-.019

.692

.001

.978

-.026

.578

-.031

.506

.068

.159

Verbal Free 

recall

-.086

.080

.029

.546

.012

.812

.019

.716

-.053

.260

-.013

.783

.045

.350

Verbal

Recognition

-.076

.129

-.034

.497

.023

.643

-.076

.157

-.009

.846

.012

.798

.044

.376

Verbal 

learning slope

-.052

.309

.040

.421

.046

.360

.073

.196

-.003

.958

-.009

.850

.078

.115

Verbal recall 

total

-.144

. 002*

-.053

.248

.023

.610

.001

.985

.003

.942

.038

.396

-.063

.163

Verbal list B 

recall

-.125

. 011*

-.048

.320

.026

.587

-.077

.146

>.001

.996

-.050

.292

-.109

. 023*

Verbal

proactive

Interference

>.001

.998

-.047

.354

-.041

.408

.021

.703

.015

.760

.059

.229

.003

.945

Verbal

retroactive

Interference

-.071

.160

-.018

.722

.053

.286

.015

.795

.035

.468

.041

.406

-.081

.104

Composite 

global score

-.105

.053

-.017

.758

.018

.741

-.101

.050

-.116

.025*

.040

.447

-.022

.685
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MMSE -.107 .014 -.078 .011 -.044 1 .059 -.068

(DLROW) . 025* .772 .098 .826 .335 .199 .149

*significant at p<0.05
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Model 3

Vascular biomarkers and risk factors individually, adjusted for covariates age, 

gender, education, social class, alcohol, tea intake, depression, extroversion, life 

satisfaction, use of psychotropic medications, stroke, fruit intake with 

neuropsychological test results, MMSE and GC as outcomes

Cognitive test Vascular Risk Factors and Biomarkers

HOM CRP HbAlc CHOL DM TBP CIGS

Beta Beta Beta Beta Beta Beta Beta

Sig. Sig. Sig. Sig. Sig. Sig. Sig.

FAS .033 .021 .029 -.013 -.048 .091 .004

.511 .675 .562 .804 .322 .070 .936

Animals -.009 -.029 .078 .043 -.033 .090 .086

.852 .524 .088 .374 .466 .053 .072

Visual -.119 .028 >.001 -.051 -.043 .018 .003

reproduction! .014* .552 .994 .317 .365 .716 .955

Visual -.115 .047 -.021 -.034 -.086 .068 .054

reproductionl .016* .313 .658 .494 .065 .155 .272

Visual -.124 .032 -.083 -.036 -.115 .065 .074

Reproduction

savings

.014* .511 .095 .499 .017* .199 .152



vrcombo -.120

.012*

.040

.398

.005

.920

-.044

.381

-.059

.201

.051

.288

.031

.534

Letter

number

sequencing

-.071

.193

-.043

.422

-.028

.607

-.074

.197

-.076

.148

.002

.968

.023

.685

Digit symbol 

score

-.109

.021*

-.057

.219

-.040

.395

-.032

.520

-.088

.054

.062

.190

-.063

.194

Verbal Short 

delay recall

-.042

.393

-.016

.743

-.014

.765

-.007

.896

-.026

.581

.005

.921

.106

.035*

Verbal Free 

recall

-.074

.135

.035

.471

.017

.723

.014

.784

-.055

.244

.026

.595

.086

.090

Verbal

Recognition

-.076

.136

-.033

.506

.017

.732

-.076

.154

-.018

.721

.020

.692

.067

.198

Verbal 

learning slope

-.058

.265

.038

.453

.043

.396

.068

.211

>.001

.999

-.004

.940

.109

.040*

Verbal recall 

total

-.143

.002*

-.054

.235

.027

.564

-.009

.856

.006

.898

.076

.103

-.037

.443

Verbal list B 

recall

-.139

.005*

-.042

.381

.027

.572

-.085

.098

.006

.901

-.039

.426

-.077

.126

Verbal

proactive

Interference

.021

.687

-.053

.299

-.035

.487

.020

.717

.014

.780

.085

.099

-.018

.728

Verbal

retroactive

Interference

-.087

.091

-.022

.658

.051

.311

.013

.806

.040

.424

.033

.525

-.091

.083
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Composite -.092 -.035 .024 -.110 -.118 .088 .078

global score .091 .508 .647 .053 . 023* .102 .157

MMSE -.076 .033 -.061 .011 -.039 .109 -.046

(DLROW) .117 .486 .198 .832 .399 . 023* .350

*significant at p<0.05
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Model 4

All vascular biomarkers and risk factors together adjusted for covariates age, 

gender, education, social class, alcohol, tea intake, depression, extroversion, life 

satisfaction, use of psychotropic medications, stroke, fruit intake with 

neuropsychological test results, MMSE and GC as outcomes

Cognitive test Vascular Risk Factors and Biomarkers

HOM CRP HbAlc CHOL DM |BP CIGS

Beta

Sig.

Beta

Sig.

Beta

Sig.

Beta

Sig.

Beta

Sig.

Beta

Sig.

Beta

Sig.

FAS .031

.543

.020

.689

.075

.223

-.018

.734

-.105

.087

.087

.099

.006

.913

Animals -.015

7547

-.019

.687

.114

.044*

.035

.480

-.105

.061

.093

.053

.096

.057

Visual

reproductionl

-.116

.022*

.025

.605

.036

.545

-.052

.320

-.079

.189

.017

.747

.009

.862

Visual

reproductionl

-.117

.018*

.048

.310

.025

.662

-.034

.500

-.119

.040*

.075

.132

.073

.163

Visual

Reproduction

savings

-.128

.013*

.033

.505

-.045

.460

-.036

.503

-.109

.075

.081

.120

.099

.071

vrcombo -.119 .039 .049 -.044 -.105 .052 .043

107



. 016* .419 .404 .391 .071 .29(5 .415

Letter

number

sequencing

-.066

.245

-.045

.406

.020

.762

-.094

.109

-.104

.118

-.001

.984

.027

.655

Digit symbol 

score

-.108

.029*

-.060

.208

-.029

.622

-.044

.394

-.126

.055*

.061

.226

-.070

.185

Verbal Short 

delay recall

-.046

.360

-.010

.835

-.021

.733

-.007

.898

-.014

.S20

.014

.785

.114

. 035*

Verbal Free 

recall

-.078

.124

.044

.379

.054

.371

.014

.794

-.090

.137

.033

.526

.091

.094

Verbal

Recognition

-.075

.156

-.038

.461

.027

.665

-.080

.144

-.045

.472

.021

.69S

.073

.192

Verbal 

learning slope

-.062

.243

.052

.314

.034

.586

.071

.203

-.014

.827

.008

.889

134

.019*

Verbal recall 

total

-.143

.003*

-.058

.211

.035

.535

-.003

.945

-.031

.585

.076

.120

-.026

.612

Verbal list B 

recall

-.128

. 012*

-.050

.308

.063

.296

-.094

.075

-.043

.470

-.056

.274

-.094

.084

Verbal

proactive

Interference

.015

.779

-.057

.276

-.071

.265

.029

.609

.048

.446

.092

.090

-.004

.948

Verbal

retroactive

Interference

-.082

.124

-.026

.619

.054

.389

.015

.792

-.003

.967

.025

.647

-.081

.152

Composite -.089 -.037 .120 -.131 -.216 .083 .077
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global score .101 .482 M64 .021* .001* .134 .186

MMSE -.082 .027 -.058 .029 -.021 .120 -.028

(DLROW) .100 .576 .325 .576 .720 .018* .603

*significant at p<0.05
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Chapter 5

Discussion of Results

5.1 Correlations between vascular biomarkers and risk factors and cognition

This study found that raised homocysteine concentrations were significantly 

associated with a poorer performance in neuropsychological tests assessing visual 

memory and verbal recall. Elevated homocysteine levels were also initially 

associated with poorer MMSE scores in Model 2 when adjusted for estabhshed 

covariate age, gender, education and social class. However this association was no 

longer significant when identified covariates alcohol, tea intake, depression, 

extroversion, life satisfaction, use of psychotropic medications, stroke, fruit intake 

in model 1 were adjusted for.

