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Abstract 
 
With an increase in life expectancy, the number of older people affected by cognitive 

decline and dementia is rising, causing major, global public health concerns. However, 

there is substantial variation in the rate and magnitude of cognitive decline 

experienced among ageing individuals. Evidence suggests that many age-associated 

changes in cognitive functioning can be explained by modifiable lifestyle factors such as 

smoking, physical activity and diet choices. The weight of the evidence supports the 

promotion of a healthy lifestyle as an effective strategy for healthy cognitive ageing. 

Many epidemiological studies have drawn causal conclusions with regard to the 

positive and direct benefits of lifestyle, yet few have considered the possible 

confounding role of prior cognitive ability in explaining the lifestyle and cognition 

relationship in older age. Given the potential for reverse causation, whereby better 

prior cognitive functioning leads to a greater uptake of healthy behaviours rather than 

vice versa, it is a mechanism which should be studied, but rarely is. 

 

The present thesis focuses on the possible confounding effect of prior cognitive ability 

on the cross-sectional relationships between lifestyle factors and cognitive ability 

domains in later-life. The core of the thesis is a series of independent, peer-reviewed 

(six first-author and one co-author) journal articles in the public domain. Data were 

derived from the Lothian Birth Cohort 1936 study (n = 1091), a sample of relatively 

healthy, community-dwelling men and women aged 70 years from Edinburgh, Scotland, 

for whom childhood (age 11) mental test scores are available. The lifestyle factors 

investigated were caffeine consumption, alcohol consumption, dietary patterns, body 

mass index, smoking, serum cholesterol, and physical activity. Cognitive function was 

assessed across five major ageing-related domains: age 70 IQ (based on the same test 

that was taken in childhood), general cognitive ability (g), processing speed, memory, 

and verbal ability. General linear models (ANCOVA) were adjusted for the following 

covariates: age; sex; childhood cognitive ability; and socioeconomic status (SES). Other 

potential covariates were additionally adjusted for as necessary. 

 

Overall, the positive and significant associations observed between ‘healthy’ lifestyle 

factors and better cognitive functions at age 70 were consistent with previous research; 

their effect size was around 1% of the variance in cognitive tests scores. However, these 

relationships were markedly attenuated (by on average 80%) by a higher childhood 
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cognitive ability and adult SES; for the most part, associations were reduced to non-

significance. None of the lifestyle factors were consistent predictors of performance 

across cognitive domains, though smoking avoidance, a physically active lifestyle, and 

moderate intake of alcohol, appeared to have the most potential. 

 

The key novel finding of this thesis is that, in addition to having predictive value for 

lifestyle choices over 60 years later, cognitive ability at age 11 accounted for the 

majority of the cross-sectional associations between lifestyle factors and cognitive 

abilities in later-life. This finding is consistent with the theory of confounding or even 

reverse causation. That is, individuals with higher lifetime ‘trait’ cognitive ability may 

be more likely to adopt a lifestyle which protects against cognitive decline. Rather than 

a unidirectional or indirect effect of health behaviours on cognitive function, the 

present findings suggest there may be a dynamic cycle involving cognition, self-

management of health and ultimate cognitive outcomes. 
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Lay Summary 

Many studies have indicated that lifestyle factors such as diet, smoking, alcohol intake, 

and physical activity, are associated with better thinking (cognitive) skills in later-life. 

This is often thought to reflect a protective effect of a healthy lifestyle on mental 

abilities. However, these studies have not taken into account cognitive ability level from 

youth. The Lothian Birth Cohort 1936 (LBC1936) study is rare in having mental ability 

scores for participants from childhood (at age 11). The aim of this thesis was to identify 

lifestyle factors that might influence mental abilities in later-life in the LBC1936, after 

accounting for mental ability level in childhood, as well as other factors such as social 

class in adulthood. The studies on which this thesis is based found that those people 

with healthy behaviours tended to have better cognitive abilities, which supports 

previous findings. However, many of these associations were due to the fact that people 

with higher early-life mental abilities are more likely to adopt a healthier lifestyle later 

in life, rather than lifestyle factors influencing people’s thinking skills. There were 

exceptions in that positive lifestyle choices such as smoking avoidance, physical activity 

and moderate alcohol intake, were related to better performance on some mental tests 

in later-life, irrespective of the other factors that were measured. The findings provide 

a step forward in understanding the lifestyle factors associated with cognitive ageing. 
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Preface 

The objective of this thesis was to examine the role of lifestyle factors in relation to 

cognitive ageing, with particular emphasis on the influence of lifetime ‘trait’ cognitive 

ability, in cognitively healthy older adults. The thesis presents a series of seven studies, 

in the form of six first authored and one co-authored papers published between the 

period 2010—2015, which form  a coherent whole.  

Change and decline in cognitive abilities typically accompany ageing. Identifying 

modifiable environmental exposures that predict better cognitive functioning in older 

people potentially contributes to reducing the risk of cognitive decline and dementia 

which undermine quality of life for the rapidly increasing older proportion of the 

population. Lifestyle factors such as dietary intake, smoking, alcohol, and physical 

activity, potentially influence older-age cognitive status via nutritional, cerebrovascular 

and cardiovascular mechanisms (Alagiakrishnan, McCracken, & Feldman, 2006; Esiri et 

al., 1999) that support brain health and functioning, and by influencing risk of chronic 

diseases that in turn predict poorer cognitive outcomes in older age. 

A serious impediment to understanding the role of lifestyle factors in older age 

cognitive health is ascertaining to what degree observed cognitive function in older 

people reflects lifetime cognitive function (the trait level, often called premorbid or 

prior cognitive ability), rather than any cognitive decline experienced with age (the 

trajectory). Due to data constraints, the majority of research that examines associations 

between lifestyle factors and older-age cognitive performance, has utilised either a 

baseline measure of cognitive ability from the first assessment (e.g. in early older age) 

or a proxy measure of lifetime cognitive ability derived from vocabulary tests such as 

the National Adult Reading Test (NART), for example. Very few studies have a direct 

measure of cognitive ability or IQ from early in life.  

The studies on which this thesis is based, were carried out in a sample of older adults, 

known as the Lothian Birth Cohort 1936 (LBC1936; Deary et al., 2007; Deary, Gow, 

Pattie, & Starr, 2012). The LBC1936 study, which began in 2004, is a longitudinal 

cohort study investigating the determinants of cognitive ageing in cognitively healthy 

older adults, aged about 70 at baseline. This sample share the same year of birth, and 

are relatively rare in having a measure of cognitive ability at age 11. The dataset is rich 

in demographic, cognitive, health and medical data. Although the research for this 
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thesis examines ‘normal’ cognitive ageing, it should be emphasized that the potential 

findings are relevant to informing prevention strategies for pathological cognitive 

ageing. It has been demonstrated in numerous studies that those who later develop 

Alzheimer’s disease consistently perform more poorly on cognitive tests during the 

prior dementia-free period from many years earlier (Elias et al., 2000; Twamley, 

Ropacki, & Bondi, 2006). Thus, the identification of modifiable environmental factors 

(including lifestyle factors) that predict differential cognitive outcomes offer potential 

pathways to prevention, or at least delay, the debilitating clinical symptoms of 

dementia and decline (Singh-Manoux & Kivimaki, 2010). 

The scope of this thesis straddles a number of research disciplines including 

psychology, epidemiology, nutrition, neuroscience and medicine. A brief overview of 

the thesis structure follows.  The thesis is presented in three parts. Part I is a general 

literature review. It commences with the public health importance of cognitive changes 

with age, an overview of cognitive ageing, and the factors associated with individual 

differences in cognitive ageing. Chapter 2 focuses on the potential influence of lifestyle 

and health-related factors on cognitive ageing, drawing on the previous literature to 

date. An extensive body of research suggests that the ‘big four’ factors, namely, diet, 

alcohol, smoking and physical activity, are correlates and predictors of cognitive 

functioning in ageing. In addition to a healthy diet, moderate alcohol consumption, 

smoking avoidance, and physical activity, the literature suggests that a healthy body 

mass index and lower cholesterol levels may also, in part, predict later-life cognitive 

outcomes. The appeal of studying factors like these is in part due to the fact that these 

behaviours are amenable to modification. The potential impact of lifestyle on cognitive 

ageing has led to a profusion of population studies reporting positive effects of a 

healthy lifestyle not generally supported by intervention studies and clinical trials. One 

possible reason for this discrepancy is reverse causation where prior intelligence 

predicts both choice of lifestyle pursuits and later-life cognitive outcomes. 

Consequently, Chapter 3 presents an overview of findings from studies that have 

examined the effect of IQ in early-life on the adoption of health behaviours in later-life 

and discusses the theories of confounding and reverse causation as potential models 

for explaining the observed associations between healthy lifestyles and healthy 

cognitive ageing. Investigating reverse causation is of central importance and it has 

implications for those developing interventions to reduce cognitive decline. The 

influence of socioeconomic status on lifestyle and cognition is also introduced here. 
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The hypothesis which is tested throughout the thesis is that lifestyle-cognition 

associations in older age, in part reflects stable intelligence differences, rather than a 

protective effect of lifestyle. Therefore, Part I sets the context for assessing the 

contribution of lifetime stable IQ differences to the relationship between potential 

environmental predictors, here, lifestyle factors, and individual differences in older-age 

cognitive outcomes. To assert that lifestyle is cognitively advantageous, these effects 

must persist after a valid measure of prior cognitive ability is accounted for (Deary & 

Gow, 2008). 

Part II describes the methodology adopted throughout the thesis including the general 

aims and approach, dataset used, the measurement of the lifestyle factors, the 

measurement of the cognitive outcomes and covariates, and the statistical models to 

examine the associations between lifestyle and cognition. Each study examines the 

cross-sectional associations between a lifestyle factor and cognition at baseline, when 

participants were approximately age 70. They use a similar analysis technique, namely, 

general linear models, throughout. Relevant covariates are included where appropriate 

as indicated by previous literature. The rationale for each study, representing seven 

papers, is briefly discussed. The first three papers focus on dietary intake, specifically, 

caffeine consumption, alcohol consumption, and dietary patterns. Participants who 

completed a food frequency questionnaire at baseline were included in these studies. 

The following three papers examine body mass index, smoking, and cholesterol levels 

in relation to cognitive function, in the entire LBC1936 cohort. The seventh and final 

paper of the thesis is a co-authored article on one of the most widely studied lifestyle 

factors, physical activity.     

Part III provides a general summary of the main findings from each published paper 

and a concluding discussion. This series of seven studies aimed to examine, for the first 

time, whether the relationship between lifestyle and cognition in later-life is an artefact 

of confounding by lifetime IQ differences (measured directly) or whether there are real, 

independent contributions from healthy behaviours to accounting for variance in 

cognitive ageing. Methodological issues and limitations are acknowledged and 

addressed. The final part of this section considers the contribution this body of work 

makes to the current literature, the implications of this research, and future planned 

directions.   
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PART I: LITERATURE REVIEW 

 

Chapter 1 - Cognitive Ageing 

1.1 Introduction  

Understanding human cognitive ageing is one of the greatest scientific challenges to 

society today. One of the striking aspects of cognitive ageing is the marked degree of 

individual variation that exists among older adults; some decline far more, and some 

far less, than the average (Deary, Whiteman, Starr, Whalley, & Fox, 2004; Salthouse, 

2006; Schaie, 2005a). It is likely that a number of factors are responsible for the 

heterogeneity in cognitive ageing. Among them, empirical evidence suggests that 

various lifestyle factors such as diet, smoking and physical activity, potentially predict 

individual differences in cognitive ability measures amongst cognitively healthy older 

people free from dementia or cognitive impairment (Franklin & Tate, 2009; Hertzog, 

Kramer, Wilson & Lindenberger, 2009; Lee, Back, Kim, Kim et al., 2010; Plassman, 

Williams, Burke, Holsinger, & Benjamin, 2010). Lifestyle factors are of interest to 

researchers and clinicians because they often involve behaviours which can be 

modified by individuals. Interventions which encourage a healthy lifestyle may help 

ameliorate cognitive decline. Although the idea that older adults can play a role in their 

cognitive health is intuitively appealing, the evidence from systematic reviews is 

equivocal.  

1.2  The public health importance of cognitive ageing 

The current thesis addresses an important public health issue that is expected to affect 

millions of people in the near future: cognitive health in later-life. For most, losing one’s 

cognitive abilities, especially memory, is feared more than physical disability (Martin, 

2004) and is associated with a poorer quality of life (Plassman et al., 2010), not to 

mention increased health care costs (Brayne, 2007). Issues related to cognitive ageing 

are becoming critically important to consider as human longevity increases and the 

proportion of the older adult population grows. Currently, there are 11.4 million people 

in the UK aged 65 years old and over (UK Office for National Statistics, 2015). Recent 

projections are for 5½ million more older people in 20 years’ time, and by 2050, the 

number will have nearly doubled to around 19 million (Cracknell, 2010). As Brayne 
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(2007, p.233) notes, “in many countries, the older population now faces the prospect of 

spending a quarter of their lives aged over 65”. Normal age-related cognitive decline 

has been associated with decreases in instrumental activities of daily living, such as 

food shopping, cooking, medication management, financial management, and with 

other activities such as reading and travelling (Dodge et al., 2008, Royall, Palmer, 

Chiodo, & Polk, 2005; Tucker-Drob, 2011). Ameliorating cognitive decline is crucial in 

order to extend independent living and promote active and healthy ageing. The 

identification of preventative strategies to maintain cognitive health can be considered 

a key priority for the reduction of age-associated disability and morbidity (Depp, 

Harmell, & Vahia, 2012).  

1.3 Cognitive and brain changes with ageing 

It is widely accepted that some cognitive abilities decline on average with normal 

ageing. It is also recognised that there are large individual differences in the rate and 

magnitude of decline among ageing individuals (Hofer & Alwin 2008; Hedden & 

Gabrieli, 2004). Some people show marked cognitive declines, whereas others maintain 

cognitive skills relatively well into later-life (Birren & Schaie, 2005a; Deary, Penke, & 

Johnson, 2010). On average, aspects of memory, speed of information processing, 

reasoning, and executive functioning, abilities which require fluidity in 

neuropsychological processes, decline in a similar manner to that of age-related 

changes in physical functioning (Schaie, 2005a). At the same time, some verbal and 

numerical abilities and general knowledge, abilities representing the application of 

accrued knowledge (aspects of crystallised cognitive ability), are well retained into 

later-life (Lezak, 2004).  

Even healthy, older community-dwelling individuals will experience some degree of 

mental decline, just as their physical capacities such as lung function, walking speed 

and muscle strength, have diminished since youth. In one of the landmark cognitive 

ageing studies – the Seattle Longitudinal Study – noticeable mean declines were 

generally apparent across a range of diverse abilities tested by ages 50 to 60 years and, 

by the mid-seventies, declines in all abilities were evident. Perceptual speed exhibits an 

almost linear decline from young adulthood onwards (Schaie, 2005a). These declines 

are within the realm of normal or non-pathological cognitive ageing, which is the focus 

of the current thesis.  Use of the term ‘normal’ distinguishes non-pathological age-

related cognitive decline from the pathological disorders, mild cognitive impairment 
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(MCI) and dementia. These disorders represent the clinically diagnosable end of the 

cognitive decline spectrum. Nevertheless, studying the ‘milder’ end of the spectrum is 

important as individuals with cognitive decline are at increased risk for progressing to 

MCI and dementia (Sperling et al., 2011). 

Changes in cognitive functions are related to structural and functional changes in the 

brain, particularly in the frontal and medial temporal regions (Drag & Bieliauskas, 

2010). In additional to brain atrophy, the ageing process affects the integrity of white 

matter pathways, resting blood flow, and the metabolic rate of brain oxygen 

consumption. The integrity and volume of white matter and the extent of white matter 

hyperintensities have been the focus of much recent research, as contributors to 

normal cognitive ageing (Booth et al., 2013; Penke, Muñoz Maniega, Houlihan et al., 

2010; Penke, Muñoz Maniega, Murray et al., 2010; Penke et al., 2012; Aribisala, Valdés 

Hernández et al., 2013; Valdes Hernandez et al., 2013; Maniega et al., 2015). For 

example, white matter changes, primarily in the frontal cortex, are associated with 

slowed information processing speed (Hedden & Gabrieli, 2004; Penke, Muñoz 

Maniega, Murray et al., 2010; also see Madden, Bennett, & Song, 2009) and memory 

(Hedden & Gabrielli, 2004). 

Although there are age-related declines in cognitive functions that begin early and 

progress as people age, not all adults experience ageing in the same way. This raises the 

question, which factors account for peoples’ differing cognitive ageing trajectories and 

ultimately, is there a recipe for ‘healthy’ cognitive ageing? 

1.4 Factors associated with individual differences in cognitive ageing 

Despite major research efforts, there is still no comprehensive account to explain the 

risks for cognitive decline (Deary, Corley et al., 2009; Whalley, Dick, & McNeill, 2006). 

While further research is needed, current evidence, primarily from observational and 

epidemiological studies, suggests that a range of both genetic and environmental 

factors influence individual differences in cognitive trajectories and cognitive decline 

during ageing (Hertzog et al., 2009; Mangialasche, Kivipelto, Solomon, & Fratiglioni, 

2012).  

 1.4.1 Prior cognitive ability: a lifelong stable trait  

The single most important predictor of the level of cognitive function in later-life is 

early-life cognitive function. Individual differences in cognitive function across the life 
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course are highly stable and trait-like (Deary, Whiteman et al., 2004; Gow et al., 2011). 

Previous estimates indicate that approximately 50% of the reliable variance in IQ 

scores in older age, even up to almost age 80, is explained by cognitive function in 

youth (Deary, Whalley, Lemmon, Crawford, & Starr, 2000; Deary, Whiteman et al., 

2004; Gow et al., 2011). Children develop greater intelligence over time but tend to 

maintain the same rank order (Deary, Penke et al., 2010). 

Longitudinal studies of the elderly that commence within older age are beset with 

difficulties in ascertaining to what degree observed cognitive function reflects already 

present declines and life-long levels (Johnson, Gow, Corley, Starr, & Deary, 2010). 

Cognitive function measured at a static point in older age cannot be used as a reliable 

indicator of cognitive ageing. Rather, individuals’ performance on a mental test reflects 

both lifetime cognitive function (the trait level, often referred to as premorbid or prior 

cognitive ability), as well as the amount of cognitive decline, if any, experienced with 

age (the trajectory).  

Though the potentially modifiable determinants of late-life cognitive ability are the 

focus of much research, these cannot be identified definitively without knowing the 

extent to which later-life cognitive abilities differ from those in earlier life. It is ideal to 

assess cognition first in youth, when cognitive assessment is unaffected by the 

processes of age and age-related illness, and again in later-life.  Longitudinal cohort 

studies with a true measure of cognitive change across the life course are optimal to 

elucidate the effects of potential predictors of cognitive ageing (e.g. Schaie, 2005b).  

 1.4.2 Genetic factors 

Of course, some of the factors influencing individual differences in cognitive ageing 

trajectories are likely to be essentially ‘fixed’ i.e., genetic factors. That children maintain 

the same rank order of intelligence over time (Deary, Penke et al., 2010), is largely due 

to genetic influences on general intelligence, usually referred to as g. In fact, heritability 

of general intelligence increases with age, from about 30% in childhood to as much as 

70-80% in adulthood. A Dutch twin study used repeated assessments of general 

intelligence to show that the heritability of general intelligence increases with age, even 

within the early years, from age 5 (26%), age 7 (39%), age 10 (54%), to age 12 (64%). 

Broad domains of cognitive ability, such as verbal abilities, generally show similar 

amounts of genetic influence, although evidence suggests that the genetic influences on 

memory tend to be smaller (Bartels, Rietveld, Van Baal, & Boomsma, 2002). 
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Elucidating the heritability of intelligence is highly informative in itself, but discovering 

genetic contributions to cognitive change or trajectory in later-life, is crucial to the 

study of cognitive ageing. Possession of the E4 allele of the gene for apolipoprotein E 

(APOE) is now considered a well-established risk factor for Alzheimer’s disease (Corder 

et al., 1993) and has been implicated in both the age of onset (Slooter et al., 1998), and 

the rate of cognitive decline associated with this disease (Cosentino et al., 2008). APOE 

E4 allele carrier status is also associated with an increased rate of cognitive decline in 

domains such as memory (Blair et al., 2005; Caselli et al., 2009) and abstract reasoning 

(Bretsky, Guralnik, Launer, Albert, & Seeman, 2003), in non-pathological cognitive 

ageing (Schiepers et al., 2012), as well as decreased general cognitive functioning 

(Davies et al., 2011; Fillenbaum et al., 2001; Haan, Shemanski, Jagust, Manolio,& Kuller, 

1999).  

Despite the high heritability of intelligence, other than APOE, no genes have yet been 

identified that have been conclusively linked to variation in cognition or cognitive 

decline with age in healthy, normal individuals (Payton, 2009). The emerging view of 

genetic influences on intelligence is that it is likely that a large number of genetic 

variants have small effects (Deary, Penke et al., 2010). The APOE E4 effect, for example, 

accounts for between 1% and 2% of the variance in cognitive change between age 11 

and age 79 (Deary et al., 2002; Deary, Yang et al., 2012). Using data from the Lothian 

Birth Cohorts of 1921 and 1936, and the Aberdeen Birth Cohort of 1936, it has been 

estimated that 24% of lifetime cognitive change was due to genetic factors (Deary, Yang 

et al., 2012). These important findings endorse future searches for genetic mechanisms 

of cognitive change across the life course. They also suggest the importance of 

environmental contributions to lifetime cognitive change. 

 1.4.3 Environmental and health factors 

Multiple behavioural, social and economic factors have been associated with 

differential cognitive ageing in observational studies (see Plassman et al., 2010; McKee 

& Schüz, 2015). These potential risk and protective factors range from education, 

socioeconomic status, midlife hypertension, social contact and social support, 

occupational attainment, working environments, job complexity, sleep, and intrinsic 

factors such as psychological stress, depression symptomatology, self-rated health and 

perceptions of control (Mangialasche et al. 2012; Stern, 2012; Barnes & Yaffe 2011; 
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McKee & Schüz, 2015). It is worth noting that many of these environmental factors 

have genetic contributions too.  

With age comes an increased risk for multiple chronic diseases and widespread use of 

medications. Vascular disease is a well-established risk factor for MCI and dementia 

(Zylberstein et al., 2011). Studies over the last decade indicate that normal cognitive 

ageing may partly be caused by illness such as vascular disease; the individual disease 

entities of stroke, myocardial infarction and peripheral vascular disease are all 

associated with cognitive decline within old age in non-demented people (Rafnsson, 

Deary, Smith, Whiteman, & Fowkes, 2007). Risk factors for cardiovascular disease such 

as hypertension (Qiu, Winblad, & Fratiglioni, 2005), ankle-brachial pressure (Price et 

al., 2006; Laukka, Starr, & Deary, 2014), and hypercholeterolaemia (van Vliet, van de 

Water, de Craen, & Westendorp 2009) are associated with cognitive decline, as are 

metabolic factors such as diabetes (Cukierman, Gerstein, & Williamson, 2005; 

Knopman, Mosley, Catellier, & Coker, 2009) and the metabolic syndrome (Yaffe, 2007). 

It has been suggested that much of the variance between people in cognitive 

functioning in older age is attributable to poor health (Spiro & Brady, 2011). 

With the “continued greying of the industrialized world” (McGue, Skytthe, & 

Christensen, 2014, p.775), a key goal is to identify any modifiable environmental 

factors that account for differences in age-related cognitive decline. Such factors could 

be promoted or discouraged as appropriate, and manipulated via interventions to delay 

or lessen cognitive decline. There has been a concerted research effort in recent years 

to study these mutable factors, and this research is discussed in the following chapters.   

 1.4.4 Interplay between genetics and environment    

Although the focus of this thesis is environmental, specifically lifestyle, influences on 

cognitive function in later-life, it is important to remember that the antecedents of an 

individual’s cognitive ageing trajectory are the result of numerous complex genetic and 

environmental interactions across the life course, including educational attainment, 

demographic factors and health status, with influences reaching as far back as the 

prenatal environment (Benton, 2010). Although we cannot change our genes, genetic 

influences are not ‘fixed’ in that they can be modified by physiological and 

environmental influences (Ben-Shlomo & Kuh, 2002). To give an example, Vasilopoulos 

et al. (2012) found that untreated hypertension suppresses normal genetic influences 

on individual differences in certain domains of cognition prior to the emergence of 
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hypertension-related effects on cognitive performance. It has been suggested that 

genetics play a large role in development of age-related brain changes or disease-

related pathology, and that environmental factors play a larger role in the expression of 

cognitive impairments (Mortimer, Borenstein, Gosche, & Snowdon, 2005; Stern, 2012). 

To summarise thus far, certain factors are known to affect age-related cognitive decline. 

Beyond age, genetic factors, and stable IQ differences, allowing for error variance, it is 

likely that around 40% of variance in IQ scores in older age is determined by extrinsic 

factors such as lifestyle. Determining this unexplained variance is paramount in the 

field of cognitive ageing research. Although individual differences in ‘trait’ intelligence 

tend to remain fairly stable from childhood and throughout the life course, 

developmental processes and environmental circumstances contribute to less-than-

perfect stability of cognitive ability. However, the problem of identifying the 

demographic, biological, and psychosocial factors that can help people maintain or 

enhance their cognitive health is not straightforward. 
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Chapter 2 - Lifestyle Factors and Cognitive Ageing 

2.1 The potential influence of lifestyle factors 

The observation that some individuals live into old age with minimal decline, together 

with increasing evidence for brain plasticity in response to environment and 

experience across the life course, has sparked considerable global interest in 

understanding how older adults can maintain cognitive function; specifically, whether 

engagement in lifestyle activities can decrease risk for cognitive decline or dementia. 

Accumulating evidence from epidemiological studies suggests that many age-

associated changes in cognitive functioning can be explained by such modifiable 

lifestyle factors such as diet choices, alcohol consumption, smoking, physical activity 

and weight (see Lee, Back, Kim, Kim et al., 2010). These constitute behavioural risk 

factors known to influence health. It is estimated that in the general population, 

lifestyle and health-related risk factors may contribute to almost half of dementia cases 

(Barnes & Yaffe, 2011) suggesting that further investigation of this constellation of risk 

factors is critical to understanding risk of cognitive ageing and developing effective 

prevention strategies.  

Empirical studies to date suggest that cognitive performance in older age can be 

maintained by health-promoting behaviours such as a healthy diet (Kang, Ascherio, & 

Grodstein, 2005; Morris, Evans, Tangney, Bienias, & Wilson., 2006; Luchsinger & 

Mayeux, 2004), especially a Mediterranean-style dietary pattern (Féart et al., 2009; 

Féart, Samieri, & Barberger–Gateau, 2010; Scarmeas, Stern et al., 2009; Tangney et al., 

2011) moderate alcohol consumption (Ganguli, Vander Bilt, Saxton, Shen, & Dodge, 

2005; Peters, Peters, Warner, Beckett & Bulpitt, 2008), physical activity (Kramer, 

Erickson & Colcombe, 2006; Jedrziewski, Lee, & Trojanowski., 2007; Gow et al., 2011; 

van Gelder et al., 2004), maintaining a healthy weight (Cournot et al., 2006; Dahl et al., 

2010; Elias, Elias, Sullivan, Wolf, & D’Agostino., 2003), and not smoking (Anstey, von 

Sanden, Salim, & O’Kearney., 2007; Sabia, Marmot, Dufouil, & Singh-Manoux., 2008). 

There are also risk factors for cognitive decline and dementia that are modifiable by 

medication. An example of these risk factors is hypercholesteremia (the presence of 

high cholesterol levels in the blood), which has been shown, like hypertension, to 

increase the risk of cognitive decline and dementia (Anstey, Lipnicki, & Low, 2008; Qiu 

et al., 2005). These conditions are usually treated for the prevention of cardiovascular 

disease. The taking of medications to prevent such conditions is also a health behaviour 
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that ultimately may contribute to brain health and prevention of later cognitive decline. 

Emerging from this body of work is the concept of ‘successful ageing’ (Franklin & Tate, 

2009; Yaffe et al., 2009). 

The available evidence to date suggests that these health behaviours, particularly 

smoking, sedentary lifestyle, and poor dietary choices, predict poorer cognitive 

function (level), faster cognitive decline (trajectory) (Whalley, Fox, Deary, & Starr, 

2005; van Gelder et al., 2004; Deary, Corley et al., 2009) as well as a higher risk of 

dementia (Lee, Back, Kim, Kim et al., 2010; Phung, Andersen, Kessing, & Waldemar, 

2006). However, the majority of support derives from cross-sectional studies; 

comparatively little is known about the longitudinal effects of these behaviours on 

cognitive decline. Furthermore, a large systematic review by Plassman et al. (2010) 

concluded that there is as yet, insufficient evidence from which to draw firm 

conclusions about lifestyle factors and their association with cognitive decline, or make 

recommendations for interventions. Some of the factors highlighted in Plassman et al.’s 

review include age, in terms of the timing of exposures and their different effects, at 

different time points throughout life. Another key issue is that it is often unclear 

whether the exposures studied are determined a priori, by clinical relevance, or 

previous work in that area. Furthermore, the modest effect size frequently reported in 

the studies reviewed raises questions about the robustness of the findings and doubts 

about statistical significance versus what is often called clinical significance. Their 

review concluded that, given the problems inherent in running intervention trials, 

efforts should be made to obtain quality evidence from further well-designed 

observational studies (Plassman et al., 2010). 

A full discussion of the relevant literature can be found in each of the seven published 

papers submitted here. Other psychosocial factors potentially influencing cognitive 

ageing trajectories such as cognitive activities, sleep, perceptions of control, social 

support and social contact, are beyond the remit of this thesis and are therefore not 

reviewed. In the next sections, the potential neurobiological mechanisms by which 

lifestyle and cognitive function may be related, are discussed, and the methodological 

issues arising from the current literature.   

2.2 The mechanisms linking lifestyle and cognitive function in older age  

In general, observational studies support a link between healthy behaviours and 

successful cognitive ageing. The core hypothesis linking health behaviours to cognitive 
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ageing involves cerebro- and cardiovascular diseases as mediators (see Lee, Back, Kim, 

Kim et al., 2010; Alagiakrishnan et al., 2006) and their association with cognitive 

impairment is well established (Debette et al., 2011; Kivipelto et al., 2001; Plassman et 

al., 2010; Rafnsson et al., 2007). Indeed, the more vascular risk factors a person has, the 

greater the risk of developing Alzheimer’s Disease (Kivipelto et al., 2005; Luchsinger et 

al., 2005). Lifestyle factors are known to promote brain white matter (Lövdén, 

Bäckman, Lindenberger, Schaefer, & Schmiedek, 2010) and grey matter (Erickson et al., 

2010; Ho et al., 2011) integrity in older adults by potentially increasing neurogenesis 

and angiogenesis, as well as reducing cerebrovascular risk factors (Kramer et al., 2006).  

Some vascular risk factors can be controlled through proper diet and nutrition (Lee, 

Back, Kim, Kim et al., 2010). A change in diet can result in a change in health variables 

such as hypertension, diabetes, hyperlipidaemia, and obesity (Rees et al., 2013; Santos, 

Esteves, da Costa Pereira, Yancy, & Nunes, 2012), which are often connected. Another 

way to consider the role of diet and nutrition in maintaining brain health is from a 

nutrient based perspective. Micronutrients are thought to be important for cognitive 

health because they play a role in processes such as oxidative stress and inflammation, 

which are known to play a role in age-related brain changes (Baierle et al., 2015; Deary, 

Corley et al., 2009). Aspects of a healthy diet such as high levels of antioxidants found in 

fruits and vegetables may help to protect against neuronal damage (Kang et al., 2005). 

Key components of the Mediterranean diet have biologically plausible mechanisms for 

suspected neuroprotective effects that have been demonstrated in some epidemiologic 

studies (Scarmeas, Stern et al., 2009); it is associated with lower inflammatory and 

oxidative load via nutrients, monounsaturated fatty acids and polyphenolic compounds 

(Frisardi, Panza, Solfrizzi, Seripa, & Pilotto, 2010; Serhan, 2011). There is evidence to 

suggest that polyphenols (found in dark chocolate and other Mediterreanean diet 

foods) stimulate neurogenesis (Dore, 2011). Caffeine in coffee and other foods has 

specific neuroprotective effects on adenosine receptors in the brain and 

neuroprotective antioxidant activity (Tebano et al., 2008; Rahman, 2009).  Although 

chronic alcohol consumption has been associated with neurodegenerative diseases, 

moderate alcohol consumption may protect against cognitive impairment by increasing 

HDL cholesterol levels and fibrinolytic factors that lowers platelet aggregation, 

enhancing insulin sensitivity, reducing inflammatory response, and preventing 

oxidative damage to the brain (Peters et al., 2008). Polyphenol compounds in red wine 
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may also inhibit LDL oxidation and thrombosis independently of alcohol (Saremi & 

Arora, 2008).  

The effect of being overweight or obese on cognitive health may be due to a direct 

effect of adiposity on the neuroendocrine system or mediated through other 

components of the metabolic syndrome such as hypertension and type II diabetes 

(Beydoun, Beydoun, & Wang, 2008). In addition, adipose tissues secrete inflammatory 

proteins such as leptin which could affect neurodegeneration (Zeki Al Hazzouri, Haan, 

Whitmer, Yaffe, & Neuhaus, 2012).  

Smoking is a well-established characterised cardiovascular risk factor and, possibly 

mediated by oxidative stress, inflammation and atherosclerosis, is known to increase 

the risk for neurodegeneration (Swan & Lessov-Sclaggar, 2007). Neuroimaging studies 

indicate that smoking may lead to both macro- and microvascular cerebral damage 

(Debette et al., 2011; Gons et al., 2011).  

Physical activity is thought to enhance cognitive function by increasing cardiovascular 

fitness and cerebral perfusion, and possibly by stimulating neurogenesis (Lee, Back, 

Kim, Kim et al., 2009). Other protective effects include a reduction in inflammation and 

depressive symptoms (Ahlskog, Geda, Graff–Radford, & Petersen, 2011; Dishman et al., 

2006).  

High cholesterol is a proven risk factor for cardiovascular disease (Klag et al., 1993; 

Martin, Hulley, Browner, Kuller, & Wentworth, 1986). Low levels of the ‘good’ high-

density lipoprotein (HDL) and elevated ‘bad’ low-density lipoprotein (LDL), together 

with elevated triglycerides, contribute to arterial plaque deposition in the elderly (Arai 

& Hirose, 2004; de Freitas et al., 2011). This in turn leads to atherosclerosis and the risk 

of myocardial infarction and acute ischaemic stroke or silent brain infarcts (Fjell & 

Walhovd, 2010). Detrimental effects of low (total) cholesterol on cognitive 

performance have been reported in previous studies (Benton, 1995; Muldoon, Ryan, 

Matthews, & Manuck, 1997; Mielke et al., 2005; Reitz, Luchsinger, Tang, Manly, & 

Mayeux, 2005). Low cholesterol levels often accompany chronic diseases, poor intake 

or absorption of nutrients, and diagnosed and occult malignancies (Fiorenza, Branchi, & 

Sommariva, 2000), which in turn may be associated with poorer cognitive 

performance. Low serum cholesterol and poorer cognitive functioning may also be 
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related because neuronal cells require total cholesterol for normal metabolic processes 

(Muldoon, Flory & Ryan, 2001). 

Lifestyle and health-related behaviours are, unsurprisingly, powerful determinants of 

morbidity and mortality worldwide (Ford, Zhao, Tsai, & Li, 2011). Smoking, alcohol 

consumption, poor diet and physical inactivity are among the top ten leading risk 

factors for death and disability in intermediate- and high-income countries (World 

Health Organisation, 2009). Lifestyle-related, degenerative chronic diseases such as 

type 2 diabetes may be prevented by adopting healthy behaviours. For example, 

physical activity lowers the risk of diabetes, cancer and osteoporosis as well as all-

cause and cardiovascular death (Warburton, Nicol, & Bredin, 2006). Engaging in the 

four key healthy behaviours, being physically active, not smoking, moderate alcohol 

consumption and consuming at least five portions of fruit and vegetables per day, may 

add up to 14 years to one’s life (Khaw et al., 2008). 

Health behaviours may be directly or indirectly associated with cognitive decline. For 

example, physical activity may have both indirect and direct effects on brain function 

(Kramer et al., 2003). The indirect effects are through the benefits of exercise for 

reducing other risk factors which have been associated with both cognitive decline and 

dementia such as obesity (Andre & Wolf, 2007), diabetes and hypertension (Qiu et al., 

2005). The direct effects of physical activity may result from increased cerebral blood 

flow and oxygenation (Colcombe et al., 2003). Regardless of the precise underlying 

mechanisms, the implication is that some of the predictors of successful ageing are in 

many ways under personal control. 
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Chapter 3 - An Evaluation of the Current Literature: 

Methodological Issues and Theoretical Considerations 

3.1 General methodological Issues 

Efforts to identify lifestyle factors that are associated with cognitive ageing are subject 

to limitations which hamper data interpretation. Many of the effects are small, and 

studies report associations between lifestyle factors and different domains of cognitive 

functioning. Not all findings have been replicated. Several reviews have commented 

that the quality of the evidence is often low and have called for more long-term cohort 

studies before conclusions can be drawn with confidence about the role of lifestyle 

factors in cognitive ageing (Plassman et al., 2010; Williams, Plassman, Burke, & 

Benjamin, 2010). In addition, there are wide differences in methodologies used in 

terms of the measurement of health behaviours and the measurement of cognitive 

function and cognitive change. Many studies rely upon brief (crude) tests of global 

cognition such as the Mini-Mental State Examination (MMSE) which are not as sensitive 

as comprehensive neuropsychological test batteries, do not test specific domains of 

cognition well or at all sometimes, and are subject to ceiling effects (Leroi, Sheppard, & 

Lyketsos, 2002). Sample size, cohort age and age-range, and attrition (Ferrie et al., 

2009), as well as cultural differences, also contribute to the variation among studies. 

Issues related to the directionality of the association between lifestyle activities and 

cognitive functioning are fundamental and described below.  

3.2 The confounding effect of prior ability 

Many studies reporting a so-called beneficial or detrimental ‘effect’ of lifestyle factors 

or health behaviours on cognitive function in later-life, have done so without any 

knowledge of the studied individuals’ cognitive ability history (i.e. from youth). That is, 

what one really wants to know is whether the lifestyle factor accounts for some 

cognitive test score variance in older age after adjusting for prior cognitive ability 

variance. Without this information, studies may erroneously ascribe a causal influence 

of a lifestyle factor. For example, Whalley and colleagues (2004) identified a potential 

protective effect of taking vitamin supplements on cognition in older age. However, 

further analyses revealed that those who took supplements had a higher intelligence in 

childhood and adulthood (Whalley, Fox, Whale, Starr, & Deary, 2004). This example, 

and others in the literature, provides evidence for confounding by prior cognitive 

ability.  
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Many population studies of cognitive ageing attempt to control for prior cognitive 

functioning by relying on estimates derived from proxies such as educational level and 

cognitive tests performed contemporaneously with the cognitive outcomes such as 

word-reading or vocabulary (see Bright, Jaldow, & Kopelman, 2002; Deary & Johnson, 

2010; Spinks et al., 2009). Although widely accepted in the literature, estimates of 

premorbid/prior intelligence are less than satisfactory because they could reflect some 

of the environmental conditions hypothesized to contribute to cognitive decline (Deary 

& Johnson, 2010; Johnson et al., 2010). As with any estimate, it is susceptible to error. 

Spinks et al. (2009) noted how poorly IQ proxy measures, including a version of the 

NART, performed at the tails of the IQ distribution. The proxy measures consistently 

overestimated the IQ of low-functioning individuals and underestimated the IQs of 

high-functioning individuals.  Furthermore, though education and occupation are 

thought to be influences on cognitive ageing, it must be noted that childhood cognitive 

function is a substantial predictor of both of these factors (Deary & Gow, 2008; Deary & 

Johnson, 2010; Strenze, 2007). Examination of any lifestyle-cognition relationship, 

benefits from knowledge of cognitive ability obtained in early-life (childhood), for 

several reasons. First, it is useful to have a measure of cognitive function at an early 

age, before the adoption of adult health behaviours such as smoking, and before the 

onset of adult chronic illnesses that can affect cognitive ability. Second, it is useful to 

have a measure of cognitive function before secondary education brings about 

educational experience heterogeneity, and before adult socioeconomic status (SES) is 

attained. Thirdly, it allows an assessment of people’s differences in cognitive change 

across the life-course.   

3.3 Reverse causation in lifestyle-cognition associations  

The previous section identified that prior ability may confound some determinants of 

cognitive ageing but it may also precede and predict these very same factors (Gow et 

al., 2011). This is often termed reverse causation, in which there is modification of the 

independent (predictor) variable by the dependent (outcome) variable (Lawlor, Hart, 

Hole, & Davey Smith, 2006).  

An alternative explanation for the lifestyle-cognition associations observed in 

epidemiological investigations is that people with higher childhood intelligence are 

those who, at an older age, are cognitively brighter and more likely to adopt a healthy 

lifestyle. For example, individuals who adhere to a ‘healthy’ dietary pattern may 
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perform better on multiple tests of cognitive function measured in later-life, but much 

of this association may be due to the fact that people with a higher early-life IQ are 

more likely to have a healthy diet (Batty, Deary, Schoon & Gale, 2007a; McNeill et al., 

2011). Further evidence suggests that those with a higher IQ in youth are also more 

likely to be physically active in adulthood (Batty & Deary, 2004; Anstey, Lowb, 

Christensen, & Sachdev, 2009), to have a healthy BMI (Batty, Deary, Macintyre, 2007; to 

drink alcohol moderately (Espeland et al., 2005; Stampfer, Kang, Chen, Cherry, & 

Grodstein, 2005) and to avoid smoking (Batty, Deary, Macintyre, 2007; Kubicka, 

Matejcek, Dytrych, & Roth, 2001; Taylor et al., 2003). These findings support the 

hypothesis of reverse causation, whereby better cognitive functioning leads to greater 

adherence to healthy lifestyle practices rather than vice versa. Figure 1 demonstrates: 

(1) the direct causal relationship typically assumed in most epidemiological studies in 

this area of research, and: (2) the hypothesis of reverse causation tested in the current 

thesis, in which prior cognitive ability might be a cause of the supposed ‘cause’ of 

cognitive ability in older age. Essentially, people with a higher early-life IQ may be more 

likely to engage in a lifestyle which protects against cognitive decline in the long-term. 

This supports the idea that cognition may literally influence the extent to which 

individuals manage their own risk for cognitive decline (Anstey et al., 2009). 

Reverse causation is a major issue for health outcomes in general but especially with 

regards to cognitive decline and dementia, due to the prolonged prodromal phase 

(Yaffe, Hoang, Byers, Barnes, & Friedl, 2014). The possibility that associations between 

healthy behaviours and improved cognitive performance might be wholly or partly 

attributable to prior cognitive ability predicting both, has implications for public health 

campaigns and interventions, to reduce cognitive decline. Given the potential for 

reverse causation, it is worryingly underreported and often not, or not able to be, 

tested. Insufficient attention has been paid to the possibility of reverse causation partly 

as childhood IQ records are rarely available in studies of adult cognitive ageing. 

 

 

 

 

15



(1) Causation 

 

(2) Confounding/reverse causation 

 

Figure 1. Two different hypotheses representing the relationship between health 

behaviours and cognitive function in later-life 

 

3.4 Socioeconomic Status, IQ and lifestyle 

As the powerful influence of childhood IQ on adult lifestyle, health and cognition is 

discussed, so too should the role of socioeconomic factors. A substantial body of 

literature (in psychology, epidemiology, public health and medicine) suggests that 

socioeconomic status (SES) is associated with both physical and cognitive outcomes in 

adulthood. Those of lower SES tend to be particularly vulnerable to health risks 

throughout their lifetimes (Lee, Back, Kim, & Byeon, 2010). In terms of health 

management, people with lower SES are less likely to adhere to healthy behaviours 

(Laaksonen,  Prättälä, Helasoja, Uutela, & Lahelma, 2003), have differential access to 

health services, and are less likely to visit a GP (Acheson, 1998). Population-wide health 
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promotion campaigns have been shown to reach high SES groups first, and only later, 

filter to those at the lower end of the SES scale (Victora, Vaughan, Barros, Silva, & 

Tomasi, 2000). People with the highest social class markers of adversity tend to 

perform less well on cognitive assessments (Long, Ickovics, Gill, & Horowitz, 2001), and 

several studies suggest an aggregate or cumulative effect of socioeconomic risks, 

including childhood socioeconomic conditions, education, income, occupation, and 

wealth, on cognitive impairment (Lee, Back, Kim, & Byeon, 2010; Long et al., 2001; 

Zhang, Gu, & Hayward, 2008). Several studies have demonstrated an effect of early-life 

socioeconomic adversity on late-life cognitive function independently of adult 

socioeconomic status (e.g. Zhang et al., 2008). More recent research suggests that adult 

SES may act as a mediator in the relationship between childhood conditions and later-

life cognitive function such that adult socioeconomic achievement may reverse adverse 

effects of childhood socioeconomic conditions and thus afford cognitive protection 

(González, Tarraf, Bowen, Johnson-Jennings, & Fisher, 2013). Thus, socioeconomic 

status is a life-course phenomenon, with different socioeconomic indicators influencing 

cognitive health differently at different stages (Fors, Lennartsson, & Lundberg, 2009; 

González et al., 2013; Lee, Back, Kim, & Byeon, 2010). Early-life factors such as 

education and later-life risks such as income might influence cognitive health 

trajectories through different pathways (Lee, Back, Kim, & Byeon, 2010).  

IQ and SES are intricately linked throughout the life course and are correlated 

predictors of health outcomes. Higher childhood cognitive ability scores in childhood 

predict advantageous social circumstances in adulthood including occupational and 

financial attainment and a higher SES (Deary et al., 2005). The complex association 

between IQ and SES is an example of a complex set of gene and environment 

contributions and relationships. There is some evidence, for instance, that, in 

childhood, genetic influences on IQ are stronger in higher SES environments than in 

more deprived environments (Turkheimer, Haley, Waldron, D'Onofrio, & Gottesman, 

2003), possibly indicating that some genes involved in IQ tend to be expressed only in 

higher SES settings. Alternatively, it may mean that there is more overall variance at 

lower SESs with greater environmental contribution. IQ and SES are generally 

moderately correlated, suggesting that IQ can influence an individual’s SES and/or vice 

versa. Furthermore, parents pass on genes for both intelligence and socioeconomic 

environment to their children (Deary, Penke et al., 2010; Marioni et al., 2014). Using 

DNA SNP data from nearly 7000 subjects in the Generation Scotland study, Marioni et 
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al. (2014) observed a genetic contribution to variation in SES, 26% of which was shared 

with the genes that influence intelligence.  The implication of these analyses is that SES 

has, in part, genetic causes that are shared with the genetic contributions to measured 

intelligence. 

Although there are clear SES gradients in lifestyle factors such as smoking, diet, 

physical activity and obesity (Darmon & Drewnoski, 2008; Gidlow, Johnston, Crone, 

Ellis, & James, 2006; Schaap, van Agt, & Kunst., 2008), there are several suggestions in 

the literature that IQ is the primary influence, and that SES mediates its effect (Hagger-

Johnson, Mőttus, Craig, Starr, & Deary, 2012; Batty, Deary, & Gottfredson, 2007). Many 

of the reported associations between childhood IQ and smoking, vascular morbidities, 

and the metabolic syndrome, were significant after adjustment for social class (see 

Kilgour, Starr, & Whalley, 2010) suggesting that a role for childhood IQ remained. 

Previous work on the LBC1936 found that educational attainment and social position 

contributed only small independent effects to late life cognitive ability once prior 

cognitive ability was accounted for (Johnson et al., 2010). Without a measure of prior 

cognitive ability the advantages of education or social class in terms of cognitive 

outcomes can be overstated. As previously mentioned, these factors are themselves 

predicted by earlier cognitive ability (Deary et al, 2005; Gow et al, 2011; Johnson, 

Deary, McGue, & Christensen, 2009). That SES has an independent effect is not in 

question, but it is likely that it contributes a small amount of independent variance in 

later ability level, once IQ/cognitive ability in youth is taken into account. 

3.5 Summary 

Lifestyle-related risk factors for cognitive ageing and dementia have been studied 

extensively in the last decade. In general, the studies examining the associations 

between lifestyle and cognitive function, to date, indicate that there may be a 

relationship between health behaviours and individual differences in cognitive 

functioning. The implication is that engaging in a healthy lifestyle may buffer the 

decline in cognitive abilities typically experienced with age. The purpose of this thesis 

is to address some of the methodological concerns in the current literature, including 

the possibility of confounding and reverse causation by prior cognitive ability, which 

are often not even acknowledged.  In doing so, the current thesis represents a 

necessary set of analyses which may help to shed light on the nature of the lifestyle-

cognitive function associations in later-life.  
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PART II: METHODS 

 

Chapter 4 - Methodology 

4.1 General aims and approach 

The overall aim of this thesis is to identify possible associations between lifestyle 

factors and cognitive function in a cohort of relatively healthy, community dwelling 

older individuals. Associations are examined from an epidemiological perspective using 

a series of observational studies. Each lifestyle factor is examined independently. Each 

of the studies in the thesis specifically address the role of childhood IQ primarily, and 

SES, in the relationships between lifestyle and cognitive function in older age. The body 

of work represented in this thesis is based on a series of six published, peer-reviewed 

first-author articles, and one co-authored article, examining the association between 

lifestyle, and lifestyle-related factors, and cognitive functions, in the Lothian Birth 

Cohort 1936 (LBC1936) Study. As previously noted, studies that can account for the 

stability of cognitive abilities are rare. This is a sample, described below, for whom 

valid intelligence records from youth are available, permitting evaluation of a possible 

link between childhood IQ, lifestyle and cognitive function in later-life, and making it 

ideally suited to addressing the aforementioned issues. This early measure of 

intelligence provides a significant advantage over previous research, which typically 

only estimates prior IQ, or assesses cognitive ability at baseline in older age. 

4.2 Dataset:  the Lothian Birth Cohort 1936 (LBC1936) 

The Lothian Birth Cohort 1936 (N=1091, see Figure 2) is a sample of men and women 

born in 1936, most of whom have intelligence test scores available from age 11 years. 

On 4 June 1947, almost all children in Scotland born in 1936 (n = 70,805) took a 

version of the Moray House Test (MHT) Number 12 as part of the Scottish Mental 

Survey of 1947 (SMS, 1947; see Deary, Whalley, & Starr, 2009). The MHT is a group-

administered test of general intelligence, concurrently validated (r ~0.8) against the 

Terman– Merill revision of the Binet scales (Scottish Council for Research in Education, 

1949). The SMS1947 was an almost complete population assessment of people born in 

1936. Participants in Edinburgh and its immediate surrounding area (Lothian) were 

traced in later-life, almost 60 years later, and invited to take part in a longitudinal study 
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of cognitive ageing, known as the Lothian Birth Cohort 1936 (Deary et al., 2007).This 

was achieved by using the Community Health Index, and latterly, media 

advertisements. The participants were invited to attend for detailed cognitive, medical 

and other testing, and questionnaire assessment, between 2004 and 2007, at a mean 

age of about 70 years. In total, 1091 relatively healthy participants (548 men and 543 

women) were recruited and tested individually at the Wellcome Trust Clinical Research 

Facility at Western General Hospital, Edinburgh. The mean age of the LBC1936 when 

tested as children in the SMS1947 was 10.9 years old (SD = 0.3) and the first follow-up 

in older age was conducted at a mean age of 69.5 years old (SD = 0.8). These will be 

referred to as age 11 and age 70 throughout this thesis. 

The LBC1936 participants were asked to complete a battery of cognitive tests 

administered by trained psychology research assistants, undergo a physical 

examination with a research nurse, and provide demographic and other psychosocial 

lifestyle information. Dietary intake was recorded using a food frequency questionnaire 

(FFQ), described below. Only the variables relevant to the current thesis are described 

in the following sections; an overview of the full assessment is given in Deary et al. 

(2007). 

As this cohort provides data about cognitive ability in early-life as well as older age, it 

offers a rare opportunity to study lifetime cognitive change. In terms of this thesis, this 

enables an assessment of the variance explained by lifestyle factors once early-life 

(premorbid) cognitive ability is accounted for.  

4.3 The seven lifestyle factors examined  

In the thesis I discuss findings from seven studies, in the context of the existing 

literature, and evaluate the contribution of these studies to the advancement of 

knowledge of cognitive ageing.  The cross-sectional associations are reported between 

seven aspects of lifestyle identified in the previous literature as potentially important 

predictors of cognitive performance. Diet, alcohol consumption, smoking, and physical 

activity are often referred to as ‘the big four’, and have been the focus of recent 

research efforts and their relationship with cognition is well-documented in literature. 

In addition to the big four, caffeine consumption, body mass index, and serum 

cholesterol levels are investigated. These multiple factors have not before been studied 

in the same cohort.    
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The first three studies focus on dietary intake, specifically: caffeine consumption 

(Corley, Jia et al., 2010); alcohol consumption (Corley et al., 2011), and; dietary patterns 

(Corley, Starr, McNeill, & Deary, 2013). Dietary factors such as coffee consumption, 

moderate alcohol consumption and a Mediterranean-style dietary pattern have all been 

implicated in successful ageing. The fourth study addresses the relationship between 

body mass index and cognitive performance (Corley, Gow, Starr, & Deary, 2010). Body 

mass index is an important predictor of health and a potential predictor of cognitive 

function, and closely related to other lifestyle factors such as dietary intake and 

physical activity. A fifth study evaluates the much-cited association between smoking 

behaviour and poor cognitive function (Corley, Gow, Starr, & Deary, 2012). The sixth 

study investigates the complex association between serum cholesterol measures and 

cognitive function (Corley, Starr, & Deary, 2015). An additional article, on which I am a 

co-author, and on which I made a substantial contribution (in terms of data collection, 

statistical analysis, and contributing to the writing) is summarised as it is valuable to 

the coherence of this thesis; physical activity is considered to be one of the main 

lifestyle factors to have a positive benefit for cognitive ageing. This article (Gow, Corley, 

Starr, & Deary, 2012) examines the association between physical activity and cognitive 

function using the same design and statistical methodology adopted in the previous 

papers by Corley and colleagues. 

Specifically, the thesis tests the hypotheses that the previously reported associations 

between a high caffeine intake, a moderate alcohol intake, a healthy dietary pattern, a 

lower BMI, smoking avoidance, a higher total and high-density lipoprotein (HDL) 

cholesterol level, and increased physical activity, may be substantially confounded by 

higher prior cognitive ability and, by association, SES.  Each peer-reviewed article 

contains a review of the relevant literature and a discussion of how the findings 

contribute to the literature on potential determinants of cognitive ageing. Part III 

reflects on the studies presented in this thesis by evaluating the findings from a 

broader perspective, within the framework of the current literature, and discussing 

methodological considerations, practical implications and directions for future 

research.  
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Chapter 5 - Measurement of Cognitive Function 

5.1 The psychometric approach  

Individual differences in intelligence are usually measured using psychometric tests; 

cognitive measures can only be inferred indirectly by assessing performance on tasks 

that are assumed to represent these abilities (Salthouse, 2010a).  The terms cognitive 

abilities, intelligence, IQ, psychometric intelligence, mental abilities, and cognitive 

functions, are often used interchangeably (Deary & Batty, 2007). Throughout this 

thesis, these terms all refer to psychometric intelligence, as measured by standardised 

mental tests. A broad definition of intelligence has been proposed by a group of 

prominent researchers in the field:  

“Intelligence is a very general capability that, among other things, involves the ability to 
reason, plan, solve problems, think abstractly, comprehend complex ideas, learn 
quickly and learn from experience. It is not merely book learning, a narrow academic 
skill or test-taking smarts. Rather, it reflects a broader and deeper capability for 
comprehending our surroundings—‘catching on’, ‘making sense’ of things, or ‘figuring 
out’ what to do. Intelligence, so defines, can be measured, and intelligence tests 
measure it well.” (Gottfredson, 1997a). 

Individual differences in human intelligence are among the most robust observations in 

psychology (Deary, Penke et al., 2010). The frequently controversial history of 

psychometrics spans over 100 years. Over this time, a number of theoretical concepts 

have been put forward to account for these differences, generating much debate over 

the last century among those in the fields of psychology and epidemiology. Central to 

this were two contrasting suggestions: that individual’s scores on multiple tests of 

cognitive ability were correlated and best represented by general cognitive ability 

(Spearman, 1904), and that cognitive ability differences were best represented by a 

number of separate cognitive domains (Thurstone, 1936).  

 5.1.1 Psychometric tests and g – common variance  

Psychometric tests take account of cognitive domains such as reasoning, executive 

function, memory, processing speed and spatial ability. Although cognitive domains 

have traditionally been considered to be independent, the field of differential 

psychology has unequivocally found that they are not (Carroll, 1993). Individuals who 

perform well in one domain, on average, tend to perform well in others. The term 

‘general intelligence’, referred to as g, is commonly used to reflect general cognitive 

ability, proposed first by Spearman (1904), which is applicable to any kind of cognitive 
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problem. General intelligence is important as it accounts for much of the predictive 

validity of cognitive tests. All intelligence tests, regardless of whether they are unitary 

or more complex multifaceted tasks, are correlated and tend to produce a strong 

general factor when applied to a large sample of people. In typical test batteries 

comprising upwards of ten different cognitive tests involving various materials and 

content, a g factor almost always accounts for around 40% or more of the total variance 

(Deary, 2012a; Deary, Penke et al., 2010; Harris & Deary, 2011; Johnson, Bouchard, 

Krueger, McGue, & Gottesman, 2004; Johnson, te Nijenhuis,& Bouchard, 2008; Plomin & 

Spinath, 2002). Likewise, the terms cognitive ability, mental ability, intelligence and IQ, 

represent the strong common core that cognitive tests share.  

Typically, g is the first unrotated principal component (or factor) from a battery of 

mental tests administered to a sample of a population. It describes the near-universal 

finding that all mental tests tend to correlate positively (Carroll, 1993). The g extracted 

from different, large mental test batteries correlates at levels that are above r = 0.9. 

(Johnson et al., 2004). 

General intelligence differences are associated with important life outcomes including 

school and occupational achievement, job performance, and social mobility (Strenze, 

2007; Gottfredson, 1997b). People with higher general intelligence in youth have better 

health in middle and later-life and are less likely to die young (Calvin et al., 2011). 

Intelligence in early adulthood and middle age predicts risk of premature mortality as 

strongly, or better than, other commonly assessed risk factors including blood 

pressure, dyslipadeamia and body mass index (Batty, Shipley, Gale, Mortensen & Deary, 

2008).  

In recent years, validity for psychometric intelligence measures is provided by data 

from brain imaging and genetic studies, which show strong correlates with results from 

intelligence tests. General intelligence differences are substantially heritable (Deary, 

Johnson, & Houlihan, 2009; Deary, Penke et al., 2010), and general intelligence and 

brain size and efficiency show modest, positive correlations (McDaniel, 2005). 

Although these findings demonstrate correlations and not causal mechanisms, these 

two areas represent the most promising avenues for studying the neuroscience of 

general intelligence in the future. Further discussion of this interesting and evolving 

area is beyond the remit of this thesis, but given their broad consideration in cognitive 
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research today, several genetic and brain imaging studies are cited in the discussion in 

Part 3. 

 5.1.2 Psychometric tests and specific variance 

Apart from the shared variance, each individual cognitive test also shows a substantial 

amount of specific variance, generally ranging from 20% to 50% of the total variance 

(Deary, 2001). This reflects the particular abilities involved in that test. Some of this 

can be attributed to error variance or variance resulting from person-specific factors 

affecting performance such as fatigue or mood factors. Various tests requiring certain 

broad abilities such as word knowledge or spatial awareness, tend to be highly 

correlated as individuals often have areas of strengths or indeed weaknesses. However, 

much less variance is contained within broad domains of capability (Deary, Penke et al., 

2010).  

Haier et al. (2009) explained that participants’ scores result from g, cognitive abilities 

(group factors), and cognitive skills (test specificities). Group factors representing 

specific abilities also represent an important level of analysis (Plomin & Spinath, 2002). 

There is a growing consensus that it is valid to examine both general and specific 

cognitive abilities (Deary, 2001; Harris & Deary, 2011). Just as factor analysis is used to 

extract a g factor from psychometric tests, factors representing major cognitive 

domains such as memory and processing speed can be derived from a large number of 

cognitive tests (see Deary, Penke et al., 2010). 

 5.1.3 Fluid and crystallised intelligence 

The theory of fluid and crystallised intelligence was developed by Cattell & Horn to 

distinguish between two aspects of g (Horn, 1989). Fluid intelligence is considered to 

be our basic information-processing capability, which is best captured using tests of 

novel material under time pressure. Abilities such as speed of processing, memory, 

spatial ability, and reasoning are fluid abilities and tend to decline with age. Crystallised 

intelligence represents the stored knowledge acquired over time, which is best 

captured by tests like vocabulary and other knowledge-based assessments. Although 

they are highly correlated, there is a marked difference in the way they change with age 

(Craik & Bialystok, 2006). Fluid intelligence declines like other physical abilities 

whereas crystallised intelligence, such as word knowledge (captured in tests such the 

NART), shows little age-related cognitive decline. In fact, vocabulary is preserved even 
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during the initial stages of dementia, at a time when fluid intelligence has declined 

markedly (McGurn et al., 2004). Given that there are distinct ageing patterns for fluid 

and crystallised intelligence, it is important that they are examined independently.  

 5.1.4 Processing speed 

Attempts to explain differences in intelligence and cognitive ageing are often founded 

substantially upon differences in speed of information processing (Salthouse, 1996). 

That more intelligent people react to and inspect visual and auditory stimuli more 

rapidly than less intelligent people is a well-established finding (Deary & Stough, 1996; 

Deary, Penke et al., 2010; Ritchie, Tucker-Drob, & Deary, 2014). People with higher 

intelligence have faster and less variable reaction times, for example (Deary, Der, & 

Ford, 2001). Functional neuroimaging studies are generally consistent with the 

hypothesis that more intelligent brains process information more efficiently, i.e. use 

fewer brain resources, than less intelligent brains (Haier et al., 1988; Deary, 2000). One 

study found there was no longer a significant association between intelligence and 

mortality following adjustment for individuals’ reaction times (Deary & Der, 2005). 

This finding is crucial as it might be seen as evidence for the theory of general body 

(system) integrity (of which faster reaction times is a marker) underlying both 

intelligence and mortality. This theory will be revisited in Part III. 

Studies typically use conventional processing speed tests such as Digit-Symbol 

Substitution and Symbol Search, both paper and pencil tests, or reaction time tasks. 

These tests are useful measures of processing speed and decision response speed, but 

at the same time, they rely upon other mental processes such as memory or reasoning 

and physical reactions such as motor speed that may be subject to decline with age for 

entirely non-cognitive reasons. Free from these constraints, because it needs no 

speeded motor response, is a visual inspection time task which is a psychophysical 

indicator of the efficiency of early-stage perceptual processing. Using this task, Ritchie 

et al. (2014) found strongly coupled changes in intelligence and inspection time over 

time, similar in magnitude to performance on the more conventional processing speed 

measures. These findings not only confirm that level of basic processing speed 

correlates with level of intelligence, as found in previous work (e.g. Deary & Stough, 

1996; Nettelbeck, 2011) but that cognitive change is accompanied by changes in basic 

(lower-level) visual information processing as we age, supporting the processing speed 

25



theory of ageing. In terms of cognitive ageing research, Inspection Time may serve as 

an early biomarker of age-related decline (Deary, Johnson & Starr, 2010) 

The above discussion sets the ground for the following sections which describe the 

tests used in the LBC1936 cognitive battery and supports the use of a general cognitive 

factor g, as well as specific major age-related cognitive domains—processing speed, 

memory, and crystallised ability, and aid in the interpretation of the findings from each 

analysis. 

5.2 The LBC1936 cognitive test battery 

All participants were administered a comprehensive battery of 

psychometric/neuropsychological tests to assess cognitive function, based largely on 

the Wechsler Adult Intelligence Scale-IIIUK (WAIS-III; Wechsler, D, 1998a) and the 

Wechsler Memory Scale-IIIUK (WMS-III; Wechsler, 1998b). Scoring of all tests was 

performed by trained psychologists. A description of each test follows. 

 5.2.1 The cognitive tests 

 The Mini-Mental State Examination (MMSE) was administered as a standardised 

first-stage screening measure for cognitive pathology (Folstein, Folstein, & McHugh, 

1975). It is commonly used as a brief screening test for dementia consisting of 30 

questions that assess orientation to time and place, short and delayed memory recall, 

registration, constructional ability, language, and the ability to understand instructions. 

Scores range from 0 to 30, with a score of less than 24 generally accepted as an 

indicator of possible dementia (Lezak et al., 2004). Those scoring below the cut-off 

were excluded from the analyses, as is standard in studies of normal cognitive ageing. 

 Moray House Test (MHT) Number 12. The participants in the LBC1936 had 

mostly taken part in the nationwide SMS1947. The Moray House Test Number 12 was 

one of a number in this series used (Scottish Council for Research in Education, 1949) 

for the purposes of selection from primary to secondary education. It is a paper and 

pencil group administered test, which has a 45-minute time limit. The MHT was 

devised by Godfrey Thomson, Principal of Moray House College of Education in 

Edinburgh (Thomson, 1940). This ‘verbal reasoning’ test has 71 numbered items, 75 

questions in total, of a variety of types: following directions (14 items); same-opposites 

(11 items); word classification (10 items); analogies (8); practical items (6); reasoning 

(5); proverbs (4); arithmetic (4); spatial items (4); mixed sentences (3); cypher 
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decoding (2); and other items (4). The maximum possible score in the Moray House 

Test (MHT) is 76.  

The MHT was validated in a sub-sample of 1000 children (500 boys and 500 girls) 

drawn from the Scottish Mental Survey of 1932 (Scottish Council for Research in 

Education, 1933). This group completed the Stanford revision of the Binet-Simon Test 

(as standardised by Terman). Correlations between the MHT and Binet IQ test were 0.8 

(for boys) and 0.76 (for girls), providing concurrent validity for the MHT (Deary, 

Whalley et al., 2009; Scottish Council for Research in Education, 1933). The MHT was 

readministered to LBC1936 participants at age 70. The same instructions and 45-

minute time limit were used. MHT scores at age 11 and age 70 were corrected for age in 

days at time of testing and converted into IQ-type scores for the sample (M = 100, SD = 

15). 

 The Wechsler Adult Intelligence Scale-III (WAIS-IIIUK, Wechsler, 1998a) and the 

Wechsler Memory Scale (WMS-IIIUK, 1998b). The WAIS is one of the most widely used 

sets of cognitive test batteries to assess intelligence. They are administered by a trained 

tester to an individual subject. A validation study, based on 2450 adults in the US, 

demonstrated a mean correlation among the various (thirteen) tests of different 

domains of thinking in the WAIS-III, to be 0.49 (range 0.26-0.77). In essence, those 

performing well on one test tended to do so on the others, and vice versa. The 

reliability of this battery of tests is high. The mean test-retest reliability of these tests 

was 0.85 (range 0.77-0.93). Four identifiable cognitive domains underlie these tests, 

namely: verbal comprehension, perceptual organisation, processing speed and working 

memory (Wechsler, 1997). The Wechsler Memory Scale (WMS-III) is a 

neuropsychological test designed to measure different memory function, namely, 

immediate memory, general (delayed memory), and working memory. 

The LBC1936 psychometric test battery was chosen to provide a comprehensive 

assessment of cognitive function (Deary et al., 2007). Participants took six subtests 

from the Wechsler Adult Intelligence Scale-IIIUK (WAIS-III; Wechsler, 1998a), namely: 

Letter-Number Sequencing; Matrix Reasoning; Block Design; Digit Symbol; Digit Span 

Backwards; Symbol Search. Participants took subtests from the Wechsler Memory 

Scale-IIIUK (WMS-III; Wechsler, 1998b), namely: Logical Memory I immediate and II 

delayed recall; Spatial Span Forwards and Spatial Span Backwards; Verbal Paired 

Associates I immediate recall and II delayed recall.  
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 Verbal ability was assessed using the National Adult Reading Test (NART; 

Nelson and Willison, 1991) and Wechsler Test of Adult Reading (WTAR; Holdnack, 

2001). Both of these tests require the subject to read aloud 50 irregular words, i.e. none 

of which follow normal English rules of grapheme-phoneme correspondence and/or 

stress.  These tests are widely used to estimate prior (crystallised) cognitive ability 

given that verbal ability is less likely to have declined with age, even in those with 

dementia (McGurn et al., 2004).  

  Reaction Time and Inspection Time. Participants also completed a simple and 

choice reaction time task (Cox, Huppert, & Whichelow, 1993; Deary, et al., 2001) and a 

computer-based visual processing speed task known as Inspection Time (Deary, 

Simonotto et al., 2004). 

 5.2.2 Data reduction: g, processing speed and memory factors  

From the individual tests, composite cognitive function scores were extracted using 

principal components analysis to represent three major ageing-related cognitive 

domains: general cognitive ability (g), processing speed (Luciano, Gow, et al., 2009) and 

memory (Corley, Jia et al., 2010). Regression scores were calculated for the first 

unrotated principal component. The amount of variance accounted for in these derived 

factors is almost exactly as is usual (Carroll, 1993) in this type of work, and is 

substantial.  

(1) A general cognitive ability (often referred to as g) factor, was derived from 

scores on the WAIS-III subtests: Letter-Number Sequencing; Matrix Reasoning; 

Block Design; Digit Symbol; Digit Span Backwards; Symbol Search. A general 

cognitive ability (g) factor is well established in the literature (Deary, Penke et 

al., 2010). Inspection of the Scree slope (see Figure 3.1), and the Eigenvalues-

greater-than-one criterion, indicated a single component, which accounted for 

53% of the variance. Each individual test was found to load strongly on g [range 

0.66–0.77]. Individuals' scores on the first unrotated principal component were 

used to represent general cognitive ability. 

(2) A processing speed factor was derived from scores on a set of mental 

processing speed measures, namely: Symbol Search; Digit Symbol; Simple and 

Choice Reaction Time mean; Inspection Time. Inspection of the scree slope (see 

Figure 3.2), and the Eigenvalues-greater-than-one criterion, indicated a single 

component, which accounted for 51% of the variance. Each individual test was 
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found to load strongly on the speed factor [range 0.60–0.79]. Individuals' scores 

on the first unrotated principal component were used to represent processing 

speed. 

(3) A memory factor was derived from scores on a set of memory measures 

namely: Logical Memory I immediate and II delayed recall; Spatial Span 

Forwards and Spatial Span Backwards; Verbal Paired Associates I immediate 

recall and II delayed recall; Letter-Number Sequencing, Digit Span Backwards. 

Inspection of the scree slope (see Figure 3.3), and the Eigenvalues-greater-than-

one criterion, indicated a single component, which accounted for 43% of the 

variance. Each individual test was found to load strongly on the memory factor 

[range 0.48–0.78]. Individuals' scores on the first unrotated principal 

component were used to represent memory. 
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Chapter 6 - Measurement of Lifestyle Factors and Other 

Variables 

6.1 Dietary consumption 

Maintaining a healthy nutritional status in later-life is problematic due to factors such 

as loss of appetite, a decline in income, access to shops and cooking facilities, and 

disease states. Many older people are deficient in micronutrients (Finch et al., 1998). 

Age itself is a moderating factor in how certain food related factors, such as variety, 

influence eating behaviour (Remick, Polivy & Pliner, 2009). 

Researchers face challenges in nutritional assessment in older people as a result of 

hearing, mobility, and eyesight loss. Consequently, there is a body of research which 

has focussed on developing appropriate tools suitable for the assessment of dietary 

intake in this age group. Dietary assessment methods that rely on short-term memory 

or lengthy interviews, such as the 24-hour recall and diet history methods, have 

limitations for those in older age. The food frequency questionnaire (FFQ) does not rely 

on short-term memory and has been found to be suitable for those with stable dietary 

habits (Lazarus, Wilson, Gliksman, & Aiken, 1995). Asking respondents to recall food 

items frequently consumed may be less of a challenge than recalling specific food items, 

as in the 24-hour recall method.  

 6.1.1 The Food Frequency Questionnaire (FFQ) 

Caffeine (Corley, Jia et al., 2010), alcohol (Corley et al., 2011) and dietary (Corley et al., 

2013) data were derived from responses to a self-report food-frequency questionnaire 

(Scottish Collaborative Group (SCG) FFQ version 7.0; see 

http://www.foodfrequency.org). The SCG FFQ is a research instrument designed to 

estimate daily intake of a wide range of nutrients in large scale epidemiological studies 

in adults in the UK. It has been developed in Aberdeen, Dundee and Cambridge from the 

diet questionnaire used in the Scottish Heart Health Study and MONICA study. It is 

designed to estimate habitual diet over the previous 2-3 months (or other specified 

period) and was completed by the participants at home using a paper copy. It includes 

up to 175 commonly-eaten types of food or drink grouped into 19 sections and is semi-

quantitative, i.e. respondents estimate the amount of each food they have as well as 

how often they have it. For each item, participants mark one of nine responses to 

indicate frequency of consumption ranging from rarely or never to 7+ times per day. 
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The FFQ (Masson et al., 2003) has good repeatability (dietary intake is reasonably 

stable in the short term) and good validity, compared with 4-day weighed diet diaries, 

for most nutrients in community-dwelling older populations (Jia, Craig, Aucott, Milne, & 

McNeill, 2008; McNeill, Winter, & Jia, 2009). McNeill et al. (2009) found little evidence 

that cognitive function in older age influences validity.   

6.2 Measuring the other lifestyle factors 

The other lifestyle factors were assessed using standard measurement tools; further 

details can be found in the relevant papers. In brief: physical activity level was assessed 

via a questionnaire completed at home and returned at the clinic appointment (Gow, 

Corley et al., 2012); body mass index data is derived from height and weight measures 

obtained at the physical examination (Corley, Gow et al., 2010); smoking behaviour 

data is derived from responses given during the health and medical history interview 

(Corley et al., 2012); and, serum cholesterol was derived from results of a blood profile 

taken as part of the medical assessment (Corley et al., 2015). 

6.3 Measuring the demographic, health, and other variables 

Important variables that could potentially confound any association between health 

behaviours and cognitive function, apart from prior IQ, are socioeconomic status and 

physical health. These factors were included as covariates throughout the studies, 

wherever relevant. Socioeconomic status was represented by occupational social class, 

derived from participants’ highest reported occupation (Office of Population Censuses 

and Surveys, 1980), and consisted of six categories ranging from I (professional 

occupations) to V (unskilled occupations), with III (skilled occupations) divided into 

IIIN (non-manual) and IIIM (manual). Married women were asked to provide a 

description of their husband’s occupation and assigned a social class category based on 

the highest occupation of the household. Participants also provided the number of 

years in full-time education. A medical history was taken during LBC1936 clinic visits 

including history of hypertension, diabetes, cardiovascular disease, stroke, 

hypercholesterolemia, and current medications. 

6.4 Statistical Methods 

All analyses were conducted in PASW Statistics version 17.0, 18.0, or 19.0. Each study 

used analysis of variance (ANOVA) and chi-square tests to firstly examine whether 

demographic and health variables differed between categories of the lifestyle factor 
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being studied. For the main analyses, each lifestyle factor was entered into general 

linear models (ANCOVA) as a continuous predictor variable. Cognitive outcomes 

(dependent variables) were age 70 (MHT) IQ, general cognitive ability (g), processing 

speed, memory, and verbal ability (NART and WTAR). Using a general linear model 

approach for each set of analyses allowed us to control for potentially confounding 

variables, including, age, sex, childhood cognitive ability (IQ), and adult occupational 

social class. Even though our sample shared the same year of birth (1936), assessment 

took place over a three year period (2004 to 2007). The age range at time of 

assessment in the current sample was 67.6 -71.3 years (mean = 69.5, SD = .83). 

Although this is a relatively small difference, we always adjusted for the effects of 

chronological age when examining cognitive outcomes. Additional potential 

confounding variables were included in the analyses if relevant.  Relevant estimates of 

effect size are presented, reported as partial eta-square (ηp2), and p-values are also 

given (the 0.05 level of significance was used for all data analyses with the appropriate 

discussion of possible type 1 errors). In examining any attenuation by covariates, 

attention is drawn to the change in effect size, not merely to any change in the 

significance level. 
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PART III: DISCUSSION 

 

Chapter 7 - Results and General Discussion 

7.1 Study objectives revisited 

The objectives of the present thesis were to investigate lifestyle determinants of 

cognitive functioning in older community dwelling adults, free from dementia. A series 

of cross-sectional studies considered a number of lifestyle factors which have been 

proposed as cognitively protective. Part I discussed the potential lifestyle-cognition 

relationships based on previous literature and provided a rationale for the influence of 

lifetime stable ‘trait’ IQ on these observed associations. The possibility of reverse 

causation is central to this thesis. The possibility that the associations between better 

lifestyle habits and improved cognitive performance might be wholly or partly 

attributable to prior cognitive ability predicting both, has implications for cognitive 

ageing research. Thus, the primary objective was to identify lifestyle factors with an 

independent effect on cognitive function in later-life after the confounding effects of 

lifetime stable levels of IQ were accounted for. This chapter summarises the main 

findings and discusses the implications of this research, relevant methodological 

considerations and directions for future research. 

7.2 Main findings 

 7.2.1 General demographic results 

The LBC1936 cohort was relatively cognitively healthy, as shown by the mean MMSE 

obtained; m = 28.8 (SD = 1.4) out of a maximum of 30. At age 70, 11 participants scored 

less than 24 on the MMSE (often used as an indicator of possible dementia), and no 

participant scored below 20. They had a mean of 10.7 years (SD = 1.1) of full-time 

formal education, a mean weekly alcohol consumption of 10.5 units (SD = 14.2), and a 

mean BMI of 27.8 (SD = 4.3). 11.5% were current smokers, 42.6% were ex-smokers and 

45.9% were never smokers. The majority of participants were grouped in social classes 

1-3; 17.8% participants were in social class 1 (the highest grouping), 37.6% were in 

social class 2, 23% were in social class 3 (non-manual) and 17.6% in social class 3 

(manual). Social classes 4 and 5 consisted of 3.5% and 0.6% of participants, 
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respectively. The raw MHT score (out of a maximum 76) for participants at age 11 was 

49.0 (SD = 11.8) and 64.2 (SD = 8.8) at age 70. Comparing performance on the MHT at 

age 11 to age 70, the participants showed a significant improvement; the difference 

between average MHT scores at 11 and 70 years old for the LBC1936 was 15.2 points 

[49.0 vs. 64.2, t(1016) = 56.19, p < .001, Cohen’s d = 1.46].  

 7.2.2 Stability of the Moray House Test (MHT) 

Correlating MHT performance across several decades provides an indication of its 

stability. The stability coefficient across nearly 60 years (11 to 70 years old) was 0.69 

(p < 0.01, N = 1017). This finding demonstrates the high stability in cognitive ability 

across several decades of the human life course. The cumulative evidence suggests that 

about 50% of the variance in later-life cognitive ability test performance is accounted 

for by childhood cognitive ability. The stability of cognitive ability over long periods of 

time is now well-established, especially in the cohorts derived from participants of the 

SMS surveys, namely, the Aberdeen Birth Cohort 1936 (ABC1936; Deary, Whiteman et 

al., 2004), the Lothian Birth Cohort 1921 (LBC1921) and the LBC1936 (Deary, Gow et 

al., 2011; Deary, Whalley et al., 2009; Deary, Whiteman et al., 2004; Gow et al., 2011), as 

well as other longitudinal studies such as the Nun Study (Riley, Snowdon, Desrosiers,& 

Markesbery, 2005).  

 7.2.3 Childhood IQ: a major confounder 

Whereas the finding that IQ levels demonstrate stability across the lifetime in this 

cohort is not novel, it is prescient when considering other determinants of the level of 

cognitive ability in later-life. The findings are interesting, partly as a result of the 

overwhelming generalities which appeared across this series of seven studies. The 

initial results (adjusted for age and gender) of each paper were broadly in accordance 

with previous research which identified these lifestyle and lifestyle-related factors as 

potentially cognitively protective. In general, better cognitive function at age 70 was 

associated with a higher caffeine (especially coffee) intake (Corley, Jia et al., 2010), a 

higher alcohol (especially wine) intake (Corley et al., 2011), a Mediterranean-type 

dietary pattern (Corley et al., 2013), maintaining a ‘normal’ body mass index (Corley, 

Gow  et al., 2010), smoking avoidance (Corley et al., 2012), physical activity (Gow, 

Corley et al., 2012) and a ’healthy’ later-life lipid profile (Corley et al., 2015). These 

seemingly beneficial associations held across the cognitive domains tested: general 
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(fluid) cognitive ability (g); processing speed; memory; and verbal (crystallised) ability 

and suggested that these factors account for around 1% of the variance in cognitive 

performance. These preliminary findings are in accordance with those of many 

previous studies and support the theory that a healthy lifestyle may ‘buffer’ the effects 

of cognitive ageing.  

However, further analyses demonstrated that these lifestyle factors (caffeine 

consumption; alcohol consumption; diet; body mass index; smoking; physical activity; 

and cholesterol) did not exhibit robust or straightforward relationships, if any, with 

cognitive performance in later-life. When statistical models that included a direct, 

validated measure of childhood IQ, and to a lesser extent adult SES (based on highest 

achieved adult occupational-based class), were tested, most of the ‘protective’ effects of 

these factors on cognitive function were removed, or at the least, markedly attenuated, 

often by around 50-80%. For example, after controlling for the effects of prior IQ and 

SES, a higher caffeine intake was found to be neither beneficial nor detrimental to 

performance on cognitive tests. Instead, those who drank more caffeine, and more 

ground coffee in particular, were more likely to have a higher IQ in childhood and older 

age (Corley, Jia et al., 2010). Likewise, the association of a higher alcohol intake and 

better cognitive abilities (age 70 IQ, g, and processing speed) could be explained by 

those with a higher prior cognitive ability in youth, drinking more alcohol years later, 

and also having a preference for wine consumption over other types of alcohol (Corley 

et al., 2011). A higher BMI, indicative of being overweight or obese, was associated with 

poorer cognitive performance at age 70, but this could largely be accounted for by 

lower lifetime IQ and SES (Corley, Gow et al., 2010). The same held true for diet; the 

well-established finding of better cognitive performance in those adhering to a 

Mediterranean diet rather than a conventional diet could be explained by a higher IQ in 

youth and SES in adulthood (Corley et al., 2013). When the lipid profile of participants 

were tested in the serum cholesterol analyses (Corley et al., 2015), all the significant 

effects of cholesterol (higher total-, higher HDL-cholesterol, and lower triglycerides) 

with better cognitive function were removed. At the same time as noting 

commonalities, there were obvious exceptions, which are discussed below. 

 7.2.4 Which lifestyle factors might contribute to healthy cognitive 

 ageing? 
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Alcohol consumption, smoking, and physical activity were the three lifestyle factors 

measured which were found to make an independent contribution to cognitive 

performance in older age once the effects of prior IQ and adult SES were removed. 

These findings are discussed in brief below. 

Alcohol  

Although there was no longer an association of better cognitive function with overall 

alcohol intake in units with age 70 IQ, g, and processing speed, an independent 

association was observed between a higher alcohol (particularly wine) consumption 

and better memory function and verbal ability (in women only) at age 70 (Corley et al., 

2011), accounting for around 1% in women and 1.2% in men, of the variance in scores. 

As the women’s intake derived almost completely from wine, this was suggested to be a 

potentially beneficial effect of wine. However, memory performance was better in men 

with a higher overall alcohol intake and not necessarily due to wine intake per se. Thus, 

regular consumption of wine (equivalent to one glass of wine per day or more) in the 

LBC1936, was found to make a small, positive contribution to one domain of cognitive 

performance—memory—in later-life, but not to g, processing speed, or age 70 MHT IQ. 

As noted in the paper, wine drinkers tend to have more favourable health and lifestyle 

characteristics, such as a healthier diet, than consumers of beer and spirits. However, 

there may be biological mechanisms underlying a link between wine consumption, 

especially red wine, and better cognitive function. Red wine consumption has been 

found to attenuate Aβ neuropathology associated with AD in mice (Wang et al., 2006). 

Red wine is also a source of polyphenols, which exhibit cardioprotective effects in 

humans, and are associated with a reduced risk of age-related neurodegenerative 

disorders including AD (see Vauzour, Rodriguez–Mateos, Corona, Oruna–Concha, & 

Spencer, 2010) and 10-year cognitive decline in healthy individuals (Letenneur, 

Proust–Lima, Le, Dartigues, & Barberger–Gateau, 2007).  However, given that the 

positive wine intake-better memory association was robust in women, but not in men, 

suggests that the clinical significance of these findings is uncertain (Corley et al, 2011). 

The available epidemiological evidence is only suggestive of a protective effect. At 

present there is no indication that moderate drinking would be harmful to cognition 

and dementia but it has not been possible to define a beneficial level of alcohol intake 

(Panza et al. 2009). 

Smoking 
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The study examining the associations between smoking (current status and amount of 

lifetime smoking) and cognitive performance at age 70, suggests that cognitive abilities 

and smoking behaviour are linked across the life course (Corley et al., 2012). Lower IQ 

in childhood was associated with a higher risk of becoming a smoker and of continuing 

to smoke in later-life. In later-life, those who were current smokers at age 70 

performed more poorly than ex-smokers and never smokers on tests of g and 

processing speed independently of childhood IQ and SES. Thus, current smoking was 

found to make a small, negative contribution to cognitive performance in later-life, 

explaining 0.7% and 0.6% of the variance in g and processing speed performance 

respectively. In the LBC1936, the findings suggest that continuing to smoke in older age 

contributes to age-related cognitive impairments in fluid cognitive abilities 

(represented by g) and speed of information processing. Interestingly, past smoking 

was not associated with significantly poorer performance than never smokers in any 

cognitive domain, consistent with previous studies (e.g. Deary et al., 2003). Likewise, a 

meta-analysis of prospective studies found that compared with non-smokers, current 

smokers had higher rates of cognitive decline and increased risk of dementia; however, 

former smokers did not have an increased risk of dementia compared with non-

smokers (Anstey et al., 2007).  

That smoking in old-age increases the risk of cognitive impairment and AD is well-

documented, but it appears to have deleterious consequences for lifetime cognitive 

change in healthy individuals (Deary et al., 2003; Whalley et al., 2005). Furthermore, 

current smoking into older age was identified as the single most consistent vascular 

risk associated with cognitive decline in the English Longitudinal Study of Ageing 

(ELSA; Dregan, Stewart & Gulliford, 2012). As noted in Chapter 2, neuroimaging studies 

employing MRI methods indicate that smoking may lead to both macro- and 

microvascular cerebral damage (Debette et al., 2011; Gons et al., 2011). However, the 

low rate of survival in smokers is a potential limitation of some of these studies and 

current smokers were under-represented in the current sample.  

Cessation of smoking in adulthood may ‘buffer’ the cognitive ageing experienced by 

those who continue to smoke. Support for this hypothesis derives from a recent brain 

MRI imaging study. Using structural brain MRI data of around 500 of the LBC1936 

participants, Karama et al. (2015) found that during the course of normal ageing, 

smoking accelerates cortical thinning, which is a biomarker of cognitive decline in 

adults. However, accounting for lifetime smoking, the cortex of subjects who stopped 
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smoking appeared to have partially recovered for each year without smoking. Although 

complete cortical recovery in affected areas took on average 25 years in this sample, 

these important findings suggest that partial recovery is possible. In terms of public 

health implications, these findings suggest that there are cognitive benefits to quitting 

smoking, even for older adults who have been smoking for many years; intervention 

programmes should target smokers at all ages. The potential to at least partially 

recover from smoking-related cortical thinning might serve as a strong motivational 

argument to encourage smoking cessation.  

Physical activity 

In the physical activity paper (Gow, Corley et al., 2012), participating in some physical 

activity (compared to being sedentary) was associated with better general cognitive 

ability (g) and processing speed performance. This lifestyle factor accounted for 0.7% 

of the variance in g and 1% of the variance in processing speed. Nevertheless, they 

support the compelling evidence that physical activity has a role in determining healthy 

cognitive ageing. Our findings are in accordance with a systematic review in 2010 (Lee, 

Back, Kim, Kim et al, 2010) which found that eight out of nine studies examined showed 

significant cognitive benefits with physical activity.  

Further support for a link between physical activity and cognitive ageing comes from 

brain imaging studies. In a later investigation of the LBC1936 sample using structural 

MRI data from around 700 participants, Gow, Bastin et al. (2012) found that self-

reported physical activity was associated with less brain atrophy and fewer white 

matter (vascular brain) lesions. This and other studies (e.g. Marks et al., 2007; Tian et 

al., 2014; Voss et al., 2013) suggest that being physically active may help preserve brain 

microstructural integrity in among community-dwelling older adults. In addition, 

declining physical function over a three-year period, represented by performance on 

typical physical function measures such as 6-metre walk, grip strength, lung function, 

was related to (less) brain volume at baseline in the LBC1936 sample. These 

associations did not diminish when covariates such as education, social class, and 

health status (particularly hypertension) were considered (Aribisala, Gow et al., 2013). 

As yet, there is a dearth of large-scale studies combining MRI assessments and long-

term follow-up, so studies to date are usually limited to relatively short follow-up 

periods.   
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There are several plausible biological mechanisms underlying associations between 

physical activity and cognitive decline, as mentioned briefly in chapter 2.2. Physical 

activity reduces cardiovascular risk (Colcombe et al., 2003), increases cerebral 

perfusion and facilitates neurogenesis (Cotman & Engesser-Cesar, 2002; Neeper, 

Gómez–Pinilla, Choi, & Cotman, 1996). Exercise can help minimise and control vascular 

risk factors such as hypertension, hypercholesterolaemia, diabetes, heart disease and 

obesity (Buchner, 2009). In contrast, impaired blood flow in the midbrain is a risk 

factor for subsequent cognitive impairment (Zlokovic, 2011). Physical activity 

positively impacts physical health in other ways such as minimising pain and 

improving sleep (Reid et al., 2010) both of which may secondarily impact cognitive 

functioning, and by improving emotional health. Cognitive functioning can be adversely 

affected by anxiety and depression (Reppermund et al., 2011); exercise has been shown 

to improve mood and decrease symptoms in conditions such as depression and anxiety 

(Herring, Jacob, Suveg, Dishman, & O’Connor, 2012; Herring, Puetz, O’Connor, & 

Dishman, 2012).  

There has been significant growth in the literature on exercise and cognition, with 

results suggesting that exercise is one of the best activities older adults can engage in to 

promote successful ageing and it continues to be one of the most scrutinised lifestyle 

factors in continuing research efforts. Across numerous studies, associations between 

greater engagement in physical leisure pursuits and better cognitive outcomes have 

been reported (Hertzog et al., 2009). Adults who are more physically active generally 

have higher cognitive ability, an association replicated not only cross-sectionally but 

longitudinally in follow-up studies spanning decades (Hultsch, Hammer, & Small,1993, 

Hultsch, Hertzog, Small, & Dixon, 1999; Larson et al., 2006; Richards, Hardy, & 

Wadsworth, 2003; Rovio et al., 2005; Wilson, Barnes, & Bennett, 2003; Wilson, Bennett 

et al., 2003; Schaie, 2005a; Weuve et al., 2004; Singh-Manoux, Hillsdon, Brunner, & 

Marmot, 2005; Kramer et al., 2006). A meta-analysis of prospective studies in non-

demented older adults found that not only were high levels of physical activity 

protective against cognitive decline, but low-to-moderate activity levels were also 

protective (Sofi et al., 2011). Even light walking of 1.5 hours a week was found to 

provide some cognitive benefit (Weuve et al., 2004). This protective effect may be 

cumulative, as suggested by the higher cognitive performance observed among persons 

participating in long-term regular physical activity (Weuve et al., 2004). A persistent 

low level of physical activity over 11 years has previously been associated with an 
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increased risk of poor fluid intelligence (Singh-Manoux et al., 2005). Physical activity 

interventions in older adults have reported benefits for executive function, processing 

speed, memory and attention (Smith et al., 2010). In concordance with these findings, 

imaging studies also suggest that physical activity is associated with beneficial effects 

on brain structure including increased grey matter volume (Erikson et al., 2010) and 

better white matter integrity (Gow, Bastin et al., 2012; Gons et al., 2013], whereas low 

physical activity has been associated with increased brain atrophy (Smith et al., 2010). 

 7.2.5 Verbal ability and ‘peak’ intelligence 

After controlling for prior IQ and SES, the only indication that some of the lifestyle 

factors (caffeine consumption, diet, and BMI) exerts a protective influence on cognitive 

performance was that those with a preference for ground coffee drinks (e.g. filter, 

espresso, latte and cappuccino coffee), a Mediterranean-type diet, and a BMI in the 

‘normal ‘category, performed better on tests of verbal ability (measured by the NART 

and WTAR) even after controlling for age 11 IQ and SES. Performance on these tests is 

widely assumed to reflect level of education. In this sample, age 11 IQ and verbal ability 

scores are highly correlated (NART 0.66, p < .001; WTAR 0.64, p < .001). For this 

reason, it was initially surprising that there remained a beneficial effect of these 

lifestyle factors on performance on these tests, once age 11 IQ has been controlled for. 

However, NART and WTAR are thought to capture peak, prior adult cognitive ability 

(Crawford, Deary, Starr, & Whalley, 2001; Dykiert & Deary, 2013; Richards & Sacker, 

2003). These tests measure crystallised verbal knowledge, which is specifically 

associated with health literacy (an established marker and predictor of health 

inequalities), than those fluid abilities which are vulnerable to decline with age (Anstey 

et al., 2009). Therefore the variance in NART and WTAR does not reflect age related 

decline in verbal ability. Unlike initial ability, the effect of education across life is likely 

to be cumulative with higher or lower education predicting multiple environmental 

factors such as economic prosperity and occupational complexity that may directly or 

indirectly impact upon cognitive ageing trajectories. Perhaps the association between a 

more ‘cosmopolitan’ lifestyle (which includes ‘fancy’ coffee, drinking wine, and 

maintaining a desirable weight) and verbal ability persists, after adjusting for age 11 IQ, 

because vocabulary tests capture variance related to cumulative intellectual 

development and its associated education and life-style choices between childhood and 

adulthood. 
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It is possible that higher levels of verbal intelligence would be associated with greater 

general knowledge about health lifestyles, and in turn, more beneficial health 

behaviours. Anstey et al. (2009) found that higher levels of verbal ability were 

associated with higher levels of physical activity, greater likelihood of taking vitamin 

and mineral supplements, reduced likelihood of current smoking, and abstaining from 

alcohol. Studies by Wolf and colleagues have investigated the close links between 

health literacy and cognitive ability. They found that cognitive function explains a 

significant proportion of the associations between health literacy and the ability to 

manage one’s physical health (Wolf et al., 2009). The associations between some of the 

lifestyle factors and verbal ability were robust in these data and the LBC1936, which 

suggests that the effect may be due to knowledge rather than broadly associated with 

more fluid type abilities. That verbal ability or verbal knowledge is more specifically 

associated with health literacy than fluid abilities is not surprising (Serper et al., 2014). 

After all, there is significant measurement overlap between some health literacy 

measures, such as the REALM (Davis et al., 1993), and vocabulary tests such as the 

NART, and both are strongly correlated (Murray, Johnson, Wolf, & Deary, 2011; Wolf et 

al., 2012).   

In essence, it may be that peak level of cognitive ability, but not cognitive decline, is 

associated with health behaviour (Anstey et al., 2009). Those with higher verbal ability 

are more likely to engage in behaviours that are beneficial for health and that are 

widely recommended and adaptive such as engaging in physical activity. 

 7.2.6 Small effects 

Given the likelihood that a large number of lifestyle or behavioural predictors will have 

small effects, it is inevitable that the effect sizes will be relatively small. Though small in 

statistical terms, such factors are still likely to be important at the population level. The 

most consistently cited behaviours linked to cognitive ability or ageing—smoking and 

physical activity (as well the variation in the APOE gene and inflammatory biomarkers 

such as C-reactive protein)—have effect sizes of the same magnitude, often accounting 

for 1-2% or less of the variance in cognitive outcomes (Deary, Corley et al., 2009; Deary, 

Yang et al., 2012; Whalley et al., 2005). Therefore, the amount of variance explained 

lifestyle factors may be relatively small, compared with prior cognitive ability, but small 

effects can have quite impressive effects at population levels. It is important to know 
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what these effects are, so we can discover the combination of factors that might help 

people age better. 

 7.2.7 Marginal gains: the key to healthy cognitive ageing? 

In terms of preserving mental abilities or delaying cognitive decline, the available 

evidence suggests there is no one magic bullet. Perhaps a helpful way of thinking about 

successful cognitive ageing can be gained from the theory of marginal gains, a concept 

that has become commonplace in the world of elite sport (see Clear, 2015, 

http://jamesclear.com/marginal-gains). The principle behind the marginal gains idea is 

that if you improve in every variable (lifestyle factor) underpinning or influencing your 

performance (in our case, cognitive abilities) by just 1% or so, then, cumulatively, you 

get a significant improvement, or an ‘aggregate of marginal gains’. It might be that it is 

these marginal gains or small improvements in many areas of one’s life such as quitting 

smoking, becoming more active, eating well, sleeping well, or learning a new skill that, 

bit by bit, increase the odds of having a good outcome. In cognitive epidemiology, as 

discussed in the previous section, lifestyle factors commonly account for 1-2% or so of 

the variance in cognitive performance in later-life. The ‘magic’ may lie in the 

accumulation of many such gains over time to put individuals, in elite sporting terms, 

‘ahead of the opposition’. Insights may be gleaned from this concept and simple 

approach, based on a series of small healthy choices, which may not make much of a 

difference to one person at one time, but they might add up over the long-term. ‘Good’ 

cognitive ageing might come down in part to a process of marginal gains.     

7.3 Childhood IQ: a correlate and predictor of lifestyle  

Childhood IQ, measured at age 11 for the Scottish Mental Survey of 1947, predicted all 

of the lifestyle factors measured almost 60 years later, as hypothesised. In general, 

higher intelligence in youth predicted the following dietary choices in older age: a 

higher caffeine consumption including a preference for coffee rather than tea; a higher 

alcohol consumption including a preference for wine over beer and spirits; a healthier 

diet including adherence to a Mediterranean-style diet compared to a more traditional 

diet. In addition to dietary choices, a higher childhood IQ was predictive of smoking 

avoidance and cessation of smoking, a lower BMI (but not underweight), increased 

physical activity, and a healthy lipid profile represented by a higher total- and HDL 

cholesterol and lower triglycerides, at age 70.  

42



 A few previous studies have examined the predictive value of cognitive ability for 

health behaviours such as smoking, diet, and alcohol consumption. People with higher 

early-life intelligence are more likely, decades later, to avoid smoking; eat more fresh 

fruit and vegetables, wholemeal bread, white meat, and fish; cook with vegetable oil; 

take more exercise; and comply in the long run with prescribed medications. People 

with lower intelligence in early-life are more likely, decades later, to eat chips, cakes 

and biscuits, and white bread; cook with animal fats; smoke; binge drink and have 

hangovers; and be obese or overweight (Batty, Deary, & Macintyre, 2006; Batty, Deary, 

Schoon, & Gale 2007a, 2007b; Chandola, Deary, Blane, & Batty 2006; Gale, Deary, 

Schoon, & Batty, 2007; Hemmingsson, Kriebel, Melin, Allebeck, & Lundberg, 2008; 

Taylor et al.,2003). The reports linking high childhood cognitive ability scores with a 

reduced risk of adult obesity also provide some indirect support for a relation of early-

life mental ability with physical activity and diet (Chandola et al., 2006; Hart et al., 

2003; Sørensen & Sonne-Holm, 1985). 

Intelligence is a life-long stable trait that exerts powerful influences on educational 

successes, occupational status, use of health services, lifestyle, and recreational choices 

(Kilgour et al., 2010). Early-life intelligence is also an important risk factor for early 

death, predicting premature mortality better than many other commonly assessed risk 

factors including blood pressure and body mass index (Batty, Shipley et al., 2008).  A 

meta-analysis of 16 independent studies concluded that a one standard deviation 

increase in intelligence scores assessed in youth was associated with a 24% lower risk 

of death over a follow-up period of 17-69 years (Calvin et al., 2011). Low intelligence is 

associated not just with premature death but a range of health conditions including 

obesity and the metabolic syndrome in early-mid-life, with type II diabetes and heart 

disease in later-life, and dementia in older age (Arden, Gottfredson, & Miller, 2009; 

Belsky et al., 2013; Der, Batty, & Deary, 2009; Wrulich et al., 2013). 

One of the current challenges of cognitive epidemiology is to ascertain why lower 

childhood intelligence is associated with such a diverse range of adverse health 

outcomes (Schaefer et al., 2015). One possibility is that the skills captured in IQ tests, 

such as the ability to comprehend and reason, may be important in the successful 

management of an individual’s health behaviours (Batty, Deary, Schoon, & Gale, 2007a). 

Essentially, cognition may influence the extent to which individuals manage their own 

risk for cognitive decline (Anstey et al., 2009). Higher levels of education and cognitive 
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ability are associated with better health and likely associated with higher levels of 

seeking help, diagnosis, and compliance with prescription medication.  

7.4 Reverse causation 

The key novel finding of this thesis is that, in addition to having predictive value for 

lifestyle choices over 60 years later, cognitive abilities at age 11 accounts for the 

majority of the cross-sectional association between cognitive abilities in older age and 

lifestyle factors, all of which have been reported to be involved in intelligence 

differences. Without early-life measures of cognitive ability it would have been 

plausible to conclude that adherence to healthy lifestyle practices significantly 

influences cognitive ageing, when instead, it is a lifelong association. 

The relationship between risk factors and cognition may be more complex than medical 

outcomes. Often, there is the possibility of reverse causation, with prior cognitive 

ability causing the supposed ‘cause’ of cognitive ability in older age (Deary, Corley et al., 

2009; Deary, 2010; Whalley et al., 2006). Throughout this thesis, the initial results 

pointed to a replication of the positive lifestyle-cognitive function associations, 

previously identified by others. However, in the same sample, the associations between 

mental ability at age 11 and the lifestyle factors studied at age 70, were just as strong as 

the contemporaneous correlations between cognitive ability and lifestyle at age 70. 

Moreover, adjusting for cognitive ability at age 11 reduced the latter correlations 

almost totally, and to non-significant levels, for many of the health behaviours. 

Therefore, exploring possible contributions to cognitive ageing yielded some 

remarkable insights into the role of reverse causation in cognitive epidemiology. 

Some other instances of reverse causation have been reported in the cohorts derived 

from the Scottish Mental Surveys as a result of having extant childhood measures of 

intelligence. For example, McNeill et al. (2011) and Whalley et al. (2004) found 

evidence of reverse causation in the associations between supplement use and 

cognitive function; higher lifetime trait levels of IQ predicted supplement use rather 

than supplement use predicting IQ. In another study, associations between systemic 

inflammation levels and old-age cognition were indicative of reverse causality such that 

those with a lower IQ had an increased risk of higher inflammation in later-life rather 

than the converse (Luciano, Marioni, Gow, Starr, & Deary, 2009). In terms of health, 

what appears to be the effect of an illness state on cognitive ability in older age might in 

44



part be the reverse: the effect of early-life cognition on the risk of developing the 

disease state. Hypertension, for instance, is associated with lower childhood IQ in 

middle age even after adjustment for other factors including social class and smoking 

(Deary, Whalley et al., 2009; Starr et al., 2004). Since childhood IQ is a strong predictor 

of cognitive function in later-life, the disease state may be acting as a marker of lower 

childhood IQ and this might explain, in part, any association with lower cognitive ability   

years later. Indirect support for this hypothesis comes from findings that lung function 

(forced expiratory volume in one second) and blood pressure in later-life are 

associated with childhood intelligence (Deary, Whalley, Batty & Starr, 2006; Richards, 

Strachan, Hardy, Kuh, & Wadsworth, 2005; Starr et al., 2004). Both of these factors are 

variables which have been explored as putative contributors to cognitive ageing, so it is 

important to be cognizant of reverse causation, with prior intelligence being associated 

with variation in them in later-life. 

The possibility of reverse causation should be tested in studies of older adults. Those 

able to control for prior intelligence—and thus control for reverse causation— are rare, 

but necessary.  It may be that the results in this thesis point to a dynamic cycle of 

cognition and lifestyle, reflecting associations among variables, rather than indicating 

the direction of effects. They could be interpreted as suggesting that: (1) intelligence is 

a lifelong trait, and with the exception of smoking, physical activity and alcohol 

consumption, lifestyle factors have little effect on cognitive test performance in older 

age; (2) higher intelligence leads to better health behaviours, and that better health 

behaviours result in better cognition/less cognitive decline; (3) a third variable 

produces both better health behaviours and better cognition; this is discussed in the 

next section.   

7.5 Overall system integrity: an alternative explanation 

The work in this thesis demonstrates that intelligence test scores from childhood are 

associated with lifestyle factors in older age. Therefore, the cross-sectional ‘variable X 

versus cognitive ability scores’ finding in older age might—in part or whole—be the 

result of reverse causation: intelligence traits from early-life affect later-lifestyle and 

health. Another possibility is that the cross-sectional correlation is caused by some 

third—confounding—variable or set of variables and that the correlation is spurious, 

being the result of some more basic factor(s) that affect both the apparent cause and 

effect. Some researchers have proposed that IQ may act as an index of overall system 
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integrity. The system integrity hypothesis derives from work on human cognitive 

epidemiology and, put simply, proposes that intelligence could be an indicator of a 

body that has generally been put together well, and which can respond well to stressful 

challenges from the environment (allostatic load) (Deary, 2010; 2012b). Therefore, 

higher intelligence may be a marker for a general latent trait of an originally well-

functioning body. Kilgour et al. (2010, p99) states that there is evidence to suggest that 

“…IQ and its neurobiological infrastructure is in some unknown way linked to the 

overall efficiency of the brain in its capacity to maintain the integrity of central 

regulatory physiological systems.” Deary (2012b) makes it clear that the system 

integrity hypothesis is not the same as the common cause hypothesis of cognitive 

ageing. In the system integrity hypothesis it is thought that there are correlations 

among complex bodily systems in terms of their efficiency in the healthy state. The 

common cause hypothesis arises from findings such as the discovery that age-related 

changes in cognitive abilities are correlated with age-related changes in sensory 

functions such as vision, hearing, and balance (Anstey & Smith 1999; Anstey, Hofer, & 

Luszcz, 2003; Baltes & Lindenberger, 1997; Lindenberger & Baltes, 1994; Salthouse, 

1998). These early findings were referred to as the ‘common cause hypothesis’ in 

which age-related cognitive and physical changes were thought to be the outcome of a 

loss in the integrity of brain and general bodily physiology over time. So, the common 

cause and system integrity hypotheses are now thought to be distinct in that, 

essentially, the former is concerned with coupled age-related loss across bodily 

systems, i.e. the preservation of function over time, whereas the latter is based on the 

initial establishing of and correlations between optimal bodily systems, i.e. prior to 

ageing effects (Deary, 2012b). The well-documented association between higher 

childhood IQ and prolonged survival also may be viewed as support for this theory of 

system integrity (Calvin et al., 2011).  

Recent evidence suggests that associations between intelligence, disease, and mortality 

arise because less intelligent people actually ‘age’ faster than their more intelligent 

peers (Schaefer et al., 2015). The concept of accelerated aging arises from observations 

that age-related chronic diseases are preceded by a gradual accumulation of damage to 

multiple organ systems that begins in the first half of the life course (Ben-Shlomo & 

Kuh, 2002). There is evidence that (very) early-life intelligence predicts biological age 

measured more than three decades later. Those with a lower pre-school IQ looked 

older, scored as biologically older on a 10-biomarker algorithm measuring metabolic, 
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hepatic, renal, cardiovascular, pulmonary and immune functioning, and had ‘older’ 

cardiovascular systems. Importantly, these results suggested that the associations 

between intelligence and midlife biological age did not arise from early-life health 

problems or early socioeconomic disadvantage, and can even be seen when intelligence 

in assessed before formal education has begun (Schaefer et al., 2015). The authors 

concluded that ‘accelerated ageing’ may be one of the factors linking low early-life 

intelligence with increased rates of morbidity and mortality. While other studies have 

established a link between low intelligence and increased morbidity and mortality 

(Calvin et al., 2011; Der et al., 2009, Whalley & Deary, 2001), the above findings suggest 

that lower early-life intelligence may actually accelerate the ageing process in general 

and lead to a range of negative age-related health outcomes including cognitive health.   

There is no denying that the complex web of associations in ageing trajectories is 

plausibly connected via the system integrity hypothesis and that any deterioration in 

cognitive function may be the result of overall bodily deterioration, the causes of which 

are shared. Whether or not this is the case remains to be determined. Intelligence 

*may* be a marker of brain health which reflects overall system integrity (Deary, 

2012b). However, quite apart from the observed associations between intelligence and 

better health behaviours, individuals with a higher IQ may also have better access to 

health care, safer occupational and residential environments leading to lower stress, 

and adequate sleep (Deary, Weiss, Batty, 2010) which may independently impact upon 

cognitive health. 

7.6 The role of socioeconomic status 

As expected, in each of the seven studies, a more professional adult occupational social 

class (SES) was associated with healthy behaviours and was a confounder in the 

associations between lifestyle and cognitive function. Untangling the effects of SES and 

intelligence is problematic, as stated previously in the thesis. There is some suggestion 

in the literature that physical health is more closely associated with intellectual ability 

than SES, at least in adolescence (Lubinski & Humphreys, 1992). That said, other 

research also shows that children’s early SES influences their intelligence (Von Stumm 

& Plomin, 2015) and that socioeconomically advantaged children may be more likely to 

benefit from resources that promote healthy ageing. 

47



Some researchers (Hagger-Johnson et al., 2012; Singh-Manoux, 2005) have suggested  

that  SES, rather than confounding the associations between lifetime cognition and 

lifestyle, in fact acts as a mediator, given that adjusting for SES did not substantially 

attenuate the association between IQ and lifestyle. SES could mediate the association in 

that people with higher intelligence are more likely to work in more professional jobs, 

have more income, and these jobs in turn may provide safer environments, so that 

people with higher intelligence tend to be healthier and therefore live longer (Whalley 

& Deary, 2001). For example, in the caffeine analyses (as in the other analyses), it is 

possible that IQ is exerting its effect through social class. That is, persons who end up 

with better cognitive function at age 70 tend to be higher in IQ allowing them to 

achieve a higher SES and to have adopted more high class behaviours such as ‘fancy’ 

coffee intake. In order to test this we ran a mediational analysis to see how much of the 

IQ-coffee relationship was mediated by SES. The amount of the relationship between 

age 11 IQ and ground coffee consumption accounted for by social class as a mediator 

represented 59.1% of the direct effect. Based on this finding, the conclusion was that 

adult social class acts as a significant mediator (accounting for over half of the 

relationship between age 11 IQ and ground coffee) consumption in this cohort of 

Scottish 70 year olds. This supports the idea that having a higher age 11 IQ enables 

people to achieve a higher SES (via education, employment, income) and that it is this 

indirect pathway which may lead to a more ‘cosmopolitan’ lifestyle. This reinforces the 

already widely documented finding that social class has an important role to play in the 

investigation of IQ and lifestyle.  

Intelligence is correlated significantly with childhood and adult SES (Breen & 

Goldthorpe, 2001; Deary et al., 2005; Marioni et al., 2014). Singh-Manoux (2005) 

proposed that childhood socio-economic position might be a confounder of any IQ–

lifestyle association, and adult SES might be a mediator. To date, it seems that 

childhood SES does not substantially attenuate the association, and that intelligence 

and adult SES may have some shared and independent influences on health outcomes 

(Deary & Batty, 2007). Recent findings suggest some shared genetic contributions to 

intelligence and SES; some of the variance in SES can be found in DNA variation, some 

of which is shared with the DNA variation that causes some individual differences in 

intelligence (Marioni et al., 2014). Therefore, even apparently different types of 

markers of individual differences may reflect shared aetiology, and tap something at 

least partially overlapping, potentially leading to spurious associations.    
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Chapter 8 - Implications of Findings 

8.1 Implications for cognitive ageing research  

These studies demonstrate how difficult it is to establish causal relationships involving 

cognitive function and lifestyle. Although these studies are observational, they illustrate 

the potential complexities of the interaction of cognitive function with behavioural 

factors.  

These results are novel and the findings advance current knowledge on successful 

ageing. Collectively, the results of these studies indicate that the relationships between 

healthy lifestyles and better cognition may be wholly or partly attributable to 

confounding by a higher lifetime IQ, and by association SES, and that many previous 

studies may have prematurely ascribed a causal influence of lifestyle factors without 

knowing trait (prior) IQ level from earlier in life. Instead, the association may be 

indirect or bidirectional, or a more complex dynamic association as discussed above. 

Prior conclusions may be erroneous given the absence of strong tests that include 

potential ‘third’ variables. From a scientific perspective, this means that proper 

statistical consideration should be given to lifetime IQ levels, wherever possible. The 

findings from this thesis place childhood IQ firmly within the framework of the 

lifestyle-cognition relationship and are useful in reconsidering results of previous 

epidemiological investigations, which have typically focussed on a direction of 

causation suggestive of direct benefit derived from certain lifestyle behaviours in later-

life. 

This data from the LBC1936 suggests that moderate alcohol (particularly wine) 

consumption, smoking avoidance (and smoking cessation), and increased physical 

activity, might contribute to successful ageing in terms of performance on several 

major ageing-related cognitive domains. Individuals who participated in these healthy 

behaviours showed greater maintenance of IQ in older age. These studies provide 

initial support for the premise that these three health behaviours might provide 

protective effects on cognition in aging. As stated in the respective papers, the effects 

when found were small, and further replication is required. Ongoing research is needed 

to verify these findings and to identify and isolate specific factors that positively 

influence cognitive changes that occur with aging. 
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In terms of alcohol consumption, to date, there is no consensus in the literature that 

moderate wine consumption has a protective effect on cognitive function, or of the 

definition of moderate intake, not to mention a ‘beneficial’ level (Panza et al., 2009). 

The evidence to support the role of physical activity in successful ageing may be 

compelling but there are similar problems and controversies within the available 

evidence and questions remain to be answered. Given that physical activity is an 

umbrella term for an enormous range of actions, a critical issue is whether there are 

minimal and optimal levels of activity that benefit healthy cognitive ageing. Similarly, it 

is unclear where physical activity ends and physical exercise begins. Often studies do 

not clearly distinguish between activity and exercise and therefore cannot examine 

their differential impact on cognitive outcomes. Furthermore, it is uncertain at this 

point whether the benefits of physical activity are a result of exercise or the reduction 

in sitting which has the most significant role in health cognitive ageing, given the recent 

research interest in the detrimental health effects of sedentary behaviour. The 

LBC1936 cohort is ideally placed to investigate this research question in the future as 

cohort members are, at present, taking part in an activity monitoring study which 

measures sedentary patterns (sitting and standing behaviour) using an activity monitor 

(activPAL physical activity monitor, PAL Technologies Ltd, Glasgow, Scotland, [Grant, 

Ryan, Tigbe, & Granat, 2006; Kozey-Keadle, Libertine, Lyden, Staudenmayer,  & 

Freedson,  2011]) worn on the leg and completing self-report questionnaires.    

In the future, intervention studies should provide more robust evidence for the effects 

of lifestyle factors such as diet and nutrition, but to date few have been done, and most 

are of short duration in older adults, which may explain the largely negative results. 

8.2 Implications for public health professionals 

If lifestyle variables have a positive impact upon cognitive ageing, such findings are 

important, perhaps more so than genetic or biological influences, because they are 

amenable to intervention. Clinicians working with older adults in a variety of settings 

can incorporate knowledge of the beneficial effects of physical activity and smoking 

avoidance into health promotion for older adults. Assessment of older individuals 

should include a review of health behaviours and participation in activities. 

Encouraging either initiation or continuation of participation in physical pursuits and 

providing information and support for smoking cessation should become standard 

treatment recommendations. Habits such as smoking, however, are hard to break, and 
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in the UK, the uptake of healthy behaviours remains poor. For example, recently 

published results from the National Diet and Nutrition Survey suggest that fewer than a 

third of adults are meeting the recommended portions of five fruit and vegetables a day 

(Public Health England, 2014). Most older adults do not get an adequate amount of 

exercise. According to new UK guidelines, older adults should do at least 150 minutes 

per week of moderate-intensity activity or 75 minutes of vigorous activity or a 

combination of both, on most days of the week, lasting ten minutes or more (Davies, 

Burns, Jewell, & McBride, 2011). Few achieve these guidelines (Jefferis et al., 2014). 

Barriers to regular exercise in older age have been identified and include health 

concerns, pain, fear of injury, lack of confidence, as well as misconceptions about 

exercise (O’Connor & Kraft, 2013). Our results suggest that exercise may be a promising 

vehicle for maintaining cognitive functioning in older adults and knowledge that 

physical activity prescribed for common chronic conditions such as cardiovascular 

disease and diabetes may have protective cognitive effects may increase adherence to 

an active lifestyle in older adults.  However, an important area in need of further 

research is determining ways in which these barriers could be overcome. 

In addition, older adults reporting cognitive declines (such as memory loss) should be 

encouraged to undergo cognitive testing. Testing that distinguishes normal versus 

pathological changes will enable clinicians to provide reassurance to most older adults 

that they are experiencing changes as a normal part of the aging process. Reassurance 

may alleviate undue anxiety, depression, and social isolation due to fear others will 

notice cognitive decline. 

The possibility that lifetime stable levels of ‘trait’ IQ accounts for the majority of some 

of the lifestyle-cognition relationships in older age has important implications for the 

study of cognitive ageing and for those interested in translating such observational 

findings into interventions aimed at reducing or delaying age-associated decline. 