Hyperhomocysteinaemia has previously been implicated in the pathogenesis 

of arteriosclerosis and a number of epidemiological studies have shown a 

relationship between vascular disease and homocysteine concentrations [321], As 

such, high homocysteine levels may contribute to cognitive decline through silent 

brain infarcts [322]. Studies on cultured neurons have shown that homocysteine 

potentiates Beta amyloid peptide neurotoxicity [323] and that potentiation of Beta 

amyloid peptide induced neuronal apoptosis may be enhanced by Homocysteine 

levels that are themselves benign [324-327]. Homocysteine also appears to sensitize 

hippocampal neurons to Beta amyloid peptide induced damage and also enhance B 

amyloid peptide generation by induction of a stress protein located in the 

endoplasmic reticulum [328]. As such homocysteine may play a more direct role in 

the pathogenesis of neurodegenerative disorders rather than through cerebrovascular 

damage [75, 329].
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The results from this study support neurodegenerative aetiology over 

cerebrovascular damage. Deficits in visual and verbal memory suggest bilateral 

hippocampal and temporal dysfunction. The hippocampus is a limbic structure 

known to play a special role in memory and appears to be part of a complex 

memory circuit that consolidates new experiences into long- term memory [330]. 

Loss of the left hippocampus or temporal lobe impairs verbal memory [331] 

whereas right hippocampal damage results in dysfunction of auditory and pictorial 

memory, particularly with visual and auditory patterns [332, 333].

The findings of this study are consistent with the majority of cross- sectional 

studies [65-67, 69, 70, 72-75, 82, 84, 96, 102, 334], which have reported an 

association between homocysteine and cognitive dysfunction in the elderly. Three 

studies [77, 78, 81] however found no association whereas one study found an 

association only in an APOE subset [83]. Two of the negative studies [77, 81] were 

in populations with significant cardiovascular morbidity. Silbert and colleagues 

evaluated patients scheduled for coronary artery bypass grafting while Gunstad 

assessed 126 subjects with cardiovascular disease. As such population differences 

may account for the discrepancy. Most of the longitudinal studies [28, 85, 86, 88- 

91, 97, 334] have shown an association between elevated homocysteine levels and 

cognitive dysfunction but this has not been universal [93, 94], Three longitudinal 

studies showed an association between homocysteine levels at baseline but not on 

follow up [92, 95, 96], Methodological differences such as that found in the 

WHICAP study [94] may be responsible for the discrepancies. The Rotterdam study 

[93] used only one measure of cognition, the MMSE and as would not have been 

able to assess other domains of cognition adequately.

Although publication bias cannot be discounted, the weight of the evidence
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suggests that it is likely that elevated homocysteine levels are associated with 

cognitive dysfunction. However, whether elevated levels of homocysteine is a 

causative factor in cognitive dysfunction (either by vascular damage or 

neurotoxicity) or merely a marker heralding cognitive decline is still uncertain. 

Interventional studies aimed at lowering homocysteine particularly in 

cardiovascular disease [335] have not shown that lowering homocysteine has an 

impact on reducing cardiovascular disease. A recent double blind placebo controlled 

trial investigating homocysteine lowering and cognitive performance conducted by 

McMahon and colleagues [336] concluded that there was no evidence showing that 

lowering homocysteine improved cognitive performance. However, the mean 

MMSE of the subjects in the study was high at baseline (mean MMSE 29.19 out of 

a possible 30), homocysteine levels at baseline were low and the duration of this 

study was short (2 years). Furthermore, subjects showed no cognitive deterioration 

during the trial period. As such the question of causality remains unanswered and 

further trials of longer duration in appropriate populations may prove informative.

DM was significantly correlated with slower psychomotor speed and poorer 

global cognition independent of established covariates (age, gender, education, 

social class), other identified covariates in model 1 (alcohol, tea intake, depression, 

extroversion, life satisfaction, use of psychotropic medications, stroke, fruit intake) 

as well as vascular co-morbidities (homocysteine, CRP, HbAlc, total cholesterol, 

BP, smoking status). DM was also significantly associated with subsets of visual 

memory but these were not consistent. The correlation between DM and cognitive 

dysfunction found in this study mirrors the majority of longitudinal studies 

evaluating associations between DM and cognition or dementia in midlife [7, 17, 

179, 243, 244] and late life [185, 214, 223, 226, 228, 245-250, 253, 254]. However,
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some studies have shown no associations between DM and cognition [205, 222, 

251]. Discrepancies between studies may be due to a number of reasons. Study 

populations varied ethnically and were recruited in different ways from different 

backgrounds. The assessment of DM also varied from one study to another. Some 

studies diagnosed DM based on medical records only with implications for non

responders and dropouts. As DM is commonly undiagnosed in the elderly, 

dependence on medical records may also erroneously assign a substantial 

percentage of undiagnosed diabetics to non-diabetic groups. Longitudinal studies 

that assessed DM only at baseline may also have missed incident cases of DM. This 

is particularly important in studies with long follow-up durations or studies 

assessing a more elderly population [337] particularly as the fasting plasma glucose 

criteria to diagnose DM was lowered in 1998 [338] increasing the number of 

individuals diagnosed as DM [339]. Long intervals between DM assessment and 

assessment for dementia may also be biased by selective survival, with a higher 

drop out rate due to mortality before repeat assessments more likely in DM.

Although it is likely that DM is associated with cognitive dysfunction, the 

process by which this occurs is still unclear. DM is an accepted risk factor for 

cerebrovascular and microvascular disease. The possibility that the impairment of 

cognition is caused mainly by ischaemic cerebrovascular damage is supported by 

studies showing associations only with VaD [17, 245, 246] but not AD. 

Psychomotor slowing has been noted in other studies of middle aged and older 

adults with DM [252, 340] and has been linked to retinopathy [341, 342] which in 

turn is an indicator of cerebrovascular abnormalities [343, 344]. As such this study 

supports a vascular aetiology for the cognitive dysfunction found associated with 

DM.
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Total cholesterol was significantly associated with poorer global cognition 

and BP was associated with better MMSE scores when identified covariates in 

model 1 (alcohol, tea intake, depression, extroversion, life satisfaction, use of 

psychotropic medications, stroke, fruit intake), were adjusted for. This association 

remained significant even when other vascular biomarkers and risk factors were 

added to the model. With numerous neuropsychological variables and multiple 

significance testings, several statistical tests may be expected to result in spurious 

significance at the conventional a  level of p<0.05. However, in view of the strict 

exclusion criteria and rigorous control for confounding used in this study, the results 

may potentially be biased by over-adjustment towards showing null associations 

and therefore significant associations should not be dismissed lightly. Furthermore, 

despite the wide range of cognitive domains measured, the associations remained 

consistent and as such are plausible. Therefore, it is possible that total cholesterol 

and BP may be correlated with global cognition and that the effects of total 

cholesterol and BP on cognition may be attenuated by biophysical and psychosocial 

factors.

The life- long effect of total cholesterol levels on cognition however, 

remains uncertain. Cholesterol appears to have a central role in the biology of 

amyloid precursor protein and the production of beta amyloid [345]. Elevated total 

cholesterol levels appear likely to have a negative impact on cognition in midlife. 

Almost all longitudinal studies assessing midlife cholesterol and cognition [20, 177- 

180] have found an association between higher midlife cholesterol levels and a 

higher risk of developing Alzheimer’s disease, dementia or cognitive dysfunction. 

The only exception has been the Framingham study [181], which used cumulative
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time averaged cholesterol levels, making it more difficult to detect significant 

associations.