Another direction for future studies is examining ways to identify as early as possible 

those most susceptible to poor cognitive health in late life who would stand to benefit 

most from the strategies identified in the current thesis as potentially beneficial.  
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Chapter 9 - Methodological Considerations 

9.1 Strengths 

The relative strengths and limitations of these studies are documented in each article 

but an attempt will be made to consider them here. Clearly, the major strength of these 

studies was the availability of IQ data at two distant time points (age 11 and age 70) in 

a large sample of individuals. This permitted an examination of the contribution of 

various lifestyle factors to relative cognitive change on this measure from childhood to 

late adulthood. There was a further advantage of examining childhood cognitive ability 

before any detriments caused by chronic illness, and before the uptake of health 

behaviours; such modifiable behaviours are usually established during young 

adulthood (Steptoe et al., 2002). The data were derived from a cohort who shares the 

same year of birth. The narrow age cohort is an important design advantage given that 

health behaviours, such as smoking patterns, can change over time; there is no 

conflation of chronological age with a birth cohort sample due to generational effects. 

This is important to bear in mind as age related differences between individuals do not 

necessarily imply ageing; different generations or cohorts are subject to particular 

environmental exposures and opportunities (Hofer, Flaherty & Hoffman, 2006).  

Other significant strengths of these studies include comprehensive cognitive data, 

derived from a validated psychometric approach, with multiple tests of important 

cognitive domains at age 70 and detailed data on health behaviours, such as quantity 

and duration of smoking in addition to current smoking status, and amount and types 

of caffeine and alcohol consumption. 

Establishing lifestyle contributions to individual differences in older-age cognition 

using associational studies is challenging due to the potential mediating and/or 

moderating effects of other lifestyle and environmental factors. The LBC1936 sample 

has data on a wide variety of sociodemographic and health factors. This made it 

possible to adjust for a comprehensive range of potential confounders. 

9.2 Limitations 

The findings of these studies should be considered within the context of their 

limitations. Although limitations of each of the reported studies are discussed in their 

respective papers, a brief discussion of some general limitations follows. Although the 
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use of a narrow age group is advantageous, this may limit the generalisability of results. 

Second, the use of self-reported health behaviours is open to recall bias, especially 

among older participants. For example, under-reporting of smoking history or mis-

reporting of dietary information may be a potential confounder of the data. The use of 

self-report medical history and relatively minimal exclusion criteria may also result in a 

sample including participants with health conditions that are not severe enough to 

prevent their participation in the study, but are known risk factors for neuropathology 

and likely to affect cognitive performance (Nebes et al. 2006). Third, given that our 

sample is self-selecting, it is biased towards high-functioning, well-educated, motivated 

volunteers – as is the case in many studies of cognitive ageing (Nebes et al. 2006). The 

mean childhood tests scores for Edinburgh in the SMS1947 were the highest in the 

country and so this likely reflects a stable lifelong regional difference to some degree 

(the mean for the 1947 population was 36.70 compared with the Edinburgh 

educational area of 40.28; Scottish Council for Research in Education, 1958). The higher 

ability of the LBC1936 cohort compared with the SMS1947 population may be partly 

explained by a survivor effect, whereby higher-ability individuals were more likely to 

reach their 70s in relatively good health and thus be eligible for recruitment into the 

follow-up studies, and able to attend for assessment. Having said that, it must be noted 

that the age 11 IQ scores of our sample spans a wide range, and therefore, represent a 

broad range of abilities. Moreover, as mentioned in several of the papers included in 

this thesis, any restriction in range of abilities would, if anything, lead to an 

underestimation of associations and effect sizes. 

 9.2.1 Type I errors 

One limitation of studies of the type conducted in this thesis is that a large number of 

statistical tests are often carried out because of the variety of predictors and cognitive 

tests studied. Of course, having a rich list of predictors and an extensive cognitive 

battery are strengths of the LBC1936. However, given that this thesis adopted an 

analytic strategy that relied upon multiple testing of data, the possibility of type 1 

errors (e.g. the probability of rejecting the null hypothesis when the null hypothesis is 

true) must be acknowledged. The associations that remained significant in the final 

models were at either the 5% or 1% level, so would often have been abolished by a 

conservative correction for multiple testing. However, with the relatively small sample 

sizes and expected modest effect sizes, adopting stricter alpha levels would have 

increased the probability of type 2 errors. Although the tests used are recognised to be 
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sensitive, clearly the results need replicating in other populations before they are 

accepted as robust. The validity of any associations is more accurately tested by future 

replication studies (Lykken, 1968) than by relying on strict alpha levels that may 

preclude discovering potentially interesting findings in the first place.  

9.3 Cross-sectional vs longitudinal approaches to studying cognitive 

ageing   

There are clear difficulties in establishing causal relationships involving cognitive 

function and lifestyle. Although the studies in this thesis are cross-sectional, they 

illustrate the potential complexities of the associations between cognitive function with 

behavioural factors. Cross-sectional designs are useful for preliminary investigations 

and hypothesis generation and are faster and less expensive to conduct. However, the 

inferences that can be drawn regarding age differences in cognitive performance are 

limited. Measurement at a single point is a function of individual differences, 

cumulative development change as well as within-person variability and measurement 

error (Hofer & Piccinin, 2010). Studies on older populations followed over short 

periods have generally shown an association between lifestyle and cognitive 

impairment (Buchman et al., 2012; Iwasa et al., 2012). But the likelihood of reverse 

causation makes the interpretation of short-term studies difficult. In order to overcome 

the biases inherent in cross-sectional measurement, to better understand what normal 

cognitive changes can be expected with aging, and to discover the mechanisms that 

explain adult development, researchers are now recognizing the importance of 

longitudinal studies of ageing (Hofer & Piccinin, 2010; Salthouse, 2010b; Schaie & 

Hofer, 2001). Therefore, research designs in the future must move beyond convenient 

cross-sectional studies to longitudinal trials that can establish causal relationships and 

control for the numerous confounding factors such as lifestyle variables that may 

impact cognition. Sensitive outcome measures must be identified and used consistently 

among investigators to enable synthesis of findings from multiple studies. 

Further simultaneous examinations of lifestyle effects on both cognitive ability levels 

and change are required. To date, evidence of concurrent associations of a factor with 

cognitive ability do not necessarily generalise to significant associations with cognitive 

change. Although prior ability predicts the level of later ability, there is evidence that it 

is not related to the degree of change across time. As was noted in the introduction to 

the thesis, the distinction between level and change is an important one. The stability of 
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cognitive ability over long periods of time is well-established (from the LBC and other 

longitudinal studies), however, reports of the association between early ability and 

cognitive change measured some decades later have been inconsistent (e.g. Gow et al., 

2008; Bourne, Fox, Deary, & Whalley, 2007). The work in this thesis is relevant to the 

debate, which has recently emerged, on preserved differentiation vs differential 

preservation proposed by Bielak and colleagues (Bielak, 2010; Bielak, Cherbuin, Bunce, 

& Anstey, 2014; Gow, Mortensen, & Avlund, 2012; Salthouse, 2006). At the core of this 

theory is the critical question of whether lifestyle factors alter the trajectory of age-

related cognitive decline (differential preservation) or are associated with enhanced 

baseline cognitive ability (preserved differentiation). In searching for determinants of 

cognitive ageing, researchers aim to identify evidence of differential preservation. The 

work by Bielak on physical activity and cognitive performance over time (in those aged 

20-72) supports preserved differentiation, where physically active adults have higher 

initial cognitive ability, and that this advantage is maintained over time (Bielak et al., 

2014). In contrast, Gow, Mortensen et al., (2012) found that physical activity level at 

both ages 60 and 70 predicted change in general cognitive ability from ages 60 to 80, 

supporting differential preservation. Bielak et al. (2014) concluded that differential 

preservation may be evident in the older age bracket, once the effects of health and 

other risk factors are more apparent.   

To date, relatively little is known about the longitudinal effects of these health 

behaviours on cognitive decline (Cadar et al., 2012) and this should be a research 

priority given that patterns of behaviours tend to develop over decades. In the UK 

Whitehall Study, obesity, alcohol and smoking have been shown to affect cognitive 

function over 10 years (Hagger-Johnson et al., 2013; Singh-Manoux et al., 2012). The 

Scottish Mental Surveys of 1932 and 1947 have yielded valuable insights into cognitive 

ageing thus far, and studies of this type become more feasible as individuals grow older 

in continuing longitudinal studies. 

Fortunately, a large number of longitudinal studies have now been established to 

investigate the relationship of a range of factors to cognitive decline in older adults, 

including, for example, the Rush Memory and Ageing Project, the Nun Study, the 

Victoria Longitudinal Study, the Health and Retirement Study (HRS), the English 

Longitudinal Study of Ageing (ELSA), the Whitehall II Study, the 1946 National Birth 

Cohort Study, the Maastricht Ageing Study, as well as the Lothian Birth Cohort 1921 

and 1936 studies. In addition to risk factors for cognitive decline and dementia, 
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longitudinal studies can identify protective factors associated with the maintenance of 

cognitive function among participants considered to exhibit ‘successful ageing’. Despite 

the advantages provided by longitudinal studies of cognitive aging compared to cross-

sectional studies, it is important to consider issues such as attrition, survival effects, 

missing data, and practice effects when interpreting the results of longitudinal studies 

(Schaie & Hofer, 2001). 

9.4 Pre-clinical cognitive impairment 

There are many challenges to health behaviour assessment in older people because of 

disabilities such as loss of hearing, mobility and eyesight. Although clinically significant 

cognitive decline (and the onset of dementia) occurs in older age (over 65 years) it is 

important to take into consideration that cognitive impairment develops slowly and 

silently over the preceding decades (Petersen et al., 2006; Small, Stern, Tang & Mayeux, 

1999). Neuroimaging studies show pathological changes in midlife before any clinical 

signs appear (Fox et al., 2001). Inevitably, in older age samples, some participants are 

likely to have some degree of pre-clinical cognitive impairment. The possibility that 

cognitive decline influences health behaviours should be borne in mind in the 

interpretation of observational studies of the influence of lifestyle factors such as 

dietary intake on cognition in later-life. Using dietary intake as an example, there is 

some evidence that dietary data from older people may be less reliable than those 

obtained from younger people (Pope, Kritchevsky, Morris, & Block, 2007). The major 

concern is the possibility that age-related decline may bias results and distort 

associations between diet and cognitive function.  

Additionally, care should be taken when studying the effect of diet on cognitive 

impairment in late life since there is the potential for preclinical disease processes to 

affect dietary intake in terms of food choices. Observational studies cannot prove 

whether nutritional status is a cause or consequence of an impaired cognitive status 

(Del Parigi, Panza, Capurso, & Solfrizzi, 2006). Cognitive impairment may impact on 

nutrition via the ability to shop for groceries, cook healthy meals, read and understand 

recipes, and remembering to eat regular meals. In the LBC1936, asking participants 

about a medical history of dementia-related problems and the use of the MMSE as a 

screening tool for cognitive pathology, minimises the likelihood of those with cognitive 

deficits being included in the analyses, but this exclusion process is not infallible.  
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9.5 Memory: the lack of associations with lifestyle 

In these data, there was little evidence of lifestyle associations with memory function, 

with the exception of a small, positive association with moderate alcohol intake. The 

lack of associations is slightly puzzling given that episodic memory and working 

memory decline with advancing age. Nevertheless, large-scale population-based 

studies document well-preserved memory functioning in many older individuals (see 

Nyberg, Lövdén, Riklund, Lindenberger, & Bäckman, 2012). Another explanation might 

relate to the measurement of memory function. The memory factor used in the thesis 

was a composite of several memory tasks comprising immediate- and delayed episodic, 

and working memory. Letter-Number Sequencing is primarily a working memory test 

involving manipulation of numbers and letters by the participant. Digit Span 

Backwards is commonly used as a working memory test but has clear episodic memory 

overlap. Furthermore, Spatial-Span Forwards and Backwards tap other cognitive 

processes such as spatial awareness. Perhaps using a memory factor derived from a 

subset of purely episodic memory tests or a subset of primarily working memory tests 

might have given different results. From a biological standpoint, there are studies of 

cardiovascular risk factors and memory that also report a lack of association (Knopman 

et al., 2001; Singh-Manoux & Marmot, 2005).  
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Chapter 10 - Future Directions and Concluding Remarks 

10.1 A life-course approach 

It is increasingly clear that cognitive impairment has a long preclinical phase and this 

presents another good reason for longitudinal investigations. Like other chronic 

diseases such as CVD, the impact of environmental factors on cognitive health likely 

occurs long before symptoms appear. Examining these associations using a life-course 

approach (Ben-Shlomo & Kuh, 2002; Kuh, Ben-Shlomo, Lynch, Hallqvist, & Power, 

2003; Whalley et al., 2006) provides an important opportunity to identify the nature 

and timing of different environmental influences on cognition. This approach 

acknowledges that risk and protective factors can exert their critical influences at 

different ages (Fratiglioni, Paillard-Borg, & Winblad, 2004). For example, there is 

evidence to suggest that early-life is a critical period for the development of cognitive 

reserve (learning and education) (Stern, 2009) whereas lifestyle behaviours including 

those that influence cardiovascular and metabolic risk become more influential in 

midlife, although some such as diet and physical activity can be traced back to youth 

(Kuh & Cooper, 1992; Mikkilä, Räsänen, Raitakari, Pietinen, & Viikari, 2004). A 

particularly salient example of time-dependent effects of lifestyle factors on cognition is 

serum cholesterol, whereby the risk associated with high (total) cholesterol levels 

changes with age; high total serum cholesterol levels in middle age, but not in older age, 

associate with cognitive impairment in later-life (see Corley et al., 2015; van Vliet et al. 

2009). A systematic review by Lee, Back, Kim, Kim et al. (2010) found evidence that 

midlife health behaviours contribute to cognitive health in later years, suggesting 

cumulative effects of healthy lifestyles. 

In fact, influences clearly extend back as far as the prenatal environment, and other 

early influences, may include breastfeeding and early-life nutrition (Benton, 2008; 

Kramer et al., 2008). Therefore, there is a long-term aetiology of cognitive change. It is 

imperative that future studies investigating environmental risk factors for cognitive 

decline and dementia are conducted from a life-course perspective in order to 

disentangle the temporal order of the relations between these factors and cognitive 

function. 
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10.2 A lifestyle pattern approach 

It has been established that longitudinal analyses using a life-course approach are 

required in order to investigate the influence of lifestyle factors on cognitive change 

over old age. A second promising avenue for future research is to examine lifestyle 

patterns. Lifestyle factors are often considered in isolation, which, although convenient, 

may not accurately reflect the way in which individuals actually experience these 

factors. Very little work has focused on the combined influence of these behaviours on 

cognitive functioning with a few exceptions (Cadar et al., 2012, Sabia et al., 2009; Lee, 

Kim, & Back, 2009; Myint et al., 2011). Approaching them from a multivariate 

perspective would allow a more realistic examination of the ways in which individuals 

participate in a range of somewhat related behaviours and permit the identifications of 

which factors have a more prominent association with cognition above other influences 

in older age.   

A study of London civil servants (Sabia et al., 2009) highlighted that the number and 

duration of healthy behaviours in mid-life were associated with subsequent cognitive 

function in later-life. Later work from the same British occupational cohort found that 

the cognitive benefits of healthy behaviours appeared to increase linearly as a function 

of the number of healthy behaviours present. Additional benefits were observed for 

other domains including respiratory and cardiovascular functions (Sabia et al., 2012). 

Similarly, data from the Suwon Longitudinal Aging Study showed that a combination of 

multiple positive life behaviours (such as smoking, social activity and vegetable 

consumption) were associated with better cognitive ability (Lee et al., 2009). A further 

study showed an increment in global cognitive function scores with each additional 

healthy lifestyle factor (Lee et al., 2009). Since these behaviours tend to cluster, the 

extent to which the apparent effects of one health behaviour are attributable to (i.e. 

confounded by) another is unclear.  

The determinants of healthy ageing might be taken as implying that their effects 

operate independently, but this is clearly not the case; they also determine one another. 

For instance, physical activity and exercise are increased by active social networks 

(Leroux, Moore, Richard, & Gauvin, 2012) and family support (Yuan et al., 2011) while 

physical activity has been demonstrated to influence appetite and the consumption of a 

healthy diet. Similarly, diet and eating behaviour have been shown to be associated 

with the quantity of social contact (Sahyoun & Zhang, 2005) and the eating 
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environment (Carrier, West, & Ouellet, 2009). Evidence suggests that smokers have 

poorer dietary choices than non-smokers (Woodward, Bolton-Smith, & Tunstall-Pedoe,  

1994). With these findings in mind, there is more work to be done to clarify how each 

determinant exerts its effect on healthy cognitive ageing i.e. directly or indirectly 

through the other determinants.  

In addition to influence of one health behaviour on another, further work on the effect 

of interactions between lifestyle behaviours on cognitive health is recommended. For 

instance, the Mediterranean diet may only be an effective protective factor for AD in 

those who exercise (Scarmeas, Luchsinger et al., 2009). Mediating factors and gene-

environment interactions may operate and influence outcomes in different population 

groups (Coppede, Mancuso, Siciliano, Migliore, & Murri, 2006). For example, one study 

found that adherence to the Mediterranean diet was associated with cognitive decline 

in non-diabetic but not diabetic individuals, implying that diabetes mellitus may be one 

of the mediating factors (Tsivgoulis et al., 2013).  

Just as foods are not consumed in isolation but as part of a complex dietary pattern, 

health behaviours are part of a greater lifestyle pattern or way of life. There is evidence 

that behaviours related to a Mediterranean way of living, which has been shown by 

some studies to be associated with cognition, is also associated with social interaction, 

participation in leisure activities, and sleep quality. Yannakoulia et al (2015) suggest 

that lifestyle patterns, comprising a constellation of health behaviours, may constitute a 

new research and public health perspective. For instance, lifestyle patterns could be 

derived using a posteriori approaches (similar to the methods used to ascertain dietary 

patterns) via data reduction to identify underlying dimensions of a range of health 

behaviours potentially associated with cognitive ageing or other health outcomes. To 

date, studies identifying health behaviour clusters have been limited. A German study 

identified five homogenous clusters in an older population: an ‘ideal’ health-related 

behaviour pattern; two clusters were smokers and problem drinkers who had other 

unhealthy behaviours; and two clusters had a mix of healthy and unhealthy behaviours 

(Schneider, Huy, Schuessler, Diehl, & Schwarz, 2009). Perhaps unsurprisingly, 

clustering of health behaviours is more pronounced at both ends of the spectrum 

(Conry et al., 2011), with more people than expected having all or none of the lifestyle 

risk factors. The clustering of unhealthy behaviours has also been found to have 

synergistic effects, which means that a combination of health behaviours is more 

detrimental to health than would be expected from the added individual effects of 
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health behaviours and this impacts upon longevity (Kaczynski, Manske, Mannell, & 

Grewal, 2008; de Groot, Verheijden, De Henauw, Schroll,& Van Staveren, 2004). Those 

with four risky health behaviours (poor diet, smoking, physical inactivity and excessive 

drinking) have been found to die on average fourteen years earlier than their 

counterparts without these health behaviours (Khaw et al., 2008). Further work on the 

synergistic effect of these lifestyle behaviours on age-associated cognitive decline is a 

promising direction for future studies.  

10.3 The use of MRI techniques 

Another key issue when examining the association between lifestyle variables and 

cognitive health with ageing is the underlying mechanism of action. The relatively 

recent ability to measure brain biomarkers thought to be associated with pathological 

processes has provided a way to examine effects of lifestyle on brain pathologic burden 

and cognitive abilities in cognitively normal older adults (see Wirth, Haase, Villeneuve, 

Vogel, & Jagust, 2014). With the increased availability of brain imaging technology, it is 

likely that studies will be working toward a comprehensive integrated model approach 

of cognitive ageing, combining multiple predictor pathways including lifestyle factors 

and a range of biomarkers reflecting beta-amyloid plaque burden, cerebrovascular 

burden, neural injury and cognitive outcomes (See Wirth et al., 2014; Vermuri et al., 

2012). 

The emerging consensus is that intelligence relies upon undisrupted information 

transfer among brain regions along white matter fibres (Deary, Penke et al., 2010). 

White matter is especially prone to age-related cognitive decline, and white matter 

lesions have been extensively studied in elderly subjects. One study with cognitive data 

spanning several decades found a significant association between childhood IQ and 

white matter integrity in old-age (Deary, Bastin et al., 2006). These findings suggest 

that in addition to the direct contribution of white matter integrity to intelligence, 

higher intelligence might result in behaviours across the life-course that promote white 

matter integrity. Physical activity is a good example of the effect of lifestyle on brain 

integrity. There is evidence that physical activity affects brain structure. In humans, 

aerobic exercise training can increase hippocampal volume by as much as 2%, which 

equates to reversing age-related volumetric declines by 1-2 years as well as improved 

memory functioning in older people (Erickson et al., 2011). Hippocampal volume has 

also been found to be a predictor of verbal memory functioning (Ystad et al., 2009), 
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spatial memory (Erickson et al., 2011) and general memory abilities (Chen, Chuah, Sim, 

& Chee, 2010).  

10.4 Combining genetics and environmental methods of research 

It is possible that intelligence and brain (white matter) integrity have, from an early 

age, overlapping sets of genetic and environmental influences (Chiang et al., 2009; 

Deary, Penke et al., 2010). In epidemiology, it is common to define many factors as 

environmental, despite strong genetic input. For example, data from the Generation 

Scotland: Scottish Family Health Study, found that education, income, smoking, and 

fruit and vegetable consumption all had substantial heritability, genetic correlations 

with general intelligence, and bivariate heritability (Luciano et al., 2010). McGue et al. 

(2014) found a moderate to strong genetic contribution (that is stable over age) to 

individual differences in six lifestyle factors in a Danish twin study, ranging from 32% 

for the diet measure and 69% for the smoking measure. Twin studies are ideal for 

examining the interplay between genetic and environmental influences on ageing 

phenotypes. In fact, the authors state that twin studies, 

 “dispel the dichotomy that is sometimes made between lifestyle and genetic 
contributions to ageing. In particular, a finding that lifestyle factors are heritable would 
suggest that, rather than being exogenous, lifestyles reflect at least in part qualities that 
are intrinsic to the individual.” (McGue et al., 2014 p776). 

Therefore, individuals likely construct lifestyles in part to complement and reinforce 

underlying genetically influenced dispositions and talents including IQ. The heritable 

nature of lifestyle factors implies that the behavioural and genetic contributors to 

ageing processes are not necessarily conceptually distinct but rather reflect the 

complexity of gene-environment interactions in ageing. Given the powerful synergy 

between these two sets of conditions, the ultimate strategy would be to discover 

interventions to prevent cognitive decline, and dementia syndromes, by combining 

genetic and environmental methods of research. 

10.5 Future planned work 

These results are preliminary; many questions remain. The LBC1936 study is ongoing, 

currently on the fourth wave of assessment, and ideally placed to investigate these 

associations longitudinally. In addition to further planned analyses of smoking and 

body mass index, during wave 4 (due for completion in 2016), participants have 

completed a second FFQ permitting investigations of diet and cognitive change over 10 
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years. Future longitudinal studies on the relationship between lifestyle and cognitive 

change over a decade in the LBC1936 would allow causal inferences to be made in 

relation to the study objectives.  

Evidence is emerging that an increased risk of cognitive decline and dementia is 

mediated by increased activation of inflammatory processes (Kuo et al., 2005; Dziedzic, 

2006; see also Whalley et al., 2006). Levels of peripheral inflammatory markers such as 

C-reactive protein and Interleukin-6 are associated with cognitive decline, supporting 

an etiologic role for inflammation in cognitive aging (Gimeno, Marmot, & Singh-

Manoux, 2008, Singh-Manoux et al., 2014). A recent study found that high levels of 

Interleukin-6 halved the odds of ageing successfully 10 years later and was associated 

with increased odds of cardiovascular disease (Hagger-Johnson et al., 2013). However, 

high levels of inflammatory biomarkers are associated with behavioural factors. High 

concentrations of CRP, for example, have been reliably linked with obesity (Herder et 

al., 2007; Timpson et al., 2005; and see Calder et al., 2011), the metabolic syndrome 

(Eckel, Grundy & Zimmet, 2005) and smoking (Bazzano, He, Muntner, Vupputuri, & 

Whelton, 2003). Using inflammatory biomarker data in the LBC1936, I plan to 

investigate the relationships between chronic low-grade inflammation and cognitive 

decline, and whether any associations exist independently of health behaviours. This 

would extend some initial analyses (Corley, Kyle, Starr, McNeill, & Deary, 2015) which 

suggest that nutrient dense dietary patterns in the LBC1936 are associated with lower 

levels of inflammatory biomarkers in older age. 

10.6 Concluding remarks 

The search for malleable determinants of cognitive ageing is a research priority. The 

identification of such risk and protective factors has the potential to inform public 

health interventions aimed at reducing disability, improving quality of life and 

decreasing social, healthcare and economic challenges associated with an ageing 

population. The individual variation in cognitive ageing trajectories is an indicator that 

certain environmental factors may exert a degree of influence but the identification of 

these likely small effects is problematic. The results from this thesis suggest that 

cognitive function in later-life may, to a small extent, be influenced by some lifestyle 

choices such as moderate alcohol intake, smoking avoidance, and physical activity. 

However, the key novel finding from this series of studies is that, in addition to having 

predictive value for lifestyle choices over 60 years later, cognitive ability at age 11 
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accounts for the majority of the cross-sectional associations between lifestyle factors 

and cognitive abilities in later-life. Many of the associations between positive health 

behaviours (e.g. moderate caffeine and alcohol consumption, and healthy dietary 

patterns) and cognitive abilities in old-age were confounded by a higher lifetime stable 

IQ and SES and the possible influence on these factors on the adoption of health 

behaviours in adulthood.  

Insufficient attention is paid to the possibility of reverse causation. The effects of 

lifestyle on cognitive abilities in older age are difficult to disentangle from the effects of 

cognitive ability on lifestyle and from other confounding variables. Intelligence is 

important in everyday decision making; this would probably influence decisions made 

with regard to health management (Deary, Penke et al., 2010). Thus, people with higher 

early-life ability are more likely to adopt a lifestyle pattern which protects against 

cognitive decline. That differences in childhood IQ are related to differences in lifestyle 

choices in later-life, suggests that these relationships begin early and persist over the 

life-course. These findings point to the importance of taking a life-course perspective to 

the study of lifestyle and cognition and in designing interventions to delay cognitive 

decline (Gatz, Prescott & Pedersen, 2006). They also point to the importance of 

research in the early years of life which can contribute information toward maximising 

cognitive ability in childhood and youth, given their associations with life-long health. 

The conclusions from this thesis are two-fold. (1) There may be a dynamic cycle 

involving cognition, self-management of health and ultimate cognitive outcomes. (2) 

Individuals can, to some extent, play an active role in their cognitive health across their 

life course, although further longitudinal studies with long follow-up periods are 

crucial.  
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Caffeine Consumption and Cognitive Function at Age 70: The Lothian Birth
Cohort 1936 Study
JANIE CORLEY, MA, XUELI JIA, PHD, JANET A. M. KYLE, PHD, ALAN J. GOW, PHD, CAROLINE E. BRETT, MSC,
JOHN M. STARR, MA, FRCPE, GERALDINE MCNEILL, PHD, AND IAN J. DEARY, PHD, FRCPE

Objective: To investigate the association between caffeine consumption and cognitive outcomes in later life. Methods: Participants
were 923 healthy adults from the Lothian Birth Cohort 1936 Study, on whom there were intelligence quotient (IQ) data from age
11 years. Cognitive function at age 70 years was assessed, using tests measuring general cognitive ability, speed of information
processing, and memory. Current caffeine consumption (using multiple measures of tea, coffee, and total dietary caffeine) was
obtained by self-report questionnaire, and demographic and health information was collected in a standardized interview. Results:
In age- and sex-adjusted models, there were significant positive associations between total caffeine intake and general cognitive
ability and memory. After adjustment for age 11 IQ and social class, both individually and together, most of these associations
became nonsignificant. A robust positive association, however, was found between drinking ground coffee (e.g., filter and espresso)
and performance on the National Adult Reading Test (NART, p � .007), and the Wechsler Test of Adult Reading (WTAR, p �
.02). No gender effects were observed, contrary to previous studies. Generally, higher cognitive scores were associated with coffee
consumption, and lower cognitive scores with tea consumption, but these effects were not significant in the fully adjusted model.
Conclusions: The present study is rare in having childhood IQ in a large sample of older people. The results suggest that the
significant caffeine intake-cognitive ability associations are bidirectional—because childhood IQ and estimated prior IQ are
associated with the type of caffeine intake in old age—and partly confounded by social class. Key words: caffeine, cognitive
function, childhood IQ, aging.

BMI � body mass index; FFQ � Food Frequency Questionnaire;
MHT � Moray House Test; PCA � Principal Components Analy-
sis; SMS1947 � Scottish Mental Survey 1947; LBC1936 � Lothian
Birth Cohort 1936; SES � socioeconomic status; NART � National
Adult Reading Test; WTAR � Wechsler Test of Adult Reading.

INTRODUCTION

By late adulthood, people typically experience some dete-
rioration in cognitive abilities as part of the normal course

of aging. Abilities, such as memory, reasoning, and processing
speed, all decline, on average, with age (1). However, there
are large individual differences in age-related cognitive
changes and it is a research priority to identify factors that
affect the rate of age-related cognitive decline. In the setting of
an increasingly aged population, such knowledge can improve
the health and well-being of older people in the future (2).

There is growing evidence from epidemiological studies
that caffeine consumption is associated with better cognitive
performance in later life. Caffeine is widely consumed in
Western societies, primarily in coffee and tea but also in
chocolate and carbonated drinks. It acts as a psychoactive
stimulant and has been shown to improve cognitive perfor-
mance in the short term (3). By increasing the activity of the

central nervous system, caffeine consumption can result in
heightened alertness, vigilance, attention, and mood as well as
improved complex, higher cognitive functions including
memory (4,5). Besides these short-term effects, there is also a
growing body of evidence from studies indicating that the
habitual consumption of coffee and tea has long-term benefi-
cial effects on brain function (6). Using data from the Health
and Lifestyle Survey (HALS), a large cross-sectional study of
9003 British adults, Jarvis (7) reported a dose-response trend
between habitual tea and coffee consumption and cognitive
performance in all four tasks measured: simple reaction times,
choice reaction times, incidental verbal memory, and visuo-
spatial reasoning. Interestingly, the oldest men and women
seemed to benefit most from a higher caffeine intake.

One possible explanation, underlying the positive associa-
tion between caffeine and cognitive abilities in older adults,
and adopted by many researchers, is that regular caffeine
consumption enhances the neuroprotective actions of adeno-
sine. Like alcohol, caffeine readily crosses the blood-brain
barrier. It is well documented that, once in the brain, caffeine
acts as an antagonist on the A2A adenosine receptors. By
counteracting adenosine, caffeine has a disinhibitory effect,
causing the stimulation of cholinergic neurotransmitters (8).
These neurotransmitters exert a protective effect against �
amyloid-induced neurotoxicity, a precursor to cognitive de-
cline in humans (9) and in mice (10). Caffeine, especially
coffee, is rich in biologically active substances, such as poly-
phenols and antioxidants, and is capable of increasing plasma
antioxidant capacity in humans (11). Therefore, another po-
tential physiological mechanism by which caffeine may afford
some protection against brain aging is by counteracting the
oxidative stress involved in the pathogenesis of aging-related
diseases. Another risk factor for cognitive decline is Type II
diabetes (12). A systematic review of several large-scale,
prospective studies (13) supported the hypothesis that habitual
coffee consumption is associated with a substantially lower
risk of Type II diabetes. Others have reported protective
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effects of long-term caffeine intake on the risk of developing
Alzheimer’s disease (14,15). Coffee drinkers are reported to
have a 30% lower risk of developing Parkinson’s disease (16).

In recent years, evidence has generally supported the as-
sertion that caffeine intake (particularly from coffee) may help
to maintain cognitive functions in aging. Some longitudinal
studies have documented an inverse association between cof-
fee consumption and cognitive decline. In a men-only study,
Gelder et al. (17) found that, among the elderly, those who
drank coffee had half the 10-year cognitive decline than
noncoffee drinkers. The least decline occurred for men con-
suming three cups of coffee per day. Others have reported
gender-specific benefits of caffeine on cognitive function fa-
voring women. In a large prospective study, women who
drank more than three cups of coffee per day showed less
decline in verbal cognitive functioning and visuospatial mem-
ory over a 4-year period than women who had low or no
consumption of coffee (18). However, no effect was observed
in men. Similarly, Johnson-Kozlow et al. (19) reported that
lifetime and current exposure to coffee was associated with
better cognitive performance among women, but not in men.
Female coffee drinkers (especially those aged �80 years)
performed better on cognitive tasks of memory, attention, and
concentration. Although men consumed more caffeine than
women per day, they hypothesized that women are more
sensitive to the pharmacological effects of caffeine than men.

However, some have investigated the relationship between
caffeine and cognitive abilities with inconsistent results. Van
Boxtel et al. (20) found no significant reduction in age-related
cognitive decline with habitual caffeine intake (from tea and
coffee) after 6 years and concluded that the longitudinal effect
of caffeine is limited at best. Methodological differences may,
in part, account for the discrepancies between studies. Tea and
coffee consumption is frequently measured as “number of
cups consumed daily,” whereas others measure caffeine intake
based on standard estimations of caffeine per cup of coffee or
tea. However, caffeine content can vary markedly between
different types of beverages. One cup of instant coffee can
contain between 21 mg and 120 mg of caffeine, whereas the
equivalent serving size of ground coffee (filter, espresso, etc.)
can contain up to 254 mg (21). Assuming that every cup of
coffee contains an equivalent level of caffeine is unlikely to
give an accurate reflection of caffeine intake. Few studies
have included tea consumption in their investigations and no
other study, as far as we are aware, has included the effects of
overall dietary caffeine exposure on cognitive function, espe-
cially in old age.

Attempting to measure the effects of caffeine (or any
variable for that matter) on cognitive abilities in old age is
problematic without some measure of prior cognitive ability
as a baseline comparison. If there is a significant association
in a group of older people between caffeine intake and cog-
nitive ability, this does not necessarily mean that caffeine is
beneficial for cognitive abilities in old age. One of the limi-
tations of most studies in the field of cognitive aging is the
possibility of reverse causation; that is, the supposed depen-

dent (outcome) variable might be causing changes in the
supposed independent (predictor) variable. It is possible that
early life intelligence influences caffeine intake as well as vice
versa. It is well demonstrated in large, population-representative
samples that childhood intelligence quotient (IQ) influences
many aspects of diet and health-related life-style (22). The
Lothian Birth Cohort 1936 (LBC1936) is almost unique in
terms of having a measure of IQ at both childhood (age 11
years) and later life (age 70 years) in addition to multiple
cognitive domain scores and demographic and health data
from late life. This data set is in an ideal position to provide
an insight into the associations, if any, between caffeine intake
and cognition in older people. The aim of the present study
was to examine the association between caffeine consumption
(coffee, tea, and additional sources) and performance on a
comprehensive battery of cognitive function tests in a sample
of older adults (aged about 70 years) from the LBC1936 study,
at the same time controlling for prior cognitive ability (age 11
IQ). Cognitive assessment at age 70 years included multiple
markers of memory, speed of information processing, general
cognition, and verbal intelligence. Focusing on these specific
cognitive domains may help to untangle the effects of caffeine
on cognitive performance in older adults.

METHODS
Participants and General Methods
The participants were surviving participants of the Scottish Mental Survey

of 1947 (SMS1947) (23). The SMS1947 tested the mental ability of almost all
Scottish schoolchildren born in 1936 and attending school on June 4th 1947
(aged 11 years), using a well-validated test of general intelligence: a version
of the Moray House Test (MHT) No. 12. The 1091 surviving participants
described in the present study are known as the LBC1936. Full details of the
recruitment and testing of the LBC1936 are given in a free-access protocol
paper (24). At the time of recruitment, LBC1936 members mostly resided in
Edinburgh and its surrounding area (Lothian) in Scotland. They were rela-
tively healthy and lived independently. Between July 2004 and May 2007, at
a mean age 69.5 years, each LBC1936 participant attended the Wellcome
Trust Clinical Research Facility at the Western General Hospital in Edinburgh
to undergo extensive cognitive and physical testing and an interview. Cog-
nitive assessments were conducted by trained researchers and physical testing
was carried out by research nurses. The standardized interview ascertained
demographic information, smoking and alcohol consumption, medical his-
tory, and medication use. As a part of their general assessment, LBC1936
participants were asked to complete the Scottish Collaborative Group 165-
item Food Frequency Questionnaire (FFQ) (25). Ethics permission for the
LBC1936 study protocol was obtained from the Multi-Centre Research Ethics
Committee for Scotland (MREC/01/0/56) and from Lothian Research Ethics
Committee (LREC/2003/2/29). The research was carried out in compliance
with the Helsinki Declaration. All participants gave their written, informed
consent.

Procedure
Measurement of Caffeine Intake
Caffeine intake was assessed, using the Scottish Collaborative Group

FFQ, version 7.0 (25). The FFQ has been found to have good repeatability
(dietary intake in later life is reasonably stable in the short term) and good
validity for most nutrients in community-dwelling older populations (26–28).
This self-report questionnaire comprises questions about dietary intake over
the previous 2- to 3-month period and is designed to estimate daily intake of
a wide range of nutrients. The FFQ measures intake of caffeine from the main
dietary sources, namely, “instant coffee” (freeze-dried), “filter, espresso or
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cappuccino coffee” (hereby collectively referred to as “ground coffee”),
“decaffeinated coffee,” “tea (regular),” “herbal, fruit, or decaffeinated tea,”
“diet fizzy drinks (cola, lemonade, etc.),” “regular fizzy drinks,” “hot choc-
olate,” “Horlicks or Ovaltine,” “mousse, blancmange, trifle, meringue,”
“chocolate bars (e.g., Mars, Dairy Milk),” “chocolate sweets, toffees, or
fudge,” “chocolate coated biscuits,” “peanut butter or chocolate spread.” Each
item on the questionnaire refers to a standard measure, e.g., 1 cup or mug (hot
drinks), 1 biscuit, 1 can (fizzy drinks). Participants mark one of nine responses
to indicate frequency of consumption of the measure: rarely or never; 1 to 3
per month; 1 per week; 2 to 3 per week; 4 to 6 per week; 1 per day; 2 to 3 per
day; 4 to 6 per day; 7 � per day.

The FFQ was given at the clinic visit and returned in a stamped addressed
envelope. In the event of any missing responses, a letter was sent requesting
the information. If there were �10 missing items (even after a letter had been
sent), the FFQ was labeled “incomplete” and excluded from the analyses. A
total of 929 participants (85%) returned completed (�10 missing items) ques-
tionnaires (51.6% by women). A total of 97 questionnaires were not returned, 26
were returned blank, 39 were incomplete. One “completed” questionnaire had
several missing caffeine-containing items and was excluded. Five additional
individuals were excluded because they were identified as having potential
dementia based on a score of �24 on the Mini-Mental State Examination
(MMSE) (29). Therefore, the final sample for analysis in the present study
comprised 923 relatively healthy participants (n � 446 men, 477 women) aged
about 70 years (mean � 69.5, standard deviation � 0.8) at time of testing.

The amount of caffeine (coded as milligrams daily) estimated to
be present in each item was calculated, using a caffeine composition database
compiled from British beverage and food caffeine surveys, where caffeine
levels were obtained using validated analytical techniques (21,30–35). Esti-
mated average caffeine values were assigned to each food or drink including
(per 1 cup or mug serving) tea (34.2 mg), instant coffee (43.7 mg), and ground
coffee (93.1 mg). A measure of “total caffeine” consumption was derived
from all 14 caffeine-containing items in the FFQ. To investigate the effect of
overall coffee intake, because this is often used in the previous literature, an
additional measure of “total caffeine from coffee” was derived by combining
consumption of both instant coffee and ground coffee.

Measurement of Cognitive Performance at Age 70
A full description of the cognitive tests and administration procedures

used can be found in the free-access LBC1936 protocol article (24). Cognitive
testing was carried out by a trained researcher. Brief descriptions of the tests
follow.

The MMSE was used as a screening measure for cognitive pathology (29).
Scores range from 0 to 30, with a score of �24 indicating possible dementia.

From the Wechsler Adult Intelligence Scale-IIIUK (WAIS-III) (36), we
included: Digit Symbol Coding (speed of information processing); Block
Design (constructional ability); Matrix reasoning (nonverbal reasoning); Digit
Span backwards (working memory); Symbol Search (speed of information
processing); Letter-number sequencing (working memory).

From the Wechsler Memory Scale-IIIUK (WMS-III) (37), we used: Log-
ical Memory I and II (verbal declarative memory, immediate and delayed
recall); Verbal Paired Associates I and II (verbal learning and memory,
immediate and delayed recall); Spatial Span (nonverbal spatial learning and
memory).

Verbal Fluency (phonemic) provides a measure of executive function
(38). National Adult Reading Test (NART) (39) and Wechsler Test of Adult
Reading (WTAR) (40) are widely used to estimate prior cognitive ability and
they require the pronunciation of irregular words. Simple and Four-choice
reaction time measure speed and variability of simple information processing,
using a purpose-built portable machine (41,42). Inspection time is a comput-
er-based task used to assess speed of elementary visual processing (43).

Demographic and Control Variables Including
Childhood IQ
Demographic and medical information was obtained at the clinic assess-

ment. During the standardized interview, participants were asked questions
relating to their marital status, education (number of years of full time [F/T]

education), current alcohol consumption (type and frequency, from which
units per week were calculated), and smoking status (current, ex-, or never
smoker). Social class was derived from participants’ highest reported occu-
pation (44) and consisted of six categories ranging from I (professional
occupations) to V (unskilled occupations), with III (skilled occupations)
divided into IIIN (nonmanual) and IIIM (manual). The women in the cohort
were asked for their husband’s occupation as well as their own, and they were
assigned a social class based on the highest occupation of the household. This
was derived from their own occupation for about half of the women, and from
their husband’s occupation for the remainder. Social class is here represented
in a numeric fashion with classes IIIN and IIIM expressed as 3 and 3.5,
respectively, to reflect their relative status. A detailed medical history was
taken (including diagnoses of diabetes, high blood pressure, and high choles-
terol). Anxiety and depression symptoms were assessed, using the Hospital
Anxiety and Depression Scale (HADS)—a short self-assessment scale con-
sisting of seven items for anxiety and seven for depression. A physical
examination was performed by a nurse including measurements of height and
weight, from which body mass index (BMI) was calculated. Participants
completed a 20-page questionnaire booklet containing various social and
life-style questionnaires and measures of physical activity (including number
of days per month of exercise).

Age 11 scores were obtained, in collaboration with the Scottish Council
for Research in Education (SCRE) and with the permission of LBC1936
participants, from the original SMS1947 records. The MHT No.12 was taken
by participants in the SMS1947 at age 11 (45) and repeated at their clinic visit
at about age 70. MHT scores were corrected for age in days at time of testing
and converted to standard IQ type scores, where mean � 100 and SD � 15.
This is a well-validated general mental test comprising 71 items (mostly
verbal reasoning, but also some numerical, spatial, and other items) with a
maximum score of 76 and a 45-minute time limit.

Statistical Analyses
Demographic and health differences between tertiles of caffeine intake

groups were examined, using analysis of variance (ANOVA), �2 and t tests as
appropriate. Tertiles of consumption were used for illustrative purposes only;
the main analyses were conducted, using caffeine as a continuous variable.
Associations between caffeine consumption (derived from total caffeine, tea,
instant coffee, ground coffee, and total coffee) and cognitive function were
examined, using univariate general linear models. Four models were fitted to
the data, each including adjustment for potential confounding factors. The
base model included age (in days at time of testing) and sex. The second
model included age, sex, and occupational social class. A third model in-
cluded age, sex, and age 11 IQ to control for early-life cognitive ability. In the
fourth and final model, all four control variables were included. A general
cognitive ability component score (g factor) was derived from principal
components analysis (PCA) of six WAIS-III subtests (Letter-number se-
quencing, Matrix reasoning, Block design, Digit symbol, Digit Span back-
wards, Symbol search). A general processing speed component score (speed)
was similarly derived from a PCA of the set of speed measures (Symbol
search, Digit symbol, Simple Reaction Time mean, Choice Reaction Time
mean, Inspection time). The extraction of these factors by PCA has been
described elsewhere (46). Using the same method, a general memory factor
(memory) was extracted from the WMS-III subtests (Logical memory I
immediate and II delayed recall, Spatial span forwards, Spatial span back-
wards, Verbal paired associates I immediate and II delayed recall) and two
WAIS-III subtests (Letter-number sequencing, Digit Span backwards). The fourth
cognitive outcome variable used in the present study is age 70 IQ (MHT score at
age 70 years corrected for age in days at time of testing and converted to an IQ
scale, where mean � 100 and SD � 15). Additional analyses were performed
with NART and WTAR scores (measures of verbal IQ) as cognitive outcomes.
We present estimates of effect size as well as p values.

RESULTS
The characteristics of study participants are presented in

Table 1 by tertile of total caffeine consumption; low caffeine
(1.2 –131.0 mg/day); medium caffeine (131.0 –211.0 mg/
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day); high caffeine (211.0–701.1 mg/day). Of the 923 partic-
ipants who provided caffeine data, data from 16 cells were
incomplete (no more than one incomplete caffeine item per
person). Analyses were conducted on caffeine data from all
923 FFQs; however, total caffeine was calculated only where
data were complete (n � 907). High-caffeine consumers were
significantly less likely to have had a diagnosis of high blood
pressure (p � .001), diabetes (p � .005), or cholesterol (p �
.008) than low-caffeine consumers. Medium-caffeine consum-
ers were significantly less likely to have had a diagnosis of
high blood pressure (p � .04) or diabetes (p � .03) than
low-caffeine consumers. Level of caffeine consumption was
not significantly associated with any other demographic vari-
able. Nonresponders to the FFQ (where questionnaires were
not returned or returned blank, n � 123) were significantly
more likely to be men than women (n � 74 versus 49, �2

(1) � 5.47, p � .02), have less years of F/T education
(mean � 10.52 versus 10.77, p � .02) and lower MMSE
scores (mean � 28.3 versus 28.9, p � .001) than responders.
Responders and nonresponders differed significantly in their
smoking status (�2 (2) � 6.192, p � .04).

Total Caffeine

Mean total caffeine intake (per day) from all dietary
sources was 182.5 mg, and ranged from 1.2 mg to 701.1 mg
(Table 2). Caffeine intake (mean) was slightly higher in

women (187.9 mg) than men (176.8 mg), although this dif-
ference was nonsignificant.

Caffeinated Tea/Coffee

Coffee and tea consumption in this Scottish cohort was
widespread. A total of 97.7% of participants reported consum-
ing caffeinated tea or coffee in the last 2 to 3 months. Twenty-
one participants (2.3%) reported that they “rarely or never”
drank caffeinated tea or coffee. Of the total sample, 85.5%
consumed tea, 72.0% consumed instant coffee, and 49.0%
consumed ground coffee (Table 2). Women consumed signif-
icantly more ground coffee than men; otherwise, there were no
statistical differences between the consumption of different
types of caffeinated tea or coffee by gender. Beverage pref-
erence did not seem to be exclusive; 84% of the sample drank
both tea and coffee. However, as expected, there was a sig-
nificant negative correlation between tea and coffee consump-
tion (�0.28, p � .001), suggesting that heavy consumers of
tea tend to drink little coffee and vice versa.

Decaffeinated Tea/Coffee

Men and women differed significantly in their consumption
of decaffeinated tea and coffee. Compared with men, women
had a significantly higher mean intake of decaffeinated tea
(p � .001) and decaffeinated coffee (p � .001) (data not
presented). In this older cohort, consumption of decaffeinated

TABLE 1. Characteristics of the Study Population by Category of Daily Caffeine Consumption (Mean Values and % Prevalence)

Total
Sample

n � 923a

Low
Caffeine
n � 302

Medium
Caffeine
n � 303

High
Caffeine
n � 302 p

Mean SD Mean SD Mean SD Mean SD

Caffeine (mg/day) 182.5 97.8 85.5 34.3 175.0 22.8 287.2 81.1
Age (years) 69.5 0.84 69.6 0.83 69.5 0.85 69.4 0.84 .30
Sex .24

Male (%) 48.3 51.0 50.2 44.7
Female (%) 51.7 49.0 49.8 55.3

Marital status .10
Married (%) 72.4 67.9 72.3 77.2
Widowed (%) 13.3 14.9 14.1 10.9
Unmarried/divorced (%) 14.2 16.9 13.5 11.8

Education (years F/T) 10.8 1.2 10.7 1.1 10.8 1.1 10.9 1.3 .10
MMSE 28.9 1.2 28.8 1.3 29 1.2 29 1.2 .18
Alcohol consumption (units/wk) 10.6 14.3 11.6 18.2 9.9 12.2 10.1 11.4 .27
BMI (kg/m2) 27.6 4.3 28.1 4.1 27.4 4.1 27.4 4.5 .08
Physical activity (days/mo.) 7.5 8.0 7.0 7.6 8.0 8.2 7.7 8.3 .33
Smoking status .29

Nonsmokers (%) 44.4 43.0 47.5 42.1
Ex-smokers (%) 43.2 47.0 40.6 43.0
Current smokers (%) 12.4 9.9 11.9 14.9

Hypertension, yes (%) 39.5 47.0 38.6 33.1 .002
Diabetes, yes (%) 7.5 11.3 6.3 5.0 .008
Cholesterol, yes (%) 35.1 39.7 35.8 29.5 .03

SD � standard deviation; F/T � full time; MMSE � Mini-Mental State Examination; BMI � body mass index; mo. � month.
The p values are from t tests, analysis of variance, and �2 tests as appropriate.
a Full study sample comprises 923 men and women. Due to some missing caffeine data, 16 subjects have no total caffeine measure and, therefore, are not included
in the tertiles of consumption.
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coffee and herbal tea was insufficient to warrant inclusion in
the analyses as separate measures of caffeine consumption.
Although they contribute relatively small amounts of caffeine
to the diet and were consumed by less than a quarter of our
sample, they are included in the “total caffeine” measure
(Table 2).

Caffeine Consumption, Age 11 IQ, and Social Class

Age 11 IQ and social class were identified as potential
confounding variables of an association between caffeine in-
take and cognitive ability at age 70. There were significant
positive correlations between age 11 IQ score and caffeine
from ground coffee and total coffee, and a significant negative
correlation with tea (Table 2). There were significant negative
correlations between social class group (where a lower num-
ber indicates a more professional occupation) and total caf-
feine, caffeine from ground coffee, total coffee, decaffeinated
coffee, and herbal/other tea and a significant positive correla-
tion with tea. There was a general trend for increasing (caf-
feinated) tea consumption in the lower social class groups and
those with lower age 11 IQ scores; and there was generally
higher coffee consumption in higher social class groups and
those with higher age 11 scores.

Caffeine Consumption and Cognitive Performance at
Age 70

Table 3 displays the results of four univariate general linear
models for each cognitive outcome variable. Examination of
models including appropriate interaction terms revealed no
significant effects of caffeine by gender. Results are therefore
not differentiated by gender below, and interactions were not
included in the final models.

The overall caffeine measure “total caffeine” was signifi-
cantly and positively associated with memory (in the base
model only) and with age 70 IQ, NART, and WTAR in the
base model and model 3 (with age 11 IQ) but not after social
class adjustment or in the fully adjusted model. Caffeine from
tea had a significant, inverse association with age 70 IQ, g
factor, processing speed, NART and WTAR scores in model
1 (sex and age adjusted, p � .01) and model 2 (sex, age, and
social class adjusted, p � .05). However, when age 11 IQ was
added (as in models 3 and 4), all significant associations fell
to nonsignificant levels. The memory factor was not found to
be associated with this caffeine measure. Results indicated no
relationship between caffeine from instant coffee and cogni-
tive test scores at age 70 at any stage in the analyses. Caffeine
from ground coffee was significantly associated with better
performance on all age 70 cognitive measures (age 70 IQ, g
factor, processing speed, memory, NART, and WTAR, p �
.001) but this was found in the baseline model only, with the
exception of processing speed, NART, and WTAR. The as-
sociation with processing speed was attenuated with the ad-
dition of age 11 IQ; then, it declined to nonsignificant levels
when social class was included (models 2 and 4). The asso-
ciation with NART and WTAR scores, however, not only
retained significance when controlling for age 11 IQ but
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survived full adjustment for all covariates (p � .007 and p �
.02, respectively). Additional adjustment for years of F/T
education further attenuated this association but did not re-
move it (p � .02, �p

2 � 0.006; p � .04, �p
2 � 0.005,

respectively). Education correlates strongly with age 11 IQ in
this sample (0.382, p � .001) and explains less of the variance
in age 70 IQ than age 11 IQ. For this reason, we do not present
the results, using education as a confounder. Caffeine from
total coffee (a measure often used in the literature) had a
significant, positive association with all age 70 cognitive
measures, using the base model (p � .001). Unlike caffeine
derived from ground coffee only, the associations between this
combination coffee measure and all five cognitive outcome
variables remained significant when controlling for social
class. However, these associations were either attenuated (pro-
cessing speed, NART) or declined to nonsignificance once age
11 IQ scores are included in the model. None of the associa-
tions survive the fully adjusted model.

DISCUSSION
The results provide limited support for a positive effect of

caffeine consumption on cognition in later life. There are three
main results of interest. First, after adjustment for childhood
IQ, most of the “protective” effects of caffeine on cognition
are removed. Previous studies reporting beneficial effects of
caffeine (or coffee) consumption on cognitive function in old
age have been unable to control for prior ability. IQ is rela-

tively stable over time (47,48). In this sample, the correlation
between age 11 IQ and age 70 IQ is 0.66 (p � .001), sup-
porting the assertion that childhood IQ accounts for the
majority of variance in later-life cognition. The remaining
variance is accounted for by factors other than caffeine intake.
With full adjustments for age, sex, social class, and age 11 IQ,
we found no protective effects of caffeine consumption on
performance on memory, speed of information processing, or
general cognition component scores and on the MHT (a gen-
eral intelligence test) at age 70.

Second, the only indication that caffeine consumption ex-
erts a protective influence on cognitive performance was that
drinkers of ground (filter and espresso type-) coffee performed
better on tests of verbal intelligence (NART and WTAR) than
nondrinkers of ground coffee, even when controlling for age
11 IQ and social class. Performance on these tests is widely
assumed to reflect prior cognitive ability and level of educa-
tion. Highly significant, positive correlations exist between
age 11 IQ and NART and WTAR scores (0.66, p � .001; 0.64,
p � .001, respectively) in this population. For this reason, it
was initially surprising that there remained a beneficial effect
of ground coffee intake on performance on these tests, once
age 11 IQ has been controlled for. However, NART and
WTAR are thought to capture peak, prior adult cognitive
ability. Perhaps the association between ground/espresso cof-
fee drinking and NART and WTAR is still significant after
adjusting for age 11 IQ because they capture variance related

TABLE 3. Associations Between Caffeine Intake and Cognitive Outcomes

Predictor
mg per day

Model

aAge 70 IQ
n � 919

g Factor
n � 909

Processing Speed
n � 887

Memory
n � 893

NART
n � 923

WTAR
n � 923

p �p
2 p �p

2 p �p
2 p �p

2 p �p
2 p �p

2

Total caffeine 1 .03b 0.005 .05 0.004 .27 0.001 .02b 0.007 .01b 0.007 .02b 0.006
(all sources) 2 .35 0.001 .47 0.000 .93 0.000 .13 0.003 .29 0.001 .33 0.001

3 .04b 0.005 .14 0.003 .36 0.001 .05 0.004 .02b 0.007 .02b 0.006
4 .12 0.003 .44 0.000 .90 0.000 .11 0.003 .14 0.003 .16 0.002

Caffeine from 1 �.001c 0.012 �.001c 0.014 .001c 0.013 .20 0.002 .002c 0.011 .007c 0.008
tea 2 .006c 0.008 .003c 0.010 .002c 0.011 .39 0.000 .01c 0.007 .03c 0.005

3 .62 0.000 .26 0.001 .08 0.004 .37 0.000 .68 0.000 .97 0.000
4 .74 0.000 .30 0.001 .06 0.004 .38 0.000 .70 0.000 .99 0.000

Caffeine from 1 .07 0.004 .30 0.001 .16 0.002 .29 0.001 .94 0.000 .98 0.000
instant coffee 2 .06 0.004 .25 0.002 .21 0.002 .28 0.001 .80 0.000 .93 0.000

3 .19 0.002 .78 0.000 .34 0.001 .75 0.000 .31 0.001 .25 0.002
4 .21 0.002 .72 0.000 .39 0.001 .73 0.000 .42 0.000 .29 0.001

Caffeine from 1 �.001b 0.014 �.001b 0.017 �.001b 0.001 �.001b 0.014 �.001b 0.033 �.001b 0.028
ground coffee 2 .15 0.002 .08 0.003 .06 0.004 .05 0.004 .002b 0.011 .005b 0.009

3 .20 0.002 .05 0.004 .03b 0.006 .11 0.003 �.001b 0.018 �.001b 0.014
4 .49 0.000 .38 0.000 .16 0.002 .25 0.002 .007b 0.008 .02b 0.007

Total caffeine 1 �.001b 0.018 �.001b 0.016 �.001b 0.015 �.001b 0.014 �.001b 0.021 �.001b 0.017
from coffee 2 .01b 0.007 .03b 0.005 .02b 0.006 .02b 0.006 .008b 0.008 .02b 0.006

3 .05 0.004 .08 0.003 .02b 0.007 .14 0.003 .01b 0.007 .05 0.004
4 .15 0.002 .34 0.001 .09 0.004 .24 0.002 .12 0.003 .26 0.002

IQ � intelligence quotient; NART � National Adult Reading Test; WTAR � Wechsler Test of Adult Reading.
General linear models, p values, and associated partial eta squared values. Model 1: sex�age; Model 2: sex�age�social class; Model 3: sex�age�age 11 IQ;
Model 4: sex�age�age 11 IQ�social class.
a Age 70 IQ is already age-adjusted (age not included in the models for this outcome variable).
b Denotes a positive model correlation coefficient.
c Denotes a negative model correlation coefficient.
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to intellectual development and its associated education and
life-style choices between childhood and adulthood.

Third, even before controlling for age 11 IQ, no gender
effects were found, contrary to previous studies. Many have
reported effects of caffeine on cognition in women, but not
men. However, patterns of consumption differ widely as a
result of cultural habits. Much of the caffeine research report-
ing gender effects comes from cohorts in the Netherlands and
Finland, which are known for being heavy-caffeine (predom-
inantly coffee) consumers with an average daily caffeine in-
take of 400 mg per day in both men and women (49). The
results of these studies may not be generalizable to the United
Kingdom, where survey data revealed that average consump-
tion was a more moderate 240 mg per day. The Bristol Dietary
Caffeine and Health Study surveyed 5870 British adults and
found that caffeine intakes were significantly higher in men
(263 mg/day) than in women (226 mg/day) (50). However, in
the present study, the average age was older (at 70 years).
Mean daily caffeine intake was lower (182 mg/day) than the
UK average and comparable in men and women. This is not
surprising, given that caffeine (especially coffee) intake de-
creases with age, especially after about 65 years. Coffee has
significantly higher concentrations of caffeine and more stim-
ulating effects than tea. Because there is a greater sensitivity
to the effects of caffeine in older people, tea may become the
beverage of choice. Perhaps any prior difference in caffeine
consumption (and its effects) by gender disappears with in-
creasing age. It is nevertheless surprising that, given the very
narrow age range in this cohort (all born in 1936), there was
a (nonsignificant) trend for the high-caffeine consumers to be
younger than both medium- and low-caffeine consumers.

Throughout the models, there was a general trend for
individuals who drink more coffee and less tea to have better
cognitive health at age 70, but these effects were not borne out
statistically by our analyses. Previous studies have attributed
the opposing effects of tea and coffee on health outcomes,
either to differing “pharmacological” effects of tea and coffee
or to life-style or socioeconomic differences between the
consumers of these beverages (51,52). In Scotland, research
suggested that coffee drinking is associated with higher so-
cioeconomic status (SES) and good health, whereas drinking
tea is associated with lower SES and poorer health outcomes
(53). The present study supports, in part, these research find-
ings; in the LBC1936, tea consumption was higher in the
“lower” social classes, whereas those who drink coffee were
more likely to belong to the “higher” social classes. However,
the more important confounder in this study was age 11 IQ
(with some contribution from social class). The results of the
general linear models suggest that it is age 11 IQ which is
driving most of the associations with performance on cogni-
tive tasks at age 70 years. Individuals with a high childhood
IQ at age 11 were more likely to continue to perform better
into adulthood than those with a lower age 11 IQ, irrespective
of their caffeine intake. Age 11 IQ was also predictive of tea
or total coffee intake in late life; higher IQ children were more
likely to drink coffee, whereas poorer performance on the age

11 test was linked with a preference for tea some 60 years
later. These findings suggest a bidirectional relationship be-
tween type of caffeine intake and IQ.

We conducted a post hoc mediational analysis (Sobel test)
to examine the extent to which the age 11 IQ and coffee intake
at age 70 association is mediated by social class. The stan-
dardized beta of the direct path (age 11 IQ-ground coffee
consumption) was 0.132, and 0.054 after social class was
introduced as a mediator. The amount of the relationship
between age 11 IQ and ground coffee consumption, accounted
for by social class as a mediator, was 0.08; this represents
59.1% of the direct effect (z � 5.27, p � .001). Rather than
suggesting a causal link between early-life ability and adult
tea or coffee preference, the results may reflect the fact that
those individuals with a higher childhood IQ are more likely
to achieve a higher SES and may, therefore, be more repre-
sented in social groups that choose to follow a life-style that is
more “cosmopolitan.” This would be reflected in social and
dietary preferences. Coffee drinking, in the United Kingdom,
is associated with an urban life-style among both young- and
older-educated individuals. Therefore, the association be-
tween adult cognitive ability and tea and coffee consumption
may simply be reflecting life-style preferences that vary with
IQ/SES.

Further support for this alternative explanation may arise
from the finding that caffeine consumption in our cohort was
associated with a range of health outcomes also associated
with cognitive decline. We found less evidence of markers of
ill health in the high-caffeine group than the low-caffeine
group. Men and women with the highest consumption of
caffeine were less likely to have ever had diabetes, high blood
pressure, and high cholesterol than those drinking less caf-
feine. This contradicts prevailing medical opinion that caf-
feine has adverse effects on health but supports, to a certain
extent, the findings of the Scottish Heart Health Study (53);
they reported that in Scotland coffee drinking was associated
with a reduction in coronary risk factors, coronary risk, and
mortality, and that the converse was true of tea.

One of the advantages of this study is that we have used a
uniformly older cohort who share the same year of birth. We
were able to control for a range of demographic variables,
which have previously been related to caffeine intake. Second,
we were able to investigate the effects of drinking different
types of coffees as well as measuring total caffeine consump-
tion from a wide variety of dietary sources, not just tea and
coffee. Third, using general cognitive factors (extracted from
the large cognitive test battery), we were able to investigate
the effects of caffeine on different aspects of cognitive func-
tion. Fourth, we had a measure of childhood IQ. There will be
opportunities for follow-ups of this cohort offering the poten-
tial to investigate caffeine’s effects on cognitive decline.

Selective attrition could have contributed to a healthy sur-
vivor effect. One potential limitation of the study is that the
sample represents a healthy and high-functioning subgroup of
the SMS1947 cohort. Our sample achieved higher mean age
11 IQ scores (mean � 50.02, SD � 11.04) than the original
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cohort (mean � 36.74, SD � 16.10), and this may have
restricted the range of cognitive outcome scores. The range of
age 11 IQ scores in the sample was large. The most likely
result of this is some small underestimation of effect sizes of
the associations. Further limitations of the study concern the
measurement of caffeine. FFQ responses reflect the previous
2- to 3-month period only. Current intake was assumed to be
representative of habitual intake, as diet (including tea and
coffee consumption) is likely to remain stable over time
(barring illness). We cannot exclude the possibility that some
people may have significantly altered their caffeine intake
after a diagnosis or period of bad health. Medical advice often
dictates that coffee intake should be kept to a minimum,
especially in the presence of high blood pressure and vascular
problems.

Caffeine levels in this study are estimations only, based on
the best available government survey data, and are not com-
parable to the experimental caffeine studies, which are labo-
ratory based. Using estimated measures of caffeine content in
drinks is problematic. Caffeine intake estimates may be lim-
ited by the high variability in caffeine composition of foods
and beverages. In theory, ground coffee has a higher caffeine
content than instant coffee and making this distinction during
data collection is important. However, a weak ground coffee
may be equivalent in caffeine strength to a strong instant
coffee. The effects found in this Scottish sample may not be
generalizable to other populations. Tea drinking is the norm in
the United Kingdom, where there is a higher annual per capita
tea consumption than any other country. Even by today’s
standards, drinking filter and espresso coffee is associated
with an educated, middle class life-style. In many other coun-
tries, consumption of strong, ground coffee is ubiquitous and
independent of social position. Although coffee drinking in
the United Kingdom is associated with SES, the mediation
analysis, which found that childhood IQ explains more of the
variance in adult cognitive ability than social class, provides a
clear locus in the present study’s findings where there are
implications beyond the UK setting.

CONCLUSIONS
The present study provides little evidence that caffeine

consumption has protective effects on cognitive function at
age 70. It would seem that childhood IQ and other factors
including social class, rather than caffeine intake, are driving
the association with later-life cognition. This study places
childhood IQ and social class firmly within the framework of
the diet-cognition relationship and raises doubts about the
hypothesized causal effects of long-term caffeine consump-
tion as a protective factor against cognitive decline in later
life. However, there may be some residual benefit of drinking
ground coffee (typically the stronger types of coffee often
consumed in cafes and restaurants) on verbal IQ, irrespective
of prior ability. Although these associations are interesting,
the contribution of caffeine is very small in relation to other
intervening factors. Before advocating the benefits of coffee
on cognitive health and general well-being, further research is

needed to fully understand the nature of these associations and
rule out chance confounding by other factors.

We thank the Scottish Council for Research in Education for allow-
ing access to the SMS1947. The work was undertaken by The Uni-
versity of Edinburgh Centre for Cognitive Ageing and Cognitive
Epidemiology, part of the cross council Lifelong Health and Well-
being Initiative. We thank the LBC1936 Study participants.
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Is Body Mass Index in Old Age Related to Cognitive Abilities?
The Lothian Birth Cohort 1936 Study

Janie Corley, Alan J. Gow, John M. Starr, and Ian J. Deary
University of Edinburgh

We tested the hypothesis that the previously reported association between a higher body mass index
(BMI) and poorer cognition in later adulthood is an artifact of confounding by previous cognitive ability
and socioeconomic status. Participants were 1,079 adults aged about 70 years in the Lothian Birth Cohort
1936 Study, on whom there are IQ data from age 11. Cognitive outcome measures included: IQ at age
70 using the same test that was administered at age 11; composite measures of general cognitive ability
(g factor), speed of information processing, and memory; and two tests of verbal ability. People classified
as overweight or obese in later adulthood had significantly lower scores on tests of childhood IQ, age 70
IQ, g factor, and verbal ability. There was no significant association with processing speed or memory
performance. After adjusting for childhood IQ and social class in general linear models, associations with
age 70 IQ and g factor were nonsignificant or attenuated. However, throughout the models, there was a
persistent (inverse) relationship between BMI and performance on the National Adult Reading Test
(NART) and Wechsler Test of Adult Reading (WTAR), which remained significant after full adjustment
for all sociodemographic and health covariates (for the NART, p � .025; for the WTAR, p � .011). The
findings suggest that the previously reported BMI–cognition associations in later adulthood could be
largely accounted for by prior ability and socioeconomic status, and by the possible influence of these
factors on the adoption of health behaviors in adulthood.

Keywords: body mass index, obesity, cognitive function, childhood IQ, aging.

Overweight and obesity rates are soaring worldwide, even
among older adults. Scotland has one of the worst obesity records
among developed countries (Organisation for Economic Co-
Operation and Development, 2007). The Scottish Health Survey of
2008 identified that over two thirds of adults ages 65–74 were
either overweight or obese (Gray & Leyland, 2009). The adverse
health effects of being overweight at older ages are well estab-

lished and include hypertension, hyperlipidemia, Type II diabetes,
and cardiovascular disease (CVD; Brown et al., 2000; Dixon,
2010; Field et al., 2001). Such diseases can lead to early death and
significant morbidity in those who survive to old age. In recent
years, much scientific research has also been devoted to investi-
gating whether being overweight leads to faster cognitive decline
in later life.

Several population-based studies demonstrate an association
between overweight and obesity in midlife, commonly defined
according to body mass index (BMI), and an increased risk of
cognitive impairment in later life (Cournot et al., 2006; Dahl et al.,
2009; Elias, Elias, Sullivan, Wolf, & D’Agostino, 2003) and
dementia (Gorospe & Dave, 2007; Gustafson, Rothernberg, Blen-
now, Steen, & Skoog, 2003; Kivipelto et al., 2005; Rosengren,
Skoog, Gustafson, & Wilhelmsen, 2005; Whitmer, Gunderson,
Quesenberry, Zhou, & Yaffe, 2007). In a study of healthy, middle-
aged men and women, a higher BMI was associated with lower
cognitive function at baseline (after adjustment for demographic
and health variables) and with greater cognitive decline after a
5-year follow-up period (Cournot et al., 2006). However, the
analyses did not adjust for baseline cognitive ability. Given the
strong correlation between baseline and follow-up cognitive scores
(i.e., the stability of individual differences in cognitive abilities),
some doubt must be cast on the longitudinal nature of these and
other findings.

Previous reports suggestive of an increased risk of cognitive
impairment with a higher BMI are typically based on the effects of
BMI measured at midlife. Whereas there is some suggestion that
this inverse BMI–cognition relationship does not appear to vary
with age (Gunstad et al., 2007), the results from studies examining
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old-age BMI and risk of cognitive impairment are less consistent.
Research conducted in some elderly populations appears to show
the opposite relationship, where a lower BMI (normal weight) was
associated with worse cognition (Kuo et al., 2006; Ng, Feng, Niti,
& Yap, 2008; West & Haan, 2009), a faster rate of cognitive
decline, and an increased risk of dementia, compared with a higher
BMI indicating overweight (Atti et al., 2008; Buchman et al.,
2005). Aging is sometimes associated with weight loss, and in the
elderly, underweight often precedes clinical evidence of dementia
and can be a general marker of ill health (Barrett-Connor, Edel-
stein, Corey-Bloom, & Wiederholt, 1998; Rosengren et al., 2005;
Whitmer et al., 2007). It is clear that the relationship between
obesity parameters and cognitive function becomes more complex
with age and that there are gaps in the evidence, especially for
individuals aged 70 and over without dementia.

The direction of causality typically assumed in many studies is
from overweight/obesity to impaired cognition. Several mecha-
nisms, based on the action of biological mediation pathways, have
been proposed to account for this effect, including an increased
risk of vascular disease (Decarli, 2004), neurochemical changes
(Bray, 2004), and brain abnormalities (Gazdzinski, Kornak,
Weiner, & Meyerhoff, 2008) with increased adiposity. However,
there is increasing evidence, supported by the results of many
longitudinal birth cohort studies, that early life cognition is a
significant influence on both later life BMI and cognition. It is
known that early life intelligence (as assessed by IQ-type tests)
accounts for the majority of variance in later life intelligence
(Deary, Whalley, Lemmon, Crawford, & Starr, 2000). Further-
more, results from large-scale, longitudinal studies show that a
lower childhood IQ score is related to adiposity in adulthood and
associated health conditions such as hypertension, CVD, and mor-
tality (Chandola, Deary, Blane, & Batty, 2006). Crucially, intelli-
gence from childhood is also associated with obesity-related health
behaviors, such as diet, physical exercise, smoking (Batty, Deary,
Schoon, & Gale, 2007; Chandola et al., 2006), and alcohol con-
sumption (Batty, Deary, & Macintyre, 2006; Batty et al., 2008;
Mortensen, Sørenson, & Grønbæk, 2005). On the basis of recent
epidemiological evidence, Gottfredson (2004) suggested that IQ
may be the single, most important factor in the adoption of health
behaviors and maintaining a healthy body weight. It is therefore
possible that the link between a higher BMI and cognitive impair-
ment in older people may be indirect and explained by a lower
intelligence in early life. People with lower childhood IQ test
scores are generally more socioeconomically disadvantaged in
adulthood (Sacker, Schoon, & Bartley, 2002; Deary et al., 2005).
This could potentially explain why the risk of being overweight or
obese is also increased in those from low socioeconomic status
groups (Ball & Crawford, 2005; Sobal & Stunkard, 1989; Vernay
et al., 2009). The Scottish Health Survey of 2008 reported that men
and women in the most deprived areas had the highest age-
standardized prevalence of obesity (Gray & Leyland, 2009).

We hypothesized that the apparent obesity/overweight-related
risk of impaired cognition in adulthood, and possibly old age, is
principally a result of a lower previous ability and socioeconomic
status. It is also possible that poor health status may confound the
relationship between BMI and cognition. Those who are less
healthy are more likely to become cognitively impaired. Examin-
ing the possibility of reverse causation (where the effect has
preceded the cause)—that is, that early life IQ is an antecedent of

both BMI and old-age cognition—requires a sample of individuals
for whom there is a measure of intelligence from their early life,
but this is rarely available. The Lothian Birth Cohort 1936 Study
(LBC1936) is advantageous for examining the effects of BMI and
cognitive function in later life for several reasons: The cohort is
unusual in having validated measures of cognitive ability from
ages 11 and 70 years; the availability of possible confounding
health and demographic information; and a large cognitive test
battery at age 70. The cross-sectional aspect of the design of the
present study was such that we could investigate the relationship
between BMI and cognitive ability in old age. There was also a
longitudinal aspect: By controlling for childhood IQ, we could
additionally examine the relationship between cognitive change
across the lifespan and later BMI. We emphasize that this was
not a fully longitudinal investigation, given that BMI is only
measured at one time point (old age). The specific aims of the
present study were to investigate whether a higher BMI in later life
is associated with poorer cognitive outcomes and whether these
relationships are substantially accounted for (confounded) by pre-
vious cognitive ability (age 11 IQ), socioeconomic status, and/or
health measures. Cognitive assessment at age 70 included multiple
markers of general cognitive ability, memory, speed of informa-
tion processing, and verbal ability.

Method

Participants and General Method

We analyzed data collected from the LBC1936, which com-
prises 1,091 men and women aged �70 years at the first time of
testing in old age. These individuals are surviving participants of
the Scottish Mental Survey of 1947 (SMS1947; see Deary, Whal-
ley, & Starr, 2009). The SMS1947 tested the mental ability of
almost all Scottish schoolchildren born in 1936 and attending
school on June 4th, 1947 (mean age, 11 years), with a well-
validated test of general intelligence: a version of the Moray House
Test No. 12 (MHT; Scottish Council for Research in Education
[SCRE], 1933, 1949). Full details of the recruitment and testing of
the LBC1936 are given in a free-access protocol paper (Deary et
al., 2007). At the time of recruitment, LBC1936 members mostly
resided in Edinburgh and its surrounding area (Lothian) in Scot-
land. They were relatively healthy and lived independently. Be-
tween 2004 and 2007, LBC1936 participants attended the Well-
come Trust Clinical Research Facility at the Western General
Hospital in Edinburgh to undergo cognitive testing, a clinical
assessment, and an interview and to take home a large question-
naire to be completed and posted back. Cognitive testing was
conducted by trained researchers and the physical assessments by
research nurses. The structured interview ascertained demographic
information and medical history. As a part of their general assess-
ment, LBC1936 participants completed a set of diet, personality,
and lifestyle questionnaires (Deary et al., 2007). Of the 1,091
participants interviewed, 1,090 had height and weight measure-
ments taken, enabling BMI to be calculated. Eleven individuals
were identified as having potential dementia, on the basis of a
score of �24 on the Mini-Mental State Examination (MMSE;
Folstein, Folstein, & McHugh, 1975), and were excluded from the
analyses. The final sample for analysis in the present study com-
prised 1,079 people (for age, M � 69.5 years, SD � 0.8 years) at
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the time of testing. Ethics permission for the LBC1936 protocol
was obtained from the Multi-Centre Research Ethics Committee
for Scotland (MREC/01/0/56) and from Lothian Research Ethics
Committee (LREC/2003/2/29). The research was conducted in
compliance with the Helsinki Declaration. All participants gave
their written, informed consent.

Procedure

Measurement of BMI. Trained research nurses measured
height and weight as part of a physical examination using a
standardized protocol. Height (in centimeters) was measured with
a SECA stadiometer on individuals not wearing shoes. The re-
search nurses measured weight (in kilograms) for individuals
without outer clothing or shoes using electronic SECA scales with
a digital readout. BMI was calculated as weight (in kilograms)
divided by height squared (in square meters).

Measurement of cognitive performance at age 70. A full
description of the cognitive tests and administration procedures
can be found in the free-access LBC1936 protocol article (Deary et
al., 2007). Brief descriptions of the tests follow.

The MMSE is a test of global cognitive function (Folstein et al.,
1975) and commonly used by clinicians and researchers as a
screening test for cognitive impairment. Scores range from 0 to 30,
with a score of less than 24 often used to indicate possible
dementia.

From the Wechsler Adult Intelligence Scale—IIIUK (WAIS–III;
Wechsler, 1998a) we included Digit Symbol Coding (for speed of
information processing), Block Design (for constructional ability),
Matrix Reasoning (for nonverbal reasoning), Digit Span Back-
wards (for working memory), Symbol Search (for speed of infor-
mation processing), and Letter–Number Sequencing (for working
memory).

From the Wechsler Memory Scale—IIIUK (WMS–III; Wech-
sler, 1998b) we used Logical Memory I and II (for verbal declar-
ative memory and for immediate and delayed recall), Verbal
Paired Associates I and II (for verbal learning and memory and for
immediate and delayed recall), and Spatial Span (for nonverbal
spatial learning and memory).

The National Adult Reading Test (NART; Nelson & Willison,
1991) and Wechsler Test of Adult Reading (WTAR; Holdnack,
2001) are widely used to estimate previous cognitive ability, and
they require the pronunciation of irregular words. Simple and
Four-Choice reaction time (RT) tasks measure speed and variabil-
ity of simple information processing with a purpose-built portable
box (Cox, Huppert, & Whichelow, 1993; Deary, Der, & Ford,
2001). Inspection Time is a computer-based task used to assess
speed of elementary visual processing with no requirement for
speeded reactions (Deary, Simonotto, et al., 2004).

The MHT (SCRE, 1933, 1949), previously taken by participants
in the SMS1947 at age 11, was repeated at their clinic visit aged
about 70. The MHT comprises 71 items (mostly verbal reasoning,
but also some numerical, spatial, and other items) and has a
maximum possible score of 76 and a 45-min time limit. MHT
scores were corrected for age in days at time of testing and
converted to an IQ scale where M � 100 and SD � 15.

Covariates, including childhood IQ. Data on age, education
(number of years full time), marital status (married, widowed,
unmarried/divorced), smoking status (current, ex-smoker, or never

smoked), and alcohol intake (units per week) were collected by
structured interview. A medical history was taken including diag-
noses of hypertension, diabetes, CVD, high cholesterol, and stroke
(such diseases are associated with obesity). A physical activity
measure (days per month of exercise) was obtained from a self-
report questionnaire booklet comprising various social and life-
style questions. Childhood (age 11) MHT scores were obtained, in
collaboration with SCRE and with the permission of LBC1936
participants, from the original SMS1947 records. This mental test
was concurrently validated against the Terman–Merill revision of
the Binet scales (SCRE, 1949). The test conducted at age 11
reflects cognitive functioning toward the end of primary school
education and is a valid measure of early life ability. As before,
age 11 MHT scores were corrected for age in days at time of
testing and converted to an IQ scale where M � 100 and SD � 15.
In this sample, the correlation between age 11 and age 70 MHT-
derived IQ is .69 ( p � .001). Social class was derived from
participants’ highest reported occupation and consisted of 6 cate-
gories: I (professional occupations); II (managerial and technical
occupations); and III (skilled occupations)—divided into IIIN
(nonmanual) and IIIM (manual)—IV (partly skilled occupations);
and V (unskilled occupations; Office of Population Censuses and
Surveys, 1980). Because of the small number of participants in
class V, classes IV and V were combined. The women in the
cohort were asked for their husband’s occupation as well as their
own and were assigned a social class based on the highest occu-
pation of the household. This was derived from their own occu-
pation for about half of the women and from the husband’s
occupation for the remainder.

Statistical Analyses

For descriptive purposes, participants were categorized accord-
ing to standard BMI classification by the World Health Organiza-
tion (WHO, 2000); namely, underweight (�18.5), normal weight
(18.5–24.99), overweight (25–29.99), or obese (�30). We used
analysis of variance and chi-square tests to examine whether
demographic and health variables differed between BMI catego-
ries. The main analyses examined the associations between BMI
(as a continuous variable) and cognitive function outcome scores
at age 70 using general linear models (GLMs). Seven models were
fitted to the data, each including adjustment for potential con-
founding factors. Although there was a relatively small difference
in age across this birth cohort, assessment took place over a period
of 3 years, and age (in years) at assessment ranged from 67.7 to
71.3. Therefore, we adjusted for the effects of chronological age in
each model. Both age (in days at time of testing) and gender were
included as covariates in all models. The second model included
occupational social class. The third model included age 11 IQ to
control for early life cognitive ability, and the fourth model in-
cluded education. The fifth and sixth models included health
behaviors and health measures, respectively. The final and seventh
model included all the covariates mentioned.

A general cognitive ability component score (g factor) was
derived from principal-components analysis (PCA) of six WAIS–
III subtests (Letter–Number Sequencing, Matrix Reasoning, Block
Design, Digit Symbol, Digit Span Backwards, and Symbol
Search). A general processing speed component score (speed) was
similarly derived from a PCA of the set of speed measures (Sym-
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bol Search, Digit Symbol, Simple RT mean, Four-Choice RT
mean, and Inspection Time). The extraction of these factors by
PCA has been described elsewhere (Luciano et al., 2009). Using
the same method, we extracted a general memory factor (memory)
from the WMS–III subtests (Logical Memory I Immediate and II
Delayed Recall, Spatial Span Forwards, Spatial Span Backwards,
Verbal Paired Associates I Immediate and II Delayed Recall) and
two WAIS-III subtests (Letter–Number Sequencing and Digit
Span Backwards). The first unrotated principal components for the
g factor, processing speed factor, and memory factor, explained
53%, 51%, and 43% of the variance, respectively. The fourth
cognitive outcome variable used in the present study is age 70
MHT-derived IQ. Additional analyses were performed with NART
and WTAR scores. We present relevant estimates of effect size
(�p

2) in addition to p values.

Results

Descriptive Characteristics

Of the 1,079 participants, 538 were men and 541 were women.
The mean age was 69.5 (SD � 0.8). The mean BMI for the study
population was 27.8, (SD � 4.4; range � 16.0–48.5).

Characteristics of BMI categories. Table 1 shows the main
characteristics of participants according to BMI category. Of the
sample, 0.6% were underweight (n � 7), 25.3% were normal
weight (n � 273), 47.3% were overweight (n � 510), and 26.8%
were obese (n � 290). According to criteria from the WHO
(2000), nearly three quarters of the sample were either overweight
or obese. As the underweight category comprised only 0.6% of the
sample, we were unable to draw reliable conclusions with regard
to the general characteristics of this category. With increasing BMI
(in the normal weight, overweight, and obese categories), partici-
pants were significantly more likely to be male, have a more
manual occupational social class, less education, a lower MMSE
score, and more likely to be an ex-smoker. In terms of health
measures, a higher BMI category was associated with an increased
incidence of hypertension, diabetes, and CVD but not stroke or
elevated cholesterol.

BMI category and cognitive outcomes at ages 11 and 70.
Those with a higher BMI at age 70 were significantly more likely
to have a lower childhood IQ ( p � .03; see Table 2; the difference
between being obese and being of normal weight was associated
with a childhood IQ difference of 4.8 points (Cohen’s d � .33).
The higher BMI–lower IQ relationship was still apparent almost

Table 1
Characteristics of the Study Population by BMI Category (Mean Values and % Prevalence)

Sociodemographic variable

Total sample
(N � 1,079)

Underweight
(n � 7)

Normal weight
(n � 273)

Overweight
(n � 510)

Obese
(n � 289)

pM SD M SD M SD M SD M SD

Age (years) 69.5 0.83 69.3 0.8 69.5 0.9 69.5 0.8 69.6 0.8 .07
Gender <.001

% Male (n � 538) 49.9 0 39.9 55.1 51.2
% Female (n � 541) 50.1 100 60.1 44.9 48.8

Marital status .71
% Married 71.2 57.1 70.0 73.7 68.2
% Widowed 13.5 28.6 12.4 12.3 16.3
% Unmarried/divorced 15.3 14.3 17.6 14.0 15.5

Social class .002
I 17.9 28.6 20.0 17.8 15.7
II 37.6 42.9 39.6 40.0 31.3
IIIN 23.2 28.6 28.1 20.4 23.5
IIIM 17.4 0 9.3 18.2 24.2
IV � V 3.9 0 3.0 3.6 5.3

Education (years full time) 10.7 1.1 10.6 0.8 10.9 1.2 10.7 1.1 10.6 1.1 .01
MMSE 28.9 1.3 29.3 1.1 29.1 1.2 28.8 1.3 28.8 1.3 .02
Health behaviors

Alcohol intake (units/week) 10.5 14.2 3.4 4.3 10.8 14.2 10.6 13.3 10.3 15.8 .59
Physical activity (days/month) 7.6 8.1 5.1 10.5 8.4 8.5 7.5 7.8 7.2 8.1 .30

Smoking status <.001
% Nonsmokers 43.6 28.6 46.9 43.5 41.2
% Ex-smokers 43.2 28.6 33.3 43.9 51.5
% Current smokers 13.2 42.8 19.8 12.5 7.3

Health measures
% With hypertension 39.6 28.6 24.5 39.2 54.7 <.001
% With diabetes 8.2 0 2.2 8.0 14.2 <.001
% With CVD 24.6 28.6 19.4 22.3 33.2 .001
% With cholesterol 35.3 14.3 32.7 35.5 38.1 .37
% With stroke 5.0 0 4.0 5.9 4.1 .53

Note. Social classes are categorized as follows: I (professional occupations); II (managerial and technical occupations); and III (skilled occupations)—
divided into IIIN (nonmanual) and IIIM (manual)—IV (partly skilled occupations); and V (unskilled occupations). p values are from t tests, analyses of
variance, and chi-square tests as appropriate. BMI � body mass index; MMSE � Mini-Mental State Examination; CVD � cardiovascular disease.
Probabilities for significant effects are given in boldface.
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60 years later. At age �70, participants in the obese category
scored on average 3 points less (Cohen’s d � .22) on the same
measure of IQ (as that taken at age 11) than those in the normal
weight BMI category. A similar relationship was seen across the
cognitive domains representing general ability (g factor) and ver-
bal ability (NART and WTAR), whereby overweight and obese
participants scored significantly more poorly than those of normal
weight. Performance on processing speed and memory tasks did
not differ significantly between BMI categories, although a similar
inverse trend was observed. Although the mean childhood IQ score
of the underweight group exceeded those of the overweight and
obese groups, by age 70 they performed significantly worse on
tests of general cognitive ability, processing speed, and memory
but higher than all of their counterparts on the verbal ability tests.
However, these results should be interpreted with caution, given
the small size of the group and the large standard errors for their
cognitive test scores at age 70.

General Linear Models

Seven GLMs were fitted to the data for examination of the
contribution of BMI (as a continuous variable) and potentially
confounding variables to cognitive function at age 70 (see Table
3). In the initial age- and gender-adjusted model, BMI was signif-
icantly, inversely associated with performance on tests of age 70
IQ, general cognitive ability (g factor), the NART, and the WTAR;
the largest effect sizes were seen for the NART and WTAR. The
BMI–processing speed association narrowly missed conventional
significance, at p � .051. When occupational social class (Model
2), age 11 IQ (Model 3), and education (Model 4) were indepen-
dently added to the base model, those previously significant asso-
ciations with age 70 IQ and the g factor almost all became
nonsignificant (the relationship between BMI and g factor in
Model 4 remains marginally significant at p � .045), and their
effect sizes were markedly attenuated; in the case of age 11 IQ,
totally attenuated. Model 5, which has age, gender, and health

Table 2
Cognitive Outcomes by BMI Category, With Reported Means and p Values

Variable

M (and SD) for:

p
Underweight

(n � 7)
Normal weight

(n � 272)
Overweight
(n � 510)

Obese
(n � 290)

Age 11 IQa 102.3 (14.2) 102.7 (14.7) 100.0 (14.9) 97.9 (14.7) .003
Age 70 IQa 93.2 (20.1) 102.2 (13.3) 100.2 (14.1) 99.2 (14.7) .037
g Factorb �0.26 (0.92) 0.12 (0.92) 0.04 (1.03) �0.11 (0.93) .025
Processing speedb �0.37 (0.64) 0.10 (0.94) 0.05 (1.02) �0.09 (0.94) .091
Memoryb �0.18 (1.7) 0.05 (0.99) 0.02 (0.98) �0.02 (0.95) .799
NART 37.4 (12.0) 36.4 (7.6) 34.4 (8.1) 33.1 (8.0) <.001
WTAR 43.4 (10.2) 42.9 (6.1) 40.9 (7.2) 39.8 (7.2) <.001

Note. BMI � body mass index; NART � National Adult Reading Test; WTAR � Wechsler Test of Adult
Reading.
a Age 11 and age 70 Moray House Test No. 12 scores were corrected for age (in days at time of testing) and
converted to standard IQ-type scores where M � 100 and SD � 15. b Cognitive-component scores derived
from principal-component analysis. These are standard scores, with M � 0 and SD � 1 in the whole sample.
Probabilities for significant effects are given in boldface.

Table 3
Associations Between BMI Score and Cognitive Outcomes at Age 70 (General Linear Models, p Values and Associated Partial
Eta-Squared Values)

Model

Age 70 IQ
(n � 1,069)a

g factor
(n � 1,062)

Processing
speed

(n � 1,028)
Memory

(n � 1,037)
NART

(n � 1,077)
WTAR

(n � 1,077)

p �p
2 p �p

2 p �p
2 p �p

2 p �p
2 p �p

2

1. Gender � age .002 .009 .001 .010 .051 .004 .13 .002 <.001 .028 <.001 .033
2. Gender � age � social class .26 .001 .18 .002 .85 .000 .76 .000 <.001 .013 <.001 .017
3. Gender � age � age 11 IQ .92 .000 .69 .000 .72 .000 .11 .003 .003 .009 <.001 .014
4. Gender � age � education .082 .003 .045 .004 .36 .001 .76 .000 <.001 .016 <.001 .021
5. Gender � age � health behaviors .010 .007 <.001 .013 .038 .005 .059 .004 <.001 .038 <.001 .039
6. Gender � age � health measures .015 .006 .040 .004 .36 .001 .33 .001 <.001 .021 <.001 .025
7. All covariates .42 .001 .31 .001 .18 .002 .31 .001 .025 .006 .011 .008

Note. p values in bold represent significant negative associations between BMI score and cognitive outcome. Health behaviors � alcohol consumption,
smoking, and physical activity; health measures � CVD, hypertension, and diabetes.
a Age 70 IQ is already age adjusted (age is not included in the models for this outcome variable).
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behaviors as covariates, showed significant effects of BMI on age
70 IQ, the g factor, and processing speed, with effects sizes almost
as large, or larger, than the baseline model with just age and gender
as covariates. The BMI–NART and BMI–WTAR inverse associ-
ations remained significant throughout each of the models, al-
though their effects sizes were reduced by about 50%. BMI asso-
ciations with these two outcomes also remained significant in
those models controlling for health behaviors (Model 5), health
measures (Model 6), and the final (all-inclusive) Model 7. By
Model 7, which includes all covariates, there was some greater
attenuation, but the associations remained highly significant (for
the NART, p � .025; for the WTAR, p � .011). Finally, we ran the
models with interaction terms—BMI � Age 11 IQ, BMI � Social
Class, and BMI � Health (with history of CVD as a marker of
health)—to investigate whether there were any modifying effects
of age 11 IQ, social class, or health. We found no modifying effect
of social class or health and a small moderating effect of age 11 IQ
on the relationship between BMI and age 70 IQ only. However,
this result was only marginally significant, and the effect size was
minimal ( p � .049, �p

2 � .004).

Discussion

This study had several main findings. First, about three quarters
of our sample of 70-year-old participants were found to be either
overweight or obese, according to standard WHO criteria (WHO,
2000). Second, unadjusted associations showed a link between
higher old-age BMI (indicative of overweight or obesity) and
poorer cognitive performance at age 70 on tests of IQ, general
cognitive ability, and verbal ability but not processing speed or
memory. These results were consistent with previous reports (e.g.,
Cournot et al., 2006; Dahl et al., 2009) showing an inverse rela-
tionship between BMI in midlife and later life cognition. The third
and most novel finding in this study is that current cognitive
performance was not associated with BMI after adjusting for
previous ability and occupational social class. However, there was
one exception: A higher BMI was related to poorer verbal ability
(crystallized intelligence) regardless of age 11 IQ, social class,
health behaviors, and health measures.

Cognitive abilities in old age are most strongly predicted by
one’s previous cognitive ability; previous research derived from
longitudinal studies of large birth cohorts reveal that childhood IQ
accounts for the majority of variance in adult IQ. IQ is relatively
stable across the lifespan, regardless of many other factors (Deary
et al., 2000; Deary, Whiteman, Starr, Whalley, & Fox, 2004). In
the present sample, those with a high early life IQ were much more
likely to have a high later life IQ. Variation in people’s cognitive
ability at age 70 is made up of variation in the lifelong (stable) trait
of intelligence, variation in any lifetime relative change in intelli-
gence among the cohort, and some amount of measurement error
(which is unavoidable). Having a measure of childhood IQ enabled
an estimation of how “bright” an older person is in relation to how
“bright” he or she was, plus or minus any change relative to peers
in the cohort over the life course. Examining the cross-sectional
data (i.e., the relation between the BMI and cognitive abilities
measured at the endpoint [old age]) at first appeared to suggest that
those who were overweight or obese in later life were more likely
to show age-related cognitive disadvantage. However, the present
study differs from others in that, by controlling for age 11 IQ, we

were able to show that it is the relationship between old-age BMI
and the lifetime stable trait of intelligence that is of prime impor-
tance.

In the present study, we found strong evidence of an association
between early life IQ and age 70 BMI. This finding is consistent
with the growing number of studies linking childhood IQ with later
adiposity, disease, and mortality (Chandola et al., 2006) and many
aspects of both diet and health-related lifestyle (e.g., physical
activity) in large population representative samples (Batty et al.,
2007; Chandola et al., 2006). The risk of overweight or obesity
also varied across social class groups, as previously reported by
others (Vernay et al., 2009). Those belonging to the manual social
class groups (IIIM, IV, and V) tended toward a higher BMI. People
with a lower premorbid intelligence are generally more socioeco-
nomically disadvantaged. However, because a childhood IQ mea-
sure precedes any effects of later health, lifestyle, or socioeco-
nomic circumstances, it is plausible that there is a chain of
influence on BMI, beginning with childhood cognitive ability,
which is then mediated by socioeconomic circumstances through
educational and occupational attainment (Johnson, Brett, & Deary,
2010) and lifestyle factors (including diet and health management).
We suggest that our findings provide evidence indicative of re-
verse causation, whereby the effect (lower cognitive ability) actu-
ally precedes the assumed cause (higher BMI). Alternatively, there
may be a previous common cause to both cognitive ability and
overweight, given that there is some evidence to suggest that the
IQ–BMI relationship may be present even in very early childhood.
Guxens et al. (2009) found that preschool children with a higher
cognitive ability at age 4 had a lower BMI at age 6. Childhood IQ
may be an intrinsic indicator of general “bodily integrity” (Whal-
ley & Deary, 2001). Given that food choices in young children are
governed chiefly by their parents (compared with being self-
feeding adults), it is possible that the underlying mechanism in this
relationship is environmental circumstances, including parental
IQ. In the context of the present study, these results suggest that,
rather than adult health behaviors being the mediating factor
between IQ and BMI, we must also consider that there may be
common underlying etiologies present in early life that lead to both
obesity and poorer neurodevelopment. This may warrant future
investigation.

If previous ability accounts for most of the association between
BMI and cognition in old age, then why do we find a decrement in
verbal ability in the overweight and obese, even after adjusting for
age 11 IQ, socioeconomic status, health behaviors, and health
measures? Whereas performance in other cognitive domains tends
to decline with age, verbal ability is relatively immune to the
effects of both aging (Carroll, 1993; Hedden & Gabrieli, 2004;
McGurn et al., 2004; Schaie, 1996) and health factors. The NART
and WTAR are widely believed to reflect crystallized intelligence,
which, unlike fluid intelligence, remains relatively intact as people
age. Performance is thought to reflect peak adult intelligence
(beyond the abilities measured in standard IQ-type tests), which is
related to education and intellectual, social, and cultural develop-
ment across the lifespan. Peak adult ability is likely to be associ-
ated with lifestyle preferences that influence the maintenance of a
healthy weight.

A higher BMI was also associated with poorer health (as ex-
pected), in terms of an increased incidence of hypertension, CVD,
and diabetes. There is no doubt that being overweight has signif-

872 CORLEY, GOW, STARR, AND DEARY

109



icant, adverse effects on one’s physical health and quality of life.
However, in this and previous studies, controlling for health indi-
ces such as CVD and diabetes had little effect on the BMI–
cognition association (Dahl et al., 2009; Sabia, Kivimaki, Shipley,
Marmot, & Singh-Manoux, 2009). If cognition at age 70 was
mediated by the physical consequences of BMI, we would expect
such health measures to cause some substantial attenuation. Given
the links between previous cognitive ability, morbidity, and mor-
tality previously identified by various authors, it is plausible that
variations in premorbid IQ are also partly contributing to these
adverse health outcomes, again perhaps through lifestyle choices.

Our study has the following strengths. These analyses make a
novel contribution to this area of research. This is, to our knowl-
edge, the first study to examine the relationship between BMI and
cognitive performance that can statistically control for a measure
of premorbid IQ. Some previous studies have examined the con-
founding effects of education, but IQ measured in childhood is a
better predictor of cognitive function in adulthood than education.
Studies with early life IQ data are rare and offer a unique insight
in the investigation of factors affecting cognition with aging. Our
results are useful in reconsidering results of previous epidemio-
logical investigations, which have typically focused on a direction
of causation suggestive of adverse physical and mental (including
cognitive) effects, as a result of excess adiposity. However, most
epidemiological data do not allow a firm conclusion to be drawn
about a causal relationship between body weight and cognitive
abilities. Whereas there is no doubt that there is a link between
overweight/obesity and both degenerative disease and cognitive
impairment, our data are suggestive of reverse causation. As
hypothesized, the outcomes in the present study (and other BMI–
cognition investigations) were subject to multidirectional influ-
ences that are associated with variation in previous cognitive
ability. That is, early life IQ influences, perhaps indirectly, the
development of overweight/obesity (Gustafson, 2008), as well as
adult cognitive ability.

Second, we used direct measurements of height and weight,
taken at the time of testing by trained research nurses. Using
standard measurement procedures and instruments rather than self-
report data (on which many previous results have been based) is
more likely to provide accurate BMI scores. Third, the LBC1936
used a comprehensive neuropsychological test battery, atypical for
most epidemiological studies. This allowed an examination of the
effects of BMI on different cognitive domains, whereas others
have relied on only very crude measures of cognitive function,
such as the MMSE (e.g., Ng et al., 2008; Sakakura et al., 2008).

There are some methodological limitations to consider. There
were very few underweight individuals in the present study, so we
were unable to explore the association between a low BMI and
cognitive function. It has been reported that a very low BMI or
weight loss are often preclinical markers of dementia in the elderly
(Atti et al., 2008). However, a low frequency of underweights is
typical of healthy populations without dementia. Although the
present study lacked sufficient statistical power to detect any true
associations, we noted a trend for poorer cognitive ability in the
underweight category at age 70 (not present in childhood) that may
warrant further investigation. A second limitation was the use of
BMI in an older population. BMI is a useful, general index of a
person’s weight relative to their height, but it does not take into
account the decreasing bone mass, muscle mass, and height asso-

ciated with aging (West & Hann, 2009). Therefore, using BMI in
the elderly may lead to an overestimation of body weight. That
said, we were investigating the effects of BMI within a narrow age
range, so this would have a minimal effect on results. BMI does
not specifically reflect abdominal fat accumulation, unlike a waist
circumference measure (Harris et al, 2000). Abdominal adiposity
is reported to be a more potent predictor of vascular and metabolic
diseases than BMI (Dahl et al., 2009) and confers an increased risk
for dementia and cognitive impairment (West & Haan, 2009;
Whitmer et al., 2008). However, a recent study has found that
obesity indices (including BMI and waist–hip ratio) are not dif-
ferentially related to neurocognitive outcomes both cross-
sectionally and longitudinally, as previously believed (Gunstad,
Lhotsky, Wendell, Ferrucci, & Zanderman, 2010). Unfortunately,
no measure of abdominal adiposity was available in this data set.

A third limitation was the lack of information regarding weight
history. Weight can often decrease in old age (Johnson, Wilkins &
Morris, 2006) as a result of illness, poor appetite, poor diet, and
age or disease-related loss of height. BMI at age 70 may not be
representative of lifetime or even midlife BMI. Given that partic-
ipants in the study were generally healthy, it is unlikely that this
limitation would have a significant effect on results. Aside from
being generally healthy, the LBC1936 participants, as self-
selecting study volunteers, are a relatively able group (in mind and
body) compared with the original, national sample who partici-
pated in the SMS1947. Furthermore, Edinburgh is a relatively
affluent area and scored higher, on average, than all other areas in
the survey (SCRE, 1949). Because of this potential healthy survi-
vor effect, our results may not be representative of Scotland as a
whole, or even the United Kingdom. However, within our sample,
we were confident that there was a wide range of cognitive
abilities and individuals from all occupational social class groups.
Moreover, if the range of abilities represented is slightly narrower
than a random sample of the population, our findings, if anything,
are more likely to underestimate any BMI–cognition associations.

Conclusion

In conclusion, the present study found that the relationship
between a higher BMI and poorer cognition in later life is largely
an artifact of confounding by a lower childhood IQ and occupa-
tional social class. The results suggest that a predisposition to
weight gain in adult life is determined, to some extent, by early life
circumstances. Although being overweight or obese was linked
with a poorer verbal ability in old age (even after controlling for
previous ability), we propose that this is not evidence of a direct
causal effect but probably a reflection of cognitively and socially
patterned subsequent adoption of healthy lifestyles in adulthood.
We conclude that there is no evidence that obesity contributes
directly to premature brain aging. Rather, there exists a complex
relationship between IQ, social circumstances, and BMI involving
multiple pathways that interact with each other. One possible
mechanism is that those of higher ability maintain a healthy weight
by engaging in a healthy lifestyle that protects against cognitive
decline. Alternatively, there may be common underlying etiologies
present in early life that lead to both obesity and poorer neurode-
velopment.
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Cournot, M. D., Marquié, J.-C., Ansiau, D., Martinaud, C., Fonds, H.,
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Objective: Moderate alcohol consumption has been associated with better cognitive performance in late
adulthood, possibly by improving vascular health. Few studies have examined the potentially confound-
ing roles of prior cognitive ability and social class in this relationship. Method: Participants were 922
healthy adults about 70 years old in the Lothian Birth Cohort 1936 study, for whom there are IQ data
from age 11. Alcohol consumption was obtained by self-report questionnaire. Cognitive outcome
measures included general cognitive ability, speed of information processing, memory, and verbal ability.
Results: Moderate to substantial drinking (�2 units/day) was associated with better performance on
cognitive tests than low-level drinking (�2 units/day) or nondrinking in men and women. After adjusting
for childhood IQ and adult social class, most of these associations were removed or substantially
attenuated. After full adjustment, a small, positive association remained between overall alcohol intake
and memory (women and men) and verbal ability (women only). Women’s overall alcohol intake was
derived almost exclusively from wine. In men, effects differed according to beverage type: wine and
sherry–port consumption was associated with better verbal ability, but beer was associated with a poorer
verbal ability and spirits intake was associated with better memory. Conclusions: Prior intelligence and
socioeconomic status influence both amount and type of alcohol intake and may partly explain the link
between alcohol intake and improved cognitive performance at age 70. Alcohol consumption was found
to make a small, independent contribution to memory performance and verbal ability, but these findings’
clinical significance is uncertain.
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Moderate alcohol intake in middle-aged and older adults is
associated with reduced all-cause mortality and a lower risk of
cardiovascular disease (Naimi et al., 2005). Population-based stud-
ies have found that moderate drinking, compared with abstinence,
can also benefit cognitive function (Espeland et al., 2005; Lang,
Wallace, Huppert, & Melzer, 2007; Stampfer, Kang, Chen, Cherry,
& Grodstein, 2005). Evidence from longitudinal assessments of
older people has suggested that light to moderate drinking has a

protective effect against cognitive decline over time (Ganguli,
Vander Bilt, Saxton, Shen, & Dodge, 2005; Wright, Elkind, Luo,
Paik, & Sacco, 2006). Stampfer et al. (2005) reported that those
who drank up to 15 mg of alcohol per day (not more than about
one drink) had a 20% decreased risk of cognitive impairment at
baseline, compared with nondrinkers, and these moderate drinkers
experienced less cognitive decline over a 2-year period. Some
studies have reported a positive association between moderate
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alcohol intake and improved cognitive performance in women, but
not in men (Dufouil, Ducimetière, & Alpérovitch, 1997; Leroi,
Sheppard, & Lyketsos, 2002; McGuire, Ajani, & Ford, 2007; Stott
et al., 2008), and others have reported a significant effect in both
sexes but a larger effect size in women (Britton, Singh-Manoux, &
Marmot, 2004). A few studies have failed to find any positive
cognitive benefit of nonexcessive alcohol consumption (Cervilla,
Prince, & Mann, 2000; Elwood et al., 1999). Inconsistencies may
be attributable to methodological issues; a meta-analysis found
that definitions of moderate drinking vary widely across studies
(Peters, Peters, Warner, Beckett, & Bulpitt, 2008).

The “beneficial” cognitive effects of moderate alcohol intake are
reportedly heterogeneous, concentrated in areas of learning, exec-
utive functions, and psychomotor speed (Ganguli et al., 2005);
verbal knowledge and phonemic fluency (Britton et al., 2004); and
in a women-only study, verbal knowledge, phonemic fluency, and
fine motor speed (Espeland et al., 2006). These, and many other
studies, have not found strong evidence of an association between
alcohol intake and memory. At present, how different types of
alcoholic beverage are associated with cognitive function in late
life is unclear. Few epidemiological studies have looked further
than overall alcohol intake. There is some suggestion that wine,
but not spirits or beer, is protective against cognitive decline
(Luchsinger, Tang, Siddiqui, Shea, & Mayeux, 2004) and demen-
tia (Truelsen, Thudium, & Grønbæk, 2002). The proposed expla-
nation is based on the antioxidant activity of the flavonoids found
in wine. However, not all studies have reported consistent results.
According to the Nurses’ Health Study, using data derived
from 12,480 older women, no significant differences in risk of
cognitive impairment or decline were observed according to type
of alcoholic beverage (Stampfer et al., 2005).

Typically, the direction of causation that is studied and assumed
is from alcohol to cognitive ability, especially in old age. The most
widely accepted mechanism behind the putatively protective role
of alcohol on cognitive aging is an indirect benefit via a reduced
risk of vascular disease. A quantitative review of moderate alcohol
intake and biological markers of coronary heart disease risk re-
ported a causal association via alcohol-induced changes in lipids
and hemostatic factors (Rimm, Williams, Fosher, Criqui, &
Stampfer, 1999). Further support for an effect on brain vasculature
comes from MRI studies that have revealed a lower prevalence of
white matter abnormalities and infarcts in older people with mod-
erate alcohol intake than in nondrinkers (Mukamal, Longstreth,
Mittleman, Crum, & Siscovick, 2001). However, it is also possible
that the observed relation between alcohol and cognitive health is
attributable to prior intelligence. Previous studies have reported
that intelligence influences the amount and type of alcohol intake.
People with a higher IQ tend to drink regularly but moderately
(British Medical Association, 2008). Higher IQ scores have also
been associated with a preference for wine over other types of
alcohol in later life (Mortensen, Sørenson, & Grønbæk, 2005). If
moderate drinkers are, on average, more intelligent than nondrink-
ers, the reported beneficial effect of moderate drinking on cogni-
tive function in adulthood may be confounded by prior ability.
Similarly, drinking appears to have social gradients. In the White-
hall study, some of the association between alcohol consumption
and cognitive function could be explained by social position, as
measured by employment grade (Britton et al., 2004). Variations in
both IQ and socioeconomic status (SES) may play important

confounding roles in the alcohol–cognition relationship, yet many
studies have attributed causal effects of alcohol intake to improved
cognition in the absence of this kind of data.

The sample in this study is unusual in having validated measures
of cognitive ability from childhood and old age and a range of
sociodemographic and health data. Our objectives in this study
were to examine whether (a) a pattern of light to moderate drinking
is associated with better cognitive outcomes in old age than is
nondrinking; (b) the effects on cognitive outcomes vary by type of
alcoholic beverage; and (c) specifically, whether these relation-
ships could be attributed to confounding by prior cognitive ability
(age 11 IQ), SES, or both.

Method

Participants

Participants were enrolled on the Lothian Birth Cohort 1936
(LBC1936) study, which includes 1,091 men and women. These
individuals are surviving participants of the Scottish Mental Sur-
vey of 1947 (SMS1947; see Deary, Whalley, & Starr, 2009). Full
details of the recruitment and testing of the LBC1936 are given in
a free-access protocol paper (Deary et al., 2007). At the time of
recruitment, LBC1936 members mostly resided in Edinburgh and
its surrounding area (Lothian) in Scotland. They were relatively
healthy and lived independently. Between 2004 and 2007, at a
mean age of about 70, LBC1936 participants attended the Well-
come Trust Clinical Research Facility in Edinburgh to undergo
cognitive testing, a clinical assessment, and an interview. As a part
of their general assessment, participants were asked to complete a
Food Frequency Questionnaire (FFQ). Of the 1,091 participants
interviewed, 922 (84.5%) provided both alcohol consumption and
cognitive data and formed the present study sample. Ethics per-
mission for the LBC1936 study protocol was obtained from the
Multi-Centre Research Ethics Committee for Scotland (MREC/01/
0/56) and from the Lothian Research Ethics Committee (LREC/
2003/2/29). The research was carried out in compliance with the
Helsinki Declaration. All participants gave their written informed
consent.

Procedure

Measurement of alcohol intake. Alcohol intake was as-
sessed using the Scottish Collaborative Group 165-item FFQ,
Version 7.0 (http://www.foodfrequency.org). The FFQ (Masson
et al., 2003) has good repeatability (dietary intake in later life is
reasonably stable in the short term) and good validity for most
nutrients in community-dwelling older populations (Jia, Craig,
Aucott, Milne, & McNeill, 2008; McNeill, Winter, & Jia, 2009). It
is also a valid assessment tool for measuring alcohol intake; there
is good agreement between the FFQ and 4-day weighed diet
records in men (r � .83) and women (r � .70; Masson et al.,
2003). This self-report questionnaire measures alcohol use over the
previous 2- to 3-month period from nine alcoholic beverages,
namely, low-alcohol lager or beer; dark beer (export, bitter, or
stout); light beer (lager or continental beer); white wine; red wine;
sherry, port, and so forth; spirits or liqueurs; alcopops (e.g., Bac-
ardi Breezer); and cider. Each item on the questionnaire refers to
a standard measure, for example, one half-pint (beer, lager, cider)
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or one pub measure (spirits). Participants mark one of nine re-
sponses to indicate frequency of consumption: rarely or never, one
to three per month, one per week, two to three per week, four to six
per week, one per day, two to three per day, four to six per day, or
seven or more per day.

In the event of any missing responses, a letter was sent request-
ing the information. Using standard FFQ protocol, incomplete
questionnaires (with 10 or more missing items from a total of 165)
were excluded from the analyses. Thirty-nine questionnaires were
incomplete, 26 were returned blank, and 98 were not returned. A
total of 928 (85%) completed FFQs were returned. One on which
the amount of alcohol consumed was a clear statistical outlier was
later excluded, and information collected at interview revealed a
history of problem drinking. Five more individuals were excluded
because they were identified as having potential dementia on the
basis of a score of more than 24 on the Mini-Mental State Exam-
ination (Folstein, Folstein, & McHugh, 1975). The final sample for
analysis in this study consisted of 922 relatively healthy partici-
pants (445 men, 477 women) about 70 (M � 69.5, SD � 0.8) years
old at time of testing. Five of these participants each had one item
of missing alcohol data. Therefore, total alcohol intake could be
calculated for 917 participants. We calculated the daily alcohol
intake in units derived from each beverage based on U.K. govern-
ment guidelines1 and a combined total daily alcohol measure from
all nine sources.

Measurement of cognitive performance at age 70. Cogni-
tive function was assessed using a battery of neuropsychological
tests. See the free-access LBC1936 protocol article for a full
description of tests (Deary et al., 2007). In this study, we used
three composite cognitive scores derived from principal-compo-
nents analyses (PCA) to represent three distinct cognitive domains.
Regression scores were calculated for the first unrotated principal
component of the tests in each domain. In each case, the scree
slopes and eigenvalues suggested that a single component could be
extracted.

g Factor (general cognitive ability). A g factor score, repre-
senting general cognitive ability, was derived from a PCA of
scores on six Wechsler Adult Intelligence Scale—IIIU.K. (WAIS–
III; Wechsler, 1998a) subtests, namely, Letter–Number Sequenc-
ing (working memory), Matrix Reasoning (nonverbal reasoning),
Block Design (constructional ability), Digit Symbol (speed of
information processing), Digit Span Backwards (working mem-
ory), and Symbol Search (speed of information processing). The
first unrotated principal component explained 53% of the variance,
and all subtests had high loadings.

Processing speed factor. A processing speed factor was de-
rived from a PCA of scores on a set of speed of processing
measures, namely, Symbol Search (WAIS–III), Digit Symbol
(WAIS–III), inspection time (computer-based task used to assess
speed of elementary visual processing with no requirement for
speeded reactions; Deary, Simonotto, et al., 2004), and simple
(SRT) and choice reaction time (CRT; speed and variability of
simple information processing; Cox, Huppert & Whichelow, 1993;
Deary, Der, & Ford, 2001). The reaction time tasks were admin-
istered using a purpose-built portable machine with five response
keys (1, 2, 0, 3, 4). In SRT, the participant pressed the 0 key as
quickly as possible after each 0 was shown on the LED screen (20
trials). In CRT (four-choice), the participant pressed the appropri-
ate key (1, 2, 3, or 4) according to the number that appeared on the

LED screen, as quickly as possible (40 trials). Mean SRT and CRT
response time and standard deviation were calculated. The first
unrotated principal component for the speed factor explained 51%
of the variance, and all tests had high loadings.

Memory factor. A memory factor was derived from a PCA of
scores on a set of memory measures from the Wechsler Memory
Scale—IIIU.K. (WMS–III; Wechsler, 1998b), namely, Logical
Memory I Immediate and II Delayed Recall (verbal declarative
memory), Spatial Span Forwards and Spatial Span Backwards
(nonverbal spatial learning and memory), and Verbal Paired As-
sociates I Immediate Recall and II Delayed Recall (verbal learning
and memory; immediate and delayed recall). The first unrotated
principal component explained 43% of the variance, and all tests
had high loadings.

Verbal ability. Verbal ability was assessed using the National
Adult Reading Test (NART; Nelson & Willison, 1991) and the
Wechsler Test of Adult Reading (WTAR; Holdnack, 2001). These
tests are widely used to estimate prior cognitive ability, and each
requires the pronunciation of a list of 50 irregular words.

Mini-Mental State Examination (MMSE). The MMSE is a
standardized brief screening measure for cognitive pathology (Fol-
stein et al., 1975). Scores range from 0 to 30, with a score of less
than 24 often used to indicate possible dementia.

Moray House Test (MHT). Participants had previously taken
part in the nationwide SMS1947 at age 11. All schoolchildren born
in 1936 and attending Scottish schools on June 4, 1947, took a
version of the MHT Number 12 (Scottish Council for Research in
Education [SCRE], 1933, 1949), a group-administered mental test
consisting of 71 items and with a time limit of 45 min. Often
referred to as a verbal reasoning test, it contains items including
word classification, arithmetic, spatial items, cypher decoding,
same–opposites, reasoning, proverbs, practical items, analogies,
and following directions. The MHT was concurrently validated
against the Terman-Merrill Revision of the Binet Scales (Terman
& Merrill, 1937) after the SMS1947. The correlation for both boys
and girls was .81 (SCRE, 1949). The test conducted at age 11
reflects cognitive functioning toward the end of primary school
education and is a valid measure of early life ability. LBC1936
participants repeated the same test about 60 years later, at about
age 70, as part of the cognitive assessment. MHT scores at age 11
and age 70 were corrected for age in days at time of testing and
converted to an IQ scale for which M � 100 and SD � 15. In this
sample, the correlation between age 11 and age 70 IQ was .67
( p � .001).

Demographic and control variables. Marital status, educa-
tion (years of full-time education), and smoking status (current,
ex-, or never smoker) were ascertained during interview. A med-
ical history was taken (including diagnoses of diabetes, high blood
pressure, high cholesterol, cardiovascular disease, and stroke).
Body mass index (BMI) was calculated from height and weight
measurements taken during the physical examination. A physical

1 Alcohol unit calculations were based on U.K. Government guidelines
(http://www.direct.gov.uk/en/HealthandWellbeing/DG_10036434) as fol-
lows: half pint of lager or beer � 1 unit; half pint of low alcohol lager or
beer � 0.5 units; standard glass of wine � 2 units; half pint/one bottle of
cider � 1 unit; standard glass of sherry or port � 1 unit; one pub measure
of spirits or liqueurs � 1 unit; one bottle of alcopops � 1.5 units.
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activity measure (number of days per month of exercise) was
obtained from a self-report questionnaire booklet made up of
various social and lifestyle questions. Adult social class was de-
rived from participants’ highest reported occupation and consisted
of six classes ranging from I (professional occupations) to V
(unskilled occupations), with III (skilled occupations) divided into
IIIN (nonmanual) and IIIM (manual; Office of Population Cen-
suses & Surveys, 1980). Women were assigned a social class on
the basis of the highest occupation of the household. Because of
the small number of participants in Class V, we combined Classes
IV and V.