Longitudinal studies assessing the association between cholesterol in later 

life and cognition however, have been mixed with studies showing no association 

with dementia [184] or AD [18], a higher risk of AD with lower cholesterol [182, 

183] or an association with dementia only in the oldest old [185], One meta

analysis of 18 studies showed that there were consistent associations between high 

midlife TC and increased risk of AD, and high midlife TC and increased risk of any 

dementia. There was no evidence supporting an association between late-life total 

cholesterol and AD or any dementia with weak evidence for an association between 

TC and cognitive decline [189].

Autopsy studies performed by Papolla and colleagues [168] showed that 

high cholesterol correlated strongly with increased amyloid deposition in younger 

subjects (40-55 years). Hypercholestrolaemia almost tripled the risk of developing 

amyloid. However this risk disappeared with increasing age. The relationship 

between total cholesterol and amyloid load was not linearly correlated suggesting 

that although total cholesterol may be a risk factor in the development of AD 

pathology, other factors were also involved in amyloid accumulation. As such, 

discrepancies between the studies investigating cholesterol in late life may be due to 

several factors. It is increasingly accepted that dementia is not just a late life 

disease. Risk of dementia appears to be life-long, a combination of genetic 

susceptibility and exposure to harmful or protective environmental factors which 

may change over time. Increased public awareness with regards to healthy living, 

increased use of cholesterol lowering medications and selective survival 

(individuals with high cholesterol are more likely to die before reaching old age)
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may result in fluid cholesterol levels over time where cholesterol increases in 

midlife and decreases with age. The total cholesterol levels in this study population 

were relatively low (5.12 mmol/L) compared to other studies showing contrasting 

results [181, 188] which may be due to lifestyle measures or the high penetrance of 

cholesterol lowering medications in this population. The relationship between 

cholesterol may also be bidirectional, particularly in dementia [180]. High 

cholesterol may therefore be a factor in the development of dementia but total 

cholesterol levels may fall when dementia is established. Differences in population 

characteristics such as racial makeup, marked differences in lifestyle, diet and use of 

medications may also explain the discrepancies seen. The results found in this study 

remains consistent with current evidence suggesting that high serum total 

cholesterol is associated in the initial development of cognitive dysfunction. 

Following this non- demented elderly population sample over time may cast more 

light on what happens to cholesterol levels as cognitive performance change.

The association between BP and cognition is likely to be complex as well. 

Hypertension in midlife, particularly if untreated, appears to have a negative impact 

on cognition. Studies assessing the effect of midlife BP on cognition have 

consistently showed an association between |B P  in midlife and higher risk of 

cognitive dysfunction in later life [7, 20, 202, 204] although one Japanese study 

showed an association only with VaD [205], However, hypertension in midlife is 

unlikely to have a similar effect on cognition as hypertension in later life. Similarly 

with total cholesterol, factors such as life style changes, use of antihypertensive 

medications and selective survival may have an impact on BP and cognition over 

time. Studies evaluating hypertension in later life and cognitive dysfunction have 

been inconsistent with studies showing no association between BP and cognitive
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function [211, 222, 224], an association with VaD only [214], an association with 

either elevated SBP or DBF depending on age [206, 227], an association with 

elevated DBF only [223], an association with cognitive decline but not dementia 

[187], an association with either dementia or cognitive decline [185, 225, 226], an 

association only with low BF [210], a u shaped association [215] or a lower 

probability of developing dementia with |B F  [228], The heterogenecity of the 

results shown reflect the differences in study design and methodology such as 

populations studied, duration of follow-up, covariates controlled for and the 

definitions of tBF. This study showed that subjects with a history of hypertension 

were associated with higher MMSE scores when identified covariates were adjusted 

for. This remained significant even when other vascular biomarkers and risk factors 

were added to the model. Methodological differences particularly in the definition 

of BF may explain discrepancies between the results of this study and that seen in 

others. The definition of BF in this study was based on patient self- reporting of 

medical history and medications taken (medications were inspected in all cases). All 

subjects with physician diagnosed |B F  or who had been prescribed 

antihypertensives were defined as having a history of fBF. Thus almost all subjects 

defined as having 'fBF were on antihypertensives (only 2.7% of subjects with |B F  

were not on medications). Although the average BF in the tBF group remained 

higher (SBP 161.21± 23.56 DBF 83.55±13.27) compared to the non- fBF group 

(SBF 153.37±21.29 DBF 82.32±12.50), this was not statistically significant.

Several studies evaluating the effects of treatment of |B F  on cognition have 

shown that treatment with antihypertensive medication appear to be protective with 

subjects on antihypertensive therapy at lower risk of cognitive impairment and AD 

[216, 217, 346-348]. However the Systolic Hypertension in the Elderly Project



(SHEP) trial [349], which enrolled subjects over 60 years (mean age 71.6 years) 

with isolated systolic hypertension found no benefits cognitively with 

antihypertensive treatment. No significant effect of antihypertensive therapy on 

cognitive function was also seen in a Medical Research Council (MRC) Trial [350]. 

The Hypertension in the Very Elderly Trial (HYVET-COG) [351], a double

blinded, placebo- controlled trial which enrolled non- demented subjects aged 80 

years or older at baseline, found no statistical reduction in the incidence of dementia 

between participants randomly assigned to receive 1.5 mg slow release indepamide 

with the option of Perindopril (n=1687) or placebo (n=1649).

A further analysis of the SHEP trial [352] however suggested that 

participants experiencing either functional or cognitive decline were more likely to 

drop out of the study and were unavailable for follow-up assessments resulting in a 

bias toward a null effect. The MRC trial was of shorter duration and may have been 

unable to detect an association particularly if, as the studies assessing BP in midlife 

show, the effect of BP on cognition is exerted over a long period of time. The 

HYVET-COG trial was also of short duration (mean 2.2 years) as it was terminated 

early after interim analysis showed significant reductions in stroke and total 

mortality. Of note, when data from the HYVET-COG trial was combined in a meta

analysis, the results supported the possibility that antihypertensive treatment may 

reduce the incidence of dementia.

As such, it is possible that antihypertensive therapy may be cognitively 

beneficial and that the results shown in this study may be due to the effect of 

antihypertensive medication use. This is supported by post mortem studies showing 

evidence of substantially reduced AD neuropathology in brain specimens of 

subjects on antihypertensive treatment compared to subjects without a diagnosis of
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hypertension [353], There may be different mechanisms of action of 

antihypertensive medications in the prevention of cognitive decline. In PROGRESS, 

a post stroke study, treatment with angiotensin converting enzyme inhibitors with or 

without diuretics reduced the risks of dementia and cognitive decline associated 

with recurrent stroke but not dementia without stroke [348]. The use of 

dihydropyridine calcium antagonists were associated with a decreased risk of 

cognitive impairment and AD independent of blood pressure levels in other studies, 

suggesting a neuroprotective effect [217, 346]. Another possibility however is that 

subjects on antihypertensives may also be more aware with regards to health issues 

and the association seen in this study between BP and cognition may be a reflection 

of lifestyle with disease avoiding behaviour.

There were no associations shown between cognition and other vascular 

biomarkers or risk factors. Similar to results reported in other case control [156, 

157] and cross-sectional studies [78, 155], no association between HbAlc and 

cognition was found in this study. One cross sectional study [161] reported a U 

shaped association. This discrepancy may be due to ethnic differences as the 

population studied by Amano and colleagues were Japanese whereas the other 

studies investigated caucasian populations. Three longitudinal studies [162-164] 

have reported an association between elevated HbAlc levels and cognitive 

dysfunction. Populations studied and methodology in these studies were however, 

very dissimilar. Yaffe and colleagues [162] investigated the development of mild 

cognitive impairment or dementia as part of an ancillary study in postmenopausal 

women with osteoporosis. Gao and colleagues [163] investigated mortality and 

other outcomes of raised HbAlc in participants flagged for death notification 

whereas Maggi and colleagues evaluated subjects with type 2 Diabetes [164].
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HbAlc, a measure of glycaemic control over a period of one hundred and twenty 

days, may be affected by factors resulting in reduced or increased red cell survival. 