Statistical Analyses

Analyses were performed using SPSS Version 14.0 (SPSS Inc.,
Chicago, IL). Participants were categorized as nondrinkers, low-
level drinkers (�2 units per day), or moderate to substantial
drinkers (�2 units per day). We used this classification to illustrate
any demographic and health differences between alcohol intake
groups, using analysis of variance and chi-square tests, as appro-
priate. The main analyses examined the associations between
alcohol intake (units/day) as a continuous variable and cognitive
outcome scores (separately for men and women) using general
linear models. Cognitive outcomes were age 70 IQ, g factor,
processing speed factor, memory factor, NART, and WTAR. Four
models were fitted to the data, each including adjustment for
potential confounding factors. Model 1 tested the unadjusted ef-
fects of alcohol on each outcome measure. Model 2 included
age 11 IQ to control for early life ability. Model 3 included
occupational social class. The final model adjusted for age 11 IQ
and occupational social class in combination. We present relevant
estimates of effect size, reported here as partial eta-square (�p

2),
and p values. Post hoc, we used the Sobel Test (Sobel, 1982) to test
for mediating effects of occupational social class on the associa-
tions between childhood IQ and alcohol consumption. An online
resource was used (http://www.danielsoper.com/statcalc/calc31.aspx)
to calculate the Sobel Test statistic, and we report regression
coefficients, standard errors, Sobel statistic (z), and p values.

Results

Descriptive

Characteristics of nonresponders. Compared with those
who completed the FFQ, nonresponders (n � 163) were signifi-
cantly more likely to be older ( p � .002), be male ( p � .006),
belong to a less professional occupational social class, have fewer
years of education, have a lower MMSE score, have lower age 11
and age 70 IQ (all ps � .001), and have a higher BMI ( p � .002),
and they were more likely to have had a diagnosis of diabetes ( p �
.049) or stroke ( p � .020).

Characteristics of alcohol intake categories. The character-
istics of alcohol intake categories are shown in Table 1. Fifteen
percent (n � 134) reported no current alcohol intake (nondrinkers),
54% (n � 497) drank 2 units or less per day (low-level drinkers;
M � 0.8, SD � 0.6), and 31% (n � 286) reported a daily intake
of more than 2 units a day (moderate to substantial drinkers;
range � 2.02–20.88, M � 4.6, SD � 2.7). There were significant
gender differences between intake groups. More women than men

were non- and low-level drinkers, and more men than women were
in the moderate to substantial drinking category. Nearly half the
men consumed more than 2 units (equivalent to 1 pint of beer or
one glass of wine) per day compared with one in six women. Apart
from being male, those reporting a higher alcohol intake were
significantly more likely to belong to a professional occupational
social class (67% of moderate to substantial drinkers belonged to
Social Class I and II, compared with 48% of the nondrinkers) and
have more years of education and were less likely to be smokers.
Those with a higher alcohol intake were significantly more likely
to have a higher childhood IQ and a higher age 70 IQ (both ps �
.001). Moderate to substantial drinkers had, on average, a 6.8-point
higher age 11 IQ than nondrinkers and a 6.1-point higher age 70 IQ
than nondrinkers. Nondrinkers were significantly more likely to
have had a diagnosis of cardiovascular disease than were low or
moderate to substantial drinkers. Alcohol intake was not associated
with marital status, MMSE score, BMI, level of physical activity,
or history of hypertension, stroke, diabetes, or high cholesterol.

Alcohol Intake Category and Cognitive Outcomes at
Age 11 and Age 70

We conducted separate analyses of cognition–alcohol intake
associations for men and women (see Table 2). Mean cognitive
scores differed significantly between alcohol intake categories for
all cognitive outcome variables in men and also in women, with
the exception of age 70 IQ scores (although the trend was in the
same direction). The best cognitive scores for men and women
were among those drinking more than two units per day; these
moderate to substantial drinkers did better on tests at age 11 and
age 70 than both low-level and nondrinkers. The lowest cognitive
scores were associated, almost entirely, with the nondrinkers. In an
additional analysis, we reclassified drinkers into those drinking
within current U.K. guidelines: 21 units per week for men (n �
270); 14 units per week for women (n � 303) and those exceeding
this weekly upper limit (men, n � 132; women, n � 78). This did
not appreciably change any of the associations seen in Table 2; the
best cognitive scores were still found among those in the highest
consumption category. These results are available from us on
request.

Type of Alcohol and Associations With Childhood IQ
and Social Class

Table 3 presents mean intake of each type of alcohol for men
and women. The women in our sample were found to derive most
of their alcohol units (80%) from wine, whereas men consumed
alcohol from a larger range of sources. The mean daily alcohol
intake of men (2.63 units) was more than double that of women
(1.14 units; p � .001). Compared with women, men consumed
significantly more wine, spirits, and beer. Consumption of low-
alcohol beer, alcopops, and cider were very low in this older
cohort; therefore, we present no further analyses using these alco-
hol types. We examined the relationship between alcohol intake,
age 11 IQ, and social class. Intake of red wine, white wine, sherry
or port, and total alcohol intake were associated with a higher
childhood IQ and more professional social class ( p � .001).
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General Linear Models

We fit four stages of general linear model to the data to examine
the contribution of alcohol (total and by type) and potentially
confounding variables to age 70 cognitive function. Table 4 pres-
ents the main general linear model results, by gender. For women,
we present the effects of total alcohol intake only, because asso-
ciations were found to reflect the predominant influence of wine
intake on cognitive function (full results can be seen online in
supplemental Table 1). Model 1 (unadjusted) showed a positive
association between total alcohol (wine) intake and performance
across all cognitive domains; the largest effect sizes were seen for
verbal ability (NART, �p

2 � .050; WTAR, �p
2 � .042). When

age 11 IQ and social class were added (independently) to the
models, the associations with age 70 IQ, g factor, and processing
speed became nonsignificant. The positive associations with mem-
ory and NART (but not WTAR) scores remain significant, even
after controlling for age 11 IQ and social class in combination.
However, effect sizes were markedly reduced. Overall, the atten-

uating effects of childhood IQ and social class on these positive
associations are very substantial.

Nearly half (48%) of men’s total alcohol intake came from wine,
and the remainder came mainly from beer and spirits. Table 4
presents the results for total alcohol intake and wine intake (full
results can be seen online in supplemental Table 2). In the initial
unadjusted model, total alcohol intake was associated with signif-
icantly better test performance in all cognitive domains. The larg-
est effect sizes were for memory (�p

2 � .035) and age 70 IQ (�p
2 �

.032). After full adjustment, the only remaining statistical effect of
overall alcohol intake on cognitive outcomes in men was a positive
association with memory scores, which was also found in women.
Contrary to the results found for overall alcohol intake, wine
consumption in men was associated with significantly better per-
formance on both verbal ability tests (NART, p � .004, �p

2 � .020;
WTAR, p � .031, �p

2 � .011), and statistical significance held
throughout the models. Again, we observed substantial attenuation
from age 11 IQ and social class. The type of alcohol consumed by

Table 1
Characteristics of the Population by Alcohol Intake Category, With Reported Mean and p Values

Sociodemographic variable

Total sample
(n � 917)a

Nondrinkers
(n � 134)

Low-level
drinkers

(n � 497)

Moderate to
substantial

drinkers
(n � 286)

pM SD M SD M SD M SD

Alcohol intake (units/day) 1.9 2.4 0.8 0.6 4.6 2.7 n/a
Age (in years) 69.5 0.8 69.6 0.9 69.5 0.8 69.4 0.9 .002
Sex (%) <.001

Male 48.3 29.9 39.0 72.7
Female 51.7 70.1 61.0 27.3

Marital status (%) .062
Married 72.7 64.2 71.8 78.3
Widowed 13.2 15.0 15.1 9.1
Unmarried/divorced 14.1 21.0 13.1 12.6

Social class (%) .001
I 18.9 12.4 17.3 25.1
II 38.4 35.6 36.9 41.9
IIIN 23.6 29.5 27.1 14.7
IIIM 15.9 17.0 16.1 15.1
IV � V 3.3 5.4 2.6 3.3

Education (years full time) 10.8 1.1 10.5 0.9 10.7 1.1 11.0 1.2 <.001
MMSE 28.9 1.2 28.9 1.3 28.9 1.3 29.0 1.2 .712
Age 11 IQ 101.4 14.0 97.6 14.8 100.6 14.1 104.4 13.0 <.001
Age 70 IQ 101.7 13.2 99.0 13.3 100.4 14.2 105.1 10.3 <.001
Body mass index (kg/m2) 27.6 4.3 27.7 4.7 27.6 4.3 27.7 4.1 .926
Physical activity (days/month) 7.6 8.1 6.9 8.6 8.0 8.4 7.3 7.1 .286
Smoking status (%) <.001

Nonsmokers 44.4 45.5 49.5 35.0
Ex-smokers 43.3 36.5 38.8 54.2
Current smokers 12.3 18.0 11.7 10.8

Hypertension, yes (%) 39.5 46.3 37.6 39.5 .193
Diabetes, yes (%) 7.5 11.9 6.4 7.3 .100
Cholesterol, yes (%) 35.1 39.5 32.4 37.8 .155
Stroke, yes (%) 4.0 6.7 3.8 3.1 .210
Cardiovascular disease, yes (%) 23.8 33.6 20.5 24.8 .006

Note. Low-level drinkers � two or fewer units/day; moderately substantial drinkers � more than two units/day; I � professional occupations; II �
managerial and technical occupations; IIIN � skilled occupations, nonmanual; IIIM � skilled occupations, manual; IV � partly skilled occupations; V �
unskilled occupations; MMSE � Mini-Mental State Examination; n/a � not applicable.
a Five participants had some missing alcohol data; thus, we were unable to calculate total alcohol intake. Probabilities for significant effects are given in
boldface.
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men was an important factor in relation to cognitive performance
(see supplemental Table 2). Notably, wine and sherry or port
consumption were associated with better cognitive performance,
especially on both verbal ability tests, even after full adjustment.
The converse was true of beer consumption, which was associated
with poorer NART performance after adjustments ( p � .041, �p

2 �
.010). However, spirits intake was associated with a better memory
performance ( p � .004, �p

2 � .021).
We added interaction terms in separate models (not presented in

tables) to examine whether there were any interaction effects
between childhood IQ and alcohol intake, or social class and
alcohol intake, on later cognitive outcomes in either sex. In
women, we found no evidence of any interaction effects of child-
hood IQ and alcohol. However, there was a social class–alcohol
interaction on age 70 IQ ( p � .001, �p

2 � .050) and processing
speed ( p � .026, �p

2 � .025). Data plots suggested that the only
deleterious effects of alcohol consumption on age 70 IQ and
processing speed were found in the manual social classes (IIIM,
IV, V). In men, we found no evidence of any interaction effects of
social class on any of the cognitive outcomes. However, there was
a significant Childhood IQ � Alcohol interaction on age 70 IQ
( p � .001, �p

2 � .044) and significant Childhood IQ � Wine
interactions on age 70 IQ ( p � .001, �p

2 � .043), NART ( p �
.002, �p

2 � .023), and WTAR ( p � .037, �p
2 � .010). Data plots

suggested that, in those drinking less alcohol, there were stronger
correlations between age 11 and age 70 IQ. That is, in those
participants drinking little or no alcohol, more of the variance in
their age 70 IQ scores could be accounted for by childhood ability
when compared with those drinking more alcohol, among whom
causes other than childhood IQ contributed more to cognitive
variation in old age.

We also examined the potentially mediating effects of social
class on the link between prior cognitive ability and alcohol
consumption. Using the Sobel test, we identified a mediating effect
of social class on both the association between childhood IQ and
total alcohol consumption (A � �.024, SEA � .002, z � 2.99, p �
.001) and between childhood IQ and wine consumption (B �
�.303, SEB � .098, z � 5.59, p � .001).2 The standardized beta
of the direct path (age 11 IQ–total alcohol) was .020, and it was
.012 after social class was introduced as a mediator. The amount of
the relationship accounted for by social class was .008, represent-

ing 40% of the direct effect. For wine intake, the standardized beta
of the direct path (age 11 IQ–wine drinking) was .019, and it was
.008 after social class was introduced as a mediator. Therefore, the
amount of the relationship between age 11 IQ and wine drinking
accounted for by social class was .011, representing 58% of the
direct effect.

Discussion

In this study, drinking more alcohol was associated with better
cognitive performance at age 70, in comparison with low-level
drinking and no drinking. Moderate to substantial drinkers had
better cognitive scores across all cognitive domains tested, with the
exception of age 70 IQ scores in women (although this association
did not reach significance, it followed the same positive trend). In
line with previous research, abstainers performed more poorly than
light and moderate drinkers. However, after controlling for child-
hood IQ and SES, there remained little evidence of a relationship
between alcohol intake and current cognitive function. Where
significant effects remained, the reductions in effect sizes were
striking. The apparent benefits (after controlling for IQ and SES)
of a higher overall alcohol intake were confined to memory per-
formance in both men and women. Male drinkers of wine and
sherry or port also appeared to have a better verbal ability (crys-
tallized intelligence). However, these effect sizes were modest. It
is plausible that the positive alcohol–crystallized IQ associations
were still significant after controlling for age 11 IQ because
crystallized IQ tests measure peak ability and capture variance
related to the accumulated intellectual development, and the asso-
ciated lifestyle and education choices, that take place between
childhood and adulthood. However, these positive effects did not
extend to drinking beer. Beer intake was associated with a poorer
crystallized IQ (based on NART score). Women with a higher

2 A � the unstandardized regression coefficient for the relationship
between social class IV and mediator; SEA � standard error of the
relationship between social class IV and mediator; B � the regression
coefficient for the relationship between the mediator and the dependent
variable; SEB � the standard error of the relationship between the mediator
and the dependent variable.

Table 2
Alcohol Intake Category and Cognitive Outcomes for Men and Women, With Reported Mean and p Values (Analysis of Variance)

Cognitive
outcome

Men Women

Nondrinkers
(n � 40;
M [SD])

Low-level drinkers
(n � 194; M [SD])

Moderate to
substantial drinkers
(n � 208; M [SD]) p

Nondrinkers
(n � 94;
M [SD])

Low-level drinkers
(n � 303; M [SD])

Moderate to
substantial drinkers
(n � 78; M [SD]) p

Age 11 IQ 96.2 (18.3) 98.3 (15.0) 103.7 (13.1) <.001 98.2 (13.0) 102.2 (13.3) 106.3 (12.3) <.001
Age 70 IQ 99.8 (13.6) 100.1 (15.2) 106.0 (9.7) <.001 98.6 (13.2) 100.7 (13.5) 102.9 (11.6) .103
g factor �0.10 (1.00) 0.02 (0.98) 0.40 (0.90) <.001 �0.12 (0.91) 0.01 (0.92) 0.34 (0.91) .003
Processing speed �0.02 (0.97) �0.03 (1.00) 0.31 (0.88) .001 �0.22 (0.88) 0.08 (0.88) 0.34 (0.92) <.001
Memory �0.11 (1.00) �0.12 (0.93) 0.24 (0.93) <.001 �0.02 (0.94) 0.04 (0.98) 0.46 (0.88) .002
NART 34.7 (9.2) 33.2 (7.7) 36.5 (7.5) <.001 32.8 (7.1) 35.2 (7.7) 39.0 (6.1) <.001
WTAR 40.9 (7.8) 40.0 (6.7) 43.2 (6.2) <.001 40.2 (6.5) 41.5 (6.7) 44.5 (4.7) <.001

Note. Low-level drinkers, two or fewer units/day; moderate to substantial drinkers, more than two units/day; NART � National Adult Reading Test;
WTAR � Wechsler Test of Adult Reading. Probabilities for significant effects are given in boldface.
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wine intake performed better on tests of crystallized IQ and mem-
ory, and those consuming spirits performed better on one of the
tests of crystallized IQ (NART).

Many previous studies have concluded that alcohol consump-
tion has a direct protective effect on cognition, via vascular mech-
anisms or otherwise. This study indicates that this conclusion may
be erroneous. Prior ability and SES were found to significantly
confound the relationship between alcohol intake and cognitive
abilities in old age. These findings are in keeping with the previous
literature in which higher intelligence, measured as early as child-
hood, was related to a higher alcohol intake in adult life (Batty et
al., 2008) but fewer alcohol-induced hangovers (Batty, Deary, &
Macintyre, 2006), suggestive of moderate consumption. One other
study has attempted to examine the effects of prior ability on the
cognitive effects of alcohol use in old age (Cooper et al., 2009).
However, it used only an estimate rather than an actual measure of
prior ability. Cooper et al. (2009) concluded that cognitive ability

was no longer associated with overall alcohol use once estimated
premorbid IQ (NART) was controlled for. In this study, it was
clear that in addition to having NART scores, it was important to
have a measure of early life intelligence and also to analyze the
data according to type of alcohol-based drink.

Moderate drinking has previously been reported to be more
prevalent in educated, affluent classes and nondrinking more con-
centrated in the least educated, deprived groups (Jefferis, Manor,
& Power, 2007). Our findings support those of a prior study
linking alcohol intake, SES, and cognitive function, whereby a
pattern of higher SES and cognitive scores was found in men
consuming light to moderate levels of alcohol than in abstainers or
heavy drinkers, and in female drinkers, irrespective of level con-
sumed (Richards, Hardy, & Wadsworth, 2005).

Those with a higher IQ (even when measured in childhood) and
more advantaged adult SES are more likely to develop a prefer-
ence for wine and sherry or port drinking, which is consistent with

Table 3
Alcohol Intake by Gender and Correlations Between Alcohol (Total Sample), Age 11 IQ, and Occupational Social Class

Alcohol (units/day)

Total (n � 922)a Men (n � 445) Women (n � 477)
Sex differences
Mann–Whitney

U ( p)

Age 11
IQ Spearman

rho rs ( p)

Social class
Spearman
rho rs ( p)

M
(range)

%
reporting

M
(range)

%
reporting

M
(range)

%
reporting

Total alcohol 1.86 (0–20.9) 2.63 (0–20.9) 1.14 (0–15.1) 64,413.5 (<.001) .194 (<.001) �.158 (<.001)
Red wine 0.64 54.8 0.83 60.6 0.47 49.5 88,969.0 (<.001) .249 (<.001) �.291 (<.001)
White wine 0.44 56.1 0.44 51.7 0.44 60.2 98,023.5 (.034) .169 (<.001) �.256 (<.001)
Sherry, port, etc. 0.53 26.3 0.61 25.2 0.04 27.5 104,318.5 (.561) .168 (<.001) �.168 (<.001)
Spirits or liqueurs 0.42 54.7 0.69 66.3 0.16 43.8 70,256.0 (<.001) .053 (.117) .015 (.643)
Beer (regular and dark) 0.28 36.8 0.56 65.4 0.01 10.1 43,129.50 (<.001) .018 (.589) .058 (.082)

a Total sample � 922; total sample with total alcohol units/day � 917. Probabilities for significant effects are given in boldface.

Table 4
Relationship Between Alcohol (Units/Day) and Cognitive Outcomes at Age 70, by Gender

Predictor
units per day

and model

Age 70 IQ
(n � 917)

g factor
(n � 898)

Processing
speed

(n � 886)
Memory

(n � 891)
NART

(n � 921)
WTAR

(n � 921)

p �p
2 p �p

2 p �p
2 p �p

2 p �p
2 p �p

2

Total alcohol
Women

1 .027a .010 .002a .021 .006a .017 <.001a .034 <.001a .050 <.001a .042
2 .523 .001 .156 .005 .093 .007 .024a .012 .006a .017 .007a .016
3 .399 .002 .054 .008 .062 .008 .002a .021 .000a .028 .003a .019
4 .228 .003 .123 .006 .170 .005 .043a .010 .048a .009 .084 .007

Men
1 <.001a .032 .001a .028 .028a .011 <.001a .035 .002a .021 <.001a .030
2 .020a .013 .030a .011 .292 .003 .010a .016 .138 .005 .020a .013
3 .015a .014 .040a .010 .360 .002 .006a .018 .178 .004 .037a .010
4 .062 .009 .370 .002 .648 .001 .030a .012 .537 .001 .125 .006

Total wine
Men

1 <.001a .034 <.001a .032 .088 .007 <.001a .031 <.001a .060 <.001a .047
2 .035a .011 .022a .013 .771 .000 .037a .011 <.001a .042 .001a .028
3 .101 .006 .188 .004 .616 .001 .076 .008 .008a .016 .032a .011
4 .208 .004 .345 .002 .349 .002 .212 .004 .004a .020 .031a .011

Note. Model 1: unadjusted; Model 2: Age 11 IQ; Model 3: social class; Model 4: Age 11 IQ � social class. NART � National Adult Reading Test;
WTAR � Wechsler Test of Adult Reading.
a Denotes a positive model correlation coefficient. Probabilities for significant effects are given in boldface.
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findings from other studies, suggesting that these effects are not
particular to this cohort, or to Scottish culture. For example, in
studies using large Danish samples, preference for wine over beer
and other alcoholic beverages was linked to a higher IQ
(Mortensen, Sørensen, & Grønbæk, 2005) and a higher social class
(Nielsen, Schnor, Jensen, & Grønbæk, 2004; Osler, Godtfredsen &
Prescott, 2008). In France, social and environmental factors have
been linked to alcohol preference; wine drinking was associated
with a more favorable social environment, whereas the converse
was true for beer drinking (Ruidavets et al., 2004). In the United
States, wine preference was associated with significantly higher
level of education (Paschall & Lipton, 2005). We also found in
women that the association between overall alcohol intake and
cognitive function was not the same for all social classes; there
was some evidence of relative cognitive disadvantage (in age 70
IQ and processing speed) with alcohol, but only in those women
drinking larger amounts and who belonged to the manual occupa-
tional social class groups. In men, the effects of alcohol were less
likely to be moderated by social class but were moderated, to some
extent, by prior ability. There was a particularly “beneficial”
(modifying) effect of wine consumption on cognitive performance
(age 70 IQ and verbal ability) in those with a higher childhood IQ.
Correspondingly, the association between childhood IQ and cog-
nitive ability in later life was significantly lower among people
who drank alcohol than among those who drank little or none.

Moderate alcohol consumption and a preference for wine, in
those who are more cognitively able in later life, may be the result
of the influence of prior ability and social circumstances on life-
style factors. Wine drinkers tend to have more favorable health and
lifestyle characteristics (e.g., a healthier diet) than predominantly
beer and spirits drinkers (Paschall & Lipton, 2005). Given the
literature documenting the association between a higher IQ and a
healthier lifestyle in large, population-representative samples
(Batty, Deary, Schoon, & Gale, 2007), it may be that people with
higher cognitive ability engage in a lifestyle that protects against
cognitive decline. Here, we found no differences between alcohol
consumption groups in the markers of lifestyle that were measured,
that is, physical activity and BMI. Further research, perhaps in-
corporating dietary measures, could evaluate this further.

Study Limitations

Information regarding longer term history of drinking was not
available for this dataset, which allowed for previous drinking in
the nondrinking group. Ex-drinkers may have very different char-
acteristics from never drinkers (Wannamethee & Shaper, 2002).
Compared with lifelong teetotalers, ex-drinkers show higher mor-
tality rates (De Dabry et al., 1992; Shaper & Wannamethee, 2000)
and cardiovascular risk factors (Shaper & Wannamethee, 2000). In
the LBC1936, nondrinkers had a higher incidence of hypertension,
diabetes, high cholesterol, stroke, and cardiovascular disease than
moderate to substantial drinkers. Rather than reflecting a health
benefit of moderate drinking, these data may reflect ex-drinkers
having given up alcohol because of poor physical health.

The FFQ measures alcohol intake from the most recent 2- to
3-month period. Although these short-term data cannot be assumed
to reflect habitual patterns of alcohol consumption, a number of
reports have supported the validity of this form of measurement,
given the temporal stability of patterns of alcohol intake in later

life. For example, Ruitenberg et al. (2002) found that only 6% of
older participants reported a change in drinking pattern in the
previous 5 years. In this study, classification of alcohol intake into
groups was used for illustrative purposes, not for the key analyses.
Although this could lead to misclassification, self-reports of alco-
hol consumption are assumed to be valid for the purpose of
classifying drinkers into broad consumption bands (Erens, 1995).
Drinkers were classified into consumption groups on the basis of
units of alcohol intake, as in previous literature (e.g., Huang, Qiu,
Winblad, & Fratiglioni, 2002; Stott et al., 2008). Our method was
also consistent with those studies using a three-tiered classification
representing nondrinkers, low-level to minimal drinkers (equiva-
lent to one or fewer drinks or 2 units per day), and moderate
drinkers (equivalent to more than one drink or 2 units per day; e.g.,
Britton, Marmot, & Shipley, 2008; Espeland et al., 2006 Lang et
al., 2007; McGuire et al., 2007).

The LBC1936 are a somewhat self-selected sample. The sample
represents a healthier and more cognitively able subgroup of the
original SMS1947 cohort. This healthy survivor effect may have
restricted the range of cognitive outcome scores in this study.
However, the range of cognitive abilities (and IQ scores) was still
large, and a restriction in range of abilities would likely lead to a
modest underestimation of the effect sizes.

Study Advantages

All of the participants were born in the same year (1936),
thereby eliminating cohort effects and the effects of chronological
age. Other studies have been hampered by inadequate cognitive
test batteries, limited alcohol measures, and inadequate control for
confounders. The LBC1936 study uses a comprehensive battery of
cognitive tests. Studies using early life IQ data are rare, and given
the stability of IQ across the life span (Deary, Whalley, Lemmon,
Crawford, & Starr, 2000; Deary, Whiteman, et al., 2004), the
availability of such data offers a unique advantage in the investi-
gation of factors affecting cognition with aging. The FFQ has
advantages in terms of ascertaining detailed information on fre-
quency and amount of different sources of alcohol intake, which is
often lacking in studies that ask only about overall alcohol intake.
Using FFQ data allowed us to look at the associations between
different types of alcohol consumption on cognitive abilities,
which proved to be important. The associations between alcohol
consumption and cognitive domains are not uniform and highlight
the importance of making a distinction between alcoholic beverage
types during data collection. The cross-sectional nature of this
study is a potential limitation, but the LBC1936 study is ongoing.
There will be opportunities to follow up with this cohort, offering
the potential to investigate alcohol’s effects, if any, on cognitive
decline.

Conclusions

Our results support the concept that the previously reported
moderate alcohol consumption–better cognition association is,
substantially, a consequence of confounding by higher prior cog-
nitive ability and adult SES. The exceptions were positive associ-
ations between alcohol intake and memory performance and verbal
ability. However, the effects were small, and the clinical signifi-
cance of these findings is uncertain. It is not until we examine
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mediating factors such as IQ and SES more fully across the life
span that we can begin to examine the two-way nature of the
alcohol–cognition relationship.
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Objectives: To examine the association between smoking history and cognitive function in old age, and
whether it remains after controlling for childhood cognitive ability (IQ) and adult socioeconomic status
(SES).
Methods: In the Lothian Birth Cohort 1936 Study, 1080 men and women, who previously participated in a na-
tionwide IQ-type test in childhood, were followed up at age 70. The associations between smoking history
and age 70 IQ, general cognitive ability (g), processing speed, memory, and verbal ability were assessed.
Results: Lower childhood IQ was associated with a higher risk of becoming a smoker and continuing to smoke
in late life, and with reduced lung function (FEV1) in late life. Current smokers scored significantly lower than
ex-smokers and never smokers on tests of age 70 IQ, general cognitive ability, and processing speed, but not
memory or verbal ability. After controlling for childhood IQ and SES, current smoking at age 70 (but not pack
years of smoking) was associated with impairments in general cognitive ability and processing speed.
Conclusion: Smoking in old age makes a small, independent contribution to cognitive performance in old age.

© 2012 Elsevier Inc. All rights reserved.

Introduction

Many people continue to smoke into old age despite public health
messages warning of the long-term effects on health. Those smokers
who survive to old age have an increased risk of significant morbidity
[1]. Moreover, a growing body of evidence suggests that smokers per-
form more poorly in late life on tests of global cognitive function [2,3]
and across several cognitive domains, including memory [4–6], infor-
mation processing speed [4,6], executive function [7] psychomotor
speed [8,9] and cognitive flexibility [8], and especially on cognitively
demanding tasks [10]. Numerous longitudinal studies have suggested
a causal relationship between chronic smoking into late life and an in-
creased risk of cognitive decline and dementia [5,11–14]. Some of
these studies propose a dose–response effect of smoking, whereby
the degree of cognitive decline experienced increases with the quan-
tity of cigarettes smoked [12,13]. Typically, ex-smokers cognitively
outperform those who continue to smoke into old age [4,15].

Several mechanisms have been proposed to explain this relation-
ship. The most widely accepted suggest that cognitive impairment
may be due to adverse effects of chronic smoking on cardiac, vascular
[11,16] and pulmonary functions [9,17,18]. However, recent findings
point to alternative, non-physiological, underlyingmechanisms. Firstly,
population-based studies have identified an association between prior

intelligence (IQ) and smoking behaviour. People with lower IQ-type
scores are more likely to become smokers [19–21]. Those who quit
are more likely to have had higher childhood intelligence than those
who continue to smoke [22]. Secondly, there is a socioeconomic gradi-
ent in smoking prevalence [20,23]. Socioeconomic factors may also
explain some of the IQ-smoking relationship [19,24]. A link between
prior low IQ and/or low socioeconomic status (SES) and smoking habits
may partly explain, by confounding, why long-term smokers perform
more poorly on tests of cognition later in life than never-smokers, and
why ex-smokers perform better than those who continue to smoke.

Many studies have been unable to rule out prior intelligence
(before initiation of smoking) as a potential confounder as this is
rarely available when examining cognitive function in older people.
Those studies with this data have found that smoking was associated
with a small relative decline in cognition after controlling for child-
hood IQ. However, in one study, the results were based on a single
cognitive outcome (verbal reasoning at age 80) and did not control
for SES [25]. In the other, of the five cognitive outcomes tested, only
psychomotor speed was found to be adversely affected by smoking
history (after adjusting for childhood IQ) in a sample of 64-year
olds [9]. A 2-year follow-up of the same sample identified a small
additional deficit in memory with a positive smoking history [6].

The present study addresses the gaps in the current knowledge of
the smoking-cognition relationship in a large sample of older individ-
uals (aged 70), for whom childhood intelligence, later life intelligence
and extensive other cognitive data, adult SES, health measures (includ-
ing lung function), and smoking history are all available. We examine:
(1) the association between prior intelligence and smoking history;
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(2) the association between smoking and cognitive function in old age
across a wide range of cognitive domains; and (3) the roles of prior
intelligence and SES (independently and in combination) in order to
evaluate more fully the underlying mechanisms in the smoking-
cognition relationship which are as yet, unclear.

Methods

Participants

We examined individuals in the Lothian Birth Cohort 1936 Study
(LBC1936) which comprises 1091 men and women. Almost all partici-
pants were residents in Edinburgh and the surrounding Lothian region.
Early life (mean age 11 years) intelligence test data are available for this
sample, because they are surviving participants of the Scottish Mental
Survey of 1947 (SMS1947) [26]. Assessment in later life took place be-
tween 2004 and 2007 when participants were about 70 years old. Full
recruitment and testing procedures are reported in an open-access
protocol paper [27]. In brief, the assessment involved an interview,
extensive cognitive testing, a physical examination, and questionnaires.
Smoking data were available for all 1091 participants in the LBC1936.
Eleven participants scored less than 24 on the MMSE; this cut-off is
often used to indicate possible dementia. These participants were
excluded from statistical analyses. The sample comprised 1080 in-
dividuals (539 men). Ethics permission for the LBC1936 Study
protocol was obtained from the Multi-Centre Research Ethics Com-
mittee for Scotland and from Lothian Research Ethics Committee
for Scotland. The research was carried out in compliance with the
Helsinki Declaration. All participants gave their written, informed
consent.

Measurements

Smoking history
Data on smoking history were collected during the interview, in-

cluding: current smoking status (never, ex or current smokers); the
age at which the participants started smoking; age at quitting (for
ex-smokers) and; the average number of cigarettes smoked per day.
Pack years were calculated as the average number of cigarettes per
day times years as a smoker, divided by 20. Pack years expresses life-
long exposure to cigarettes.

Moray House Test (ages 11 and 70 MHT IQ)
On June 4th 1947, about 95% of schoolchildren born in 1936 and

attending Scottish schools (70,805), took a version of the Moray
House Test (MHT) No. 12 (Scottish Council for Research in Education
(SCRE)) [28,29]. The MHT is a group-administered test of general in-
telligence. This test was concurrently validated against the Terman–
Merill revision of the Binet scales (SCRE) [29]. SCRE recorded and
archived these scores and made them available to the LBC1936
Study. Participants re-sat the MHT at a mean age of 70. MHT scores
for the LBC1936 were corrected for age in days at time of testing
and converted into IQ-type scores for the sample (M=100, SD=15).

Other cognitive testing
See Deary et al. for full details [27]. Composite cognitive function

scores were used to represent three main cognitive domains. The extrac-
tion of these factors, using principal components analysis has been de-
scribed in detail elsewhere [30,31]. A g factor score, representing
general cognitive ability, was derived from scores on six Wechsler Adult
Intelligence Scale-IIIUK (WAIS-III) subtests [32], namely: Letter-Number
Sequencing; Matrix Reasoning; Block Design; Digit Symbol; Digit Span
Backwards; Symbol Search. A processing speed factor was derived from
scores on a set of mental speed measures, namely: Symbol Search
(WAIS-III); Digit Symbol (WAIS-III); Simple and Choice Reaction Time
mean [33]; Inspection Time (a computer-based test of elementary visual

processing speed) [34]. A memory factor was derived from scores on a
set of memory measures from Wechsler Memory Scale-IIIUK (WMS-III)
[35], namely: Logical Memory I immediate and II delayed recall; Spatial
Span Forwards and Spatial Span Backwards; Verbal Paired Associates I
immediate recall and II delayed recall; and two WAIS-III subtests
(Letter-Number Sequencing, Digit Span Backwards). Verbal ability was
assessed using the National Adult Reading Test (NART) [36] and the
Wechsler Test of Adult Reading (WTAR) [37]. These tests are widely
used to estimate prior cognitive ability and each requires the pronuncia-
tion of a list of 50 irregular words. The Mini-Mental State Examination
(MMSE) is a standardised brief screeningmeasure for cognitive pathology
[38]. Scores range from 0 to 30 with a score of less than 24 often used to
indicate possible dementia.

Covariates

Sociodemographic
Participants provided general demographic information including

marital status and years of full-time education. Adult occupational so-
cial class was derived from each participant's highest reported occu-
pation and classified into one of six categories ranging from I
(professional occupations) to V (unskilled occupations), with III di-
vided into IIIN (non-manual) and IIIM (manual) [39]. For data analy-
sis, classes IV and V were combined due to the small number of
participants in class V.

Health behaviours
Alcohol use was recorded using the Scottish Collaborative Group

Food Frequency Questionnaire (FFQ) version 7.0 [40] and expressed
as units of alcohol consumed in a typical week. Body Mass Index
(BMI) was calculated as weight (kg)/height (m2) from measure-
ments recorded during the physical examination at time of testing.
Level of physical activity was obtained from a self-report question-
naire. This measure was coded as follows: 1 — “household chores”;
2 — “walking etc. 1–2 times a week”; 3 — “walking etc. several
times a week”; 4— “exercise 1–2 times a week”; 5— “exercise several
times a week”; and 6 — “keep-fit/heavy exercise/sport several times a
week”.

Health measures
Presence or history of hypertension, stroke, cardiovascular disease

(CVD) and diabetes were recorded. Serum cholesterol (mmol/L) was
measured as part of a blood analysis profile. A measure of lung func-
tion (forced expiratory volume in 1 s, FEV1) was obtained using a spi-
rometer. This measure was performed three times and the highest
measure was used in the present study.

Statistical analyses

Analyses were performed using IBM SPSS Version 19 (IBM,
NY, USA). Lung function measures were converted into percentages
of the value predicted from a linear regression of lung function on
height for each sex, based on never-smokers. We identified 16 partic-
ipants' ‘pack years’ scores as being outliers, which were capped at 100
prior to analysis. We used analysis of variance (ANOVA) and chi-
square tests to examine whether demographic and health variables
differed between smoking categories. General linear models (GLMs)
were used to investigate the associations between cognition at age 70
and smoking status (categorical variable), and cognition at age 70 and
pack years (continuous variable), where never smokers were given a
score of 0. Cognitive outcomes (dependent variables) were age 70 IQ, g
factor, processing speed, memory, and verbal ability (NART and
WTAR). Separatemodels were fitted adjusting for potential confounding
variables: age and sex only (model 1); occupational social class (model
2); childhood IQ (model 3); occupational social class and childhood IQ
(model 4); lung function (FEV1, model 5); health behaviours (alcohol
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use, BMI, physical activity, model 6); and health measures (diabetes,
stroke, CVD, model 7). The final, 8th, model included all the covariates
mentioned above. All models contained age and sex, except for models
containing the outcome age 70 IQ, which is already adjusted for age.
We present relevant estimates of effect size, reported here as partial
eta-square (ηp

2), and p values (the .05 level of significance was used for
all data analyses). In examining any attenuation by covariates, of the
effect of smoking on cognition at age 70, we draw the reader's attention
to the change in effect size, not merely to any change in the significance
level.

Results

Descriptive results — participants

Participants' characteristics are summarised in Table 1. At time of
testing, 46% reported that they had never smoked, 42% were ex-
smokers, and 12% were current smokers. Compared to never smokers,
smokers were more likely to be male, unmarried (single, widowed, or
divorced), belong to a ‘less professional’ social class, have fewer years
of full-time education, a lower MMSE score, a higher weekly alcohol
intake, and a lower BMI. Lung function (FEV1) was lowest in current
smokers. Current smokers were more likely to have a history of
stroke, CVD or diabetes. Average age at smoking initiation was
18.3 years (SD=5.43) for current smokers, and 18.5 (SD=5.36) for
ex-smokers. Average age at quitting, for ex-smokers, was 46.76
(SD=13.24).

Current smoking status and cognitive function

Table 2 presents IQ-type scores (at ages 11 and 70) and other cog-
nitive function scores by smoking status. These unadjusted results
showed a significant association between smoking status and IQ at
age 11 (p=.036) and age 70 (pb.001). Age 11 IQ scores were signifi-
cantly lower in current smokers compared to never smokers (by 3.2
points), with an intermediate score in ex-smokers. At age 70, current
smokers had a 5.5 point IQ disadvantage compared to never-smokers.
Smokers also performed significantly worse than never smokers on
tests of general cognitive ability (g factor) (pb.001) and processing

Table 1
Characteristics of the study population grouped by smoking status

Total Never smokers Ex-smokers Current smokers

n=1080 n=495 n=455 n=130

M (SD) M (SD) M (SD) M (SD) p

Pack yearsa 31.4 (27.7) 0 27.9 (28.3) 43.8 (21.2)
Sociodemographic measures

Age, years 69.5 (0.83) 69.5 (0.84) 69.6 (0.85) 69.5 (0.74)
Men % 49.9 40.4 58.4 52.9 b.001
Married % 71.2 71.9 73.6 60.9 .001
Social class % b.001
I 17.5 18.6 18.8 9.4
II 36.9 38.3 38.6 26.8
IIIN 22.8 26 16.8 31.9
IIIM 17.0 13.5 18.8 23.2
IV+V 3.8 2.5 4.2 6.5

Education, years
mean (SD)

10.8 (1.1) 10.9 (1.2) 10.7 (1.1) 10.5 (0.95) .001

MMSE 28.9 (1.3) 29.0 (1.3) 28.8 (1.3) 28.6 (1.3) .029
Health behaviours

Alcohol use,
U/wk

10.6 (14.2) 8.2 (12.3) 12.6 (14.4) 12.2 (18.5) b.001

Body Mass
Index

27.8 (4.4) 27.6 (4.2) 28.5 (4.4) 26.1 (4.7) b.001

Physical activity
(level)

7.6 (8.1) 7.8 (7.8) 8.0 (8.4) 5.6 (8.3) .027

Health measures
Diabetes (%) 8.1 5.7 10.7 8 .026
Stroke (%) 4.9 3.8 4.7 9.4 .014
Cardiovascular
disease (%)

24.6 20.7 28.6 24.6 .046

Cholesterol mmol/l 5.5 (1.2) 5.6 (1.2) 5.3 (1.2) 5.5, (1.2) .011
Lung function measure

FEV1 2.4 (0.69) 2.4 (0.65) 2.4 (0.69) 2.0 (0.70) b.001
%FEV1b 94.4 100.1 92.6 75.6

Note.
MMSE — Mini-Mental State Examination; FEV1 — forced expiratory volume in 1 s.
p values are from t-tests, ANOVA and chi-square tests as appropriate.

a Pack years was calculated by dividing the average number of cigarettes smoked daily by 20 and then multiplying that by the number of years smoked.
b % Values refer to percentage of values predicted by sex and height in never-smokers.

Table 2
Cognitive outcomes by smoking status (ANOVA)

Never smokers Ex-smokers Current smokers

n=495 n=455 n=130

M (SD) M (SD) M (SD) p

Age 11 IQa 101.4 (14.9) 99.3 (14.8) 98.2 (14.7) .036
Age 70 IQa 101.5 (13.4) 100.5 (14.7) 96.0 (16.0) b.001
g Factor 0.11 (0.97) 0.02 (0.99) −0.32 (0.93) b.001
Processing speed 0.10 (0.97) 0.03 (0.98) −0.34 (0.94) b.001
Memory 0.04 (0.97) 0.04 (0.97) −0.18 (1.04) .063
NART 34.9 (8.0) 34.6 (8.1) 33.2 (8.2) .120
WTAR 41.4 (6.9) 41.2 (7.2) 40.0 (6.9) .136

Note.
a Age 11 IQ and age 70 IQ are derived from scores on the Moray House Test and con-

verted to standard IQ type scores (M=100, SD=15).
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speed (pb.001), but not memory or verbal ability (NART and WTAR).
Table 3 shows the results of GLMs used to examine the association be-
tween smoking status and cognitive outcomes at age 70. In the age-
and sex-adjusted only model (model 1), smoking status was associat-
ed with significantly lower scores on tests of age 70 IQ (ηp

2=.012), g
factor (ηp

2=.016), and processing speed (ηp
2=.015). After adjusting

for social class and age 11 IQ independently and in combination
(models 2, 3 and 4), the association between smoking and age 70 IQ
ceased to be significant. The associations between smoking status
and general cognitive ability and processing speed remained signifi-
cant after controlling for both age 11 IQ and social class (indepen-
dently and in combination), although the effect sizes were slightly
attenuated (see model 4: g factor ηp

2=.007; processing speed
ηp
2=.006). These associations persisted (with the exception of

model 5 for processing speed, which narrowly missed significance
after controlling for FEV1) until full adjustment for all covariates
(model 8). Further GLMs (data available on request) confirmed that
these results were driven by significant differences between current
smokers and non-current smokers, rather than between ever- and
never-smokers.

Lifetime smoking (pack years) and cognitive function

Pack years of smoking was negatively correlated with age 11 IQ
(−.12, pb.001). A separate set of GLMs were used to examine the

association between pack years and cognitive outcomes at age 70,
and the effects of potential confounders on these associations (see
Table 4). In the age- and sex-adjusted only model (model 1), increas-
ing pack years was associated with significantly lower scores on tests
of age 70 IQ (ηp

2=.017), g factor (ηp
2=.018), processing speed

(ηp
2=.017), and verbal ability (NART ηp

2=.008; WTAR ηp
2=.007).

After adjusting for social class and age 11 IQ separately (models 2
and 3), the significant associations between pack years and age 70
IQ (model 2; ηp

2=.006, model 3; ηp
2=.004) g factor (model 2;

ηp
2=.005, model 3; ηp

2=.007) and processing speed (model 2;
ηp
2=.004, model 3; ηp

2=.007) remained, but the effect sizes were
markedly attenuated. After adjustment for social class and age 11 IQ
in combination (model 4), there were no significant associations be-
tween lifetime smoking and cognitive abilities. Controlling for FEV1
(model 5) also removed significant associations between smoking
and cognitive abilities, with the exception of age 70 IQ (p=.030). It
should be noted, however, that FEV1 correlated significantly with
age 11 IQ (r=.159, pb.001). Adjustment for health behaviours
(model 6) or health measures (model 7) caused no attenuation of
the effect of smoking on cognitive functions that was found in the
sex and age-adjusted model (model 1). With full adjustment
(model 8), there were no significant effects of lifetime smoking on
cognitive abilities.

We also examined the effect of pack years in current smokers only
and found no dose–response effect of smoking for any of the cognitive

Table 3
General linear models of associations between smoking status and cognitive outcomes at age 70 (p values and associated partial eta squared values)

Models Age 70 IQa g Factor Processing speed Memory NART WTAR

n=1069 n=1062 n=1028 n=1037 n=1078 n=1078

p ηp
2 p ηp

2 p ηp
2 p ηp

2 p ηp
2 p ηp

2

1. A+S b.001 .012 b.001 .016 .009 .015 .202 .002 .120 .002 .125 .002
2. A+S+SC .029 .005 .004 .008 .003 .009 .852 .000 .987 .000 .973 .000
3. A+S+IQ11 .057 .004 .002 .010 .006 .008 .964 .000 .488 .000 .474 .001
4. A+S+SC+IQ11 .205 .002 .011 .007 .019 .006 .763 .000 .179 .002 .198 .002
5. A+S+FEV1 .068 .003 .041 .004 .056 .004 .852 .000 .943 .000 .597 .000
6. A+S+HB b.001 .015 b.001 .017 b.001 .015 .133 .002 .043 .004 .062 .004
7. A+S+HM b.001 .011 b.001 .014 b.001 .012 .208 .002 .133 .002 .148 .002
8. ALL .550 .000 .329 .001 .379 .001 .626 .000 .285 .001 .329 .001

Note.
Pack years of smoking were capped at 100 (n=16 outliers were recoded as 100).
A — age; S — sex; SC — occupational social class; IQ11 — age 11 IQ; FEV1 — forced expiratory volume in 1 s; HB — health behaviours (alcohol units/wk, BMI, physical activity level);
HM — health measures (diabetes, stroke, CVD); and ALL — all covariates.
p values in bold represent significant negative associations between smoking status and cognitive outcome (pb.05).

a Age 70 IQ is already age-adjusted (age not included in the models for this outcome variable).

Table 4
General linear models of associations between pack years of smoking (lifetime smoking) and cognitive outcomes at age 70 (p values and associated partial eta squared values)

Models Age 70 IQa g Factor Processing speed Memory NART WTAR

n=1069 n=1062 n=1028 n=1037 n=1078 n=1078

p ηp
2 p ηp

2 p ηp
2 p ηp

2 p ηp
2 p ηp

2

1. A+S b.001 .017 b.001 .018 b.001 .017 .104 .003 .004 .008 .006 .007
2. A+S+SC .015 .006 .022 .005 .038 .004 .931 .000 .439 .001 .450 .001
3. A+S+IQ11 .035 .004 .007 .007 .008 .007 .765 .000 .829 .000 .829 .000
4. A+S+SC+IQ11 .163 .002 .122 .002 .214 .002 .315 .001 .554 .000 .628 .000
5. A+S+FEV1 .030 .004 .067 .003 .091 .003 .712 .000 .402 .001 .495 .000
6. A+S+HB b.001 .013 .002 .010 .003 .010 .317 .001 .084 .003 .138 .002
7. A+S+HM b.001 .015 b.001 .014 b.001 .012 .113 .002 .006 .007 .009 .006
8. ALL .231 .002 .895 .000 .713 .000 .536 .000 .481 .000 .602 .000

Note.
Pack years of smoking were capped at 100 (n=16 outliers were recoded as 100).
A — age; S — sex; SC — occupational social class; IQ11 — age 11 IQ; FEV1 — forced expiratory volume in 1 s; HB — health behaviours (alcohol units/wk, BMI, physical activity level);
HM — health measures (diabetes, stroke, CVD); and ALL — all covariates.
p values in bold represent significant negative associations between pack years of smoking and cognitive outcome.

a Age 70 IQ is already age-adjusted (age not included in the models for this outcome variable).
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outcomes tested at age 70. The correlation between pack years of
smoking in current smokers and age 70 IQ is r=.038 (p=.668) and
between pack years of smoking and general (g) cognitive ability is
r=.093 (p=.296). We also ranked smokers into quintiles of pack
years; as before, there were no significant associations between
pack years and any of the cognitive outcomes. On examination of
the means plots, there was no trend to suggest that such a relation-
ship exists.

Discussion

We examined a sample of individuals, aged about 70, for whom
childhood intelligence scores are available. We replicated previous
findings that lower IQ at age 11 was associated with a higher risk of
becoming a smoker and continuing to smoke into old age, and with
the amount of cigarettes smoked over the lifespan. We found an
adverse effect of current smoking on general cognitive ability (g)
and information processing speed— but not memory or verbal ability
— even after controlling for childhood IQ and SES. We found an effect
of pack years of smoking on cognitive function of those who had
smoked more over their lifetime, which was non-significant after
controlling for their (lower) IQ scores and SES. In this sample, current
smoking makes a small, negative contribution to cognitive ability
level in old age. However, a novel finding was that the observed asso-
ciations between cumulative smoking (pack years) and poorer
cognitive function scores in old age were accounted for, largely, by
variations in prior cognitive ability and SES, not independently, but
in combination.

Childhood IQ and adult smoking behaviour

The first objective of the study was to examine the relationship
between childhood IQ and smoking behaviour in adulthood. Our re-
sults are consistent with previous studies showing that IQ predicts
onset and cessation of smoking. In a cohort born in 1921, Taylor et al.
reported that age 11 IQ predicted cessation, but not uptake of smoking
[22], perhaps reflecting social attitudes to tobacco over a particular his-
torical period. Batty et al. found that a higher IQ at age 10was associated
with a reduced prevalence of current smoking and an increased likeli-
hood of having given up smoking by midlife [19]. The conclusion often
drawn from the body of literature supporting a link between IQ and
smoking behaviour is that IQ influences differential valuations of the
health consequences of smoking [41], aswell as access to smoking cessa-
tion programmes, via social background [42].

Interestingly, we identified a link between lower childhood IQ and
poorer adult lung function, consistent with the work of Richards et al.
[17] and Deary et al. [43]. They reported a link between childhood in-
telligence and FEV1 in later life, even after controlling for lifetime
smoking. They proposed that respiration and mental functions may
be subject to the same physiological processes and are a function of
what has been termed general bodily system integrity [44].

Smoking and cognitive function at age 70

Our second objective was to examine the association between smok-
ing and cognitive function across a range of cognitive domains. General
cognitive ability (g) and processing speedwere lower in current smokers
at age 70, than never- and ex-smokers. These results are in keeping with
other studies reporting cognitive impairment in old age with long-term
smoking [11]. The relationship between current smoking and poorer cog-
nitive function remained after controlling for markers of ill-health, health
behaviours and lung function (FEV1). However, despite having made an
especially thorough assessment of memory, we found no effect of smok-
ing on memory function, in contrast to some other studies [4,6,12,14].

Past smoking was not associated with significantly poorer perfor-
mance than never smokers in any cognitive domain. Deary et al. found

that current smokers, but not ex-smokers, had lower IQ scores at age 80
(after adjusting for childhood IQ) when compared with lifelong never-
smokers [25]. This suggests that cognitive detriments, albeit small, may
only occur after prolonged exposure to cigarettes over the course of a life-
time. However, a 24-month smoking cessation trial using an old age sam-
ple (>68 years), showed that unsuccessful quitters over this 2-year
period scored significantly worse on cognitive tests than successful quit-
ters and non-smokers [15]. Therefore, quitting smoking, at any stage in
adulthood, may be beneficial to cognitive health in later years. Given
that pack years of smoking ceased to be associated with cognitive perfor-
mance in the present study, after controlling for childhood IQ and SES, it
may be that smoking in old age, irrespective of previous smoking history,
affects cognitive health at a time when the body is most vulnerable to its
adverse, systemic, and physiological effects.

Childhood IQ and SES as confounders in the smoking–cognitive function
relationship

Ourfinal objectivewas to investigate the roles of childhood IQ and SES
in the smoking–cognition relationship. There is a high level of stability in
cognitive function across most of the lifespan; childhood IQ accounts for
about half the variance observed in later life [45]. In this sample, the
raw correlation (r) between age 11 and age 70 IQ is .69, pb.001. Control-
ling for age 11 IQ and SES attenuated the relationship between smoking
status and cognitive function and reduces to non-significance the associ-
ation between lifetime smoking and cognitive function. A contribution of
SESwas predicted given that 1) it is a correlate of IQ, and 2) smokingwas
less common among participants from higher (more professional) social
classes, a finding documented by other studies in the area [19,23]. Con-
trolling for sociodemographic variables was found to completely attenu-
ate the observed association between lung function and cognitive
function in a large sample of men and women in early old age [46]. It
has been proposed that lower intelligence among lower socioeconomic
groups leads to a poorer understanding of the negative health conse-
quences of health-risk behaviours such as smoking [47]. The inability to
give up smoking may also be related to poorer SES as a result of lower
job attainment and financial strains [48].

Strengths and limitations

The major strength of this study was the availability of IQ data at two
distant timepoints (age11 and age 70) derived fromscores on a validated
test of general intelligence (theMHT).Wewere able to examine the con-
tribution of smoking to relative cognitive change on this measure from
childhood to late adulthood. There was a further advantage of examining
childhood cognitive ability before the majority (98.5%) had begun smok-
ing. We studied a cohort who shares the same year of birth. The narrow
age cohort is an important design advantage given that smoking patterns
change over time, and because chronological age itself makes a large con-
tribution to cognitive functions and health in old age [49]. We had com-
prehensive cognitive data with multiple tests of important cognitive
domains at age 70. We had data on quantity and duration of smoking in
addition to current smoking status. The LBC1936 sample has data on a
wide variety of sociodemographic and health factors. This made it possi-
ble to adjust for a range of potential confounders.

The study has some limitations. Although the use of a narrow age
group is advantageous, we note that this limits the generalisability of re-
sults. Second, self-reported smoking history is open to recall bias, espe-
cially among elderly participants. Under-reporting of smoking history
may be a potential confounder of the data. It should be noted that, if
the direction of this effect was such that people with greater cognitive
declines were more likely to under-report smoking history, then the ef-
fect sizes in this report would be under-estimates. However, self-
reported smoking has high agreement with serum cotinine measures
[50]. Third, the LBC1936 is a self-selecting, volunteer sample and, as
such, and is typically more cognitively able and healthier than the
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general population. The LBC1936 achieved highermean age 11 cognitive
scores (M=49.0, SD=11.8) than both the nationwide and Edinburgh
SMS1947 average (M=36.7, SD=16.1,M=40.3, SD=15.5, respectively)
and thismay have restricted the range of cognitive outcome scores in the
study. That said, the range of age 11 cognitive scores in the current sam-
ple was still large (M=49.1, SD=11.7). The most likely result of this is
some small underestimation of effect sizes of the associations reported
here. Smoking is associated with higher morbidity and mortality rates.
Of the smokers who survive to old age, those with significant health
problems are less likely to participate in such a study, possibly leading
to an under-representation of smokers in the current sample.

In conclusion, our results suggest that smoking in old agemay contrib-
ute to age-related cognitive impairments in general cognitive ability (g)
and speed of information processing. Some of the apparent cognitive im-
pairment due to lifetime smoking can be accounted for by a lower child-
hood cognitive ability and socioeconomic status. Cessation of smoking in
adulthood appears to ‘buffer’ the cognitive ageing experienced by those
who continue to smoke. In terms of public health implications, the pre-
sentfindings suggest that there are cognitive benefits to quitting smoking,
even for older adults who have been smoking for many years; interven-
tion programmes should target smokers at all ages.
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ABSTRACT

Background: Evidence from observational studies to date suggests that healthy dietary patterns are associated
with better cognitive performance in later life. We examined the extent to which childhood intelligence
quotient (IQ) and socioeconomic status account for this association.

Methods: Analyses were carried out on 882 participants in the Lothian Birth Cohort 1936 Study. Four
dietary patterns were extracted using principal components analysis of a food frequency questionnaire, namely
“Mediterranean-style,” “health aware,” “traditional,” and “sweet foods.” Cognitive function was assessed at
the age of 70 years, including general (g) cognitive ability, processing speed, memory, and verbal ability.

Results: Before adjustment for childhood IQ and socioeconomic status, the “Mediterranean-style” dietary
pattern was associated with significantly better cognitive performance (effect size as partial eta-square (ηp

2)
range = 0.005 to 0.055), and the “traditional” dietary pattern was associated with poorer performance on all
cognitive domains measured in old age (ηp

2 = 0.009 to 0.103). After adjustment for childhood IQ (measured
at the age of 11 years) and socioeconomic status, statistical significance was lost for most associations, with
the exception of verbal ability and the “Mediterranean-style” pattern (National Adult Reading Test (NART)
ηp

2 = 0.006 and Wechsler Test of Adult Reading (WTAR) ηp
2 = 0.013), and the “traditional” pattern (NART

ηp
2 = 0.035 and WTAR ηp

2 = 0.027).

Conclusions: Our results suggest a pattern of reverse causation or confounding; a higher childhood cognitive
ability (and adult socioeconomic status) predicts adherence to a “healthy” diet and better cognitive perform-
ance in old age. Our models show no direct link between diet and cognitive performance in old age; instead
they are related via the lifelong-stable trait of intelligence.

Key words: dietary patterns, childhood intelligence (IQ), cognitive aging

Introduction

The role of diet and nutritional factors in brain
aging is attracting much research attention. A grow-
ing body of evidence links dietary patterns with
cognitive abilities in old age. Evidence from ob-
servational studies suggests that a “healthy” diet
is associated with better cognitive function. Some
studies employed an a priori (hypothesis-based) ap-
proach to show that degree of adherence to a pre-
defined “healthy” diet (using diet quality indices)
was related to cognitive function in older individu-
als (Huijbregts et al., 1998; Wengreen et al., 2009),
although these studies used only a brief and lim-
ited measure of global cognition, the Mini-Mental

Correspondence should be addressed to: Prof. Ian J. Deary, Centre for Cognitive
Ageing and Cognitive Epidemiology, Department of Psychology, University
of Edinburgh, 7 George Square, Edinburgh EH8 9JZ, Scotland, UK. Phone:
+44-131-650-3452. Email: I.Deary@ed.ac.uk. Received 10 Jan 2013; revision
requested 6 Feb 2013; revised version received 7 May 2013; accepted 8 May
2013.

State Examination (MMSE). By contrast, one study
reported a lack of association (Shatenstein et al.,
2012). However, the a priori method makes assump-
tions about which specific food items constitute a
healthy diet based on current nutritional research
and does not take into account the complexity of
the full diet (Allès et al., 2012). Only three studies,
to our knowledge, have investigated the effects of
overall dietary patterns, extracted a posteriori (based
on correlations among all dietary components), on
cognitive outcomes in healthy, old age populations.
One study reported better cognitive performance
(using the MMSE only) among the “healthy” diet-
ary pattern, characterized by a higher intake of fruit,
vegetables, and fish (Samieri et al., 2008). Studies
using more comprehensive neuropsychometric tests
assessing specific cognitive domains are limited (Ak-
baraly et al., 2011; Kesse-Guyot et al., 2012). In
one study the “healthy” pattern was associated with
better global cognitive function and verbal memory
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than the “traditional” pattern (Kesse-Guyot et al.,
2012). In the other study, the observed associations
between the “healthy” or “whole food” pattern and
decreased odds of cognitive deficit on all cognitive
tests (compared with the “processed” food pattern)
in a sample of 60-year-old individuals were signi-
ficantly attenuated by education (Akbaraly et al.,
2011).

With this attenuation of a potentially important
association in mind, and given that individual dif-
ferences in cognitive abilities from youth strongly
predict cognitive ability differences in old age (Gow
et al., 2011), and the adoption of health behaviors in
adulthood (Batty et al., 2007; Anstey et al., 2009),
it is plausible that the link between dietary patterns
and cognitive performance is not causal. Rather,
this association seen in observational studies could
reflect a lifelong trait association between cognit-
ive ability and diet choice. Education is sometimes
used as a proxy measure for both prior cognitive
ability and social background (Deary and Johnson,
2010), but no study to date has been able to con-
trol for prior cognition. Without a valid measure of
early-life cognitive ability we cannot properly exam-
ine the extent to which diet influences cognition in
old age, or conclude that adhering to a particular
diet contributes to successful cognitive aging.

In the present study we investigate the extent to
which prior cognitive ability (measured at the age
of 11 years) and adult socioeconomic status (SES;
assessed by occupation) account for the association
between healthy dietary patterns and better cognit-
ive functions in old age. The present study uses an
a posteriori method of extracting dietary patterns.

Methods

Study population
The study sample was drawn from the Lothian Birth
Cohort 1936 Study (LBC1936), an ongoing longit-
udinal study of cognitive aging, which comprises
1,091 men and women living independently in the
community. Almost all participants were residing
in Edinburgh and the surrounding Lothian region
at recruitment. Early-life (mean (M) age 11 years)
intelligence test data are available for this sample
because most are surviving participants of the Scot-
tish Mental Survey of 1947 (SMS1947; Deary et al.,
2009). Assessment in later life took place between
2004 and 2007 when participants were aged about
70 years (M = 69.5 ± 0.8). Full recruitment and
testing procedures are reported in an open-access
protocol paper (Deary et al., 2007). In brief, the
assessment involved an interview, extensive cognit-
ive testing, a physical examination, and question-
naires. Food frequency questionnaire (FFQ) data

were available for 882 participants. Persons scor-
ing <24 on the MMSE (n = 4) were excluded;
using this cut-off reduces the risk of having per-
sons with dementia in the sample. After exclusions,
878 persons remained for analyses. Ethics permis-
sion for the LBC1936 study protocol was obtained
from the Multi-Centre Research Ethics Commit-
tee for Scotland (MREC/01/0/56) and from the
Lothian Research Ethics Committee for Scotland
(LREC/2003/2/29). The research was carried out
in compliance with the Helsinki Declaration. All
participants gave their written, informed consent.

Dietary assessment
Dietary patterns were assessed using the Scottish
Collaborative Group FFQ version 7.0. The FFQ
version 7.0 lists 168 foods or drinks and a common
unit or portion size for each item is specified. Re-
sponse to all items was on a 9-point scale, ranging
from “rarely or never” to “7+ per day” in the pre-
vious two to three months. All participants (n =
1,091) were asked to complete the FFQ at home
and return it by post. Of these questionnaires, 98
were not returned, 26 were returned blank, and 39
had >10 missing items and excluded from the ana-
lyses. A further 46 questionnaires were excluded
due to having extreme energy intakes, defined as
<2.5th or >97.5th centile for energy intake.

Identification of dietary patterns
Dietary factors were previously identified for this
sample using principal components analysis (PCA)
with varimax orthogonal rotation on all the FFQ
items. Further details can be found in Mõttus et al.
(2011). Four main components were extracted,
based on the examination of scree plots, which ac-
counted for 11.67% of the total variance. Compon-
ent scores were calculated using food items with
factor loadings exceeding 0.30. The four compon-
ents were labeled according to the types of foods
with the highest factor loadings. The factor load-
ings of specific food items on each of the four diet-
ary patterns identified are available as supplement-
ary data (see Table S1 published as supplementary
material online attached to the electronic version of
this paper at http://journals.cambridge.org/ipg). A
“Mediterranean-style” diet pattern (22 items) was
defined by greater consumption of vegetables (such
as leeks or courgettes, broccoli, salad vegetables)
and also had positive loadings from fish, poultry,
pasta, rice, water, tomato-based sauces, oil and vin-
egar dressing, and beans. The “health aware” diet
pattern (14 items) was defined by eating more fruits
(such as apples, bananas, tinned fruit, oranges,
and others) and carrots, and had negative loadings
from high consumption of meat products (bacon or
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gammon, pork or lamb, and sausages) eggs, and
spirits or liqueurs. Both components essentially
identified “healthy” dietary patterns. A “tradi-
tional” diet (ten items) was defined as eating more
tinned vegetables, peas or beans, carrots, baked
beans, bottled sauces, meat or chicken pies, pas-
ties and sausage rolls, mashed potatoes, custard
or other sweet sauces, milk-based puddings, and
drinking less filter, espresso, or cappuccino coffee.
This component identified a traditional Scottish di-
etary pattern, low in fruit and salad vegetables. The
final component, a “sweet foods” diet (17 items),
was defined as eating more puddings, cakes, bis-
cuits, and chocolate. Factor scores were calculated
by summing the frequency of consumption multi-
plied by factor loadings across all food items. In this
way, each individual gets score values for each of the
identified dietary patterns, indicating the degree to
which the individual’s diet conforms to the dietary
pattern.

Cognitive assessment

MO R A Y HOUSE TE S T (AGE 11 AND 70
MHT IQ)
On 4 June 1947, about 95% of schoolchildren born
in 1936 and attending Scottish schools (70,805)
took a version of the Moray House Test (MHT)
No. 12 (Scottish Council for Research in Educa-
tion (SCRE), 1933; 1949). The MHT is a group-
administered test of general intelligence. This test
was concurrently validated against the Terman–
Merrill revision of the Binet scales (SCRE, 1949).
SCRE recorded and archived these scores and made
them available to the LBC1936 study. Participants
re-sat the MHT at a mean age of 70 years. MHT
scores for the LBC1936 study were corrected for
age in days at the time of testing and converted into
intelligence quotient (IQ)-type scores for the sample
(M = 100, SD = 15).

OTHER COGNITIVE TESTING

Three cognitive domains are represented in the
LBC1936 cognitive battery: general (g) cognitive
ability, processing speed, and memory. The de-
rivation of these factors by PCA has been de-
scribed elsewhere (Luciano et al., 2009; Corley
et al., 2010a). A general (g) cognitive ability factor
was derived from scores on six Wechsler Adult Intel-
ligence Scale-IIIUK (WAIS-III) subtests (Wechsler,
1998a), namely Letter-Number Sequencing; Mat-
rix Reasoning; Block Design; Digit Symbol; Digit
Span Backwards; and Symbol Search. A general
(g) cognitive ability factor is well established in the
literature (Deary et al., 2010). A processing speed
factor was derived from scores on a set of men-
tal speed measures, namely Symbol Search (WAIS-

III); Digit Symbol (WAIS-III); Simple and Choice
Reaction Time mean (Cox et al., 1993; Deary
et al., 2001); and Inspection Time (a computer-
based test of elementary visual processing speed;
Deary et al., 2004a). A memory factor was derived
from scores on a set of memory measures from
Wechsler Memory Scale-IIIUK (Wechsler, 1998b),
namely Logical Memory I immediate recall and II
delayed recall; Spatial Span Forwards and Spatial
Span Backwards; Verbal Paired Associates I imme-
diate recall and II delayed recall; and two WAIS-
III subtests (Letter-Number Sequencing, and Digit
Span Backwards). Verbal ability was assessed us-
ing the National Adult Reading Test (NART; Nel-
son and Willison, 1991) and the Wechsler Test of
Adult Reading (WTAR; Holdnack, 2001). These
tests are widely used to estimate prior cognitive abil-
ity and each requires the pronunciation of a list
of 50 irregular words. The MMSE is a standard-
ized brief screening measure for cognitive patho-
logy (Folstein et al., 1975). Scores range from 0–30,
with a score of <24 often used to indicate possible
dementia.

Covariates
Covariates included age (in days at the time of test-
ing) and sex. Adult SES was derived from par-
ticipants’ (or their spouses’) highest reported oc-
cupation and classified into one of the following
six categories: professional; managerial; skilled non-
manual; skilled manual; semi-skilled; and unskilled
(Office of Population Censuses and Surveys, 1980).
For data analysis, classes 4 and 5 (semi-skilled and
unskilled) were combined due to the small num-
ber of participants (n = 4) in class V. Age 11 IQ
was derived from scores on the MHT, which parti-
cipants sat for the SMS1947, as mentioned above.
Raw scores were corrected for age in days at the
time of testing and converted into IQ-type scores
for the sample (M = 100, SD = 15).

Participants were also asked questions about
their alcohol consumption (units per week);
smoking (converted to pack years); and physical
activity (coded as follows: 1 – “household chores”;
2 – “walking etc. 1–2 times a week”; 3 – “walk-
ing etc. several times a week”; 4 – “exercise 1–2
times a week”; 5 – “exercise several times a week”;
6 – “keep-fit/heavy exercise/sport several times a
week”). Health measures included history of dia-
betes, stroke, or cardiovascular disease (CVD) (all
coded as dichotomous variables, yes/no).

Statistical analysis
Analyses were performed using SPSS version 19
(IBM, NY, USA). We screened the data for
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outliers and excluded those individuals whose
scores were greater than 3.5 SD from the sample
mean for each dietary pattern: “Mediterranean-
style” (n = 5); “health aware” (n = 6); “traditional”
(n = 7); and “sweet” (n = 7). Classification of di-
etary patterns into tertiles was used to illustrate any
demographic, dietary, and health differences within
the patterns. We used one-way analysis of variance
(ANOVA) for continuous variables, and Chi-square
tests (χ2) for categorical variables, to examine the
relations between dietary patterns and characterist-
ics of the participants. We report the p-value for
trend. The main analyses examined the effects of
dietary pattern scores, as continuous variables, and
cognitive functions at age 70. For these analyses,
we used a General Linear Model (GLM) approach
in a series of models; each subsequent model was
adjusted for a different set of covariates. All models
contained age and sex. Model 2 added SES. Model
3 added age 11 IQ. Model 4 added SES and age 11
IQ. We report p-values (p < 0.05 as level of signi-
ficance was used for all data analyses). We present
relevant estimates of effect size, reported here as
partial eta-square (ηp

2): ηp
2 is the proportion of the

total variance attributable to a given factor. It is
defined as the ratio of variance in the outcome ac-
counted for by an effect, and that effect plus its
associated error variance, within an ANOVA/GLM
design.

Results

Table 1 shows the characteristics of study parti-
cipants in relation to dietary patterns. Individuals
with higher scores on the “Mediterranean-style”
pattern were significantly younger, less deprived,
belonged to a more professional social class, had
more years of education and a higher age 11
IQ, consumed more alcohol, smoked less (in pack
years), and were more physically active. Those with
higher scores on the “traditional” pattern were sig-
nificantly more likely to be males, older, have fewer
years of education and a lower age 11 IQ, a higher
body mass index (BMI), belong to a less profes-
sional social class, smoke more, and report less
physical activity. In addition, those with more tra-
ditional diets had a lower prevalence of high (total)
cholesterol. Those with higher scores on the “health
aware” pattern were more likely to be females, be-
long to a less professional social class, smoke less
and drink less alcohol, and have a lower BMI. In-
dividuals with higher scores on the “sweet foods”
pattern were more likely to have more years of edu-
cation, a higher MMSE score, drink less alcohol,
and have a lower BMI.

Dietary patterns and early-life
cognitive ability
Table 2 shows the associations between dietary pat-
terns and early-life cognitive ability (age 11 IQ).
Higher scores on the “Mediterranean-style” pattern
were associated with higher childhood IQ scores
(p < 0.001). Between the lower and upper tertiles,
there was an IQ difference of 5 points. Higher scores
on the “traditional” dietary pattern (p < 0.001)
were associated with lower childhood IQ scores;
there was an IQ difference of 8.2 points between
the lower and upper tertiles. There was no signific-
ant difference in childhood IQ scores between ter-
tiles of the “health aware” and “sweet foods” dietary
patterns.

Dietary patterns and late-life cognitive ability
Table 3 presents the associations between dietary
pattern scores (as continuous variables) and cog-
nitive abilities at a mean age of 70 years. Gen-
eral linear models controlled for a different set
of covariates at each stage (model). In the basic
age- and sex-adjusted only model (model 1), the
“Mediterranean-style” pattern was associated with
significantly higher scores on all cognitive domains
at age 70 (ηp

2 range 0.005 to 0.055). The “tra-
ditional” pattern was associated with significantly
lower scores on all cognitive domains at age 70, most
at p < 0.001 (ηp

2 range 0.028 to 0.10), and pro-
cessing speed (p = 0.007 ηp

2 = 0.009). The mag-
nitude of the relationships was stronger for verbal
ability tests. The “health aware” pattern was as-
sociated with lower age 70 IQ scores. The “sweet
foods” pattern was associated with higher scores on
age 70 IQ, general (g) cognitive ability, and one of
the verbal ability measures (WTAR). The range of
effect sizes for the latter two dietary patterns was
significantly smaller.

Generally, controlling for age 11 IQ and occu-
pational social class (models 2, 3, and 4) strongly
attenuated most of the associations between the di-
etary patterns and cognitive scores, and often re-
duced them to non-significance. These key results
illustrate the significant roles that premorbid cogni-
tion and adult SES play in shaping the relationship
between diet and cognition. For example, with only
age and sex in the model it would appear that the
“Mediterranean-style” diet accounts for 2.7% of the
variation in age 70 IQ score. After adding, separ-
ately, occupational social class and age 11 IQ scores
as covariates, this reduces to 0.3%, a marked at-
tenuation. In the multivariable model that included
age, sex, age 11 IQ, and occupational social class
(model 4), only the relation of the “Mediterranean-
style” pattern with the verbal ability measures re-
mained statistically significant. However, the effect
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sizes were reduced by 88% for NART (from ηp
2 =

0.048 in model 1 to ηp
2 = 0.006 in model 4), and

76% for WTAR (from ηp
2 = 0.055 in model 1 to

ηp
2 = 0.013 in model 4).
Similarly, the negative associations between the

“traditional” dietary pattern and cognitive abilities
were diminished after adjustment of covariates, par-
ticularly age 11 IQ. For example, in the basic model
1, the “traditional” dietary pattern appears to ex-
plain 2.8% of the variance in age 70 IQ, 3.7% in
general cognitive ability, and 3.7% in memory per-
formance. However, after adjustment for age 11 IQ,
these associations are reduced to 0%, 0.4%, and
0.6%, respectively. In the multivariable model that
included age, sex, age 11 IQ, and occupational so-
cial class (model 4), the only statistically significant
associations to remain were with the verbal abil-
ity measures. However, the effect sizes were again
markedly attenuated from ηp

2 = 0.103 (model 1) to
ηp

2 = 0.035 (model 4) for NART, and ηp
2 = 0.086

(model 1) to ηp
2 = 0.027 (model 4) for WTAR. In

model 1, persons with higher scores on the “health
aware” foods dietary pattern scored more poorly
on a test of age 70 IQ, although the effect size was
small (ηp

2 = 0.005). In model 1, persons with higher
scores on the “sweet foods” pattern scored better on
tests of age 70 IQ, general (g) factor, and WTAR.
The effect sizes for these associations were small
(ηp

2 = 0.005). After adjustment for age 11 IQ and
SES, independently and in combination, there were
no longer any significant associations between the
“health aware” and “sweet foods” dietary patterns
and cognitive domain scores at age 70.

We ran additional analyses using the fully ad-
justed model 4, which tested for an interaction ef-
fect between each dietary pattern and childhood
IQ. We found that the associations between one
of the dietary patterns, “health aware,” and cognit-
ive outcomes differed depending on level of prior
ability (data not shown). This interaction effect was
present for the following cognitive outcomes: age
70 IQ (p = 0.009), memory (p = 0.006), and both
verbal ability measures (NART p < 0.001, WTAR
p < 0.001). Examination of the scatterplots repres-
enting these relationships, and the fit lines of the
subgroups split at the median (low IQ/high IQ),
showed that in those with a lower childhood IQ,
there was some evidence of a relative detrimental
effect of an increased “health aware” diet on these
cognitive outcomes. For those with a higher child-
hood IQ there were either no or slightly positive
effects. Therefore, childhood IQ moderated the ef-
fect of a “health aware” diet on cognition, but only
on some of the outcomes. However, the differences
in effect sizes (ηp

2) between the low- and high-IQ
groups were small, e.g., 0.006 for age 70 IQ scores
(0.009 and 0.003 respectively). We found no such

moderation effects of adult SES and dietary patterns
on cognitive outcomes.

Discussion

In this study we examined associations between four
empirically derived dietary patterns and important
domains of cognitive function in a UK sample of
men and women aged about 70 years. Before ad-
justment for childhood IQ and SES, our results
suggested that following a “Mediterranean-style”
diet was associated with better cognitive function,
and following a “traditional” diet was associated
with poorer cognitive function on all cognitive do-
mains tested: IQ, general (g) cognitive ability factor,
processing speed, memory, and verbal ability. This
is consistent with some previous findings examin-
ing effects of diet on cognition in older age. We
found, however, that current cognitive function was
no longer associated with dietary patterns after ad-
justment for childhood IQ and adult SES. Only
a small positive association persisted between the
“Mediterranean-style” diet, and a small negative as-
sociation between the “traditional” diet, and verbal
ability. The relationship between the “health aware”
dietary pattern and some of the cognitive measures
(age 70 IQ, memory, and verbal ability) was moder-
ated by childhood cognitive ability such that those
with a lower childhood IQ consuming an increased
“health aware” diet (characterized by a high con-
sumption of fruit and low consumption of meats,
eggs, spirits, and liqueurs) were at a relative disad-
vantage on these cognitive domains. The converse
was true for those with a higher childhood IQ. How-
ever, the differences in effect sizes were small, and
given that the “health aware” dietary pattern had
little predictive value in the main analyses, these res-
ults may have limited clinical significance. Whereas
there is a well-established link between a healthy,
whole food diet, and a reduced risk of cognitive
deficit, we found no evidence to suggest that this
link is causal. Our hypothesis that the relationship
between dietary patterns and cognition in old age
might be confounded by childhood cognitive abil-
ity, and adult SES, was supported. This is, to our
knowledge, the first study to examine the relation-
ship between dietary patterns and cognition using a
direct measure of cognitive ability obtained in youth
to control for premorbid cognition. We used dietary
patterns, derived using an a posteriori (data-driven)
approach, to examine trends among food compon-
ents from the overall diet rather than relying on a
measure of adherence to a particular dietary pattern.

There has been much research attention focused
on the effects of a healthy dietary pattern and
reduced risk of chronic disease, particularly
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10 J. Corley et al.

coronary heart disease (CHD) (McCullough et al.,
2002; Hoffmann et al., 2004; Drogan et al., 2007;
Liu et al., 2009; Chiuve et al., 2012) and diabetes
(Fung et al., 2007; DiBello et al., 2008) as well as
other outcomes such as mortality (Hamer et al.,
2010) and Alzheimer’s disease (Scarmeas et al.,
2006a; 2006b; 2009a). Despite methodological dif-
ferences between studies, dietary patterns charac-
terized by a higher intake of fruit and vegetables,
fish, and legumes and lower intake of red meats,
processed foods, sweets, and saturated fats seem to
be associated with the lowest risk of chronic disease
(Gu and Scarmeas, 2011). However, studies invest-
igating possible links between dietary patterns and
cognitive changes associated with non-pathological
aging are sparse. One line of investigation has fo-
cused solely on the health-promoting effects of the
Mediterranean diet. It is characteristically rich in
plant foods (fruit, vegetables, nuts, legumes, and
cereals), wine, fish, and olive oil, and low in red
meat and poultry. Adherence to this particular di-
etary pattern, measured using diet quality indices,
has been widely reported to offer the best protection
against cognitive aging in epidemiological studies
(Féart et al., 2009; 2010; Scarmeas et al., 2009b;
Tangney et al., 2011). However, studying this diet-
ary pattern in isolation is questionable, as the diets
of certain populations, including the United King-
dom, may not closely resemble those of people living
in Mediterranean countries.

In the three previous studies to date, which
used a similar exploratory approach to determ-
ine distinct dietary patterns, there have been dif-
ferences in derived dietary factors. Typically, two
main factors emerge representing a “whole-food”
or “healthy” dietary pattern, associated with better
cognitive functioning, and a “processed-food” or
“traditional” pattern, associated with poorer cog-
nitive functioning (Akbaraly et al., 2011; Kesse-
Guyot et al., 2012). Another study identified five
dietary patterns using cluster analysis rather than
PCA. Here the dietary pattern labeled as “healthy”
was characterized by higher consumption of fish in
men and fruit and vegetables in women, and was re-
lated to better cognitive performance (Samieri et al.,
2008). The current study found the two ubiquitous
dietary patterns, namely “Mediterranean-style” and
“traditional.” The “traditional” pattern described
in our study loaded highly on foods such as meat,
pies, pasties and sausage rolls, mashed potatoes,
tinned vegetables, and milk puddings, and repres-
ents a traditional (in Scotland) convenience diet.
Two additional patterns, “health aware” and “sweet
foods,” accounted for a smaller percentage of the
variance and were less predictive of cognitive out-
comes. However, the four patterns identified in this
study are not dissimilar to those found in other UK

populations, and the percentage of the variance in
the diet explained by these factors is comparable
(Hamer et al., 2010).

Of these studies, the cognitive measures used
have also varied from the MMSE only (Samieri
et al., 2008) to more comprehensive test batter-
ies representing global cognitive function, verbal
memory, and executive functioning (Kesse-Guyot
et al., 2012). Although their outcome was patholo-
gical aging, one further study paper (using a data-
driven method) identified a dietary pattern sim-
ilar to the “Mediterranean-style” pattern which was
strongly protective of Alzheimer’s disease risk (Gu
et al., 2010). Due to methodological differences in
terms of the approaches used to quantify dietary
patterns and the variations in cognitive endpoints
measured, making comparisons between studies is
problematic. That said, the present study supports
and adds to the finding of Akbaraly et al. (2011)
in that confounding plays a significant role in the
relationship between dietary patterns and cognitive
function to the extent that factors other than diet
account for the majority of variance in the observed
associations (Akbaraly et al., 2011). In addition, in a
recent paper by Shatenstein et al. (2012), although
based on an a priori diet quality measure, a similar
pattern of results emerged. The observed associ-
ation between higher diet quality scores and better
performance on the Modified Mini-Mental State
examination disappeared after controlling for a set
of potential confounders which included education
(measured in years) and family income.

In our analysis, the dietary patterns–cognition
relationship in old age could be accounted for,
largely, by individual differences in prior abil-
ity (childhood IQ) and adult, occupation-based
SES. This accords with the findings of some
of our other studies where the same observa-
tion was made when alcohol consumption, (Corley
et al., 2011), BMI (Corley et al., 2010b), and phys-
ical activity (Gow et al., 2012a) were the health
behaviors/lifestyle factors measured as putative de-
terminants of differential cognitive aging. This is
the only study to date to be able to directly control
for prior ability in the dietary patterns–cognition re-
lationship, using a well-validated measure taken in
youth. Individual differences in cognitive function
across the lifespan are highly stable, with correla-
tions between 0.6 and 0.7 between age of 11 and
70–80 years (Deary et al., 2000; 2004b; Gow et al.,
2011). Despite this, many studies designed to as-
sess the extent of cognitive impairment in old age do
not include data on early-life cognitive function, as
it is rarely available. Traditionally, premorbid abil-
ity has been estimated via indirect sources such as
education and tests of vocabulary and pronunci-
ation. However, these proxy measures are somewhat
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inadequate as they reflect life circumstances and
knowledge; factors hypothesized to contribute to
cognitive decline (Johnson et al., 2011).

The current study lends further support to the
possibilities of reverse causation or confounding,
the former indicating that individuals with a higher
childhood cognitive ability are more likely to adopt
healthy eating patterns in later life and vice versa.
This finding has been documented for several other
health behaviors, including smoking (Kubicka et al.,
2001; Taylor et al., 2003), alcohol consumption,
physical activity (Batty and Deary, 2004; Anstey
et al., 2009) and diet (McNeill et al., 2011). In
the LBC1936 study, McNeill et al. (2011) repor-
ted some evidence of reverse causation in associ-
ations between vitamin C intake and NART, and
verbal fluency; childhood IQ was found to cause
marked attenuation. Higher lifetime trait IQ was
also found to predict vitamin supplement use rather
than supplement use predicting IQ in old age. Sim-
ilarly, in the Danish Glostrup 1914 cohort, Gow
et al. (2012b) reported that greater physical activ-
ity was no longer associated with less cognitive de-
cline, after adjustment for baseline cognitive ability.
They suggest that this indicates reverse causation
or “preserved differentiation,” that is, more active
individuals had a higher lifetime cognitive ability.

Although the current study is based on a healthy,
non-pathological aging sample, it is plausible that
the same mechanism may underlie the widely re-
ported association between the Mediterranean diet
and the risk of dementia or Alzheimer’s disease (see
Allès et al., 2012). Although there is a wealth of data
to suggest that higher premorbid cognitive ability is
protective of decline in later life (e.g., Bourne et al.,
2006; Gow et al., 2011), the association with de-
mentia risk is less consistent. Lower childhood in-
telligence was found to predict late- (but not early-
)onset dementia (Whalley et al., 2000). However,
McGurn et al., (2008) reported that it was a risk
factor for vascular dementia but not Alzheimer’s
disease. Some research suggests that the midlife diet
may better predict dementia in late life as it reduces
the impact of any recent changes to diet due to
health status or cognitive impairment (i.e., reverse
causation). Some studies have reported no associ-
ation between risk of dementia in later life and di-
etary antioxidant intake at midlife in a male sample
(Laurin et al., 2004) and with midlife fruit and ve-
getable intake in males (Hughes et al., 2010); how-
ever, there was a reduction in risk with increasing
fruit and vegetable intake in women. A moderate in-
take of saturated fats in midlife was associated with
an increase in risk of dementia and Alzheimer’s dis-
ease (Laitinen et al., 2006). Although findings are
often inconsistent, prospective studies are import-
ant for research on the etiology of cognitive aging;

dietary assessment at midlife and/or measures of
long-term dietary intake likely reduce the possib-
ility of confounding or reverse causation by factors
caused by the disease process in later life. Whether
the same pathways linking cognition and diet iden-
tified in the current study are relevant to demen-
tia risk, requires further research from longitudinal
studies.

There are several ways in which childhood IQ
and SES could be related to dietary patterns. First, it
could work via knowledge about nutrition (Wardle
et al., 2000). People with lower cognitive ability may
be less likely to acquire the concepts and knowledge
to ensure a healthy diet and make favorable food
choices. The 1970 British Cohort Study (BCS70)
found that those with a higher childhood mental
ability score reported a significantly higher intake
of fruit, vegetables, wholemeal bread, poultry, fish,
and foods fried in vegetable oil in adulthood, and a
lower intake of chips, non-wholemeal bread, cakes,
and biscuits in adulthood (Batty et al., 2007). The
second way in which childhood IQ and SES could
be linked to dietary patterns is via financial circum-
stances. Higher cognitive ability scores in childhood
predict advantageous social circumstances in adult-
hood, including job and financial attainment and a
higher SES (Deary et al., 2005). Diet quality fol-
lows a socioeconomic gradient (Hare-Bruun et al.,
2011); lower quality diets (consisting of cheaper
foods with a lower nutritional value) are more likely
to be consumed by those with lower education/SES
and more limited economic means. Third, it might
come about via self-management of health. IQ may
affect how people interpret and respond to health
advice (Taylor et al., 2003). IQ is associated with
levels of health literacy, a crucial factor in health
management (Murray et al., 2011). Essentially, cog-
nition may influence the extent to which people
manage their own risk for cognitive decline. An-
stey et al. (2009) proposed an interactive cycle in-
volving cognition, self-management of health (in-
cluding diet), and ultimate cognitive outcomes. The
current study supports this possible mechanism.

Therefore, controlling for childhood cognitive
ability is advantageous in order to properly test
whether there is any variance in cognitive function
in old age explained by diet over and above that ex-
plained by an individual’s prior ability. Some associ-
ations were found between higher “Mediterranean-
style” pattern scores and better verbal ability, but
only on one of the tests, and higher “traditional”
pattern scores and poorer verbal ability, although
both were markedly attenuated after adjustment.
This may be a true finding. However, it is pos-
sible that some associations persist between di-
etary patterns and verbal ability because verbal
ability tests, such as the NART and WTAR, reflect
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one’s peak level of cognitive ability in adulthood.
Such tests are purported to reflect one’s crystallized
intelligence, which is related to education and in-
tellectual, social, and cultural development across
the lifespan, not necessarily captured by tests such
as the MHT. Compared with the skills measured
by traditional IQ-type tests, verbal ability is relat-
ively unaffected by non-pathological (Carroll, 1993;
Schaie, 1996) and pathological age-related changes
(McGurn et al., 2004). In addition, peak adult cog-
nitive ability is likely to be associated with lifestyle
preferences that influence the adoption of health
behaviors, including diet, supporting the concept of
reverse causation. Furthermore, the proportion of
the total variance in verbal ability scores explained
by these dietary patterns was between 0.6% and
1.30% for the “Mediterranean-style,” and approx-
imately 3.0% for the “traditional” dietary pattern.
These effect sizes are small. However, around 50%
of the variance in cognitive abilities in old age is
explained by childhood IQ. It is likely that a large
number of lifestyle/behavioral predictors will have
small effects, so it is inevitable that the effect sizes
of other variables will be relatively small. These ef-
fect sizes are comparable to those consistently cited
behaviors linked with cognitive aging – smoking
and physical activity (as well as apolipoprotein E
(APOE)) – which account for 1–2% of the vari-
ance. It is important to know the effects of lifestyle
predictors, such as diet, so that we can discover the
combination of factors that might help people age
better.

Strengths and limitations
In contrast with the conventional approach, which
focuses on a single nutrient or a few nutrients or
foods in isolation, identifying dietary patterns takes
into account overall eating patterns. The current
study has the advantage of using a data-driven ap-
proach to determine dietary patterns, independent
of previous hypotheses, to explore the factors that
account for correlations among reported food com-
ponents in the overall diet. On the other hand, the
a priori method of measuring diet quality makes
assumptions about what constitutes a healthy diet
based on current theory regarding nutrition (Allès
et al., 2012). Further strengths of this study include
the large sample size, narrow age cohort (minim-
izing age and cohort effects), and data collection
using a well-validated questionnaire and compre-
hensive cognitive (and covariate) measures. Most
notably, we have a repeated measure of cognit-
ive abilities at two distinct time-points across the
lifespan (age 11 and 70 years). A direct measure
of prior cognitive ability is rarely available. An ad-
vantage of using a measure of IQ obtained in youth

is the lower prevalence of known conditions which
might impact on IQ/cognition such as hypertension
(Manolio et al., 2003) and diabetes (Awad et al.,
2004).

Inevitably, there were also some limitations. We
used a single measure of diet (FFQ) designed to
capture dietary habits in the short term, but not
necessarily representative of dietary habits over a
longer period of time. Although a potential lim-
itation, the FFQ (Masson et al., 2003) has good
repeatability (dietary intake in later life is reason-
ably stable in the short term) and good validity for
most nutrients in community-dwelling older popu-
lations (Jia et al., 2008; McNeill et al., 2009). The
four extracted dietary components explain less than
12% of the variance. Hence, it could be argued
that major dietary effects on cognition could oc-
cur in the remaining 88% of the shared variance,
or that specific food types might be associated with
higher cognitive scores. A further potential limita-
tion relates to the influence of age-related cognit-
ive decline on dietary choices, e.g., the adoption of
more convenience foods as represented by the “tra-
ditional” dietary pattern. Reverse causation of this
kind may distort the observed associations. That
said, we excluded persons based on the MMSE
score, and therefore we were confident that the
current samples were free from cognitive impair-
ment. Furthermore, the LBC1936 study is a self-
selecting sample. Compared with the general popu-
lation, it is likely to be healthier and more cognitively
able. Of course, given our interests in the lifelong
association between dietary patterns and cognit-
ive abilities, it would have been useful to have in-
formation on dietary patterns from childhood, and
more information on both diet and cognition from
points in the life course between the age of 11 and
70 years.

Conclusions

Dietary patterns are a promising strategy for ana-
lyzing the associations between food and cognit-
ive performance in epidemiological investigations.
However, our findings urge caution in interpreting
diet–cognition associations as causal effects in that
direction. Our results suggest a pattern of reverse
causation (or confounding); a higher childhood cog-
nitive ability (and adult SES) might predict choice
of and/or adherence to a “healthy” dietary pattern
and better cognitive performance in old age. Our
models show no direct link between diet and cog-
nitive performance in older age; instead, they raise
the possibility that they are related via the lifelong
stable trait of intelligence.
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ABSTRACT

Background: We examined the associations between serum cholesterol measures, statin use, and cognitive
function measured in childhood and in old age. The possibility that lifelong (trait) cognitive ability accounts
for any cross-sectional associations between cholesterol and cognitive performance in older age, seen in
observational studies, has not been tested to date.

Methods: Participants were 1,043 men and women from the Lothian Birth Cohort 1936 Study, most of
whom had participated in a nationwide IQ-type test in childhood (Scottish Mental Survey of 1947), and were
followed up at about age 70 years. Serum cholesterol measures included total cholesterol (TC), high-density
lipoprotein cholesterol (HDL-C), triglycerides, and cholesterol:HDL cholesterol ratio. Cognitive outcome
measures were age 70 IQ (using the same test as at age 11 years), general cognitive ability (g), processing
speed, memory, and verbal ability.

Results: Higher TC, higher HDL-C, and lower triglycerides were associated with higher age 70 cognitive
scores in most cognitive domains. These relationships were no longer significant after covarying for childhood
IQ, with the exception a markedly attenuated association between TC and processing speed, and triglycerides
and age 70 IQ. In the fully adjusted model, all conventionally significant (p < 0.05) effects were removed.
Childhood IQ predicted statin use in old age. Statin users had lower g, processing speed, and verbal ability
scores at age 70 years after covarying for childhood IQ, but significance was lost after adjusting for TC levels.

Conclusions: These results suggest that serum cholesterol and cognitive function are associated in older age
via the lifelong stable trait of intelligence. Potential mechanisms, including lifestyle factors, are discussed.

Key words: cholesterol, cognitive function, childhood IQ, aging

Introduction

It is widely reported that some cognitive abilities
show a mean decline with age. However, there
is variability in the magnitude and rate of
decline among older individuals. Here, we test
the suggestion that people’s differences in serum
lipids and statin medication might contribute to
differences in cognitive functions in older age.

Serum lipoprotein levels have been identified
as a potential modifiable risk factor for cognitive
impairment (Kivipelto and Solomon, 2006).
Numerous studies suggest that high midlife serum
total cholesterol (TC) levels are associated with
greater late-life cognitive impairment (Whitmer
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requested 27 Apr 2014; revised version received 13 May 2014; accepted 28
May 2014. First published online 15 July 2014.

et al., 2005; Solomon et al., 2007; Anstey et al.,
2008; Beydoun et al., 2010; Reynolds et al., 2010).
An increased risk of cardiovascular pathologies with
a higher midlife TC (Simons et al., 2001; Berry
et al., 2008) may, in part, explain the later risk
of cognitive impairment. However, the association
between late-life TC levels and cognitive function
remains unclear. With age, there is typically a drop
in cholesterol (Abbott et al., 1997) and high-density
lipoprotein cholesterol (HDL-C) levels (Formiga
et al., 2012), as cholesterol synthesis and absorption
decrease (Tilvis et al., 2011). A 2009 review (van
Vliet et al., 2009) of cross-sectional and longitudinal
studies concluded that there is either no association
in healthy older people (Li et al., 2005; Reitz et al.,
2005) or a decreased risk of cognitive impairment
with high late-life TC levels (e.g. Mielke et al., 2005;
see also Piguet et al., 2003; Karlamangla et al., 2004;
Panza et al., 2009). Moreover, findings suggest the
relation between high TC levels and cardiovascular
risk in late-life (over age 70 years) is weak, at best
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(Simons et al., 2001; van Vliet et al., 2009). The
decreased risk might specifically apply to certain
cognitive domains, e.g. attention and word fluency
tasks (Elias et al., 2005). In contrast to these
findings, TC correlated negatively with brain gray
matter volume in a sample of men and women
in their late 70s, supporting the role of elevated
serum cholesterol in brain shrinkage and age-related
neurodegeneration (Whalley et al., 2003).

High-density lipoprotein cholesterol offers some
protection against cardiovascular disease (CVD) in
both midlife and late-life (de Freitas et al., 2011) but
there is no conclusive evidence that “protection”
from HDL-C extends to cognitive function at either
life stage. Cross-sectional studies were more likely
to show an association between high HDL-C and
better cognitive performance in old age (Atzmon
et al., 2002; Reitz et al., 2010; van Exel et al., 2002).
In general, the results of longitudinal investigations
have been unable to support the high HDL-C-better
cognitive function association in those over the age
of 65 years (Henderson et al., 2003; Reitz et al.,
2005, Reitz et al., 2008). However, many of the
reported studies have been restricted to brief tests
of global cognition (Atzmon et al., 2002; Yaffe et al.,
2002; Solomon et al., 2009; Formiga et al., 2012).

Statins are the first-line treatment option
for hypercholesterolemia; by reducing serum
cholesterol levels, statins lower the risk of angina,
heart attack, and stroke. Whether or not statins
can improve cognitive function in older age is
unclear. Statins were reported to have beneficial
effects on cognitive outcomes in several clinical
trials (Parale et al., 2006; Carlsson et al., 2008),
but no association in others (Trompet et al., 2010),
even though statin treatment successfully reduced
the risk of cardiovascular disease in the same sample
(Shepherd et al., 2002). Population-based studies
suggest a potential role for statins in preventing
cognitive decline (Yaffe et al., 2002; Starr et al.,
2004; Bernick et al., 2005; Solomon et al., 2009).

Other possible confounding factors in the
lipid-cognition association should be considered.
Given that childhood cognitive ability is the most
important determinant of adult cognitive ability
(accounting for around half the variance; Deary
et al., 2000) and a predictor of a healthy diet
and lifestyle in adulthood (Batty and Deary, 2004;
Batty et al., 2007), and morbidity and mortality
rates (Deary et al., 2010; Kilgour et al., 2010), the
direction of causation is a prime concern. Cross-
sectional relationships may reflect the observed
association between a higher “trait” IQ and healthy
behaviors in adulthood which are conducive to a
“desirable” lipid profile, low CVD risk, and other
favorable health outcomes. There is much evidence
to suggest that it is unsaturated fatty acids, typical

of a Mediterranean-type diet that have some benefit
on serum lipid profiles (Siri-Tarino et al., 2010)
and cognition (Coscina et al., 1986; Whalley et al.,
2004) in comparison to a low-fat or high-saturated-
fat diet. Therefore, early-life cognitive ability and,
by association, socioeconomic status (SES; Sacker
et al., 2002; Hagger-Johnson et al., 2012), may be
important confounders of the cholesterol-cognition
relationship in later-life.

The present study attempts to address gaps
in the knowledge of the cholesterol-statins-
cognition associations by examining generally
healthy, older people without dementia from
Lothian Birth Cohort 1936 (LBC1936) Study and
their functioning over several major aging-relevant
cognitive domains. They are unusual in being an
older-age cohort for whom there are valid cognitive
ability test scores from age 11 years. Our goals
were to determine: (1) the nature of the associations
between serum cholesterol measures and cognitive
function at age 70 years; (2) the amount of variance
in cognitive performance explained by cholesterol
levels once we have accounted for the contribution
of prior cognitive ability measured in childhood (age
11 years); (3) whether additional statistical control
for potential covariates further attenuate the lipids-
cognition associations; (4) the relationship between
statin use and life-long cognitive ability (at ages 11
and 70 years).

Methods

Study sample
The Lothian Birth Cohort 1936 (LBC1936)
comprises 1,091 men and women, almost all
of whom were resident in Edinburgh and the
surrounding Lothian region at about age 70 years.
Early life (mean age 11 years) intelligence test scores
are available for most in this sample, because they
are surviving participants of the Scottish Mental
Survey of 1947 (SMS1947; Deary et al., 2009).
On June 4th 1947, about 95% of school children
born in 1936 and attending Scottish schools (n =
70,805), took a version of the Moray House Test
(MHT) No.12 (Scottish Council for Research in
Education – SCRE, 1933; 1949). The MHT is
a group-administered test of general intelligence.
This test was concurrently validated against the
Terman-Merill revision of the Binet scales with a
correlation of about 0.8 (SCRE, 1949). Scottish
Council for Research in Education recorded and
archived these scores and made them available to
the LBC1936 Study. Participants in Edinburgh
and the surrounding areas were traced in later
life and invited to take part in a longitudinal
study of cognitive aging, hereafter referred to as
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the LBC1936 Study. Full recruitment and testing
procedures are reported in a free-access protocol
paper (Deary et al., 2007). In brief, the assessment
involved detailed cognitive, medical, and other
testing, and self-completed questionnaires, and took
place between 2004 and 2007 when participants
were aged about 70 years.

Of the 1,091 participants in the study, 37
had missing cholesterol data. Of the remaining
participants, 11 scored less than 24 on the Mini-
Mental State Examination; this cut-off is often used
to indicate possible dementia. These participants
were excluded from the analyses. The sample n for
the current study is 1,043 (50.1% men).

Ethics permission for the Lothian Birth
Cohort 1936 (LBC1936) study protocol was
obtained from the Multi-Centre Research Ethics
Committee for Scotland (MREC/01/0/56) and from
Lothian Research Ethics Committee for Scotland
(LREC/2003/2/29). The research was carried out
in compliance with the Helsinki Declaration. All
participants gave their written, informed consent.

Measurement of cholesterol
Serum cholesterol was measured as part of a blood
analysis profile. Non-fasting blood was drawn on
the day of cognitive assessment and analyzed within
24 h in serum stored at 4 °C using an enzymatic
Quinoneimine dye method measuring at 500 nm,
at the Western General Hospital, Edinburgh. Lipids
are expressed in mmol/L. The main analyses were
conducted using cholesterol measures as continu-
ous variables. For illustrative purposes only, each
lipid measure was also classified into three clinically
relevant categories, in accordance with the National
Cholesterol Education Program (Adult Treatment
Panel III, 2001). Total cholesterol (TC) groups
were: <5.2 mmol/L (low), 5.2 to 6.2 mmol/L
(intermediate), >6.2 mmol/L (high). The range of
TC in the current sample was 2.7 to 10.8 mmol/L
(mean = 5.5, SD = 1.2). High-density lipoprotein
cholesterol groups were: <1.3 mmol/L (low), 1.3 to
1.5 mmol/L (intermediate), >1.5 mmol/L (high).
The range of HDL-C in the current sample was
0.53 to 3.82 mmol/L (mean = 1.5, SD = 0.44).
Triglycerides groups were: <1.7 mmol/L (low), 1.7
to 2.2 mmol/L (intermediate), >2.2 mmol/L (high).
The range of triglycerides for the current sample was
0.47 to 16.32 mmol/L (mean = 1.6, SD = 0.91).
The ratio of TC to HDL cholesterol (chol:HDL-
C) provides a stronger prediction of coronary heart
disease (CHD) risk (Ingelsson et al., 2007) and
CHD mortality (Prospective Studies Collaboration,
2007) because these components are related to risk
in opposite directions. A lower ratio is clinically
more desirable in terms of CHD risk. Chol:HDL-

C ratio groups were: <3.5mmol/L (low); 3.5
to 5.1mmol/L (intermediate); >5.1mmol/L (high)
(range 0.38 to 9.50, mean = 3.76, SD =
1.07). Low-density lipoprotein (LDL) cholesterol
measurement was not available in this sample. For
the purposes of this study, cholesterol classification
groups are hereafter referred to as low, intermediate,
and high.

Cognitive functions
The cognitive test battery was chosen to provide
a comprehensive assessment of cognitive function.
Full details of the cognitive tests have been provided
elsewhere (Deary et al., 2007). Participants took
six subtests from the Wechsler Adult Intelligence
Scale-IIIUK (WAIS-III; Wechsler, 1998a), namely:
Letter–Number Sequencing; Matrix Reasoning;
Block Design; Digit Symbol; Digit Span Backwards;
Symbol Search. Participants took subtests from
the Wechsler Memory Scale-IIIUK (WMS-III;
Wechsler, 1998b), namely: Logical Memory;
Spatial Span; Verbal Paired Associates. Participants
also completed a simple and choice reaction time
task (Cox et al., 1993; Deary et al., 2001) and a
computer-based visual processing speed task known
as Inspection Time (Deary et al., 2004).

From these tests, composite cognitive function
scores were formed to represent three cognitive
domains (general cognitive ability, processing
speed, and memory). The previous extraction of
these scores, using principal components analysis,
has been described in detail elsewhere (Luciano
et al., 2009; Corley et al., 2010). A general cognitive
ability factor (often referred to as g), was derived
from scores on the WAIS-III subtests: Letter–
Number Sequencing; Matrix Reasoning; Block
Design; Digit Symbol; Digit Span Backwards;
Symbol Search. A processing speed factor was
derived from scores on a set of mental processing
speed measures, namely: Symbol Search; Digit
Symbol; Simple and Choice Reaction Time mean;
Inspection Time. A memory factor was derived
from scores on a set of memory measures, namely:
Logical Memory I (immediate) and II (delayed)
recall; Spatial Span Forwards and Spatial Span
Backwards; Verbal Paired Associates I (immediate)
recall and II (delayed) recall; Letter–Number
Sequencing; Digit Span Backwards.

Participants re-sat the MHT at age 70 years.
Moray House Test scores at ages 11 and 70 years
were corrected for age in days at time of testing and
converted into IQ-type scores for the sample (M =
100, SD = 15).

Verbal ability was assessed using the National
Adult Reading Test (NART; Nelson and Willison,
1991) which is widely used to estimate prior
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cognitive ability; it requires the pronunciation of
a list of 50 irregular words. The Mini-Mental
State Examination (MMSE), a standardized brief
screening measure for cognitive pathology (Folstein
et al., 1975), was used as a brief screening test
for dementia. Scores range from 0 to 30, with a
score of less than 24 often used to indicate possible
dementia.

Covariates
Participants provided general demographic inform-
ation including age, years of full-time education,
and social class. Adult occupational social class was
derived from each participant’s highest reported
occupation (for women, their spouses occupation
was used if higher than their own) and classified into
one of six categories ranging from I (professional
occupations) to V (unskilled occupations), with III
divided into IIIN (non-manual) and IIIM (manual)
using the UK Registrar General’s Classification of
Occupations, 1980 (Office of Population Censuses
and Surveys, 1980). For analyses, occupational
social classes IV and V were combined due
to the small number of participants (n = 4)
in class V. The number of years of full-time
education, self-reported history of hypertension,
stroke, CVD, high cholesterol, and stain use were
recorded (“yes/no”) by an interviewer at the time
of assessment. Dietary intake and alcohol use
were recorded using the Scottish Collaborative
Group Food Frequency Questionnaire (SCG-FFQ)
version 7.0 (Jia et al., 2008). Alcohol use was
expressed as units of alcohol consumed in a typical
week. Dietary intake of saturated fats (grams per
day), polyunsaturated fatty acids (PUFAs, grams
per day), and cholesterol (milligrams per day)
were calculated based on responses to the 168-
item FFQ. Level of physical activity was obtained
from a self-report questionnaire. This measure was
coded as follows: 1 – “household chores;” 2 –
“walking etc. 1–2 times a week;” 3 – “walking etc.
several times a week;” 4 – “exercise 1–2 times a
week;” 5 – “exercise several times a week;” 6 –
“keep-fit/heavy exercise/sport several times a week.”
Height and weight were measured as part of a
physical examination. Body mass index (BMI) was
calculated as weight (kg) divided by height squared
(in square meters). Adiposity is an important
influence in adult lipid profiles; BMI is often used
as a proxy measure of adiposity and, in adults, BMI
is positively related to TC and negatively related to
HDL-C (Folsom et al., 1994).

Statistical analysis
Analyses were performed using IBM SPSS, version
19 (IBM, NY, USA). Demographic and health

differences between clinically relevant cholesterol
categories were demonstrated using analysis of
variance (ANOVA) and χ2 tests, as appropriate. We
used linear regression to examine the relationship
between each lipid measure’s three-level grouping
(for TC, HDL-C, triglycerides, and chol:HDL-
C) and cognitive outcomes (general (g) cognitive
ability, processing speed, memory, and verbal ability
(NART) and age 70 MHT-IQ) and between statin
use and cognitive function in youth and old age.
Additional logistic regression models were used
to examine the relationship between age 11 IQ
(divided into quartiles) and statin use. We report
odds ratios and 95% CI.

In the main analyses, multiple linear regression
models were used to test the association between the
continuous distributions of lipid measures with each
cognitive performance measure. Three models were
fit to the data. Model 1 included exact age at testing
(in days) and sex. In model 2, age 11 IQ was added.
In model 3, we further included occupational social
class, statin use and history of CVD. All effects are
reported using standardized regression coefficients,
also known as “betas.” These coefficients are
calculated from standardized data and reflect the
impact on the outcome variable of a change of
one standard deviation in the predictor variables.
p-values are reported. The 0.05 level of significance
was used for all data analyses.

Results

Participant characteristics
In Table 1, demographic and covariate data are
displayed by TC group, based on TC clinical
categories. The mean TC values (M ± SD) for
each TC group were: (1) 4.4 ± 0.53; (2) 5.7
± 0.32; (3) 7.0 ± 0.64. There were notable
differences in several characteristics in relation to
TC levels. Higher TC levels were associated with
being younger, being female, being in a more
“professional” social class, having a lower BMI,
smoking less, having a sedentary lifestyle, and
having a lower prevalence of CVD, hypertension,
stroke and high cholesterol, and with less reported
statin use. All of these are factors associated with
a healthy lifestyle. In terms of dietary intake,
a higher TC level was associated with a lower
score on the conventional dietary pattern (which
loads highly on saturated fats and convenience
foods), lower saturated fats and a lower dietary
cholesterol intake. In contrast, a higher TC level was
associated (rather counter-intuitively) with lower
dietary PUFAs, which are generally considered
to have a beneficial effect on health and HDL
cholesterol while reducing LDL cholesterol. The
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Table 1. Characteristics of participants according to serum total cholesterol (TC) group at age 70 years

L O W T C I N T E R M E D I A T E T C HI G H T C

<5.2 mmol/L <5.2–6.2 mmol/L >6.2 mmol/L
(n = 435) (n = 355) (n = 253)

C H A R A C T E R I S T I C S n M E A N ± S D M E A N ± S D M E A N ± SD p
.........................................................................................................................................................................................................................................................................................................................

Age (years) 1,043 69.7 ± 0.80 69.5 ± 0.84 69.3 ± 0.82 <0.001
Education§ (years) 1,043 10.7 ± 1.1 10.8 ± 1.1 10.7 ± 1.1 0.157
MMSE 1,042 28.8 ± 1.3 29.0 ± 1.2 28.9 ± 1.3 0.030
Age 11 IQ (MHT) 987 98.3 ± 16.0 100.7 ± 15.1 100.6 ± 12.0 0.001
BMI (kg/m2) 1,042 28.4 ± 4.5 27.6 ± 4.5 26.9 ± 3.6 <0.001
Alcohol (units/week) 1,043 10.9 ± 16.0 10.5 ± 12.1 9.9 ± 12.7 0.682
Saturated fats (g/day) 896 28.5 ± 12.3 31.0 ± 15.3 26.6 ± 11.3 0.001
PUFAs (g/day) 896 11.9 ± 5.4 11.8 ± 5.6 10.3 ± 4.3 0.001
Dietary cholesterol (mg/day) 896 281.8 ± 118.5 295.6 ± 139.7 259.3 ± 93.1 0.003
Mediterranean diet score 851 − 0.10 ± 0.83 0.11 ± 1.2 0.03 ± 1.0 0.025
Conventional diet score 851 0.10 ± 1.0 − 0.01 ± 1.0 − 0.17 ± 1.0 0.006

n No. (%) No. (%) No. (%)
Sex, men 1,043 275 (63.2) 171 (48.2) 77 (30.4) <0.001
Social class‡ 1,023 <0.001

I 186 61 (14.0) 74 (20.8) 51 (20.2)
II 383 157 (36.1) 121 (34.1) 105 (41.5)
III Non-manual 233 88 (20.2) 79 (21.4) 66 (26.1)
III Manual 181 98 (22.5) 59 (16.6) 24 (9.5)
IV and V 40 21 (4.8) 14 (3.9) 5 (2.0)

Physical activity (1 and 2) 928 128 (33.7) 74 (23.4) 52 (22.4) 0.002
Current smokers 1,043 62 (14.2) 44 (12.4) 31 (12.2) 0.007
With CVD 1,043 174 (40.0) 58 (16.3) 28 (11.1) <0.001
With hypertension 1,043 236 (54.3) 105 (29.6) 71 (28.1) <0.001
With stroke 1,043 44 (49.7) 2 (0.6) 5 (2.0) <0.001
With high cholesterol 1,043 216 (49.7) 79 (22.2) 73 (28.9) <0.001
Using statins 1,043 234 (53.8) 38 (10.7) 9 (3.6) <0.001

TC = total cholesterol; MMSE = Mini-Mental State Examination; MHT = Moray House Test; BMI = body mass index; PUFAs =
polyunsaturated fatty acids; CVD = cardiovascular disease; SD = standard deviation.
§Education was coded as number of years in full-time education.
‡Occupational social class was measured on a scale of I to V in which I represented executive/professional occupations and V represented
unskilled labor.
Physical activity was measured on a scale from 1 to 6 in which 1 represented the least physical activity. Results for groups 1 and 2
combined (representing the most sedentary groups) versus groups 3 to 6 are presented.
p-values are from ANOVA for continuous variables and χ2 tests for categorical variables. Probabilities for significant effects are given in
boldface; ∗p < 0.05, ∗∗p < 0.01, ∗∗∗p < 0.001.

intermediate group had the highest MMSE and age
11 IQ score, in addition to the highest intake of
saturated fats, dietary cholesterol, and the highest
Mediterranean diet score (which loads highly on
vegetables, fish, beans, and pulses). There was no
significant difference in education level or alcohol
consumption between the three groups.

Post hoc tests using the Bonferroni correction
revealed that the statistical differences in age, social
class, BMI, physical activity level, and prevalence
of disease (as above) existed between the low
TC group versus the other two groups (corrected
p < 0.05; data not shown). For these variables
there were no statistical differences between the
intermediate- and high-TC groups. In the low-TC
group, there was a markedly increased prevalence
of CVD (40%), stroke (50%), and hypertension
(54%) compared with the highest TC group (11%,

2%, and 28% respectively). Lower age 11 IQ and
more pack years of smoking were found in the low-
TC group compared to the high-TC group only (p =
0.001) and MMSE score differed between the low
and intermediate groups only (p = 0.029). There
were statistical differences in gender between all TC
groups (p < 0.001). Dietary intake of saturated fats
and cholesterol differed between the intermediate
and high groups only and PUFAs differed between
intermediate and high, and also between low- and
high-TC groups.

Associations between childhood IQ, age 70 IQ,
and other cognitive function at age 70 years
The Pearson correlation between MHT-derived IQ
at age 11 years and IQ at age 70 years was 0.69
(p < 0.001). Age 11 IQ was also strongly correlated
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with all other cognitive outcomes; general cognitive
ability (r = 0.61, p < 0.001); speed (r = 0.46, p <
0.001); memory (r = 0.54, p < 0.001); NART (r =
0.69, p < 0.001).

Associations between serum cholesterol
groups and cognitive function at age 70 years
Table 2 presents the results of unadjusted linear
regression analyses with serum cholesterol groups
as the (categorical) predictor variables and cognitive
outcomes as the dependent variables. Higher TC
predicted better performance on tests of general
cognitive (g) ability, processing speed, memory,
and verbal ability, but not age 70 IQ. Post
hoc multiple comparison tests revealed that the
significant differences were between groups 1∗2 and
1∗3 and not between 2∗3.

Higher HDL-C predicted better cognitive scores
on all cognitive domains measured, including age
70 IQ. For the three composite cognitive factors
(g, speed, memory), post hoc tests revealed that
the significant differences were between groups 1∗2
and 1∗3 and not between 2∗3, as found for TC.
However, for verbal ability and age 70 IQ, the
significant differences were between groups 1∗3 and
2∗3 but not 1∗2. Those in the high HDL-C group
had a higher average age 70 IQ by 4.5 points, than
those in the “low” HDL-C group.

Higher triglycerides predicted worse perform-
ance on tests of age 70 IQ (for all group contrasts)
and verbal ability (groups 1∗2, 1∗3) but not for
the composite cognitive factors. Although non-
significant, a negative trend of lower cognitive scores
for g, speed, and memory with higher triglycerides
was observed. Compared with a high triglycerides
group, a low (clinically more desirable) level of
triglycerides was associated with a higher average
age 70 IQ by 5.9 points and a higher verbal ability.

A significant inverse association was found
between chol:HDL-C ratio groups and memory
scores such that those with a lower (more desirable)
ratio was associated with better scores, but this
difference was significant only between groups 1∗3.
This inverse trend was apparent with the other
cognitive scores but these differences were not
statistically significant.

Significant associations were found between
childhood IQ and three of the four cholesterol
measures (TC, HDL-C, triglycerides, overall p =
0.001). Childhood IQ was significantly associated
with TC (groups 1∗3) and HDL-C (1∗2, 1∗3) in
a positive direction, and with triglycerides (1∗3) in
a negative direction. Differences in childhood IQ
points between the low- and high-cholesterol groups
were as follows: TC 4.4 IQ points; HDL-C 6.1 IQ
points; triglycerides 5.5 points.

Associations between childhood IQ and
covariates
Age 11 IQ was significantly and negatively associ-
ated with occupational social class (standardized β
= − 0.393, p < 0.001), such that individuals with
a higher age 11 IQ were more likely to belong to a
more professional social class (classes 1 and 2), and
with CVD history (β = −0.077, p < 0.015), such
that individuals with a higher age 11 IQ were less
likely to have a history of CVD.

Associations between statin use and cognitive
function at ages 11 and 70 years
First, we examined whether there was an association
between age 11 IQ (as a predictor) and statin
medication use in later life. Table 3 shows a
significantly higher prevalence of statin use in
adulthood in those who had a lower age 11 IQ score
(standardized β = −0.077, p = 0.015). Using a
logistic regression model (data not presented) where
the predictor variable was age 11 IQ (divided into
quartiles) and the outcome variable was statin use,
we found that compared to those in the highest age
11 IQ quartile (fourth quartile; reference group)
those in the lowest age 11 IQ quartile had 1.6 times
higher odds (95% CI = 1.05–2.32), and those in
the second quartile had 1.4 times higher odds (95%
CI = 0.94–2.03), and those in the third quartile
had 1.2 times higher odds (95% CI = 0.79–1.78)
of taking statin drugs in later life.