HbAlc may also fluctuate with time for example, with changes in diet and exercise 

patterns. In addition, survival bias may also explain the discrepancy between cross- 

sectional and longitudinal study outcomes. Recent studies focusing on glycaemic 

control in diabetic subjects have shown that although tight glycaemic control in 

newly diagnosed younger patients with type 2 DM may have cardiovascular 

benefits in later life, tight glycaemic control in older patients with established or 

subclinical cardiovascular disease has no impact on cardiovascular outcomes and 

may increase the risk of mortality and morbidity [354]. As such, although it is 

possible that glycaemic dysregulation may be associated with cognitive impairment, 

this study does not support a cross sectional association.

There was also no consistent correlation found between CRP and cognition 

in this study although an association between CRP and cognition is biologically 

plausible. CRP appears to have a proatherogenic role and may be an active 

participant in the development of atherogenesis [355, 356] by mediation of LDL 

cholesterol uptake and facilitating the formation of foam cells [357], stimulating the 

recruitment of monocytes [358], promoting vascular smooth vessel cell proliferation 

and migration [359] as well as causing endothelial dysfunction by attenuating the 

production of Nitric oxide [360]. As such, raised CRP levels may be a risk factor for 

micrangiopathic and macroangiopathic cerebrovascular disease although some 

animal studies do not support an aetiological role for CRP in early atherogenesis 

[361]. There is also some evidence that elevated CRP levels may be directly 

neurotoxic in vitro [362]. Immunohistochemical studies have shown evidence of 

immunoreactivity for CRP in the brains of patients with Alzheimer’s disease [363,
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364], However, results from observational studies have been inconsistent. Three 

cross sectional studies found no association between CRP and cognition [78, 81, 

133] although Gunstad and colleagues [77] reported an association between 

cognitive performance and higher CRP levels in subjects with cardiovascular 

disease. Results from longitudinal studies have also been mixed with some studies 

showing an association between cognition and elevated CRP levels [29, 127, 134, 

135, 137, 138] and others, no association [139-142], There are several possible 

explanations for the observed lack of association between CRP levels and cognition 

in this study. Although local inflammatory processes in the brain have been shown 

to be associated with systemic inflammation peripherally [365], the reverse is not 

necessarily true. Increased circulating levels of inflammatory cytokines such CRP 

due to systemic inflammation may not be mirrored by intracerebral inflammatory 

responses due to the presence of the blood brain barrier. As such, raised CRP levels 

measured peripherally may not equate to inflammatory processes in the brain. 

Furthermore, analysis of inflammatory marker levels at one time point such as in 

this study may be influenced by other factors such as a concomitant illness. In 

addition, systemic factors unrelated to degenerative processes such as ageing can 

also influence circulating CRP levels. Temporarily elevated levels, if affecting 

subjects randomly, may potentially lead to an underestimation of possible 

correlations between CRP and cognition. Survival bias may also contribute to the 

discrepancies found between studies as individuals with higher CRP levels have a 

greater risk of mortality [124]. A response bias would also account for 

discrepancies. It is possible that non- participants may be more unwell and thus 

more likely to have elevated CRP levels. Exclusion would therefore bias towards 

the null hypothesis.
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Smoking status was associated with slower psychomotor speed when 

adjusted for established covariates age, gender, educational status or social class. 

However with the addition of other identified covariates (alcohol, tea intake, 

depression, extroversion, life satisfaction, use of psychotropic medications, stroke, 

fruit intake), this association was no longer significant. Smoking status was also 

significantly associated with subsets of verbal memory although this was not 

consistent. Results from early small case-control studies suggested that smoking had 

a protective effect on dementia. However, longitudinal studies investigating 

smoking in mid life and cognition have either shown no associations between 

smoking and dementia [7, 205, 231] or an increased risk of cognitive dysfunction 

[179, 232-234], Studies investigating late life smoking status and cognition have 

shown similar results with some studies showing no association [187, 211, 222, 

235] and others, an increase in dementia risk [31, 226], One study reported an 

association only in the older old (subjects>75 years) [237]. A meta-analysis of 19 

studies suggested that elderly smokers were more at risk for developing dementia 

compared to non- smokers [189].

The discrepancy between longitudinal studies and cross-sectional studies is 

most likely because of survival bias (where smokers were less likely to survive to 

show the negative effects of smoking) or loss to follow -up  due to non participation 

[366]. Methodological differences such as study duration, definitions of smoking 

status and follow up periods may account for the mixed results reported by 

longitudinal studies. Study populations were also varied. Most of the studies relied 

on self- reporting for smoking status whereas some studies reviewed medical notes. 

Adjustment for confounding was also variable with the majority of studies adjusting 

only for established covariates. The impact of secondhand smoke on cognition
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remains uncertain and may also need to be adjusted for in non- smokers [367]. This 

study does not support a cross- sectional association between smoking status and 

cognition. This study does however suggest that biophysical and psychosocial 

factors attenuate associations between smoking status and cognition and as such 

need to be taken into account as possible confounders.

The results from this study support an association between elevated levels of 

homocysteine, higher total cholesterol, DM, BP and cognitive dysfunction but not 

an association between raised HbAlc, CRP or smoking status and cognitive 

performance. This study also shows that biophysical and psychosocial factors 

attenuate associations between cognition and vascular biomarkers and risk factors 

particularly homocysteine, total cholesterol, BP and smoking status.
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5.2 Correlations of biophysical and psychosocial factors and cognition

This study showed that in addition to established covariates such as age, 

gender, social class and educational status, other factors such as alcohol, tea intake, 

depression, extroversion, life satisfaction, use of psychotropic medications, stroke, 

fruit intake were independent associations of cognitive performance in this elderly 

community dwelling non- demented population. Lifestyle differences in different 

socio-economic groups such as leisure activities, diet, nutrition, or other 

environmental factors may prove to be important in maintaining cognition [368, 

369],

Findings in this study, for example, the association between psychotropic 

medication use and poorer cognitive function are consistent with that shown in other 

studies [370-372] although Vignola and colleagues as well as Allard and colleagues 

have suggested that the use of psychotropic medications may be benign cognitively 

[373, 374] if patients with prodromal dementia are taken into account. Stroke is a 

risk factor for vascular dementia [375] and may have a role to play in Alzheimer’s 

disease [9]. A number of studies have found a significant association between 

cognition and depression [376, 377] although results have been less consistent in 

elderly population studies [378-380]. Several researchers have suggested that 

cognitive impairment associated with depression in elderly individuals may reflect 

underlying organic brain disease [381, 382]. Increments in life satisfaction in the 

elderly has also been shown to be associated with cognitive performance by Rabbitt 

and colleagues [383]. The impact of alcohol on cognition in the elderly remains 

controversial [384]. Studies on tea have shown evidence that it may be of benefit in 

reducing cardiovascular disease and improvements in cognitive performance [284, 

385]. Studies assessing the effects of diet on cognition have however, been
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generally inconclusive due to methodological difficulties particular with accurate 

reporting of dietary habits over a period of time [386], It is plausible however that 

fruit intake may be associated with cognitive performance [387, 388] although, in 

contrast to this study, two other studies have found an association between better 

cognitive function and high intake of vegetables but not fruit [389, 390], Another 

possibility is that a higher fruit intake reflects changes towards a healthier lifestyle 

[391],

This study supports the possibility that biophysical and psychosocial factors 

may have an impact on cognition and as such should be taken into account in 

studies assessing cognitive performance.

5.3 Limitations and strengths

Limitations of this study include a single timed measurement of vascular 

biomarkers, which lends itself to measurement error. This, if non- differential, could 

have contributed to an underestimation of the effect of vascular biomarkers on 

cognitive performance. Furthermore, analysis of CRP could have been affected by 

concomitant illnesses such as a viral infection which may elevate levels. 

Homocysteine and TC samples in this study were also obtained from non- fasting 

subjects. However, this may not be significant. Although fasting TC levels may be 

slightly lower than random nonfasting TC, fasting and nonfasting TC levels are 

highly correlated and any difference is usually not clinically relevant [392]. Studies 

have also found no significant difference between levels of plasma homocysteine 

measured and postprandial levels in the same subject [393]. Therefore, any increase 

in variability in homocysteine or TC values is likely to be random and unlikely to 

have altered the results.
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Pyridoxine (B6) levels and renal status were not adjusted for in this study 

and as such may be possible confounding factors. Subjects with chronic renal 

failure have higher levels of homocysteine [394], Pyridoxine deficiency can also 

lead to higher homocysteine levels. However, homocysteine has been reported as a 

risk factor for coronary and cerebrovascular events [395] as well as cognitive 

decline [90] independent of pyridoxine.

The population studied was an urban community population and as such the 

findings may not be applicable to rural or other ethnic populations. Although the 

response rate in this study was comparable to other studies, the possibility of a 

response bias potentially reducing an association between vascular factors and 

cognitive performance cannot be out-ruled. This study depended on self- reporting 

for medical history including vascular risks such as smoking and lifestyle factors 

such as alcohol use, diet and exercise, which may have resulted in some 

misclassification and would have tended to reduce any associations with cognitive 

dysfunction. Due to the cross sectional nature of this study, the possibility that a 

survival bias as seen with smoking, or yet unknown confounding factors may have 

modified the result could not be discounted nor is this study able to determine cause 

and effect. Finally, this study did not study genetic risk factors such as epsilon 4 

allelle of lipoprotein E [396].

Strengths of this study would include a homogenous non- demented 

population sample, use of an extensive cognitive battery, consistency and expertise 

in neuropsychological assessments in the elderly and a comprehensive physical 

assessment.
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5.4 Study instruments

Numerous fixed neuropsychological test batteries are available, well 

validated and widely used. However, in specific situations such as research 

purposes, a tailored test battery is often more appropriate, taking into account the 

population being tested, the environment in which the test will be administered, the 

time available for testing and the hypotheses under examination, ff possible, the test 

battery should include both tests of general intellectual function and tests that 

evaluate specific domains. As such, a test battery to evaluate cognitive deficits in 

non- demented community dwelling elderly subjects with regards to vascular risks 

should include tests to assess general cognition as well as attention, memory 

especially recall and recognition, language, executive function, visuospatial ability 

and psychomotor speed. The tests selected should be standardised and well 

validated for use in the elderly. The selection of tests for this study’s 

neuropsychological test battery reflects the abovementioned issues, enabling a short 

but comprehensive assessment covering general cognition as well as the important 

domains within a limited time in the subjects’ own homes.

5.5 Recommendations 

5.5.1 Further research

Further areas of study which may be of benefit include: 

a) Genetic testing

It is likely that genetic susceptibility and environmental risk factor 

interactions play a role in the aetiology of cognitive dysfunction and vascular 

disease. As such, genetic factors such as APOE may be important considerations 

when studying cardiovascular risk factors on cognitive decline in the elderly [397].
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APOE appears to mediate neuronal repair as well as neuronal protection and 

remodelling and may affect early beta- amyloid deposition [398]. Epidemiological 

studies have shown an association between APOE and dementia risk [396, 399]. 

Individuals homozygous for APOE e4 appear to be more likely to develop cognitive 

impairment [399]. APOE e4 has also been linked to the severity of AD [400], the 

age of onset of the disease [401, 402], increased hippocampal atrophy [403], 

decreased survival [404], increased Alzheimer’s type neuropathology on autopsy 

[405] as well as increased associated psychiatric complications [406].

It is still uncertain as to how APOE influences the development of AD. 

APOE e4 has been shown to affect plasma lipid levels and is associated with an 

increased risk of atherosclerosis [407, 408] However other studies have suggested 

that dyslipidaemia and vascular disease may not be the primary mechanism of 

action [409-411] although it may mediate the effect of vascular risk factors such as 

LDL cholesterol on AD risk [412], APOE genetic polymorphism also appears to 

affect the interaction of other vascular risk factors such as smoking [413], 

hyperhomocysteinaemia [83], as well as DM [414] and hyperglycaemia [397]. As 

such, APOE status may need to be considered and controlled for when assessing 

vascular risk factors and AD risk in population studies.

b) Evaluation of Folate and vitamin B12 levels and correlations with 

homocysteine and cognition.

Homocysteine is a thiol- containing amino acid that links the methionine 

cycle with the folate cycle and may be a marker for folate and vitamin B12 

deficiency [415]. There is evidence to suggest that folate and vitamin B12 may have 

an effect on cognitive function [74, 88, 95, 416]. Since homocysteine is closely
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linked to folate and vitamin B12 bio-chemically, it would be informative to assess 

the effect homocysteine on cognition independent of folate and B12. Trials to 

ascertain the potential benefits of homocysteine lowering therapy on cognition 

would also be informative.

c) Longitudinal assessment

A longitudinal arm assessing subjects annually or bi-annually would give 

further information regarding factors associated with the progress of cognitive 

dysfunction and the development of clinical conditions such as MCI and dementia. 

It will also allow conclusions about cause and effect as well as provide greater 

statistical power and capability to estimate a greater range of conditional 

probabilities. However the disadvantages of extending the study would include 

greater cost and the possibility that cognitive decline may be masked by a learning 

effect and other factors associated with repeated testing.

5.5.2 Clinical

The results from this study suggest that appropriate treatment of DM and TC 

might be of benefit cognitively in the elderly although the extent of glycaemic 

control remains uncertain. Use of antihypertensive therapy in subjects diagnosed 

with tBP also appears to be beneficial in terms of cognitive performance. 

Interventions to lower homocysteine levels may potentially be of benefit cognitively 

although further clinical trials in suitable populations need to be performed to 

ascertain this.
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Chapter 6 

Conclusion

In this elderly non- demented community population, elevated homocysteine 

concentrations were significantly associated with a poorer performance in 

neuropsychological tests assessing visual memory and verbal recall. DM was 

significantly correlated with slower psychomotor speed and poorer global cognition, 

a history of |B P  was associated with better MMSE scores and higher total 

cholesterol levels were associated with poorer global cognition when biophysical 

and psychosocial factors were adjusted for. There were no consistent associations 

found between CRP, HbAlc and smoking status with cognition. In addition, aside 

from the established confounds of cognitive performance such as age, educational 

status and social class, other potential psychosocial and biophysical covariates were 

identified.

An increased use of psychotropic medications, a lower intake of alcohol, fruit and 

tea, reduced satisfaction with life, a less extroverted personality, a previous history 

of stroke and severity of depression were associated with poorer global cognition. 

These psychosocial covariates significantly attenuated the associations found 

between homocysteine, BP and TC and global cognitive performance.

Although this study supports an association between homocysteine, DM, BP 

and TC and cognitive performance but not CRP, HbAlc or smoking status, not all 

studies have shown similar results. Potential explanations for discrepancies include 

methodological and population differences between studies. Age may also be an 

important factor. Subjects with adverse outcomes related to vascular risks and 

biomarkers may not have survived to inclusion in studies or may have become 

ineligible. It is also possible that vascular risks and biomarkers are related to
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cognitive performance in younger individuals only. Furthermore, risks and levels of 

biomarkers at the age of entry may not necessarily reflect risks and levels earlier in 

life. In addition, it is possible that residual and uncontrolled confounding could have 

influenced previous reports.

This study identifies further areas of research including genetic testing as 

well as the need to evaluate associations between homocysteine, folate, vitamin 

B12, proteins involved in vitamin B12 transportation and cognition. A longitudinal 

arm would enable study of the development of clinical conditions such as MCI and 

dementia and allow conclusions about cause and effect. The results from this study 

also suggest that appropriate treatment of DM and TC, and the use of 

antihypertensive therapy in subjects diagnosed with ^BP might be of benefit 

cognitively in the elderly. Interventions to lower homocysteine levels may also 

potentially be of benefit cognitively.