Second, we examined whether there was an
association between statin use (as a predictor) and
cognitive function assessed at age 70 years. We
found that statin use predicted poorer performance
on the same test of IQ repeated almost 60 years later
(p = 0.024). The difference in terms of IQ points is
small, but the relationship is significant and linear.
Statin use was associated with significantly lower
cognitive performance across all other cognitive
domains tested, compared with non-statin use. In
order to account for the effect of lifelong cognitive
ability on these associations we included age 11
IQ as a covariate. Associations remained, though
with marked attenuation of the effect sizes, for g,
processing speed and verbal ability, but not memory
or age 70 IQ. However, when TC was added to this
model to adjust for blood cholesterol levels, there
were no longer any significant relationships between
statin use and cognition.

Adjusted associations between serum
cholesterol measures (as continuous vari-
ables) and cognitive function at age 70 years
Table 4 shows the results of multiple linear
regression models used to examine the association
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Cholesterol and cognitive function 447

between cholesterol measures (as continuous
variables) and cognitive outcomes at age 70 years,
before and after covariate inclusion. In the basic
age- and sex-adjusted model (model 1), a higher TC
level is associated with better cognitive performance
on all cognitive domains: g (R2 = 0.067, p = 0.002);
speed (R2 = 0.048, p = 0.002); NART (R2 =
0.032, p = 0.030); age 70 IQ (R2 = 0.007, p
= 0.029) with the exception of memory, and a
higher HDL-C level, with better performance on
all cognitive outcomes g (R2 = 0.043, p < 0.001);
speed (R2 = 0.028, p = 0.027); memory (R2 =
0.048, p = 0.001); NART (R2 = 0.023, p < 0.001);
age 70 IQ (R2 = 0.022, p < 0.001). When age
11 IQ is included (model 2), significance is lost
for all associations except for TC and processing
speed (with marked attenuation; R2 = 0.234, p
= 0.033) and for all HDL-C associations. In the
basic age- and sex-adjusted model (model 1), lower
triglyceride levels are associated with better general
cognitive ability (R2 = 0.033, p = 0.016), memory
(R2 = 0.041, p = 0.032), verbal ability (R2 = 0.019,
p = 0.002), and age 70 IQ (R2 = 0.027, p < 0.001)
and a lower chol:HDL-C ratio with better memory
(R2 = 0.041, p = 0.034), verbal ability (R2 = 0.015,
p = 0.020), and age 70 IQ (R2 = 0.010, p = 0.009).
When age 11 IQ is included (model 2), significance
is lost for all associations except for triglycerides
and age 70 IQ (with marked attenuation; R2 =
0.497, p = 0.048). In the final model, which is
adjusted for age 11 IQ, occupational social class,
statin use, and history of CVD, significance is lost
for all cholesterol-cognitive function associations at
age 70 years.

In addition, we ran the same models with social
class of origin (based on father’s social class) instead
of adult social class, in order examine the potential
influence of childhood social circumstances. There
were no meaningful differences in results and
therefore the data are not shown.

Discussion

In this study, of generally well-functioning older
people, we found small but significant associations
between serum cholesterol and cognitive functions
at age 70 years, almost all of which disappeared
after accounting for differences in childhood IQ.
Overall, performance on a range of cognitive
domains including general (g) cognitive ability,
processing speed, memory, verbal ability, and IQ
at first appeared to be better in those with higher
levels of TC and HDL cholesterol and lower levels
of triglycerides. However, the key novel finding
here was these relationships between cholesterol
measures and cognition were markedly attenuated

and mostly no longer significant after including IQ
test scores recorded almost 60 years previously. In
the final multivariate model, which also included
occupational social class, statin use, and CVD
history, there was no longer any association between
serum cholesterol and cognition. A lower IQ in
childhood was related to a higher prevalence of
statin use in adulthood. Statin users showed poorer
cognitive abilities in old-age independently of earlier
ability, but this effect disappeared once we adjusted
for serum TC levels. The results suggest that
the associations between serum cholesterol, statin
use, and cognitive function are confounded by the
lifelong stable trait of intelligence. Without early-life
measures of intelligence, researchers might attribute
a possible causal effect of lipid profiles on successful
cognitive aging.

The previous literature on the relationship
between serum cholesterol and cognitive outcomes
in later-life is equivocal, probably in part due to
age-effects. Some reports suggest that the impact of
lipids on cognitive trajectories is most prominent
in mid-old age. But, over the age of 65 years,
serum lipids have little predictive value in terms of
cognitive outcomes (Mielke et al., 2008; Van Vliet
et al., 2009; Reynolds et al., 2010; Formiga et al.,
2011; 2012; Van Vliet, 2012). Our finding of poorer
performance in those with lower TC is consistent
with previous studies demonstrating similar results
(e.g. Karlamangla et al., 2004; van den Kommer
et al., 2009). However, in terms of cardiovascular
risk, “low” cholesterol levels are considered to be
“desirable.” Given that assessment occurred later in
life in the present sample, the finding of increased
prevalence of disease (including high cholesterol)
and statin use (about 50%) in those with the
lowest TC levels, probably reflects the beneficial
effect of cholesterol reduction with statin treatment
over a period of time. Elevated cholesterol levels
at this stage in life may not be a good indicator
of cognitive function or predictor of subsequent
cognitive decline. In the current sample of 70-
year-olds, lipid measures were clearly associated
with a range of cognitive outcomes including
processing speed, verbal ability, and general (g)
cognitive ability, but this effect often went away after
including childhood intelligence. One of the key
findings here is that childhood intelligence accounts
for much of the initially reported association
between TC, HDL-C, triglycerides, and cognitive
abilities. The LBC1936 Study is useful in having
intelligence data from youth as it is rarely available.
Without it the results could have been interpreted
as suggesting a possible role for higher cholesterol
levels in successful cognitive aging.

Why would there be a life-long relationship
between intelligence and serum lipid profiles?
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Intelligence and health are inextricably linked across
the life course. The relationship between lifestyle
factors and cognitive abilities is well-documented
(Hertzog et al., 2009; Lee et al., 2010). Crucially,
intelligence from childhood is associated with
health behaviors including diet, physical exercise,
smoking, and alcohol consumption, and, pathways
linking childhood IQ and lifestyle involve reciprocal
interactions. Gottfredson (2004) suggested that IQ
may be the single most important factor in the
adoption of such health behaviors in adulthood.
This may, in part, explain the well-documented
relationship between low childhood IQ and high
morbidity rates (Calvin et al., 2011) resulting in
increased medication use in later life including
statins (Starr et al., 2004). The higher prevalence
of statin use in those with lower intelligence scores
from childhood in the current sample attests to this.

Although genetic predisposition and metabolic
function largely determine an individual’s serum
lipid profile, lifestyle-related factors may influence
serum cholesterol. For example, low nutritional
intake, weight loss, and poor overall health, are
features more likely to be present in those with a
low IQ and SES given the intelligence and SES
gradients in health. Dietary (macronutrient) intake
is known to affect lipid levels (Cook, 2005), and
the brain, which is the most cholesterol-rich organ
in the body, is vulnerable to such diet-induced
changes in serum lipid levels (Muldoon et al., 1997;
Thorsson et al., 2013). In addition to dietary intake,
research suggests that physical activity (Bronwell
et al., 1982; Ellison et al., 2004), moderate alcohol
consumption, and non-smoking (Whitehead et al.,
1996; Ellison et al., 2004) are related to increases
in HDL cholesterol. An increased BMI (Ellison
et al., 2004) and fat mass decreases HDL cholesterol
(Schubert et al., 2006).

In the present study, the relationship between
some health-related behaviors such as dietary
saturated fat and dietary cholesterol intake,
adherence to a “healthy” Mediterranean-style
dietary pattern, and alcohol consumption with TC
levels was not clear-cut and at times, counter-
intuitive. The TC-diet findings may be suggestive
of behavioral change in those with or at high-
risk of CVD. Dietary advice usually accompanies
a diagnosis of high cholesterol by a medical
practitioner; dietary intervention is increasingly
recognized as a necessary strategy against various
metabolic disorders. Advice regarding dietary fat
quality, in particular, the inclusion of foods rich
in PUFAs (including oily fish), at the expense
of foods high in saturated fats and dietary cho-
lesterol, has been shown to have cardioprotective
effects by improving serum lipid profiles (Sacks,
1994).

In a summary of the largest primary and
secondary dietary prevention studies, Law et al.,
(1994) estimated that for a 10% reduction in
serum cholesterol (0.6 mmol L), the risk of non-
fatal myocardial infarction was reduced by 9% in
the first two years of follow-up, 14% from years
two to five, and by 37% with more than five
years of follow-up. In the current sample, the low-
TC group had the highest prevalence not only
of CVD but stroke, hypertension, statin use, and
high BMI, and therefore the most likely group
to have made dietary modifications as part of a
health management program to reduce weight and
improve overall health. However, TC represents
many sub-components including HDL, LDL, and
very-LDL cholesterol, and therefore the effect of
a dietary change on TC may differ depending
on which specific cholesterol components were
altered (Willett, 2012). Furthermore, we suggest
that these behavioral modifications are relatively
recent otherwise we would have expected TC
levels to be affected by a low cholesterol diet;
a finding not borne out of our results. This
possibly reflects relatively recent interest in potential
adverse effects of high dietary cholesterol on older
adults among GPs and other medical practitioners.
However, those with the highest TC had a lower
BMI, more physically active lifestyles and were
less likely to be current smokers. Such evidence
may support the theory that the relationship
between childhood IQ, serum lipid profiles, and
necessity of lipid-lowering medication, is mediated
by lifestyle factors and the possibility of reverse
causation, that is, higher lifetime trait levels of IQ
predict lipid profiles in adulthood (via lifestyle),
rather than lipid profiles predicting IQ/cognitive
ability. Alternatively, any relationship between
serum cholesterol and intelligence may originate
in childhood when the developing brain is more
susceptible to environmental influences such as
nutrient supply.

The results do not support an effect (beneficial or
detrimental) of statins on cognition. Although initial
analyses revealed some differences favoring non-
statin users in terms of better cognitive function,
adjusted analyses suggested that participants taking
statins did not differ from their counterparts in
terms of neuropsychological test performance. Our
results are in line with another observational study
(Benito-León et al., 2010) and several clinical trials
(Trompet et al., 2010; see Xiong et al., 2005)
reporting no cognitive effects of statin treatment
in the elderly, but not with the many observational
studies reporting beneficial effects (Rockwood et al.,
2002; Yaffe et al., 2002; Bernick et al., 2005;
Solomon et al., 2009). On the whole, longitudinal
studies with long follow-up periods have failed to
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confirm these results (see Van Vliet et al., 2009)
and a recent systematic review of randomized
controlled trials, cohort case-control, and cross-
sectional studies evaluating cognition in patients
receiving statins concluded that statins have a
neutral effect. However, the lack of cognitive benefit
in old age does not obviate that use of statins
in middle age might be beneficial for cognitive
function later in life.

Those who survive to old age with high
cholesterol may be physically more robust and less
susceptible to the adverse effects of a high midlife
TC on cardiovascular pathologies. Alternatively
lower TC levels in elderly people may be a proxy
for poorer general health status and/or malnutrition
(Brescianini et al., 2003). There is some suggestion
that TC may be a potential marker of physical
frailty (Schalk et al., 2004, Tilvis et al., 2011). In
the current study, a low TC level, compared to
both intermediate and high levels was associated
with an increased prevalence of a range of diseases.
Approximately half of those in the lowest TC group
had a history of stroke, hypertension, and lipid-
lowering medication use, and 40% had CVD thus
supporting the latter suggestion. Higher cholesterol
levels in the elderly are inversely associated with the
onset and outcome of certain diseases (Onder et al.,
2003), better health outcomes after stroke (Dyker
et al., 1997) and surgery (Delgado-Rodriguez et al.,
2002). Total cholesterol is an independent predictor
of all-cause mortality in middle-age but in those over
the age of 65 years, high cholesterol levels provide
a mortality advantage over lower levels (Weverling-
Rijnsburger et al., 1997; Schatz et al., 2001). We
suggest that higher total serum cholesterol levels
reflect better health status in late-life and are
therefore likely to associate with better physical
health markers but there is no evidence that lipid
profiles contribute independently to cognitive aging,
successful or otherwise.

Study strengths and limitations
This is, to our knowledge, the first study to examine
the relationship between serum cholesterol and
cognition that also includes a validated measure of
early-life IQ. In terms of cognitive ability, it was
useful to have measures at two distant points across
the life course. Knowledge of cognitive ability before
the influences of aging and illnesses is necessary in
order to elucidate possible causal directions because
lower childhood IQ is in itself related to a greater
risk of disease and a higher mortality (Whalley
and Deary, 2001, Calvin et al., 2011). Other large
cohorts might look, in the future, at prior cognitive
ability measurements at multiple time-points. Given
the stability of intelligence (Deary et al., 2000),

results may not differ significantly. The large sample
size and availability of comprehensive cognitive,
health, and demographic data were important
for statistical power and to determine whether
cholesterol contributes to the variance in cognitive
scores explained by “extrinsic” factors, given that
approximately half the variance in IQ scores in old
age is explained by childhood IQ (Deary et al.,
2000). We examined multiple cholesterol measures.
Participants were from a narrow age range, thereby
minimizing the confounding effect of chronological
age differences.

The cross-sectional design of this study – albeit
with a much earlier measure of cognitive ability –
is a limitation as it is possible that current lipid
levels may reflect recent changes in response to poor
physical health, i.e. underlying disease or weight loss
with age, in addition to widespread statin use, rather
than lipid history. However, future longitudinal
analyses on the LBC1936 within old age (using
baseline age 70 data) are planned, with cognitive,
lipid, and dietary data collection prospectively over
several waves of follow-up spanning ten years.
There is a possibility that individuals with high
midlife serum cholesterol succumb to its adverse
biological effects and die before they reach the age
70 years. An older, and relatively healthy cohort
such as the present sample, may represent a select
group with lower cholesterol, on average, than the
general population of the same age. Whereas it is
not possible to determine the pattern of lipid levels
before older age in this sample, this does not affect
our conclusion that there is little direct relationship
between lipids and cognitive function in later-life.
Pattern of TC change may be more relevant to late-
life cognition than TC levels at given time points.
We had no measure of LDL cholesterol, although
we utilized the cholesterol:HDL cholesterol ratio
as a proxy measure. Blood samples in this study
were measured in the non-fasting state which
might influence the concentrations of cholesterol.
However, a growing body of evidence suggests
that fasting is not necessary prior to a lipid test
in most scenarios as it does not greatly alter the
levels of lipid parameters (Gaziano, 2012). Non-
fasting lipid profiles change minimally in response
to food intake in the general population (Langsted
et al., 2008). The authors are confident that
the use of a non-fasting blood sample is more
than sufficient to examine population variations
in cholesterol parameters in a relatively healthy,
community dwelling sample such as the LBC1936.

We used a self-report dietary assessment
instrument (FFQ) which may be subject to
misreporting of food intakes. However, the (self-
selected) LBC1936 consists of relatively healthy,
high-functioning men and women, and the
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empirical outcome of any non-systematic (low-
level) misreporting is likely to be, at most, a
small amount of noise in the data. Moreover, the
SCG-FFQ used in the present study, shows good
repeatability (dietary intake in later life is reasonably
stable in the short term) and validity in community-
dwelling older populations compared with four-day
diet diaries (Jia et al., 2008; McNeill et al., 2009).

Finally, these simple indices of cholesterol are
fairly “coarse” measures. We have not taken into
account individual fatty acids. There is evidence
that unsaturated fatty acids have a major benefit
on cognition (Whalley et al., 2004). Future
examination of such dietary factors (including
individual fatty acids) on TC sub-components, i.e.
individual lipid indices such as HDL, LDL, and
very-LDL, and cognition, may be warranted.

Conclusions

In this community-based sample of older men and
women, higher cholesterol (TC and HDL-C) and
lower triglycerides levels were not associated with
better cognition once the confounding effects of
childhood IQ were taken into account. We conclude
that serum lipid profiles do not independently
contribute to cognitive aging, successful or
otherwise, in this cohort. Further studies are
required to determine the longitudinal relationships
between changes in lipid levels and changes in
cognitive function and decline in the same samples
and to determine the pathways linking early-life
cognitive ability with serum cholesterol in later life.

Conflict of interest

None.

Description of authors’ roles

J. Corley was involved in data collection, performed
the statistical analyses, and led the writing of the
paper. J. Corley and I. J. Deary discussed the
statistical analyses. I. J. Deary and J. M. Starr
contributed to study design, study management,
interpretation of analyses, and drafting of the
manuscript.

Acknowledgments

The LBC1936 data were collected using a Research
Into Ageing program grant; this research continues
as part of the Age UK-funded Disconnected
Mind project. We thank the Scottish Council

for Research in Education for allowing access to
the SMS1947. We thank the LBC1936 Study
participants. J. M. Starr and I. J. Deary are
members of The University of Edinburgh Centre
for Cognitive Ageing and Cognitive Epidemiology,
part of the cross council Lifelong Health and
Wellbeing Initiative (MR/K026992/1). Funding
from the Biotechnology and Biological Sciences
Research Council (BBSRC), Engineering and
Physical Sciences Research Council (EPSRC),
Economic and Social Research Council (ESRC),
and Medical Research Council (MRC) is gratefully
acknowledged.

References

Abbott, R. D. et al. (1997). Cross-sectional and longitudinal
changes in total and high-density-lipoprotein cholesterol
levels over a 20-year period in elderly men: the Honolulu
Heart Program. Annals of Epidemiology, 7, 417–424.

Adult Treatment Panel III (2001). Executive summary of
the third report of the national cholesterol education
program (NCEP) expert panel on detection, evaluation and
treatment of high blood cholesterol in adults. Journal of the
American Medical Association, 285, 2486–2497.

Anstey, K., Lipnicki, D. and Low, L. (2008). Cholesterol as
a risk factor for dementia and cognitive decline: a
systematic review of prospective studies with meta-analysis.
American Journal of Geriatric Psychiatry, 16, 343–354.
doi:10.1097/JGP.0b013e31816b72d4.

Atzmon, G. et al. (2002). Plasma HDL levels highly correlate
with cognitive function in exceptional longevity. Journal of
Gerontology. Series A, Biological Sciences and Medical Sciences,
57, M712–M715. doi:10.1093/gerona/57.11.M712.

Batty, G. D. and Deary, I. J. (2004). Early life intelligence
and adult health. British Medical Journal, 329, 585–586.
doi:10.1136/bmj.329.7466.585.

Batty, G. D., Deary, I. J., Schoon, I. and Gale, C. R.
(2007). Childhood mental ability in relation to food intake
and physical activity in adulthood: the 1970 British Cohort
Study. Pediatrics, 119, e38–e45.
doi:10.1542/peds.2006-1831.

Benito-León, J., Louis, E. D., Vega, S. and
Bermejo-Pareja, F. (2010). Statins and cognitive
functioning in the elderly: a population-based study.
Journal of Alzheimer’s Disease, 21, 95–102.
doi:10.3233/JAD-2010-100180.

Bernick, C. et al.; Cardiovascular Health Study
Collaborative Research Group (2005). Statins and
cognitive function in the elderly: the Cardiovascular Health
Study. Neurology, 65, 1388–1394.
doi:10.1212/01.wnl.0000182897.18229.ec.

Berry, J. D. et al. (2008). Association of traditional risk
factors with cardiovascular death across 0 to 10, 10 to 20,
and >20 years follow-up in men and women. American
Journal of Cardiology, 101, 89–94.
http://dx.doi.org/10.1016/j.amjcard.2007.07.079.

Beydoun, M. A. et al. (2010). Statins and serum cholesterol’s
associations with incident dementia and mild cognitive

156



Cholesterol and cognitive function 451

impairment. Journal of Epidemiology and Community Health,
65, 949–957. doi:10.1136/jech.2009.100826.

Brescianini, S. et al.; ILSA Group (2003). Low total
cholesterol and increased risk of dying: are low levels
clinical warning signs in the elderly? Results from the
Italian Longitudinal Study on Aging. Journal of the
American Geriatrics Society, 51, 991–996.
doi:10.1046/j.1365-2389.2003.51313.x.

Brownell, K. D., Bachorik, P. S. and Averle, R. S.
(1982). Changes in plasma lipid and lipoprotein levels in
men and women after a program of moderate exercise.
Circulation, 65, 477–484.

Calvin, C. et al. (2011). Intelligence in youth and
all-cause-mortality: systematic review with meta-analysis.
International Journal of Epidemiology, 40, 626–644.
doi:10.1093/ije/dyq190.

Carlsson, C. M. et al. (2008). Effects of simvastatin on
cerebrospinal fluid biomarkers and cognition in
middle-aged adults at risk for Alzheimer’s disease. Journal
of Alzheimer’s Disease, 13, 187–197.

Cook, Z. (2005). Diet will help reduce cholesterol levels.
Professional Nursing, 20, 44.

Corley, J., Gow, A. J., Starr, J. M. and Deary, I. J.
(2010). Is body mass index in old age related to cognitive
abilities? The Lothian Birth Cohort 1936 Study. Psychology
and Aging, 25, 867–875. doi:10.1037/a0020301.

Coscina, D. V., Yehuda, S., Dixon, L. M, Kish, S. J. and
Leprohon-Greenwood, C. E. (1986). Learning is
improved by a soybean oil diet in rats. Life Sciences, 38,
1789–1794.
http://dx.doi.org/10.1016/0024-3205(86)90130-X.

Cox, B. D., Huppert, F. A. and Whichelow, M. J. (1993).
The Health and Lifestyle Survey: Seven Years On. Aldershot,
UK: Dartmouth.

de Freitas, E. V. et al. (2011). Importance of high-density
lipoprotein-cholesterol (HDL-C) levels to the incidence of
cardiovascular disease (CVD) in the elderly. Archives of
Gerontology and Geriatrics, 52, 217–222.
doi:10.1016/j.archger.2010.03.022.

Deary, I. J., Der, G. and Ford, G. (2001). Reaction times
and intelligence differences: a population-based cohort
study. Intelligence, 29, 389–399.
doi:10.1016/S0160-2896(01)00062–9.

Deary, I. J., Weiss, A. and Batty, G. D. (2010).
Intelligence and personality as predictors of illness and
death: how researchers in differential psychology and
chronic disease epidemiology are collaborating to
understand and address health inequalities. Psychological
Science in the Public Interest, 11, 53–79.
doi:10.1177/1529100610387081.

Deary, I. J., Whalley, L. J., Lemmon, H., Crawford, J. R.
and Starr, J. M. (2000). The stability of individual
differences in mental ability from childhood to old age:
follow up of the 1932 Scottish Mental Survey. Intelligence,
28, 49–55. doi:10.1016/S0160-2896(99)00031-8.

Deary, I. J., Whalley, L. J. and Starr, J. M. (2009). A
Lifetime of Intelligence: Follow-up Studies of the Scottish
Mental Surveys of 1932 and 1947. Washington, DC:
American Psychological Association.

Deary, I. J. et al. (2004). The functional anatomy of
inspection time: an event-related fMRI study. NeuroImage,
22, 1466–1479. doi:10.1016/j.neuroimage.2004.03.047.

Deary, I. J. et al. (2007). The Lothian Birth Cohort 1936: a
study to examine the influences on cognitive ageing from
age 11 to age 70 and beyond. BMC Geriatrics, 7, 28.
doi:10.1186/1471-2318-7-28.

Delgado-Rodríguez, M. et al. (2002). Cholesterol and
serum albumin levels as predictors of cross infection, death,
and length of hospital stay. Archives of Surgery, 137,
805–812. doi:10.1001/archsurg.137.7.805.

Dyker, A. G., Weir, C. J. and Lees, K. R. (1997). Influence
of cholesterol on survival after stroke: retrospective study.
British Medical Journal, 314, 1584–1588.
doi:http://dx.doi.org/10.1136/bmj.314.7094.1584.

Elias, P. K., Elias, M. F., D’Agostino, R. B., Sullivan,
L. M. and Wolf, P. A. (2005). Serum cholesterol and
cognitive performance in the Framingham Heart Study.
Psychosomatic Medicine, 67, 24–30.
doi:10.1097/ 01.psy.0000151745.67285.c2.

Ellison, R. C. et al. (2004). Lifestyle determinants of
high-density lipoprotein cholesterol: the National Heart,
Lung, and Blood Institute Family Heart Study.
Investigators of the NHLBI Family Heart Study. American
Heart Journal, 147, 529–35. doi:10.1016/j.ahj.2003.
10.033.

Folsom, A. R. et al. (1994). Body mass, fat distribution and
cardiovascular risk factors in a lean population of south
China. Journal of Clinical Epidemiology, 47, 173–181.
doi.org/10.1016/0895-4356(94)90022-1.

Folstein, M. F., Folstein, S. E. and McHugh, P. R.
(1975). “Mini Mental State”: a practical method for
grading the cognitive state of patients for the clinician.
Journal of Psychiatric Research, 12, 189–198.

Formiga, F. et al. (2011). Serum high-density lipoprotein
cholesterol levels, their relationship with baseline functional
and cognitive status, and their utility in predicting mortality
in nonagenarians. Geriatrics and Gerontology International,
11, 358–364. doi:10.1111/j.1447-0594.2010.00681.x.

Formiga, F. et al. (2012). Serum high-density lipoprotein
cholesterol levels correlate well with functional but not with
cognitive status in 85-year-old subjects. Journal of Nutrition,
Health and Aging, 16, 449–453.
doi:10.1007/s12603-012-0018-z.

Gaziano, J. (2012). Should we fast before we measure our
lipids? Archives of Internal Medicine, 172, 1705–1706.
doi:10.1001/jamainternmed.2013.1771.

Gottfredson, L. S. (2004). Intelligence: is it the
epidemiologists’ elusive “fundamental cause” of social class
inequalities in health? Journal of Personality and Social
Psychology, 86, 174–199. doi:10.1037/0022-3514.86.1.174.

Hagger-Johnson, G., Mõttus, R., Craig, L. C., Starr,
J. M. and Deary, I. J. (2012). Pathways from childhood
intelligence and socioeconomic status to late-life
cardiovascular disease risk. Health Psychology, 4, 403–412.
doi:10.1037/a0026775.

Henderson, V.W., Guthrie, J. R. and Dennerstein, L.
(2003). Serum lipids and memory in a population based
cohort of middle age women. Journal of Neurology,
Neurosurgery and Psychiatry, 74, 1530–1535.
doi:10.1136/jnnp.74.11.1530.

Hertzog, C., Kramer, A. F., Wilson, R. S. and
Lindenberger, U. (2009). Enrichment effects on adult
cognitive development: can the functional capacity of older
adults be preserved and enhanced? Psychological Science in

157



452 J. Corley et al.

the Public Interest, 9, 1–65.
doi:10.1111/j.1539-6053.2009.01034.x.

Ingelsson, E. et al. (2007). Clinical utility of different lipid
measures for prediction of coronary heart disease in men
and women. Journal of the American Medical Association,
298, 776–785. doi:10.1001/jama.298.7.776.

Jia, X., Craig, L. C., Aucott, L. S., Milne, A. C. and
McNeill, G. (2008). Repeatability and validity of a food
frequency questionnaire in free-living older people in
relation to cognitive function. Journal of Nutrition Health
and Aging, 12, 735–741. doi: 10.1007/BF03028622.

Karlamangla, A. S., Singer, B. H., Reuben, D. B. and
Seeman, T. E. (2004). Increases in serum
non-high-density lipoprotein cholesterol may be beneficial
in some high-functioning older adults: MacArthur studies
of successful aging. Journal of the American Geriatrics Society,
52, 487–494. doi:10.1111/j.1532-5415.2004.52152.x.

Kilgour, A. H. M., Starr, J. M. and Whalley, L. J. (2010).
Associations between childhood intelligence (IQ), adult
morbidity and mortality. Maturitas, 65, 98–105.
doi.org/10.1016/j.maturitas.2009.09.021.Kilgour.

Kivipelto, M. and Solomon, A. (2006). Cholesterol as a risk
factor for Alzheimer’s Disease – epidemiological evidence.
Acta psychiatrica et neurologica Scandinavica Supplementum,
185, 50–57. doi:10.1111/j.1600-0404.2006.00685.x.

Langsted, A., Freiberg, J. J. and Nordestgaard, B. G.
(2008). Fasting and nonfasting lipid levels: influence of
normal food intake on lipids, lipoproteins, apolipoproteins,
and cardiovascular risk prediction. Circulation, 118,
2047–2056.
doi:10.1161/ CIRCULATIONAHA.108.804146.

Law, M. R., Wald, N. J. and Thompson, S. G. (1994). By
how much and how quickly does reduction in serum
cholesterol concentration lower risk of ischaemic heart
disease? British Medical Journal, 308, 367–372.

Lee, Y. et al. (2010). Systematic review of health behavioral
risks and cognitive health in older adults. International
Psychogeriatrics, 22, 174–187.
doi:10.1017/S1041610209991189.

Li, G. et al. (2005). Serum cholesterol and risk of Alzheimer
disease: a community-based cohort study. Neurology, 65,
1045–1050. doi:10.1212/01.wnl.0000178989.87072.11.

Luciano, M. et al. (2009). Cognitive ability at age 11 and 70
years, information processing speed, and APOE variation:
the Lothian Birth Cohort 1936 Study. Psychology and
Aging, 24, 129–138. doi:10.1037/a0014780.

McNeill, G., Winter, J. and Jia, X. (2009). Diet and
cognitive function in later life: a challenge for nutritional
epidemiology. European Journal of Clinical Nutrition, 63,
S33–S37. doi:10.1038/ejcn.2011.2.

Mielke, M. M. et al. (2005). High total cholesterol levels in
late life associated with a reduced risk of dementia.
Neurology, 64, 1689–1695.
doi:10.1212/01.WNL.0000161870.78572.A5.

Mielke, M. M. et al. (2008). Baseline serum cholesterol is
selectively associated with motor speed and not rates of
cognitive decline: the Women’s Health and Aging Study II.
Journal of Gerontology. Series A, Biological Sciences and
Medical Sciences, 63, 619–624.

Muldoon, M. F., Ryan, C. M., Matthews, K. A. and
Manuck, S. B. (1997). Serum cholesterol and intellectual
performance. Psychosomatic Medicine, 59, 382–387.

Nelson, H. E. and Willison, J. R. (1991). National Adult
Reading Test (NART) Test Manual (Part II). Windsor, UK:
NFER-Nelson.

Office of Population Censuses and Surveys. (1980).
Classification of Occupations 1980. London, UK: Her
Majesty’s Stationery Office.

Onder, G. et al. (2003). Serum cholesterol levels and
in-hospital mortality in the elderly. American Journal of
Medicine, 115, 265–271. http://dx.doi.org/10.1016/S0002-
9343(03)00354-1.

Panza, F. et al. (2009). Higher total cholesterol, cognitive
decline, and dementia. Neurobiology of Aging, 30, 546–548.
doi:10.1016/j.neurobiolaging.2007.10.019.

Parale, G. P., Baheti, N. N., Kulkarni, P. M. and
Panchal, N. V. (2006) Effects of atorvastatin on higher
functions. European Journal of Clinical Pharmacology, 62,
259–265. doi:10.1007/s00228-005-0073-z.

Piguet, O. et al. (2003). Vascular risk factors, cognition and
dementia incidence over 6 years in the Sydney Older
Persons Study. Neuroepidemiology, 22, 165–171.
doi:10.1159/000069886.

Prospective Studies Collaboration (2007). Blood
cholesterol and vascular mortality by age, sex, and blood
pressure: meta-analysis of individual data from 61
prospective studies with 55 000 vascular deaths. Lancet,
370, 1829–1839.
http://dx.doi.org/10.1016/S0140-6736(07)61778-4.

Reitz, C., Luchsinger, J., Tang, M. X., Manly, J. and
Mayeux, R. (2005). Impact of plasma lipids and time on
memory performance in healthy elderly without dementia.
Neurology, 64, 1378–1383.
doi:10.1212/01.WNL.0000158274.31318.3C.

Reitz, C., et al. (2008). Plasma lipid levels in the elderly are
not associated with the risk of mild cognitive impairment.
Dementia and Geriatric Cognitive Disorders, 25, 232–237.
doi:10.1159/000115847.

Reitz, C. et al. (2010). Association of higher levels of
high-density lipoprotein cholesterol in elderly individuals
and lower risk of late-onset Alzheimer disease. Archives of
Neurology, 67, 1491–1497.
doi:10.1001/archneurol.2010.297.

Reynolds, C. A., Gatz, M., Prince, J. A., Berg, S. and
Pedersen, N. L. (2010). Serum lipid levels and cognitive
change in late life. Journal of the American Geriatrics Society,
58, 501–509. doi:10.1111/j.1532-5415.2010.02739.x.

Rockwood, K. et al. (2002). Use of lipid-lowering agents,
indication bias, and the risk of dementia in
community-dwelling elderly people. Archives of Neurology,
59, 223–227. doi:10.1001/archneur.59.2.223.

Sacker, A., Schoon, I. and Bartley, M. (2002). Social
inequality in educational achievement and psychosocial
adjustment throughout childhood: magnitude and
mechanisms. Social Science and Medicine, 55, 863–880.
http://dx.doi.org/10.1016/S0277-9536(01)00228-3.

Sacks, F. (1994). Dietary fats and coronary heart
disease. Overview. Journal of Cardiovascular Risk, 1,
3–8.

Schalk, B. W., Visser, M., Deeg, D. J. and Bouter, L. M.
(2004). Lower levels of serum albumin and total
cholesterol and future decline in functional performance in
older persons: the Longitudinal Aging Study Amsterdam.
Age and Ageing, 33, 266–272. doi:10.1093/ageing/afh073.

158



Cholesterol and cognitive function 453

Schatz, I. J. et al. (2001). Cholesterol and all-cause mortality
in elderly people from the Honolulu Heart Program: a
cohort study. Lancet, 358, 351–355.
http://dx.doi.org/10.1016/S0140-6736(01)05553-2.

Schubert, C. M. et al. (2006). Lipids, lipoproteins, lifestyle,
adiposity and fat-free mass during middle age: the Fels
Longitudinal Study. International Journal of Obesity, 30,
251–260. doi:10.1038/sj.ijo.0803129.

Scottish Council for Research in Education. (1933). The
Intelligence of Scottish Children: A National Survey of an Age
Group. London, UK: University of London Press.

Scottish Council for Research in Education. (1949). The
Trend of Scottish Intelligence: A Comparison of the 1947 and
1932 Surveys of the Intelligence of Eleven-year-old Pupils.
London, UK: University of London Press.

Shepherd, J. et al.; PROSPER Study Group (2002).
Prospective study of pravastatin in the elderly at risk.
Pravastatin in elderly individuals at risk of vascular disease
(PROSPER): a randomised controlled trial. Lancet, 360,
1623–1630. doi.org/10.1016/S0021-9150(00)80775-3.

Simons, L. A., Simons, J., Friedlander, Y. and
McCallum, J. (2001). Cholesterol and other lipids predict
coronary heart disease and ischaemic stroke in the elderly,
but only in those below 70 years. Atherosclerosis, 159,
201–208. doi.org/10.1016/S0021-9150(01)00495-6.

Siri-Tarino, P. W., Sun, Q., Hu, F. B. and Krauss,
R. M. (2010) Saturated fatty acids and risk of coronary
heart disease: modulation by replacement nutrients. Current
Atherosclerosis Reports, 12, 384–390.
doi:10.1007/s11883-010-0131-6.

Solomon, A. et al. (2007). Serum cholesterol changes after
midlife and late-life cognition: twenty-one-year follow-up
study. Neurology, 68, 751–756.
doi:10.1212/01.wnl.0000256368.57375.b7.

Solomon, A. et al. (2009) Serum total cholesterol, statins and
cognition in non-demented elderly. Neurobiology of Aging,
30, 1006–1009.
doi.org/10.1016/j.neurobiolaging.2007.09.012.

Starr, J. M. et al. (2004). Life long changes in cognitive
ability are associated with prescribed medications in old
age. International Journal of Geriatric Psychiatry, 19,
327–332. doi:10.1002/gps.1093.

Thorsson, B. et al. (2013). Changes in total cholesterol levels
in Western societies are not related to statin, but rather
dietary factors: the example of the Icelandic population.
European Heart Journal, 34, 1778–1782.
doi:10.1093/eurheartj/ehs395.

Tilvis, R. S., Valvanne, J. N., Strandberg, T. E. and
Miettinen, T. A. (2011). Prognostic significance of serum
cholesterol, lathosterol, and sitosterol in old age: a 17-year
population study. Annals of Medicine, 43, 292–301.
doi:10.3109/07853890.2010.546363.

Trompet, S. et al. (2010). Pravastatin and cognitive function
in the elderly. Results of the PROSPER study. Journal of
Neurology, 257, 85–90. doi:10.1007/s00415-009-5271-7.

van den Kommer, et al. (2009). Total cholesterol and
oxysterols: early markers for cognitive decline in the
elderly? Neurobiology of Aging, 30, 534–545.
doi:10.1016/j.neurobiolaging.2007.08.005.

van Exel, E. et al. (2002). Association between high-density
lipoprotein and cognitive impairment in the oldest old.
Annals of Neurology, 51, 716–721. doi:10.1002/ana.10220.

van Vliet, P. (2012). Cholesterol and late-life cognitive
decline. Journal of Alzheimer’s Disease, 30 (Suppl. 2),
S147–S162. doi:10.3233/JAD-2011-111028.

van Vliet, P., van de Water, W., de Craen, A. J. and
Westendorp, R. G. (2009). The influence of age on the
association between cholesterol and cognitive function.
Experimental Gerontology, 44, 112–122.
doi:10.1016/j.exger.2008.05.004.

Wechsler, D. (1998a). WAIS–IIIUK Administration and
Scoring Manual. London, UK: Psychological Corporation.

Wechsler, D. (1998b). WMS–IIIUK Administration and
Scoring Manual. London, UK: Psychological Corporation.

Weverling-Rijnsburger, A. W. et al. (1997). Total
cholesterol and risk of mortality in the oldest old. Lancet,
350, 1119–1123.
http://dx.doi.org/10.1016/S0140-6736(97)04430-9.

Whalley, L. J. and Deary, I. J. (2001). Longitudinal cohort
study of childhood IQ and survival up to age 76. British
Medical Journal, 322, 819.
http://dx.doi.org/10.1136/bmj.322.7290.819.

Whalley, L. J., Fox, H. C., Whale, K. W., Starr, J. M.
and Deary, I. J. (2004). Cognitive aging, childhood
intelligence and the use of food supplements: possible
involvement of n-3 fatty acids. American Journal of Clinical
Nutrition, 80, 1650–1657.

Whalley, L. J. et al. (2003). Plasma vitamin C, cholesterol
and homocysteine are associated with grey matter volume
determined by MRI in non-demented old people.
Neuroscience Letters, 341, 173–176.
http://dx.doi.org/10.1016/S0304-3940(02)01452-0.

Whitehead, T. P., Robinson, D. and Allaway, S. L.
(1996). The effects of cigarette smoking and alcohol
consumption on blood lipids: a dose related study on men.
Annals of Clinical Biochemistry, 33, 99–106.

Whitmer, R. A., Sidney, S., Selby, J., Johnston, S. C.
and Yaffe, K. (2005). Midlife cardiovascular risk factors
and risk of dementia in late life. Neurology, 64, 277–281.
doi:10.1212/01.WNL.0000149519.47454.F2.

Willett, W. C. (2012). Dietary fats and coronary heart
disease. Review. Journal of Internal Medicine, 272,
13–24.

Xiong, G. L., Benson, A. and Doraiswamy, P. M. (2005).
Statins and cognition: what can we learn from existing
randomized trials? CNS Spectrums, 10, 867–874.

Yaffe, K., Barrett-Connor, E., Lin, F. and Grady, D.
(2002) Serum lipoprotein levels, statin use, and cognitive
function in older women. Archives of Neurology, 59,
378–384. doi:10.1001/archneur.59.3.378.

159



BRIEF REPORT

Reverse Causation in Activity-Cognitive Ability Associations:
The Lothian Birth Cohort 1936

Alan J. Gow, Janie Corley, John M. Starr, and Ian J. Deary
University of Edinburgh

Active lifestyles might protect cognitive abilities; however, studies rarely consider the reverse causal
direction. Activity-cognition associations might reflect stable intelligence differences rather than a
protective effect of activity. The Lothian Birth Cohort 1936 (n � 1091) completed cognitive tests aged
70, having taken an intelligence test aged 11. Activity (assessed by participation in 15 activities that
produced a socio-intellectual activity factor, and by physical activity) was positively associated with
cognition (r � .08 to .32, p � .05). When age-11 IQ and adult social class were controlled, only physical
activity remained significantly associated with general cognitive ability and processing speed.

Keywords: prior cognitive ability, cognitive ability, activity participation, physical activity, reverse
causation

Examining for any cognitively beneficial effect of adopting an
active and engaged lifestyle has become a key focus in cognitive
aging research on the principle that activity participation is poten-
tially modifiable (Hertzog, Kramer, Wilson, & Lindenberger,
2009; Anstey & Christensen, 2000). However, findings are prone
to the possibility of reverse causation: prior intelligence is likely to
predict the choice of leisure-time pursuits, particularly whether to
engage in those of a mentally stimulating or demanding nature.
The current study investigated associations between activity and
cognitive abilities in old age before and after adjustment for this
possible confounding variable.

Fratiglioni, Paillard-Borg, & Winblad (2004) reviewed 15 lon-
gitudinal studies investigating the effects of lifestyle factors on

normal cognitive aging, grouped according to whether they as-
sessed social networks, physical activity, or nonphysical activity.
They concluded the following: “for all three lifestyle components
(social, mental, and physical), a beneficial effect on cognition . . .
[is] suggested” (p. 343). A recent comprehensive state-of-science
review by Hertzog et al. (2009) provides a detailed critique of the
literature on lifestyle factors and their likely role as cognitive
enhancers, and supports the general hypothesis of the benefits of
primarily intellectual and physical activities. The current paper
will not review this literature but rather will begin with the re-
ported positive effects of activity participation across domains and
examine these within the context of prior cognitive ability.

Of the studies included in Fratiglioni, Paillard-Borg, & Winblad
(2004), eight examined the link between (mostly) self-reported
physical activity and cognition. All but one reported an association
between increased physical activity participation and better cog-
nitive function or less cognitive decline. The protective effect on
cognition came from moderate and strenuous physical activity
(Yaffe, Barnes, Nevitt, Lui, & Covinsky, 2001), including walking
(Weuve et al., 2004). As walking is the most common exercise
taken by older individuals (World Health Organization, 1998), a
beneficial effect of this simple, low-cost workout would poten-
tially be among the most straightforward to influence (Yaffe et al.,
2001).

Social activities, such as visiting friends and family, were also
considered. Although Fratiglioni and colleagues (2004) suggested
there was evidence for a beneficial effect of improved social
networks on cognitive function, the boundaries between social
activity and social support networks were often blurred by the
nature of assessing them. Researchers investigating social support
often include basic measures of social activity participation in their
indices (such as church membership or participation, for example),
and vice versa. Is it something of the social activity or the support
received during such interaction that is potentially important?
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Because it is hard to define a purely social activity, there are fewer
studies in this domain compared with intellectual and physical
pursuits (similarly, “physical” activities could involve social sup-
port, intellectual effort, etc.). Consequently, results in this domain
have been more difficult to synthesize (Hertzog et al., 2009).

The assessment of nonphysical leisure activities generally con-
sists of pursuits thought to stimulate an individual cognitively,
specifically requiring mental, as opposed to social or physical,
engagement (Fratiglioni, Paillard-Borg, & Winblad, 2004). Mental
engagement activities, and perhaps specifically activities involving
novel information processing such as playing bridge or learning a
language (Hultsch, Hertzog, Small, & Dixon, 1999), are often
presented as the most important with respect to the preservation of
cognitive abilities into old age, frequently expressed within the
“use it or lose it” hypothesis (Kramer, Bherer, Colcombe, Dong, &
Greenough, 2004). Hertzog et al. (2009) have argued that the
consistency in findings across diverse studies suggests the “under-
lying association is quite robust” (p. 23). Yet, the direction of
causation remains a prime concern; “cross-sectional relationships
may indicate simply that brighter and more educationally advan-
taged people are more likely to participate in intellectually de-
manding pursuits” (Hultsch et al., 1999, p. 260). Studies with
follow-ups in later life are supportive of a beneficial effect of
engagement (Lovden, Ghisletta, & Lindenberger, 2005; Ghisletta,
Bickel, & Lovden, 2006), although rarely is the possibility of
reverse causation addressed.

Investigating the likelihood of reverse causation in the activity
literature is of central importance. The possibility that the cross-
sectional association between increased activity and improved
cognitive performance might be wholly or partly attributable to
prior cognitive ability predicting both has implications for those
developing activity-based interventions to reduce cognitive de-
cline. Hultsch et al. (1999) proposed that insufficient attention has
been paid to the possibility that cognitive decline may influence
engagement, as opposed to vice versa, and that many studies have too
readily accepted the use it or lose it assumption. Studies able to
control for prior intelligence—and thus investigate reverse causa-
tion—although rare, are necessary. Richards, Hardy, & Wadsworth
(2003) suggested that, independent of childhood ability, active
leisure-time was beneficial for the level of memory function, while
physical activity prevented decline over 10 years. By being able to
adjust for childhood ability, the results were less likely to be a
consequence of reverse causation and suggested that differential
effects of activity types might be detectable.

Given the potential for reverse causation in this domain, it is
worryingly underreported. Although a recent review highlighted
seven unanswered questions within the context of the engagement
hypothesis of cognitive aging (Bielak, 2010), it did not address this
issue (a brief mention was made of the difficulty of assigning a
causal direction to any association discovered in old age).

Studies often assess multiple activity domains. However, they
are generally analyzed separately to discover whether one form of
activity might confer greater protection and represent the most
appropriate target for any future interventions, or whether different
domains of cognitive function might be differentially associated
with different domains of activity (Bielak, 2010). Because many
activities cross domains, some researchers have shifted from at-
tempts to assess “social” activities, and “intellectual” activities,
and “physical” activities, to assessing activity more generally

(Karp et al., 2006; Bielak, 2010). It is worth examining patterns in
the way individuals are active and how activity in general might be
beneficial in terms of health and well being.

Present Study

Whereas most of the studies examining the association between
activity participation and cognitive abilities report a positive asso-
ciation, support for the engagement hypothesis is by no means
universal. The conclusion to the Fratiglioni, Paillard-Borg, &
Winblad (2004) review asked the following:

Can . . . premorbid intelligence explain the reported associations? . . .
Is the cognitive stimulation the common factor for all investigated
lifestyles? Which is the most relevant component: physical, cognitive,
or social? How do they interact? (p. 351)

Data from the Lothian Birth Cohort 1936 were used to address
these issues, namely the following: how are activity domains best
considered (separately or by some composite)?; is cognitive ability
in childhood related to activity participation in old age?; indepen-
dently of childhood mental ability, does activity participation
affect the level of ability in later life?

Method

Participants

The recruitment and testing of the Lothian Birth Cohort 1936
(LBC1936) has been described extensively (Deary et al., 2007;
Deary, Whalley, & Starr, 2009). In total, 1091 relatively healthy
participants (548 men and 543 women) were tested at a mean age
of 69.5 years old (SD � 0.8). Only variables relevant to the current
analysis are reported in detail; further information can be obtained
from Deary et al. (2007).

Cognitive Testing

The LBC1936 participants completed the Moray House Test
(MHT) at a mean of 10.9 years (SD � 0.3) (Scottish Council for
Research in Education, 1949). Participants repeated the MHT at
age 70. Scores were corrected for age in days at time of completion
and converted to an IQ-type scale (M � 100, SD � 15). At age 70,
participants completed a battery of psychometric cognitive tests
selected from the Wechsler Adult Intelligence Scale (WAIS)-III
U.K. (Wechsler, 1998a) and Wechsler Memory Scale (WMS)-III
U.K. (Wechsler, 1998b), with the addition of reaction time (Cox,
Huppert, & Whichelow, 1993) and inspection time (Deary et al.,
2004) for processing speed. Principal Components Analysis
(PCA)-derived scores were computed for general cognitive ability,
memory, and processing speed (Luciano et al., 2009; Corley et al.,
2010). Participants also completed the National Adult Reading
Test (NART; Nelson & Willison, 1991) and the Wechsler Test of
Adult Reading (WTAR; Holdnack, 2001), frequently used esti-
mates of peak cognitive ability.

Activity Questionnaire

Items concerning physical, mental, and social activities were
included in a questionnaire (984 questionnaires were received).
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Participants were asked: “What level of physical activity do you
mainly do?”, answered on a six-point scale: 1) moving only in
connection with necessary (household) chores, 2) walking or other
outdoor activities 1–2 times per week, 3) walking or other outdoor
activities several times per week, 4) exercising 1–2 times per week
to the point of perspiring and heavy breathing, 5) exercising
several times per week to the point of perspiring and heavy
breathing, 6) keep-fit/heavy exercise or competitive sport several
times per week (adapted from Hirvensalo, Lampinen, & Rantanen,
1998). Participants were also given a list of 15 activities (e.g.,
“Reading a book” and “Visits to friends or family”; full list on
request) drawn from those commonly used in previous work (i.e.,
Hultsch et al., 1999; Richards, Hardy, & Wadsworth, 2003; Wilson
et al., 2002; Wilson, Barnes, & Bennett, 2003; Glass, de Leon,
Marottoli, & Berkman, 1999) and instructed as follows: “For each
activity in the list, mark an “X” to show how often you generally
do it now.” Answers were on a five-point scale, from “every day
or about every day” to “less than once a year/never,” assigned
values of 5 to 1, respectively.

Results

PCA of Activity Items

A PCA was conducted on the 15 activity items. The KMO Measure
of Sampling Adequacy (MSA: Kaiser, 1974) was .72. The item
“Going to pubs or social clubs” had an MSA of .41. When the PCA
was rerun with this item removed, the new overall MSA was .75 and
all items had values above .50. Examination of the scree plot
suggested the extraction of a single component accounting for
19.6% of the variance (item loadings on this first unrotated
component available on request). All items loaded positively
except “Watching TV” (�.21). An activity factor—named
socio-intellectual activity—was produced by summing the 11
items with loadings greater than .30, with a Cronbach’s alpha �
.66.

Descriptives

Nine hundred thirty-four participants had a score for socio-
intellectual activity, and 961 answered the question about physical
activity. In terms of physical activity, responses ranged from
“moving only in connection with necessary (household) chores”
(1) to “keep-fit/heavy exercise or competitive sport several times
per week” (6), with a mean of 2.98 (SD � 1.11), corresponding to
“walking or other outdoor activities several times per week.” The
number of participants in each category were as follows: 1 � 88,
2 � 175, 3 � 499, 4 � 100, 5 � 69, 6 � 30. Scores on the
socio-intellectual activity factor ranged from 11 to 44, with a mean
of 25.94 � 5.11). There was a small, significant association
between socio-intellectual activity and physical activity (r � .17,
p � .001). Men were more physically active than women [3.08
(SD � 1.09) versus 2.88 (SD � 1.11); t(959) � �2.729, p �
.006)]. Women had higher scores on the socio-intellectual activity
factor [27.13 (SD � 4.99) versus 24.71 (SD � 4.92) for men;
t(932) � �7.458, p � .001].

Associations Between Activity and Cognitive Ability

The correlations between the activity and cognitive measures are
shown in Table 1. Socio-intellectual activity was significantly posi-
tively associated with all cognitive outcomes at age 70, ranging from
.19 with processing speed to .32 with NART. Age-11 IQ was also
associated with socio-intellectual activity (r � .30). All associations
were attenuated to nonsignificance when repeated with age-11 IQ
partialed out, except activity-NART/WTAR (which were reduced to
.20 and .13, respectively). Physical activity was significantly posi-
tively associated with the all of the cognitive outcomes (see Table 1),
ranging from .07 with NART to .14 with general cognitive ability and
processing speed. The age-11 IQ-physical activity correlation was .08.
When age-11 IQ was partialed out, the physical activity-memory and
physical activity-NART correlations became nonsignificant although
virtually unaltered in terms of magnitude; the remaining associations
were almost unaltered.

Table 1
Correlations Between Activity and Cognitive Abilities in the Lothian Birth Cohort 1936

Socio-intellectual activity Physical activity

Age-11 IQ partialled

Percentage shared variance
before/after age-11 IQ

adjusted (% attenuation) Age-11 IQ partialled

Percentage shared variance
before/after age-11 IQ

adjusted (% attenuation)

Age-11 IQ .30��� — — .08� — —
Age-70 IQ .23��� .04 5.29/0.16 (97%) .10�� .10�� 1.00/1.00 (0%)
General cognitive ability .21��� .02 4.41/0.04 (99%) .14��� .12�� 1.96/1.44 (26%)
Processing speed .19��� .05 3.61/0.25 (93%) .14��� .15��� 1.96/2.25 (NA)
Memory .21��� .06 4.41/0.36 (92%) .08� .07 0.64/0.49 (23%)
NART .32��� .20��� 10.24/4.00 (61%) .07� .06 0.49/0.36 (26%)
WTAR .27��� .13��� 7.29/1.69 (77%) .08� .08� 0.64/0.64 (0%)

Note. Correlations are raw and with age-11 IQ partialled. n � 885–960; for the partial correlations, all n � 778. Age-11/70 IQ � raw age-11/70 MHT
score corrected for age in days at time of testing and converted into IQ scores (by definition, age-11/70 IQ has a mean of 100 and a standard deviation
of 15). General cognitive ability � 1st unrotated component from a PCA of symbol search, digit symbol, matrix reasoning, letter number sequencing,
backwards digit span, and block design; Processing speed � 1st unrotated component from a PCA of symbol search, digit symbol, choice reaction time,
inspection time, simple reaction time (log 10 transformed); Memory � 1st unrotated component from a PCA of logical memory immediate recall, logical
memory delayed recall, spatial span forwards, spatial span backwards, verbal paired associates immediate recall, verbal paired associates delayed recall,
letter number sequencing, and backwards digit span; NART � National Adult Reading Test; WTAR � Wechsler Test of Adult Reading.
� p � .05. �� p � .01. ��� p � .001.
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Separate general linear models were run for each of the cogni-
tive outcomes as the dependent variable and either socio-
intellectual activity or physical activity as the independent variable
(see Table 2). There was a small but significant positive associa-
tion for all cognitive outcomes with socio-intellectual activity
when age and sex were controlled, accounting for 3.4 to 9.9% of
the variance. Adjusted for age-11 IQ, all associations were reduced
to nonsignificant levels and the variance accounted for by socio-
intellectual activity was reduced to less than 0.5% across all
cognitive outcomes except processing speed, NART, and WTAR
(socio-intellectual activity accounted for 0.5–3.5% of the vari-
ance). Only the latter two effects remained when all covariates
were included: socio-intellectual activity accounted for 2.0% of the
variance in NART performance and 0.5% in WTAR.

In terms of physical activity, there were positive associations
with all the cognitive outcomes in the initial age- and sex-adjusted
models, accounting for 0.5 to 1.9% of the variance (see Table 2).
However, additionally adjusting for age-11 IQ resulted in attenu-
ation of many of the associations. Using age-70 IQ as an example,
physical activity accounted for about 1% of the variance, which
was reduced to about 0.3% with age-11 IQ included. Including all
covariates, physical activity was positively associated with general
ability and processing speed, accounting for about 1% of the
variance in each.

Discussion

In the LBC1936, higher childhood cognitive ability was asso-
ciated with being more active at age 70, either physically (r � .08)
or in terms of a social-intellectual activity score (r � .30). Al-
though both measures of activity were cross-sectionally associated
with better cognitive functioning at age 70, age-11 IQ generally
accounted for almost all of the association between sociocultural
activity and the cognitive outcomes. After adjusting for childhood
intelligence, participants with higher socio-intellectual activity
scores performed better on tests of vocabulary, whereas increased
physical activity remained associated with higher performance in
terms of general cognitive ability and processing speed.

Hertzog et al. (2009) concluded that when assessed alongside
other lifestyle factors, “cognitive activities appear to be the stron-
gest predictor of cognitive change” (p. 39). To assert that activity
is cognitively advantageous these effects must persist after a valid
measure of prior cognitive ability is accounted for (Deary & Gow,
2008). It is interesting that prior cognitive function is less associ-
ated with physical activity in later life than with a variety of social
and intellectual pursuits. The results suggest, in later life at least,
such cultural activities might reflect an outward manifestation of
cognitive ability, rather than conferring any special advantage in
terms of current or future cognitive status. Physical activity is,
perhaps, a preferred target in terms of developing interventions to
reduce cognitive decline. Previous research has highlighted the
cognitive benefit of even light and moderate exercise (Yaffe et al.,
2001; Weuve et al., 2004). Many putative protective lifestyle
factors are highly confounded by earlier demographic factors;
those lifestyle factors confounded to a lesser degree must be
identified and pursued.

The current results underscore the notion that many studies
reporting a cognitively protective effect of activity participation
may be stating no more than that individuals of higher ability are T
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more likely to participate in social and intellectual pursuits
(Hultsch et al., 1999). Associations in later life may be derived
from the lifelong stable trait of intelligence, not an independent
contribution from activity and engagement. That said, activity
participation did account for variance in the tests of adult reading
(Nelson & Willison, 1991; Holdnack, 2001). These are frequently
used as proxies when a measure of actual prior ability is unavail-
able, specifically as indicators of maximal or peak ability. The
association of activity participation with these measures may sug-
gest that general engagement in social and intellectual pursuits
predicts the peak level of cognitive ability achieved in adulthood,
consistent with Richards, Hardy, & Wadsworth (2003). The cur-
rent study is unable to ascertain a causal pathway because of the
timing of assessments; both activity and cognitive assessments
were conducted when the participants were a mean of 70 years.
However, there are plausible mechanisms (environmental com-
plexity, e.g., Schooler, 1984), but it is uncertain whether this active
engagement would be required during critical developmental pe-
riods, or whether there is a continued effect (Anstey & Chris-
tensen, 2000).

The cognitive stimulation resulting from increased activity is
often suggested as key to any protective effect. Activities which
are specifically cognitive, or those from other domains necessitat-
ing some level of cognitive engagement, may act through a shared
pathway. An engagement model of cognitive level and decline
proposes those more engaged with their environment are less
likely to suffer the adverse effects of cognitive aging or at least
delay the onset of such age-related cognitive decline (Anstey &
Christensen, 2000; Kramer et al., 2004). With a (dis)engagement
model, however, the nature of causality is difficult to tease out,
particularly as participation in cognitively demanding activities is
determined by prior cognitive ability (Hultsch et al., 1999). The
LBC1936 results are tentatively consistent with the proposal that
cognitive and social activities may contribute to the maximal level
of cognitive ability achieved, although the present data cannot be
conclusive. Unfortunately, if any accrued benefit of activity and
engagement needs to be assessed earlier in life, further waves of
cognitive and activity assessment will not allow this to be inves-
tigated. Methods including retrospective reports (Fritsch et al.,
2007) will need to be explored.