Finally, this study suggests that psychosocial factors need to be taken into 

account in future studies investigating associations between vascular factors and 

cognition.
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Appendix 1- Patient information sheet 

Patient information sheet

1. Title of study:

The Dublin Healthy Ageing Study.

2. Introduction:

The aim of this study is to examine the relationship between lifestyle factors and 

health in older people. We hope by doing so we can identify factors that will allow 

older people to stay healthy and live independently for longer. We are also 

interested in factors that can affect the memory as people get older.

3. Procedures:

In order to be eligible for this part of the study you must be:

Willing to give an additional blood sample.

In order to avoid having to take further blood specimens, some of the cells may be 

kept frozen at the Mercer’s Institute for Research on Ageing or the Vitamin 

Laboratory in St. James’s Hospital. These samples may be used for further studies 

designed only for the detection of genes in memory difficulties and the types of 

studies may take a number of forms. All information is completely confidential and 

blood samples are anonymous for purposes of genetic testing.

4. Benefits;

Participants in this study do not gain any direct benefit from taking part, however 

they and others may benefit from future advances in treatment and prevention of
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illnesses which are based on the results of current research. Genetic results will not 

be available to participants or their families on an individual basis.

5. Risks:

An experienced doctor or nurse will take a blood sample from you who has done 

this numerous times before. If you have a tendency to faint after blood tests please 

tell the person taking the sample and he/she will make sure you are sitting down. 

The blood test may be a little uncomfortable and, may, in a small number of people 

result in a little bruising.

6. Exclusion from participation: Your doctor has told you that you cannot be in 

this study i f  any o f the following are true:

If you are under 65 years.

7. Alternative treatment: Not applicable.

8. Confidentiality:

Your identity will remain confidential. Your name will not be published and will 

not be disclosed to anyone outside the hospital.

9. Compensation:

Your doctors are covered by standard medical malpractice insurance. No other 

compensation is available.

178



10. Voluntary Participation: You have volunteered to participate in this study. 

You may quit at any time. If you decide not to participate, or if you quit, you will 

not be penalised and will not give up any benefits that you had before entering the 

study.

11. Stopping the study: You understand that your doctor may stop your 

participation in the study at any time without your consent.

12. Permission: This trial has hospital and GP Ethical Committee approval

13. Further information: You can get more information or answers to your 

questions about the study, your participation in the study, and your rights, from

Dr. Ai- Vym Chin

Mercer’s Institute for Research on Ageing,

St. James’s Hospital,

Dublin 8

Phone: 01 -4 1 6  2641

Email: achin@stiames.ie/ achin@tcd.ie
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Appendix 2- Consent Form

ST JAMES’S HOSPITAL AND FEDERATED DUBLIN VOLUNTARY 

HOSPITALS JOINT RESEARCH ETHICS COMMITTEE CONSENT 

FORM

Title of research study:

The Dublin Healthy Ageing Study.

This study and this consent form have been explained to me. My doctor has 

answered all my questions to my satisfaction. I believe I understand what will 

happen if I agree to be part of this study.

I have read, or had read to me, this consent form. I have had the opportunity 

to ask questions and all my questions have been answered to my satisfaction. I 

freely and voluntarily agree to be part of this research study, though without 

prejudice to my legal and ethical rights. I have received a copy of this agreement.

I agree that I can give a sample of blood for research in the above project. I 

understand how the sample will be collected, that giving a sample for this research 

is voluntary and that I am free to withdraw my approval for use of the sample at any 

time without giving a reason and without my medical treatment or legal rights being 

affected.

I give permission for my medical records to be looked at by responsible 

people from Mercer’s Institute or from regulatory authorities where it is relevant to 

the research.
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I understand that my doctor w ill be informed if  any o f  the results o f  the

memory tests/other information gathered as a part o f the research are important for 

my health.

I am satisfied that my welfare and interests have been properly safeguarded 

in askins me to donate blood samples for research in the above project.

I understand that I  will not benefit financially i f  this research leads to the 

development o f a new treatment or medical test.

I know how to contact the research team if I need to.

I understand that future research using the sample may include genetic 

research aimed at understanding the genetic influences on disease, but that the 

results of these investigations are unlikely to have any implications for me 

personally.

I agree that the sample that I have given can be looked after and stored at the 

Mercer’s Institute for Research on Ageing, St James’s Hospital, Dublin, and used in 

future projects. I understand that some of these projects may be carried out by 

researchers other than those who ran the first project, including researchers working 

for commercial companies.

PARTICIPANT’S NAME:________________________________

PARTICIPANT’S SIGNATURE:__________________________

DATE:_____________

Where the participant is incapable of comprehending the nature, significance and 

scope of the consent required, the form must be signed by a person competent to 

give consent to his or her participation in the research study (other than a person
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who applied to undertake or conduct the study). If the subject is a minor (under 18 

years old) the signature of parent or guardian must be obtained: -

NAME OF CONSENTOR, PARENT or GUARDIAN:

SIGNATURE:

RELATION TO PARTICIPANT:

Where the participant is capable of comprehending the nature, significance and 

scope of the consent required, but is physically unable to sign written consent, 

signatures of two witnesses present when consent was given by the participant to a 

registered medical practitioner treating him or her for the illness.

NAME OF FIRST WITNESS:_____________________________

SIGNATURE:____________________

NAME OF SECOND WITNESS:_____________________________

SIGNATURE:__________________

Statement of investigator’s responsibility: I have explained the nature, purpose, 

procedures, benefits, risks of, or alternatives to, this research study. I have offered to 

answer any questions and fully answered such questions. I believe that the 

participant understands my explanation and has freely given informed consent. 

Physician’s signature:________________________________ Date:____________
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Appendix 3 - Verbal fluency (letter [FAS test] and category 

[animal] fluency)

VERBAL FLUENCY:

ANIMALS FRUITS VEGETABLES F A S

TOTAL= TOTAL-



Appendix 4- Word Lists I

6. Word Lists I (Optional)
Î COSDING: SCORING RULE:
Place z tick (lO  n i»  to ' [/b J |  0-1 pt. for each item 
eadi word recaBed. '
■Write msrasions verbatirK.

l^ A Triat 1 SssDanses Trid 2 Ses)onse$ Trial 3 SesKitises T(W4Rea)onses
Target
Finger
Sunset
Crocodile
Pound
Yard
Student
Troffic
Broom
Ocean
Wing
Giant ✓
Mnisons

+ + + =

Tfid 1 Recoil 
R n r^»O to  12

Trias 2 RecaJ 
Range- 0  to 12

W d 3 f?ecQli 
Rcngo-O to 12

Trld 4 Seca" 
Range -  0 to 12

itfSecdl Total Score 
i?of^ = 0tol2

Recta Toroi Score 
f!ange = Oto^

List 8 Recoil 
RQnge=0to12

U^E list 8 Responses
UstA

(Donotread)
Sfioil-Oeiay
Responses

Diamonc ■ Torget' -
Garden ■ -Hnger ■
Court ■ Sunset,
Hero ■ .;‘'C rocodiie
Sand Pound ij;,* ■
Kitten . tj'--'-..’’ ■
Brcncti ■ -
Kitctien ::Tinlllc .. “-J-
Oaisy I
Lake . Ooeon
GorlUa ( .
Jail
h tn i^s  , - '

Swrt-Detoy Recoil 
Range = 0 to 12[>

Contrast t Caiculofion

Itloll 
ReccS 
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O fc l2

llM4 
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D1ol2

Tiiai
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RongB*
Oto!2

Contrast 2 Caiculaiton

Cortrcst
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-12 to *12

i.eomtng Slope Cotculotion

□<Leomirsg
Sops
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-12to»12

□  -

u11

□
i /  Contrast

Ttkj^
Reodi

Snort-Dsioy
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Range* 
Ofo i2
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Otol2 -12to+i2
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Appendix 5- Word List II

16. Word Lists II (Optional) ^  ADMINISTER 25-35 MINUTES AHER WORD USTS I, 
Recall

RECORDING: SCORING l?Ul£:
Place a :ick ()/) for each word 0-1 pi. fo; each item
recalied. 'Write imrusions veibatim.

List A
(Do not leocO

Response

Target
Finger
Sunset
Crococile
Pound
Yard
Student
Traffic
Broom
Ocean
Wing
Giant
Intiusions

fiecoUIofalSco; 
Range = 0 to

Percent Retention Calculation

Recognition

RECORDfNG: 
Circle Y or N,

X 1 0 0  =

Word lists 0 
Recall Tosl Score 

Range = Orel 2

VfcrdUsfsI 
Trial 4 Recal 
Range = 0 to 12

SCORtNS RULE:
&-1 pL for each item

Item
Circle
Y«N

Score
Oorl Item

Circle
YorN

Score 
Oor 1

1. Magasne y A’ J3. Smiie y
2. Pound y  N 14. Ocean Y K
3. Corpe! Y A' 15. House Y N
4, NesI V N l6. Wing Y  N

5. Traffic Y N 17, Student r  K
6, Doctor V N 18, Breakfast Y A'
7. ibrgef Y  N 19, Feottier Y N
8. Broom Y N 20, Crocodile Y K
9, Village V N 21. Yard Y  K

10. Rnger Y  N 22. Shoelace Y N
11. Market Y N 23, Sunss! Y
12. Giant Y N 24. Hole) Y iV

Recognifcn Total Scoi 
Range = 0 fo 24

r

Percent Retenfon 
Iisnge = Oto 1(X)%
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Appendix 6- Visual Reproduction 1 & 2

Card A

Card B

Card C

CardD



Appendix 7 - LNS
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Appendix 8- CAGE questionnaire

1. Have you ever felt you should Cut down on your drinking?

2. Have people Annoyed you by criticising your drinking?

3. Have you ever felt bad or Guilty about your drinking?

4. Have you ever taken a drink first thing in the morning (Eye 

opener) to steady your nerves or get rid of a hangover?

188



Appendix 9- DSC

Digit SjTiibol—Coding

1 2 3 4 5 6 7 8 9
1 L u 0 A X

Sampie Hems

2 1 | 3 i 7 2 4 j 8 2 1 3 2 1 4 2 3 | 5 | 2 | 3 1 4
1....1 _ . 1 ! 1 ! * I ! '

5 6 i 3 l l 4 1 | 5 4 | 2 7 6 i 3 | 5  7 2 8 ) 5 Li
) 6 3

)

i 1
(  s
1 f ! 1

i

7 2 8 1 Q 5 ! 8 h i 7 ! 3 6 2 l 5 ! l ! 9 i 2  8 | a l 7 | 4 i

1 i i i 1 ! 1 i t i

6 5 1 9 4 8 3 712 6 1 5 | 4 | 6 ! 3 | 7 l 9

CO

CM 1 7
1 1 1 1 ! I 1 j 1 1 1 i 1

C
D

C
D CO 5 Q 7 I  1 i  8

r ~
D 2 l 9 4 8

C
D CO C

D 8 6
! i

1 s 1 i
1 '

217 3 6 5 1 9 8 4 5 7 3 1 4 8 7 9 1 4 5
j

i

7 1 !e 2 9 | S 6 7 2 00 5 2 3 1 4 | 8 i 4 2 7

CD

j 1 1 1  1

189



Appendix 10- NART

National Adult Reading Test (NART)

Name;.

SECOND EDITION
Answer/Record Sheet

Dateof tes t-

Errors Errors

CHORD

ACHE

DEPOT

A!SL£

BOUQUET

PSALM

C^PON

DENY

ĵAUScA

DE3T

COUPTHOUS

RiREP-

EQUIVCCAi.

NAIVE

CATACCMS

GAOLED

THYME

HEIR

RADiX

ASSlGNATE

HIATUS

SUSTLE

PROCREATE

G!ST

SUPB^FIUOUS I 

SiMILE ^  

SA^fAL 

GtADRUPED 

CELLiST 

FACADE 

ZE.-^OT

AEON 

=L4CE50 
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Appendix 11 -  CESD

Center for Epidemiologic Studies Depression Scale (CES-D), NIMH
B^low is a list o f the ways you might ha^'e felt or behaved. PJease tell n »  how often yoa have felt this way djmng the past week.

During the Past 
Weel^

Sortie or a
Rarely or none of ifttie of the Occasionally or a  Most or ail of 

the tiine (less than time |1-2 moderate amount of time the time (5-7 
1 d ay ) days) (3-4 days) d a ^ )

1. t was bottiered by things that usually 
don't bother me. □ □ □ □

2. 1 did iK>t feel like eatsng; my appetite □ □ □ □was poor.
3. 1 felt that 1 could not shake off the □ □ □ □blues even with help from my family or
friends.
4. 1 felt 1 was just a s  good a s  other 
people. □ □ □ □

5. I had trouble keeping my mind on n n n nw hat! was doing.
6. 1 felt depressed. □ □ □ □
7. 1 felt that everything 1 did was an 
effort. □ □ □ □

8. 1 felt hopeful about the future.
□ □ □ □

9. 1 tiought my life had been a failure. □ □ □ □
10. 1 felt fearful. n □ □ □
11. My sleep was restless. □ □ □ □
12. 1 was happy.

□ □ □ □
13. 1 talked less than usual. □ □ □ □
14. I felt lonely. □ □ □ □
15. People were unfriendly. □ □ □ □
16. 1 enjoyed life.

□ □ □ □
17. ) had crying spells. □ □ □ □
18. 1 felt sad □ □ □ □
19. i felt that people disfike me. □ □ □ □
20. 1 could rrat get “going.”

□ □ □ □

SCORING: zero fot answers iis the first colxmm, 1 for answers in the second colvmm. 2 for answers m the thiid coluum, 3 for 
ai^wers in the fourth cotonm. The scoring of positive items is reversed. Possible range o f scores is zero to 60. with the higher 
scores indicating the presence of more s ’̂ii^om atology.
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Appendix 12- LSIA 

The Life Satisfaction Index A

1) As I grow older, things seem better than I thought they would be

agree

disagree

2) I have gotten more of the breaks in life than most people I know 

P agree

disagree

3) This is the dreariest time of my life 

P
agree

disagree

4) I am just as happy as when I was younger

agree

disagree

5) My life could be happier than it is now 

P agree

P disagree

6) These are the best years of my life

agree

P disagree
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Appendix -  LSIA (continued)

7) Most of the things I do are boring or monotonous 

P agree

disagree

8) I expect some interesting and pleasant things to happen to me in the future

agree

P
disagree

9) The things I do are as interesting to me as they ever were 

p
agree

P
disagree

10) I feel old and somewhat tired 

P
agree

p
disagree

11)1 feel my age, but it does not bother me 

p
agree

p
disagree

12) As I look back on my life, I am fairly well satisfied

p
agree

p
disagree

13) I would not change my past life even if I could 

p
agree

P disagree
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Appendix -  LSIA (continued)

14) Compared to people my age, I’ve made a lot of foolish decisions in my life.

P agree

disagree

15) Compared to other people my age, I make a good appearance

r" agree

disagree

16) I have made plans for things I’ll be doing in a month or a year from now

c agree

P
disagree

17) When I think back over my life, I didn’t get most of the important things I 

wanted

P
agree

p
disagree

18) Compared to other people, I get down in the dumps too often 

P
agree

p
disagree

19) I’ve gotten pretty much what I expected out of life

c agree

disagree
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Appendix -  LSIA (continued)

20) In spite of what some people say, the lot of the average man is getting worse, 

not better

^  agree

^  disagree
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Appendix 13- EPI

o
FORM A

1. Dc jifou often long for excitemenc?

2. D o you often need underitandm g frsends to  cKfier you  up?

3. A re  you lisaally carefree?

4. D o you find it very hard to  cake no for an answer?

5. D o  yo« stop and th in k  things over before doing anythir>|?

6. If you say you w ill do someibiRg do you alw iys keep your promise, no 
m atter how  inconvenient it  m ifh t be to  do scif

7. Does your mood often go up ar»d down?

8. Do you generally do sfid say thir?|s quickly w ithout stopping to  th in k '

9. Do you ever feel “ just m isersW e" for no goad reason?

10. W ou ld  you do aimost anything for a dare?

I L  D o you suddenly feel shy wheR you w ant to  talk to  an attractive stranger’ 

f2. Once in a while do you lose your tem per a»d gee sr.gry?

13. D o you often do things on the spur o f the morftent?

14. D o  you often w orry  about things you should not h ive  done o r  said?

15. G enerally , do yoa prefer reading to  meecmg people?

S6. A re  your feelir>gs rs ther easily hurt?

17. Do you lii<e gO'.ng out a lot?

18. D o  you occasionally have thoughts 2 nd ideas that yoy wouid not like  o th er  
people to  know about?

19. A re  you sometimes bubbling over w ith energy ar»d sometimes very  siuggish?

20. Do you prefer to  h ive few but special friends?

21. D o you daydream a lot?

22. W h e n  people shout at you, do you shout bsck?

13. A re  you often troubled about feelings o f gyift?

24. A re of i  y o u r  habits good and desirable ones?

23. C»n you usually let yourself go and en|oy yourself a lo t at a lively party?

26, W ou ld  you cal! yourself tense o r''h igh ly*scrun |''?

27. Do o th er people th ink o f you as betnf very  lively?

r£S NO

o o
O O 
O Oo o o o
o o
o o
o o
o o o o o o o o o o o o o o o o o o
o o
o o o o
o o
o o o o o o o o o o o o

r
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Appendix 13- EPI (continued)

TES

28. A fter you have done s o m e th in | im poriBnt, do you often  cam e away feeiing 
you coulil have done b e tte r?

29. Are you mcstly q u ie t w hen you are w ith o th e r  people?

30. Do you som etim es gossip?

3 !. Do ideas run th ro u g h  y o u r  head so th a t you Q n n o t sleep?

32. !f th e re  is som ethm g you warn lo  know about, w ould you ra th e r icok ii up 
in a book jhsn calk to  som eone  about k?

33. Do you get palpitations o r  xhgm ptn i in yowr heart?

34. Do you like the kind o f  w o rk  th a t you need to  pay d o se  a tten tio n  to?

35. Do you get attacks of sh ak in f or trcinb lirj|?

36. W ould you always declare sverythmg  at th e  custom s, even if you knew that 
you could never be found out?

37. Do you hace being w ith  a crow d who play jokes on one another?

38. Are you an irritab le  persori?

39. Do you like doing th ings in which you have to  act quickly?

40. Do you worr)' ab o u t awful things th s t might happen?

4 t. A re you slow and u n h u rrie d  in the way you nfiove?

42. Have yo(j ever been Site fo r  an appointm ent o r  w ork?

43. Do you have many nightrnares?

44- Do you ftke tslk ing  to  people so much th i t  you never miss a crtaace ot
talking to  3 stranger^

45. Are you croubled by aches and pairss?

46. W ould yciJ fee very unhappy if you couic niot see lo ts of psople most of
th e  tim e?

47. W ouid you cali y o u rse lf  a nervous person?

48. Of all the people you know , a re  th e re  some whom you definitely do n o t Itke^

49. W ould you say th a t you w ere  fairiy self-confisertt?

50- A re  you easijy h u r t w hen  people find fault w ith you o r  y o u r w ork?

51. Do you find it hard to  really  enjoy yourself a t a liv d y  party?

52. A re yoy troubled  w ith  feelings of inferiority?

53- Can you easily ge t sonne life In to  a ra ther dull party?

54. Do yoL' som etim es talk  a b o u t th ings you know  no th ing  about?

55. Do yoy w orry abou t y o u r  health?

56. Do you like piaying p ran k s on othars?

57. Do you suffer from  sleeplessness?

PLEASE CHECIC TO SEE TH AT YOU HAVE ANSWERED ALL THE QUESTIONS
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Appendix 14- EPI Scoring Key

Scoring Key
Oi F; ECT ION?; this Cfver each Ecorlng ;3luttin in lur.i. For eacn i jl-jmn, legtster the  heavy oiriles a t the

top  and bcitom  rignt Wttn the coffesDondir^ cifctes on !he !?.)(«i?ionnaire, Ofc!a»n seofe by counting 
oiw point Ic^ eatft Sfim tt  aopearing th ro i^h  th e  'windows'. Enter iJw soial scOfes fa r ead̂ - c»!eg£-.-y 
6, N and L (both ooiumnsS in the large circfes sfovided on the QuestionnairB.

YES NO YES NO Y€S MO

H0DD5R AND STOUGHTON 
Copyngm ©  19&«, t9'?9 H, J. 'fcysenck and Syhii S. G, Eyrsenck
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Appendix 15- MMSE

MINI MENTAL STATE 
EXAMINATION 

(MMSE)

Patient's name:

Hospital number:

ONE POINT FOR EACH ANSWER

ORIENTATION
Year Month Day Date Time ,̂ 5 /5 /5 /5

Coiuitiy Town District Hospital Ward !5 /5 /5 /5

REGISTRATION
Examiner names 3 objects (eg apple, table, penny) 
Patient asked to repeat (1 point for each conect). 
THEN patient to leani the 3 names repeating imtii 
conect. /3 /3 /3 /3

ATTENTION AND CALCULATION
Subtiact 7 from 100. then repeat from result. 
Continue 5 times: 100 93 86 79 65 
Alternative: spell "WORLD" backwards - dlrow.

/5 /5 /5 /5

RECALL
Ask for names o f  3 objects learned earlier. /3 /3 !:> /3

LANGUAGE
Name a pencil and watch. /2 /2 11

Repeat "No ifs. ands. or biits". /I /I /I /I

Give a 3 stage coimnaud. Score 1 for each stage. 
Eg. "Place index fmger o f right hand on yoiu' nose 
and then on your left ear". /3 /3 ,/3 /3

Ask patient to read and obey a WTitten conunand 
on a piece o f paper stating "Close your eyes". /I n /I .T

Ask the patient to write a sentence. Score i f  it is 
sensible and has a stibject and a verb. ,/l n /I /I

COPYING
Ask the patient to copy 
pentagons:

a pair o f  intersecting

/I /I /I ,■'1

/  T O T  AT /30 ____/30 /3C /30
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Appendix 16- Publications

Vascular biomarkers of cognitive performance in a community- based elderly 

population: The Dublin Healthy Ageing study.

Ai- Vym Chin, David J. Robinson, Henry O ’ Connell, Fiona Hamilton, Irene Bruce, 

Robert Coen, Bernard Walsh, Davis Coakley, Anne Molloy, John Scott, Brian A. 

Lawlor, Conal J. Cunningham.

Age & Ageing 2008 Sept 37(5):559-564*

*Only vascular biomarkers were investigated in this paper (homocysteine, C-reactive protein, 

glycosylated haemoglobin and LDL- cholesterol). The associations between the vascular biomarkers 

and neuropsychological test scores were initially modelled individually in base models controlling 

for gender, age, social class and educational status before significant confounders determined in 

exploratory analyses were adjusted for in the final multivariate analysis.
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Figures

Figure 3; Visual Reproduction Card A

Figure 4: Visual Reproduction Card B



Figure 5: Visual Reproduction Card C

m

Figure 6: Visual Reproduction Card D



Diagram 1 Homocysteine Metabolism

TH,-

TH| -

ATP P i # P P I

Cy&talhionm

Vrtamin B«,

Cysteine
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Diagram 2: Schematic representation o f the formation of advanced glycosylation end 
products in the presence o f persistent hyperglycaemia

Glucose + NH 2-R
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