Physical activity was found to predict general cognitive perfor-
mance and processing speed after controlling for social class and
prior cognitive ability, accounting for about 1% of the variance in
each. This is consistent with previous research; for example,
women who walked more when aged about 70 years old were less
likely to experience cognitive decline over the subsequent 7 1/2
years (Yaffe et al., 2001). Data from the 2009 Scottish Household
Survey reported walking as the most common form of exercise
taken by older adults: in the 60 to 74 years old category, 53%
walked for at least 30 minutes for recreational purposes in the
previous four weeks (The SHS Team, 2010).

Further investigation is especially important as van Gelder et al.
(2004) reported that decreasing physical activity was detrimental
to cognitive health. Physical activity could lead to improved cog-
nitive function via better health and a lower burden of disease, with
subsequent consequences for healthier brain function, or act as a
marker for a generally healthy lifestyle with the associated reduc-
tion in illness and infirmity. As vascular disease has been linked to
cognitive decline and Alzheimer’s, increased physical activity may

therefore have a beneficial effect on later life cognitive outcomes
via a reduction in vascular risk factors (Hendrie et al., 2006). It has
also been proposed that physical activity may have a direct effect
on brain structure or physiology (van Gelder et al., 2004; Yaffe et
al., 2001; Fratiglioni, Paillard-Borg, & Winblad, 2004; Hendrie et
al., 2006; Dishman et al., 2006).

Limitations

The measures used, particularly for physical activity, were rel-
atively crude (though comparable to the previous research from
where they were derived). It would be advantageous to also con-
sider other aspects of physical activity (type, intensity and dura-
tion, energy expenditure) to more precisely index the physical
activity required to produce a beneficial effect on cognition. Other
activities were not grouped specifically as social or intellectual as
many activities are likely to include social and intellectual engage-
ment. Extracting a latent activity factor limits the possibility of
deciding what particular activities within this might be driving any
activity-cognition associations; however, the social versus intel-
lectual division might be something of a false separation driven by
expectation rather than empirical data (Bielak, 2010). The first
unrotated component provided an overall activity measure which
may be more informative of how people actually go about their
leisure time. In addition, the mechanisms proposed to account for
the benefits of social and intellectual activities overlap to an extent
and are not mutually exclusive.

The LBC1936 is purely observational. Activity patterns occur
within a milieu of social and health behaviors not accounted for in
the current study; if these explain any protective effects, interven-
tions may fail to provide a benefit. Further, the LBC1936
follow-up began at age 70. To be of benefit to cognitive function
in the eighth decade, activity participation may need to be initiated
and maintained decades before (Fritsch et al., 2007; Richards,
Hardy, & Wadsworth, 2003). Finally, the study is primarily cross-
sectional and cannot account for the causal direction of the effects
reported. Follow-up at age 73 is ongoing, and planned for age 76.
These waves will allow examination of whether activity partici-
pation at age 70 is associated with the trajectory of cognitive
change. Although similar to the current examination, level of
cognitive ability at a given age and change across time are distinct.

Conclusions

If lifestyle variables—including activity participation—have a
positive impact upon cognitive aging, such findings are of great
importance, perhaps more so than genetic or biological influences,
because they may be “more directly amenable to psychological
intervention” (Schaie, 1984, p. 476). The assessment of activity
participation in the Lothian Birth Cohort 1936 suggests that gen-
eral activity and engagement may contribute to the development of
peak cognitive ability in adulthood, whereas physical activity may
continue to predict cognitive abilities in old age. Further work will
investigate the effect of activities through the 70s.
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Introduction: Age-associated cognitive decline—or normal (non-pathological,

normative, usual) cognitive ageing—is an important human experience which

differs in extent between individuals. The determinants of the differences in

age-related cognitive decline are not fully understood. Progress in the field is

taking place across many areas of biomedical and psychosocial sciences.

Areas of agreement and controversy: The phenotype of normal cognitive ageing

is well described. Some mental capabilities are well maintained into old age.

From early adulthood, there are declines in mental domains such as processing

speed, reasoning, memory and executive functions, some of which is

underpinned by a decline in a general cognitive factor. There are contributions

to understanding individual differences in normal cognitive ageing from

genetics, general health and medical disorders such as atherosclerotic disease,

biological processes such as inflammation, neurobiological changes, diet and

lifestyle. Many of these effect sizes are small; some are poorly replicated; and in

some cases, there is the possibility of reverse causation, with prior cognitive

ability causing the supposed ‘cause’ of cognitive ability in old age.

Emerging areas for developing research: Genome-wide scans are a likely source

to establish genetic contributions. The role of vascular factors in cognitive

ageing is increasingly studied and understood. The same applies to diet,

biomarkers such as inflammation and lifestyle factors such as exercise. There are

marked advances in brain imaging, affording better in vivo studies of brain

correlates of cognitive changes. There is growing appreciation that factors

affecting general bodily ageing also influence cognitive functions in old age.
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Introduction

The impact of age itself on cognition—not dementia, and not mild cog-
nitive impairment, nor the other specific cognitive decline syndromes—
is such a large, immediate problem for current science, and so ignored
by current scientists, that Brayne1 called it, ‘the elephant in the room’.

With an increasingly aged population, both in the UK and interna-
tionally, cognitive impairment is a major health and social issue.
Cognitive decline is among the most feared aspects of growing old. It is
also the most costly, in terms of the financial, personal and societal
burdens. It is important, because cognitive decline heralds dementia,
illness and death. In the UK, cognitive failure is the cause for 40% of
admissions to institutional care. It is widely agreed that more research
is needed to understand the mechanisms of cognitive ageing and the
factors that contribute to its individual differences.1 Committees have
been formed, and book-length calls have gone out from national organ-
izations, enumerating the problems of the ageing brain and the necess-
ary research agenda: from the Scottish National Health Service,2 from
the UK’s House of Lords,3 from the USA’s National Academies4 and
the USA’s National Institutes of Health.5 The latter stated that, ‘identi-
fying the demographic, biological, and psychosocial factors that can
help people maintain or enhance their cognitive and emotional health
as they grow older becomes a major public health goal for this
country’ (p. 13). The present summary of some aspects of non-
pathological cognitive ageing focuses on studies that have examined
older people. However, the state of the brain in old age is the summary
of effects across the lifecourse, from conception. This long view is
well represented in the UK Government Office for Science’s
Foresight Report, ‘Mental Capital and Wellbeing’,6 and it is highly
recommended.

The above-mentioned sources1–6 on cognitive ageing and its causes
make it clear—to a greater or lesser extent—that it is far from straight-
forward to separate non-pathological from pathological cognitive
decline. Often, in the studies that are summarized below, this is done
by brief tests such as the Mini-Mental State Examination and/or by the
absence of a clinical diagnosis, and sometimes by exclusion using a
standardized psychiatric interview. However, it is recognized and must
be remembered that: people’s differences in age-related cognitive
decline form a continuum, not entirely discrete groups (of course,
defining into groups is needed for treatment decisions); diagnostic cri-
teria for Mild Cognitive Impairment (and its alternative terms) and
dementia change, and so the points on the continuum that are deemed
pathological or not can change; people’s cognitive level in old age
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depends to a large extent on their prior intelligence and that is not
always taken into account in reckoning whether a given level of cogni-
tive function in old age represents a decline—in absolute terms, or rela-
tive to their age cohort—for that person; the same measured level of
cognitive ability in old age can occur in the presence of very different
levels of brain pathology (e.g. Alzheimer-type); and even people with
no apparent cognitive decline can have Alzheimer-type pathology in
their brains. In summary, studies that purport to describe contributions
to non-pathological cognitive ageing must be examined with these
caveats, and bearing in mind the possibility that some people in such
studies might be in the early, undiagnosed stages of pathological cogni-
tive impairment.

If the first warning about studies in non-pathological cognitive
ageing is that the subjects in such studies will not invariably be non-
pathological, the second warning is that apparent causes of cognitive
ageing will not always be causes at all. It is quite common to read a
report in which a variable is associated significantly with a cognitive
test score in old age. Typically, the study is cross-sectional. Typically,
too, the suggestion is made that the variable is a possible cause of cog-
nitive differences in old age, of cognitive decline perhaps. It might be.
But there are other possibilities. The follow-up studies of the Scottish
Mental Surveys,7 for example, have shown that intelligence test scores
from childhood are associated with health variables and health risk
factors in middle and old age. Therefore, the cross-sectional ‘variable
X versus cognitive ability scores’ finding in old age might—in part or
whole—be the result of reverse causation: intelligence traits from early
life affect later health. Another possibility is that the cross-sectional
correlation is caused by some third—confounding—variable or set of
variables and that the correlation is spurious, being the result of some
more basic factor(s) that affect both the apparent cause and effect.
Therefore, discovering associations between putative causes of cogni-
tive ageing and cognitive ability test scores are only the beginning.
Ideally, they should be studied longitudinally and be the subject of
mechanistic investigations.

The landscape of cognition and how it ages

There is little age-associated decline in some mental functions—such as
verbal ability, some numerical abilities and general knowledge—but
other mental capabilities decline from middle age onwards, or even
earlier.8,9 The latter include aspects of memory, executive functions,
processing speed and reasoning. All of these so-called ‘fluid’ mental
abilities are important for carrying out everyday activities, living
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independently and leading a fulfilling life. When one fluid mental
domain declines others tend to do so also.10 Second, slowed speed of
information processing appears to account for a substantial proportion
of age-associated decline in all affected cognitive domains, and the
slowing has begun by the 30s,11 as has the age-associated decline in
some other aspects of cognitive function.12 Within the range defined by
‘normal cognitive ageing’—i.e. in people who would not meet the cri-
teria for dementia or any of the varieties of ‘mild cognitive impair-
ment’—people differ greatly in the degree to which their brains decline
with age. Identifying the risk factors for, and mechanisms of, individ-
ual differences in age-associated cognitive decline is among the greatest
challenges to improve the wellbeing of older people.

Here, we address some contributions—general medical, genetic, vas-
cular, physiological, dietary and lifestyle—to non-pathological cogni-
tive ageing. This is an especially important problem because it involves
such large numbers of people compared with the dementias. The USA’s
NIH emphasized the importance of studying the processes of ‘normal’
and ‘successful’ cognitive ageing.5 We should state at the start that
individual differences in cognitive ability in old age reflect two things:
differences in prior cognitive ability and differences in the degree to
which change (typically deterioration) has taken place. Of the many
possible contributors to cognitive ability level in old age, none yet
known approaches the effect size of mental ability measured in child-
hood. Even as late as age �80, childhood intelligence contributes
�50% of the variance, or more, to cognitive ability in old age in
people without dementia.7

Disease, health and normal cognitive ageing

Inasmuch as age is the major risk factor for dementing illnesses, such
as Alzheimer’s disease, there is a case for considering these as repre-
senting an extreme end of the spectrum of age-associated cognitive
decline. However, the dementias are not only quantitatively different in
the degree of cognitive decline, but also they are often qualitatively
different in the pattern of decline across the various cognitive abilities.
For example, Alzheimer’s disease is characterized by marked impair-
ment of episodic memory and frontotemporal dementia by impaired
executive function. Moreover, people with dementia often exhibit
changes in behaviour and other aspects of mental state as well as
declines in performing activities of daily living. Having said this, in
advanced old age, when dementia has a high prevalence, distinguishing
between normative and non-normative ageing is not simple. Indeed,
this difficulty has been recognized by introducing categories such as
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mild/minimal cognitive impairment which have a position somewhere
between normal cognitive ageing and dementia.

One problem in distinguishing between normative and non-normative
cognitive ageing is that neuropathological changes of Alzheimer’s
disease are widespread in older peoples’ brains. In the MRC Cognitive
Function in Aging Study (CFAS), around one-third of participants
without dementia had moderate or severe neuritic plaque scores at
autopsy.13 Another challenge is the observation that risk factors for
dementia also increase risk of normative cognitive decline (age, hyper-
tension, diabetes, physical fitness and education).1,5–7 Mirroring the
problems distinguishing normative and non-normative cognitive ageing
is a similar set of challenges differentiating normal physical ageing
from age-associated disease. Disease, as defined by diagnosis and
excepting dementia, is a poor predictor of cognitive decline,14 whereas
physiological markers of health status are significantly correlated
among themselves and with cognitive ageing.15 This mirroring has
suggested that physiological and cognitive functions decline together in
old age and led to what is termed the ‘common cause’ theory of
ageing. This theory hypothesizes that although there are individual
measure-specific mechanisms leading to decline, a considerable pro-
portion of decline is attributable to some core biological processes that
deteriorate with ageing. Candidates for such core processes include oxi-
dative stress, telomere attrition, hormonal dysregulation and immuno-
senescence. Research on the relationship between physical and
cognitive ageing has thus sought to measure biomarkers of these pro-
cesses to establish which pathways are implicated.

Another problem has been recognized that impacts upon our under-
standing of the relationship between physical health and age-associated
cognitive decline: several disease states thought to affect cognition
adversely are more common in people with lower early life IQ, includ-
ing childhood IQ.7 Since childhood IQ, itself, is a strong predictor of
cognitive abilities in later life, the disease state may be acting as a
marker of lower childhood IQ and this might explain in whole or in
part any association with lower cognitive ability in old age. For
example, lower childhood IQ is associated with elevated blood pressure
in middle age even after adjustment for social class, smoking and other
factors.16 High blood pressure is thought to lead to cognitive decline,
but few studies that examine this relationship adjust for the contri-
bution made by childhood IQ to cognition in later adult life. Hence
age-associated cognitive decline is best considered in terms of a life-
course perspective. What appears to be the effect of an illness state on
cognitive ability in old age might in part be the reverse: the effect of
early life cognition on the risk of developing the disease state.
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Genetic contributions to cognitive ageing

Heritability studies—using data from twins and families with adopted
children—have estimated that the heritability of general cognitive
ability is �50%, increasing from childhood to adulthood and into old
age. Some studies have shown that heritability decreases in very old
age, though the contribution of genes to cognitive ability remains
above 50%. It is likely that there are genetic influences on both the life-
long trait of intelligence and specifically on age-associated cognitive
decline.17,18

Candidate genes studies have looked for associations between vari-
ations in specific genes and age-associated cognitive decline. Candidate
genes include those previously associated with cognitive ability, demen-
tia, cardiovascular disease, oxidative stress and longevity.17 There have
been a number of published associations between candidate genes and
cognitive ageing, but the gene coding for apolipoprotein E (APOE), a
risk factor for Alzheimer’s disease, is one of the few to have been repli-
cated in multiple studies.19,20 In people within the normal range of cog-
nitive ageing, possessors of the E4 allele of the APOE gene perform
slightly worse on general cognitive ability and on the specific domains
of perceptual speed, episodic memory and executive functioning. The
influence of specific variants in 10 genes—e.g. BDNF, COMT, DISC1
and PRNP—that had been previously associated with cognitive ageing,
cognitive ability, Alzheimer’s disease and autism were recently exam-
ined, and there was no evidence that they were associated with cogni-
tive ageing in a cohort of �1000 Scots with cognitive ability test scores
available from ages 11 and 70 years.21 There are several reasons why
candidate gene studies have identified so few replicable associations
with age-associated cognitive decline. First, the genetic variants so far
identified each account for at most only a small percentage (1–2%) of
the variance in cognitive ageing and, as most studies contain only hun-
dreds of participants, they are often underpowered for detecting such
effect sizes. Second, many of the studies have been performed on par-
ticipants from different populations and it is possible that different
genes are important in different populations. Third, not all studies have
used participants of the same age range. It may be that different genes
influence cognition at different ages, even within what is classified as
old age. Finally, the major limitation of candidate genes studies is that
they rely on our limited understanding of both the biology of cognitive
ageing and the functions of the candidate genes. This is where genome-
wide association studies will be more useful, allowing up to one
million genetic variants (both single nucleotide polymorphisms and
copy number variations) spread throughout the genome to be
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genotyped. They are not biased towards a particular gene or genes.22

Table 1 summarizes and exemplify genetic approaches to the study of
non-pathological cognitive ageing.

Cardiovascular disease and cognitive ageing

A delicate relationship exists between the circulatory system and the
brain which, if upset by vascular disease, may affect normal brain func-
tioning.23 Diverse neurological symptoms may follow either transient
or permanent disruption of blood flow to the brain. Long-lasting sen-
sorimotor and behavioural disabilities are frequently observed after
acute ischaemic stroke caused by complications of large-artery athero-
sclerosis.24 A single large or repeated brain infarcts increase the risk of
cognitive impairment, hence the term multi-infarct dementia. Even
without dementia, stroke patients tend to perform poorly on cognitive

Table 1 Types of genetic contributions to understanding non-pathological cognitive
ageing.

Types of genetic

studies

Targets Example results Future References

Heritability

studies

Genetic influences on

cognitive ability studied

using twin, adoption and

family designs

Genetic

contributions to

intelligence

variation are: 41%

childhood; 55%

adolescence; 66% in

young adulthood;

about 60% in old

age

Determine source

of heritability by

searching for

molecular genetic

influences

14,48

Candidate gene

studies

Genes for cognitive

ageing sought among

genetic influences on:

cognitive ability;

dementia and other

neurodegenerative

disorders; cardiovascular

disease; oxidative stress;

longevity etc.

Variants in the

following genes

reported as

associated with

differences in

cognitive ageing:

APOE, BDNF, COMT,

DISC1, PRNP

APOE is well

established; other

genes have

largely failed to

replicate

15–17

Whole-genome

association

Whole-genome analysis

used to reveal common

variants influencing

cognitive ageing

LRP1B haplotypes

associated with

successful ageing

without cognitive

decline

Replication in

larger samples;

improved

genome

coverage;

detailed cognitive

testing

49

The gene names are as follows: APOE, apolipoprotein E; BDNF, brain-derived neurotrophic factor;

COMT, catechol-O-methyltransferase; DISC1, disrupted in schizophrenia 1; PRNP, prion protein; LRP1B,

low-density lipoprotein-related protein 1B.
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tests compared with healthy, non-stroke controls. Depending on the
criteria used, cognitive impairment may affect up to 70% of patients.25

Deficits in multiple cognitive domains are frequently observed, includ-
ing general mental status, abstract reasoning, attention and specific
memory functions, but usually some improvement occurs with time fol-
lowing the stroke event. Different stroke characteristics, including
lesion laterality, may also influence cognitive outcomes in these
patients; for example, left-hemisphere stroke is consistently associated
with general cognitive impairment.24 Although focal neurobehavioural
deficits are common after stroke, general mental functions which
depend on the integrity of the entire brain may also be affected.

Symptomatic atherosclerotic disease in one arterial site may represent
similar pathology in other arteries.23 For example, stroke patients fre-
quently have concomitant coronary heart disease (CHD). Even in the
absence of stroke, CHD predisposes to cognitive impairment which, in
addition to systemic atherosclerosis, may result from cerebral hypoper-
fusion due to impaired cardiac function or infarcts caused by cardio-
genic emboli travelling to the brain.23 Although few studies have
examined cognitive deficits in patients with milder CHD syndromes—
including angina—poorer mental status, memory and executive func-
tions have been reported in survivors of acute myocardial infarction
(AMI).23 However, known CHD risk factors, which often cluster in
individual patients, may independently influence cognition. When
appropriately controlled for, AMI may no longer associate with cogni-
tive performance.26 In contrast, end-stage congestive heart failure is
associated with deficits in executive function, memory, concentration
and psychomotor speed.23 Cardiac output, which may be severely
reduced due to impaired ventricular function, predicts cognitive func-
tion in these patients, although as yet, it is unknown whether heart
transplantation actually improves cognitive outcomes in patients with
long-standing heart failure.

Similarly, patients with peripheral arterial disease (PAD) affecting the
lower extremities commonly have atherosclerotic lesions in major
arteries supplying the heart muscle and the brain. Deficits in psycho-
motor speed, problem solving and abstract reasoning are common in
neurologically intact patients with very advanced PAD, such as leg
amputees.27 The extent of these deficits may differ only marginally
from that seen following overt stroke. In these patients, disease severity
may be an important predictor of cognitive function. In population-
based studies, elderly people who experience leg pain while walking,
the clinical hallmark of PAD, have been found to be at an increased
risk of progressive cognitive decline, particularly in verbal memory,
which is not explained by the influence of a previous stroke, depressed
mood or concomitant vascular risk factors on cognition.26
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Inflammation and cognitive ageing

There is strong evidence linking markers of inflammation with athero-
sclerosis and cardiovascular disease, but its relationship with cognition
is less well defined. Current prospective and cross-sectional studies
provide conflicting views with positive and null findings being reported
between late-life biomarker levels and cognitive ability.28,29 Of these
studies, few have assessed a large cohort of subjects over a long-term
follow-up using an extensive battery of cognitive tests.

In terms of the inflammatory biomarkers studied, there is a reason-
ably large body of work on the downstream acute-phase protein
C-reactive protein (CRP), and the upstream cytokines tumour necrosis
factor alpha and interleukin-6. The magnitude of the effect sizes
between these markers and cognition is typically small, with the bio-
markers explaining �1% of the variance of the cognitive test scores. In
addition to inflammatory biomarkers, some studies have also integrated
rheological and thrombotic factors, such as plasma viscosity and fibri-
nogen into their analyses. Initial findings for these markers are again
mixed, although a causal rheology-cognition association is certainly
plausible via a ‘sticky blood’ hypothesis. Explicitly, some suggest that
increased blood viscosity has an effect on cerebral blood flow at a
microvascular level.30

One study showed associations between both CRP and fibrinogen
with cognitive ability at age 70 years.31 However, upon adjustment for
a measure of IQ at age 11, the associations were markedly attenuated.
Further, the age-11 IQ scores also predicted age-70 CRP levels. This
again raises the possibility of a reverse causation argument, in which
lower childhood IQ leads to more inflammation in later life.
Longitudinal data such as these are clearly a desirable study feature,
although investigators might also consider the inclusion of a
vocabulary-based test to estimate peak prior cognitive function.
Measures such as the National Adult Reading Test are fairly robust
estimates with scores on vocabulary-based tests showing little evidence
of change over time.32

Given the high variability and acute nature of some inflammatory
biomarker levels in old age, especially CRP, it may be relevant to use
genetic variants as predictors of lifetime exposure to inflammation.
Such an approach treats the intermediate phenotype (the biomarker
level, such as CRP) as a biased measure. Instead, it models directly a
gene-cognition association using genetic information, such as single
nucleotide polymorphisms. Because genetic variants are determined at
conception, they are less likely to be affected by confounding.
Therefore, the use of such variants as predictors may be an approach
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that will help to elucidate causal mechanisms. A caveat with this
approach is the very large sample size required to detect significant
associations. It may be that collaborative work with replication across
different populations is required to reduce the possibility of false-
positive findings and to ensure adequate power to detect what are
almost certain to be small associations.

Neurobiology and cognitive ageing

The brain undergoes pronounced age-associated structural changes in
old age. The most obvious is a steady decrease in brain size, balanced
by an increase in ventricular spaces and cerebrospinal fluid. Brain
atrophy accelerates in old age and shows an anterior–posterior gradi-
ent, with the most severe effects occurring in prefrontal regions.33

Compared with overall brain, age-associated shrinkage is much smaller
in the cerebral parenchyma. In the latter, atrophy starts much earlier in
life and is more steady in grey matter (the neuron cell bodies) and corti-
cal thickness than in white matter (the nerve fibres connecting different
brain areas). Brain white matter volume tends to be relatively stable in
healthy adults until about age 70, when steep decline, with an even
more pronounced anterior–posterior gradient, can set in.8,33,34 Also,
cerebral dopamine receptor density depletes with age, which plays a
central role in regulating attention and in modulating response to con-
textual stimuli.8 A variety of mechanisms are likely to be causal in the
normative age-associated decline in brain structure, including hyperten-
sion, age-associated vascular and microvascular changes, oxidative
stress, recurrent inflammation and stress-related corticosteroid
levels.33,35

It has been proposed that the loss of white matter integrity is an
especially critical factor in normal cognitive ageing, since it leads to
impaired information transfer between different cortical areas, from a
loss of transfer speed in the case of demyelination to complete discon-
nection when axonal disruptions occur. Interactions between distant
cortical areas are considered as crucial for the emergence of higher cog-
nitive functions.34 Until recently, problems with white matter integrity
could mainly be detected as lesions that appear as hyperintensive
patches on structural magnetic resonance imaging (MRI) scans and
were mostly quantified using visual rating scales. Even though this pro-
cedure is laden with various measurement issues, small but consistent
relationships with higher cognitive functions have been detected this
way.36 The advent of various new neuroimaging techniques, most
notably diffusion tensor MRI, now allow for a much more detailed
look at microstructural changes in cerebral white matter, including
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fibre tract-specific assessments of white matter integrity (quantitative
tractography).34 However, despite these technological advances, the
studies to date report associations between structural brain differences
and cognitive ability measures in old age that tend to be modest in size
and sometimes elusive.8,33,34

Two major explanations have been brought forward for this rather
surprising pattern of results. First of all, people are assumed to differ in
their cognitive reserves, which can be defined as the brain’s capacity to
buffer the effects of insults. The main determinants of cognitive reserve
are early life cognitive ability (the ‘baseline’), education level and occu-
pational complexity, with the former being a strong predictor of the
latter two.12,35 Second, it is assumed that the ageing brain compensates
structural losses in functional areas by recruiting previously unrelated
parts of the brain (preferably in the prefrontal cortex and in corre-
sponding contra-hemispheric areas) to take over the role in cognitive
functions.8,34 Both accounts have received some empirical
support,8,34,35 so they might explain why normative age-associated
structural brain changes do not inevitably lead to cognitive decline.

Diet, lifestyle and cognitive ageing

The role of diet and other lifestyle factors in successful brain ageing
has been attracting increasing scientific and public interest. Recent find-
ings suggest that improving the diet of older people might help to delay
the onset, or slow the progression, of age-associated cognitive decline.
Current research has focused on the role of specific dietary elements
and dietary patterns.

Some research supports the importance of a diet rich in B-vitamins,
antioxidants and omega-3s for mental fitness. B-vitamins are essential
for maintaining normal brain function and memory. Epidemiologic
data suggest a protective role for B vitamins, particularly vitamin B12,
B6 and folate (B9) on cognitive function. Moreover, B-vitamins help to
regulate homocysteine levels, which is a risk factor for cognitive
decline.37 Oxidative damage has been implicated in ageing and
age-associated cognitive decline. Dietary antioxidants (such as vitamins
C, E, beta-carotene and flavonoids) found in fruits and vegetables may
help protect against oxidative damage by boosting antioxidant
defences. Evidence from cross-sectional studies supports a link between
antioxidant status and cognitive function in older people.38 In addition
to antioxidant vitamins, fruits (such as blueberries) and vegetables
contain plant polyphenols—compounds thought to interact with
ageing neurons, increasing their capacity to maintain proper function-
ing during ageing.39 Omega-3 fatty acids (particularly DHA) are
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highly concentrated in the brain and the habitual consumption in later
life of oily fish, rich in omega-3s, is associated with a reduced risk for
cognitive decline and dementia.37,40 They have been found to have
anti-inflammatory, antioxidant and neuro-protective properties.
Experimental evidence supporting a cognitive benefit to micronutrient
supplementation in old age has been inconclusive. However, nutritional
intake is based on a complex interaction of both macro- (proteins, fats,
carbohydrates) and micronutrients (vitamins, minerals). For that
reason, some researchers have directed their attention to the effects of
dietary patterns. Prevailing scientific opinion points to a pattern of
intake reflected in a ‘Mediterranean diet’—rich in vegetables, legumes,
fruit, nuts, cereals, fish and moderate amounts of alcohol (particularly
red wine) and low in meat, poultry and dairy products—to maximize
one’s cognitive abilities into old age. Conversely, a diet high in refined
sugars, cholesterol and trans-fats might be associated with poorer cog-
nitive outcomes in older adults.37 The interaction between genes and
nutrition in recent research highlights the interplay between internal
and external environments. Cognitive benefits were found in older
adults consuming omega-3 fatty acids but only in non-APOE e4 car-
riers.41 This finding supports the concept of an individual response to
dietary intake and heterogeneity in cognitive ageing.

In conjunction with diet, other lifestyle factors such as smoking,
drinking, physical activity and sleep influence cognitive ageing.6,12

Evidence is growing that moderate levels of alcohol intake in older
people can be beneficial; they are associated with better cognitive per-
formance than either abstinence or heavy drinking and may have a pro-
tective effect against dementia and cognitive decline.42 This risk
reduction is partly attributable to the protective effects of alcohol on
cardiovascular and cerebrovascular health. Smoking, primarily via det-
rimental effects on vascular disease, is a significant risk factor for cog-
nitive impairment. A dose–response effect is evident for the number of
cigarettes smoked during the lifetime and the degree of cognitive
decline.43 Giving up smoking at any age may prevent further smoking
induced cognitive harm.

Future research should consider the full impact of socio-
demographic factors; education, for example, is known to shape food
choices in adulthood and therefore plays an important confounding
role in the relationship between diet and cognition. Although further
investigation is needed to clarify whether specific nutrients help to
protect the brain from damage and counteract the effects of ageing,
human epidemiologic studies provide some supporting evidence that a
diet rich in plant matter and fish could offer protection against cogni-
tive decline.
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Active lifestyle and cognitive ageing

When considering potential determinants of age-associated cognitive
decline, engaged and active lifestyles are often reported as protective.44

This may be of particular interest to clinicians and indeed the public
more generally, as it presents opportunities for delivered interventions or
purposeful changes to habits intended to reduce cognitive decline. A
recent UK Government review incorporated research linking physical
activity or exercise and cognitive function, the consensus being that
age-associated cognitive decline is apparently delayed or reduced in more
physically active individuals.6 An important caveat to this is that the
physical activity need not be strenuous; individuals who walk more may
experience less decline in later life.6,44 Further investigation is warranted,
particularly to examine whether there are critical periods across the life-
span when physical activity needs to be initiated and maintained and
what type of physical activity (e.g. aerobic versus anaerobic) might
confer the greatest benefits.6 Not all studies report an exercise-cognitive
decline association, perhaps due to variability in the physical activity
measurements, the validity of the cognitive assessments and length of
follow-up in old age, and the timing and duration of the physical activity
itself.44 That said, there are a number of mechanistic hypotheses which
could account for an association between increased physical activity and
reduced cognitive decline. Most notably, cardiovascular risk and disease
profiles are known to play a role in the trajectory of cognitive decline in
later life; physical activity lowers these risk factors.5,6,44

Participation in activities of a mental or intellectually stimulating
nature has also been shown to predict reduced cognitive decline. In this
domain, the notion of ‘use it or lose it’ is proposed: the continued
deployment of cognitive abilities through activities requiring cognitive
effort may have direct effects on the brain, in terms of structure and/or
function.44,45 This is closely linked to the ‘cognitive reserve’ hypothesis.
Individuals who are more cognitively active or engaged may accrue
greater ‘reserve capacity’ across the lifecourse, and subsequently delay
the onset of age-associated cognitive decline or reduce the impact of
this.6,35 However, any association found between mentally stimulating
activities and cognitive decline must be clearly shown to be indepen-
dent of premorbid cognitive function.46 That is, the association must
not be driven by the fact the higher ability individuals are more likely
to be cognitively active throughout life and into old age (not just in
terms of leisure but occupationally also); another example of possible
reverse causation. The presumed protective effect may be due to the
high degree of stability in cognitive function across the lifespan and not
from participation in the activities themselves. To examine if there is
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truly a protective effect, more studies are needed which are able to
control for an early measure of premorbid cognitive function.

The reason such activities are of particular interest derives from the
fact that they may suggest simple, cost-effective lifestyle interventions

Table 2 Some other potential contributors to non-pathological cognitive ageing.

Potential contributor Details

Self-reported health status Individuals reporting poorer health status experience greater

cognitive decline. Likely mechanisms would implicate increased

burden of cardiovascular disease and its risk factors, increased levels

of inflammatory and oxidative stress markers etc. (see below)

Cardiovascular disease and its

risk factors

Normal cognitive functioning affected by vascular disease, e.g. by

disruption of blood supply to the brain after stroke, or atherosclerotic

lesions in major arteries. Risk factors including high blood pressure

also associated with poorer cognitive function, although caution

needed as earlier cognitive ability itself may be predictive of the

presence/severity of risk factors in later life, an example of possible

reverse causation

Physiological markers of

health status

Associations between physiological markers of health (including

inflammation, oxidative stress etc.) and cognitive decline are often

discussed in terms of the common cause hypothesis: this suggests

there may be shared biological processes of decline across domains of

physical and cognitive health. It is necessary to identify biomarkers of

decline processes to elucidate potential pathways. Markers of

inflammation (i.e. CRP, IL-6, TNF-a) are linked to cardiovascular

disease and atherosclerosis, but associations with cognitive decline

are in need of further study. There are indications that levels of some

markers in old age may be predicted by earlier cognitive function;

possible reverse causation

Diet and nutrition Some research links diets higher in B-vitamins, antioxidants and

omega-3s with higher cognitive function. Mechanisms for association

could include regulation of homocysteine or oxidative stress

pathways; however, experimental studies are inconclusive.

‘Mediterranean diet’ is thought to be protective—with the presence

of vegetables, fish and moderate alcohol

Smoking and alcohol Smoking increases the risk of vascular disease and thus has been

linked to poorer cognitive health; moderate alcohol consumption

appears to be, if anything, beneficial

Activity participation and

physical fitness

Active and engaged lifestyles seen as beneficial for later cognitive

function, with particular emphasis on physical activity, which may

reduce likelihood of CVD or related conditions, and also association

between measures of physical fitness and cognition, again thought

to be part of ‘common cause’ hypothesis of ageing. Mental

engagement is often promoted as one of the key ingredients for

successful cognitive ageing; however, there are large potential

confounds in terms of participation in these activities and earlier

level of cognitive ability. Suggested mechanisms often cite direct

effects of mental stimulation on brain structure and function

Education and social class More years spent in formal education and higher social class are

associated with less cognitive decline. Mechanisms could include

increased ‘cognitive reserve’ through educational and occupational

trajectories, safer working and living environments, access to better

health care etc. Both factors are highly correlated, and likely to be

partly predicted by earlier cognitive level
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to ameliorate or delay age-associated cognitive decline. To date,
however, cognitive intervention trials have not produced robust, replic-
able benefits. A recent review including 10 randomized control trials
reported a mean effect size of 0.16 across a range of interventions,
although the authors noted that most studies failed to include matched,
active controls or placebos and that the benefit of the intervention
often failed to generalize across varied cognitive outcomes.47 Few
studies included a lengthy follow-up to determine whether any appar-
ent short-term gains in cognitive test performance were reflected at a
more distal time point. This area will benefit from increased scrutiny
and well-designed trials. Furthermore, it should be remembered that
any beneficial interventions suggested need the compliance of those at
risk in real world settings, as with other forms of medical treatment or
medication use. Such behaviours are confounded by the ability to seek
out and comprehend the information provided.

Conclusion

The interest in cognitive ageing is as understandable as it is compelling,
for personal, scientific and practical interest. Personally, as we become
aware of cognitive processes deteriorating, we witness the diminishing
of something at the core of our rational self. Scientifically, it is a fasci-
nating problem, namely to construct the multivariate recipe for success-
ful cognitive ageing (a summary of the current review is provided in
Table 2). Practically, demographic changes mean that our care services
and economies will be better placed to cope with the increasing burden
of cognitive ageing if there are clues to amelioration and prevention.
Some contributions to cognitive ageing are clearly more open to inter-
vention than others: smoking, exercise, and diet can be changed follow-
ing advice. Mechanistically, even the contributions from genetics and
from childhood intelligence should not be looked on too pessimisti-
cally; even these factors have mechanisms which might afford
interventions.
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The Scottish Mental Survey of 1932 (SMS1932) provides a record of intelligence test scores for
almost a complete year-of-birth group of children born in 1921. By linking UK Army personnel
records, the Scottish National War Memorial data, and the SMS1932 dataset it was possible to
examine the effect of childhood intelligence scores on wartime military service mortality in
males. There were 491 matches betweenWorld War II (WWII) Scottish Army fatalities and the
SMS1932 database; 470 (96%) had an age 11 mental ability score recorded. The mean (S.D.) age
11 IQ score of those who died on active service in WWII was 100.78 (15.56), compared with
97.42 (14.87) for male Army survivors (pb0.0001; Cohen's d=0.22). Menwho took part in the
SMS1932 and who were not found in the Army database had a higher mean score (100.45, S.D.
=14.97) than those men who had been in the Army, regardless of whether they died or
survived (mean IQ=97.66, S.D.=14.94; pb0.0001; Cohen's d=0.19). Male soldiers with a
higher childhood IQ had a slightly increased risk of dying during active service in WWII. Men
who did not join the Army had a higher IQ than men who did. Further research in this area
should consider naval and air force personnel records in order to examine more fully the
complex relationship between IQ and survival expectancy during active service in WWII.

© 2008 Elsevier Inc. All rights reserved.
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1. Introduction

People with higher intelligence test scores tend to live
longer. The first peer-reviewed report of the association
between mental ability and mortality was among a sample of
Australian Vietnamwar veterans who tookmental tests when
they joined the armed services and were followed up for
survival data after war service was completed (O'Toole &
Stankov, 1992). The intelligence–mortality association is now
well replicated among studies in which IQ-type data were
collected in youth, prior to any likely onset of illness that
could affect both the test scores and subsequent health (Batty,
Deary, & Gottfredson, 2007; Hart, Taylor et al., 2003; Whalley
& Deary, 2001). There is, however, an interesting exception to
this ‘lower intelligence-higher mortality risk’ association.

In one locality, Scottish men with higher childhood IQ scores
were more likely to die on active service during World War II
(WWII). In their investigation into the effects of childhood IQ
and survival up to age 76 in the Aberdeen-based participants
of the Scottish Mental Survey 1932 (SMS1932; Scottish
Council for Research in Education [SCRE], 1933), Whalley
and Deary (2001) found that the influence of age 11 IQ on
survival to old age was weaker in men than in women. They
attributed this to the effect of WWII on death rates in men.
Whereas women with a high childhood IQ had a consistently
better average survival expectancy than women with a low
childhood IQ, the pattern for men was different. Whalley and
Deary observed that “for men with a high IQ, survival
suddenly drops during the Second World War and does not
catch up and improve on that in menwith a low childhood IQ
until later in life” (p. 820). This suggested that the men who
were killed during active service in the WWII may have had a
relatively high IQ.

The present study follows up this suggestion. The age of
people in the SMS1932 was such that many of the males
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would later join the armed services during hostilities in
WWII. Here, we bring together data from: the Scottish Mental
Survey 1932 (which comprises mental ability scores on the
same valid mental test for nearly all children born in 1921 and
attending schools in Scotland on June 1st 1932); United
Kingdom Army records (which includes all WWII personnel);
and the Scottish National War Memorial (which records
Scottish deaths in the armed services). WWII military test
data were not available to the authors. The present data-
linking exercise provides an opportunity to study the
association between childhood (age 10.5 to 11.5 years)
intelligence in the SMS1932 and the survival of male Army
personnel during WWII. Childhood IQ from the SMS1932 is a
highly reliable indicator of adult IQ, evidenced by the stability
of IQ across the lifespan from age 11 to almost age 80 years
(Deary, Whalley, Lemmon, Crawford, & Starr, 2000; Deary,
Whiteman, Starr, Whalley, & Fox, 2004). The aims of this
study are: (1) to extend the scope of Whalley and Deary's
(2001) previous work in the small Aberdeen subsample of the
SMS1932 to include the entire SMS1932 dataset in examining
whether a relation exists between childhood mental ability
and survival expectancy in male soldiers during WWII; and
(2) to examine any differences in childhood mental ability
between those who were enlisted in the Army in WWII and
those who were not.

2. Method

2.1. Participants and datasets

The present study involved the linking of four large
datasets—two Scottish, one UK-wide, and one that applies
to the British Commonwealth—which are described below.
The first three are the ‘principal’ datasets used in the study.

2.1.1. Scottish mental survey 1932 (SMS1932)
The present study's reference population is the partici-

pants in the ScottishMental Survey of 1932, conducted by The
Scottish Council for Research in Education (SCRE, 1933). This
exercise tested the mental ability of almost all Scottish
children born in 1921 and attending school on June 1st 1932.
The original objectives of the study were: a) to quantify the
rates of mental deficiency; and b) to obtain information about
the distribution of intelligence throughout the country. A
group-administered general mental test was given—a version
of the Moray House Test No. 12, referred to here as the MHT. It
comprised 71 verbal reasoning (predominantly), numerical,
spatial and other items and with a maximum score of 76. The
correlation between the MHT and the Stanford-Binet Intelli-
gence Test was 0.81 for boys and 0.78 for girls (SCRE, 1933).
There are some currently-missing ledgers for the areas of Fife,
Wigtownshire and Angus. The computerised SMS1932 dataset
consists of 86,520 entries (43,569 males). One region tested a
small sample of children born in 1922 and 1923, in addition to
1921, but for the purposes of this study the SMS1932 dataset
we refer to contains the male entries only, born in 1921
(N=42,605).

2.1.2. Army inventory
An electronic index of archived Army personnel records

obtained from the United Kingdom's Army Personnel Centre

(Kentigern House, Glasgow, Scotland) contains listings for
8,009,328 men and women who served in the Army after
1921 and no longer have any reserve liability. 208,388 entries
in this database have 1921 birthdates. Each entry includes
Army service number, name (surname and initials), date of
birth, and regiment. Many of the records are incomplete.

2.1.3. Scottish National War Memorial records (SNWM)
The Scottish National War Memorial—based in Edinburgh

Castle in Scotland—has archived records of the WWII Rolls of
Honour, documenting Scots who died during active service in
the armed forces. We obtained permission to access the
electronic index—which will be referred to as SNWM—

containing listings for 57,705 WWII deaths. Information
includes Army service number, name, regiment, rank, date
of death, and place of death. Date of birth information is not
included.

2.1.4. Commonwealth War Graves Commission
The ‘Debt of Honour Register’ is the Commission's

database listing the 1.7 million men and women of the
Commonwealth forces who died during the two world wars.
The register, available at www.cwgc.org, can be searched for
personal, service and commemoration details of war casual-
ties, on an individual basis. This database is useful for
verifying details of casualties and providing date of death,
rank and regimental information, where missing in other
Army datasets.

2.2. Procedure

Table 1 shows the variables available for matching in each
of the three principal datasets. All matching was carried out
without knowledge of MHT (childhoodmental ability) scores.
Although the SNWM database contains most of the relevant
Army information for the purposes of this study, date of birth
information is missing. Date of birth is necessary to enable the
cross-matching of military records with the SMS1932 at a
later stage. Prior experience in matching the SMS1932 to
databases in Scotland indicates that, with surname, initials
and date of birth available, ambiguity in matching is minimal
(Hart, Deary et al., 2003). The SNWM dataset (N=57,705)
was compared with the Army Inventory database
(N=8,009,328) in order to identify records which matched,
and to provide date of birth information for as many people in
the SNWM index as possible.

Table 1
Variables available for matching in each of the datasets

Army a SNWMb SMS1932 c

Army service number ✓ ✓

Name ✓ ✓ ✓

Date of birth ✓ ✓

Regiment ✓ ✓

Rank ✓

Date of death ✓

Place of death ✓

MHT score ✓

a Army Inventory.
b Scottish National War Memorial.
c Scottish Mental Survey 1932.
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We matched records using Army service number (where
possible), given that this is a unique identifier for each
individual. A positive match was made if the Army service
number in both datasets (Army Inventory and SNWM) was
identical and the surname and initials matched (e.g. Ander-
son JJP) or partially matched (e.g. Anderson JJ and Anderson
JJPQ). In the absence of a service number, a matchwasmade if
surname and initials were identical or partially matched (as
above). Where matching relies on name only, there is less
certainty about the accuracy of these matches. However, over
79% of matches were made using the Army service number. A
total of 25,740 matches were made between the Army
Inventory and SNWM, of which 1514 had dates of birth in
1921 and potentially took part in the SMS1932 at age 11.

These 1514 people were then cross-matched with the
SMS1932 male dataset (N=42,605) in order to determine
their age 11 MHT (mental ability) scores. Exact matches using
surname, forename and date of birth were found for 401 men.
Of the remaining 1113 cases, 473 were excluded from further
consideration at this point, as follows. First, 94 were women.
Second, since place of birth datawere available, 346menwere
excluded on the basis that they were born in England and
therefore unlikely to have attended school in Scotland at age
11 and participated in the SMS1932. Third, men with a Fife,
Wigtownshire or Angus birthplace were also excluded
(n=33) as the SMS records for these counties are missing.
The remaining 640 unmatched cases were manually checked
against the SMS1932 dataset to obtain as many further
matches as possible. Decisions on hand matching were made
using all the available information, including name, date of
birth, school location, and county of residence at age 11 (in
1932).1 Hand matching produced a further 90 matches,
bringing the total number of war death matches born in
1921 (and who participated in the SMS1932) to 491.

In an attempt to identify Scottish soldiers who took part in
the SMS1932 but were not killed during WWII (presumptive
SMS1932 war survivors), we completed a final data matching
stage. At this stage, 42,648 entries referring to female Army
personnel were identified (where the Army service number is
prefixed with a W) and excluded from the Army dataset. The
amended Army Inventory, consisting of 165,740males born in
1921, was cross-matched (using name and date of birth
variables) with the SMS1932 male database (N=42,605)
generating automatic ‘in Army’ matches. Among the 6838
positive matches are men with an Army entry, regardless of
whether or not they survived the war.

The ‘in Army’ group (N=6838) consists of 491 war deaths
and 6347 ‘presumptive SMS1932 war survivors'. These
‘presumptive war survivors' are compared, in terms of age
11 IQ, to the 491 possible war deaths from the SNWM
(SMS1932 war dead). The ‘in Army’ group on which the

analyses are based comprises those cases with a valid age 11
MHT score (N=6464). The remaining 35,767 cases in the
SMS1932 dataset are considered to be ‘not in Army’, of which
33,659 have childhood ability scores.

Using the Commonwealth War Graves Commission web-
site, we hand searched the ‘Debt of Honour’ listings of UK war
dead, for each of the 491 ‘war death’ matches, in order to
complete any missing date of death, rank and regimental
information. We categorised the ‘war deaths’ into four groups
according to skill and rank: ‘less skilled’ other ranks (private,
rifleman, driver, fusilier, gunner, drummer); ‘more skilled’
other ranks (craftsman, sapper, signalman, trooper); ‘non-
commissioned officers’ (bombardier, corporal, lance bombar-
dier, lance corporal, lance sergeant, sergeant, staff sergeant);
‘officers’ (2nd Lieutenant, Lieutenant, Captain, Major).

3. Results

Of the 491 cases we identified during the matching
process to be ‘war deaths’, 470 (96%) had valid age 11 MHT
scores. 21 cases have no MHT score. The MHT scores were
corrected for age by performing a regression analysis. The
standardised residuals were then converted to standard IQ-
type scores, with mean=100 and S.D.=15 (Table 2). The
mean IQ (S.D.) score of the male WWII ‘war deaths’who took
part in the SMS1932 is 100.78 (15.56), and the mean IQ of
those identified as being in the Army but not in the SNWM
(presumptive survivors) is 97.42 (14.87): t (df=6462)=
4.70, pb0.0001, Cohen's d=0.22. Of the ‘not in Army’ group,
24 have an incomplete date of birth listed. Therefore, analyses
are based on 33,635 males. These men who took part in
the SMS1932 and could not be found in the Army
Inventory had higher mean IQ scores (100.45, S.D=14.97)
than those who had been enlisted in the Army (97.66, S.D.=
14.94): t (df=40,097)=13.704, pb0.001), Cohen's d=0.19.

The mean IQ for the four categories of soldier in the 491
‘war death’ matches was as follows. The ‘less skilled’ other
ranks (60% of ‘war deaths’) had a mean IQ (S.D.) of 95.33
(14.78). The ‘more skilled’ other ranks (13% of ‘war deaths’)
had a mean IQ (S.D.) of 105.41 (12.52). The ‘non-commis-
sioned officers’ (20% of ‘war deaths’) had a mean IQ (S.D.) of
106.7 (12.06). The ‘officers’ (7% of ‘war deaths’) had amean IQ
(S.D.) of 121.89 (6.03).

4. Discussion

This investigation aimed to link the ScottishMental Survey
data of 1932 with United Kingdom Army service records and
Scottish WWII death records in an attempt to replicate and
explain the dip in survival rates of high IQ men during the

Table 2
Descriptive data for the SMS1932 a men and army status matches

Total
cases

Valid IQ
score

Mean IQ
score

S.D.

WWII dead 491 470 100.78 15.56
Presumptive WWII
survivors

6347 5994 97.42 14.87

‘In Army’ 6838 6464 97.66 14.94
‘Not in Army’ 35,767 33,635 100.45 14.97

a Scottish Mental Survey 1932.

1 There were many entries in the SMS1932 dataset with misspellings or
abbreviations of names (e.g., Wm for William, Alex for Alexander) and in
many cases the date of birth differed very slightly between the two datasets.
Database anomalies such as these prevented an otherwise-obvious exact
match from being made in the previous computerised stage. A match was
accepted if all other information was identical. If there was any doubt,
especially where a common name occurred (e.g., if there were two John
Smiths who went to the same school in the same area and had slightly
different dates of birth) no match was made.
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WWII (Whalley & Deary, 2001). We found that men killed on
active service in the Army during WWII had a slightly higher
childhood IQ score than soldiers who survived. This partially
supports, in a nationwide analysis, previous findings from the
Aberdeen subsample of an association between higher child-
hood IQ and an increased risk of dying in WWII. Whalley and
Deary (2001) suggested that part of this anomaly in the
survival rates of the higher IQ men may be a result of some
men being rejected from active service because of lowmental
ability. However, the present study would argue against this,
given that the mean age 11 IQ score of men who could not be
found in the Army database is higher than those who could.
One possible explanation for this trend is that the higher
ability men may have volunteered for (or been conscripted
into) the Royal Air Force (RAF) or Royal Navy. These services
had smallermanpower requirements than the Army andwere
thus able to take what seemed to them the ‘best material’
(Ungerson, 1953). Another possible explanation could lie in
the fact that key personnel in war industry and the civil
defence services were exempt frommilitary service under the
Schedule of Reserved Occupations (Ministry of Labour and
National Service, 1947).

The overwhelmingmajority of the war deaths, as might be
expected, occurred during 1942–1945. This was a period
when the Army was engaged in heavy fighting in the Middle
East, Italy and north-west Europe. But whywas themean IQ of
the dead soldiers higher than those who survived? Although
the majority of war deaths in this study (60%) belong to the
‘less skilled’ other ranks, who have a lower mean IQ score
(95.33) than the ‘presumptive survivors’ (97.42), the IQ of the
war dead is inflated by the minority of ‘more skilled’ other
ranks, NCOs and officers. This seems to be partly a result of the
increasingly technological nature of warfare which meant
that more skilled soldiers were required on the frontline. In
this respect, troops in the more technical arms, such as the
Royal Armoured Corps, the Royal Engineers, and the Royal
Corps of Signals, make up 13% of the war deaths in this study,
but have a mean IQ score of 105.4. It also seems to be partly
related to military rank. Officers and NCOs, who comprise 27%
of the fatalities and have respective mean IQ scores of 106.7
and 121.89, were expected to fulfil leadership roles and thus
would have been more likely to expose themselves to greater
risk. Furthermore, there might be some link to the well-
documented relationship between mental ability test scores
and job performance (Schmidt & Hunter, 1998). It is possible
that, in general, higher IQ soldiers displayed greater combat
motivation and therefore put themselves in more life
threatening situations.

To our knowledge, this has been the first attempt to link
together childhoodmental ability scores and war records. It is
an important exercise because war fatalities appear to be a
notable exception to the general finding that higher IQs are
associated with lower risks of death. However, the large
databases linked here proved demanding to match. Most of
the matches achieved during the merging processes were
exact. Many others were extremely close, involving the use of
an abbreviated forename, misspelling or slight error in the
date of birth when all other information was identical. Fur-
thermore, there are some limitations to this study. The
computerised Army Inventory has many missing data and
duplicate entries with incorrect service numbers, causing

significant problems throughout the matching process. Each
entry was listed by surname and initial(s), whereas the other
two datasets we used had more complete name information
including forenames. Had this information been available, it is
likely that a higher number of matches could have been made
and with more confidence.

Each stage of matching introduced error, and the possibi-
lity of bias must be considered. Some of the matching was
done by hand. Although we can be confident that this manual
process was accurate, in terms of finding unique matches, it is
possible that therewere a very small number of false positives
and negatives. Possible matches containing names with
common forenames and surnames were more likely to be
rejected than those with more unusual names: the likelihood
of there being two people with an unusual first or last name,
at school in the same area andwith an identical date of birth is
decreased. It should be noted again, however, that records
were matched, at each stage, in the absence of MHT scores.
Matching in this blind manner reduces the possibility of
observer bias.

At each stage, we allocated individuals from the datasets
into groups according to their Army or survival status. But
these allocations are only as good as ourmethod formatching,
basedon the information available tous. For example, once the
‘in Army’ matches have been identified, the remaining non-
matches are labelled ‘not in Army’. However, the non-matches
are just that; failure to achieve a match between the two
datasets does not necessarily preclude them from ever having
been in the Army.

As far as the relationship between IQ and risk of dying in
any sphere of life is concerned, there are often difficulties in
separating the effects of IQ on mortality from the potential
confounding effects of social factors (such as socioeconomic
background) to which IQ is related. The present study,
however, is limited to the information included in the three
principal datasets.

This study examined the link between in-service mortality
and childhood mental ability scores in Army personnel only.
A number of themenwhotookpart in the SMS1932wouldhave
joined the Royal Air Force or Royal Navy. Any association
between IQ and Royal Navy or Royal Air Force fatalities remains
to be considered. Therefore, further research in this area could
consider Navy and Air Force personnel records as well as the
roles occupied by those higher IQ individuals in order to
examine more fully the complex relationship between IQ and
survival expectancy during active war service.
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Abstract

Epidemiological studies have reported inverse associations between various single healthy diet indices and lower levels of systemic inflam-

mation, but rarely are they examined in the same sample. The aim of the present study was to investigate the potential relationships

between biomarkers of systemic inflammation (C-reactive protein (CRP) and fibrinogen) and overall foods (dietary patterns), single

foods (fruits and vegetables), and specific nutritive (antioxidants) and non-nutritive (flavonoids) food components in the same narrow-

age cohort of older adults. The dietary intake of 792 participants aged 70 years from the Lothian Birth Cohort 1936 was assessed using

a 168-item FFQ. Models were adjusted for age, sex, childhood cognitive ability, lifestyle factors and history of disease. Using logistic

regression analyses, CRP (normal v. elevated) was favourably associated (at P,0·05) with the ‘health-aware’ (low-fat) dietary pattern

(unstandardised b ¼ (0·200, OR 0·82, 95 % CI 0·68, 0·99) and fruit intake (unstandardised b ¼ (0·100, OR 0·91, 95 % CI 0·82, 0·99), including

flavonoid-rich apples (unstandardised b ¼ (0·456, OR 0·63, 95 % CI 0·439, 0·946). Using linear regression analyses, fibrinogen (continuous)

was inversely associated (at P,0·05) with the Mediterranean dietary pattern (standardised b ¼ (0·100), fruit intake (standardised

b ¼ (0·083), and combined fruit and vegetable intake (standardised b ¼ (0·084). We observed no association between food components

(antioxidant nutrients or specific flavonoid subclasses) and inflammatory markers. In the present cross-sectional study, nutrient-dense diet-

ary patterns were associated with lower levels of systemic inflammation in older people. The results are consistent with dietary guidelines

that promote a balanced diet based on a variety of plant-based foods.

Key words: Dietary patterns: Inflammation: FFQ: Cognitive ability

Chronic low-grade inflammation has been implicated in the

pathways of numerous diseases(1,2). Elevated plasma levels

of systemic inflammatory biomarkers such as C-reactive pro-

tein (CRP) and fibrinogen have been shown to predict

CVD(3), stroke, type 2 diabetes mellitus, cancer and dementia(4,5).

Dietary intake has long been known to play a role in the

physiological response to inflammation. Therefore, nutrition

may influence the development and progression of inflamma-

tory conditions and may be useful in their prevention and

treatment at a population level(1). Dietary intake in relation

to low-grade inflammation has been investigated in a

number of ways. One approach, based on the overall diet,

takes account of trends among food components, represented

in dietary patterns. Findings from population studies(6–8) and

intervention trials(9) provide evidence that a Mediterranean

dietary pattern may be particularly beneficial in reducing

inflammation. Recent prospective studies have confirmed

that adherence to a healthy diet over time reduces the risk

of long-term inflammation(10–13). A second approach, which

examines the role of single foods, has suggested that fruits,

vegetables and whole grains are associated with lower

concentrations of CRP(6,11,14–20) and fibrinogen(7,21–25).

A third strand of research has focused on specific nutrient

and non-nutrient components of foods. Dietary antioxidants

such as b-carotene, Zn, Se, vitamin C and vitamin E have been

shown to be associated with lower levels of disease-related

markers of inflammation in adulthood(26–30) and even earlier

in life, in adolescence(31). Non-nutritive polyphenolic

* Corresponding author: Professor I. J. Deary, email i.deary@ed.ac.uk

Abbreviations: age 11 IQ, intelligent quotient at age 11 years; Chol:HDL ratio, cholesterol:HDL-cholesterol ratio; CRP, C-reactive protein; IQ, intelligent

quotient; LBC1936, Lothian Birth Cohort 1936.
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compounds such as flavonoids, present in plant-based foods

and drinks, particularly fruit, vegetables, tea, red wine and

cocoa, have significant antioxidant and anti-inflammatory

activity(32), and have emerged in recent years as an important

component in the relationship between diet and inflam-

mation(33–38) and with cardiovascular health(39). It is unclear

whether specific food components such as antioxidants and fla-

vonoids are responsible for the apparent protective role of nutri-

ent-dense dietary patterns and foods.

Often, any change in risk associated with high levels

of inflammatory biomarkers disappears after multivariate

adjustment for behavioural factors. For example, high

concentrations of CRP have been reliably associated with

obesity(40–42), the metabolic syndrome(43) and smoking(44,45).

In addition to behavioural correlates, there is also evidence

to support a link between cognitive ability and inflammation.

Not only is cognition associated with systemic inflammation in

adulthood, but also poor cognitive ability earlier in life pre-

dicts increased inflammation in middle age(46,47) and later

life(48) and an increased risk of death from inflammatory-

associated diseases(49). Often, full consideration is not given

to the role of potential confounders, especially prior cognitive

ability, as these data are rarely available.

The present study attempts to address three main gaps in

the literature. First, studies that assess diet–inflammation

associations using multiple dietary indicators in the same

individuals are lacking. Without this, misleading conclusions

can be drawn about the putatively protective role of a single

dietary measure. Second, there are few studies conducted

exclusively within old age groups. Ageing is associated with

increases in several inflammatory markers, and there is

strong evidence that these markers influence age-associated

pathology(50). Third, we examined diet–inflammation associ-

ations in a well-characterised community-dwelling Scottish

cohort, of mean age 70 years, for whom there were validated

intelligent quotient (IQ) scores from youth, in order to control

for prior cognitive ability. We examined two commonly

used circulating markers of inflammation (plasma CRP and

fibrinogen) that measure different aspects of the inflammatory

process, in the same elderly sample, with a view to determin-

ing whether the inverse diet–inflammation relationships

previously reported are a result of dietary patterns, single

foods, or more specific aspects of nutrition.

Methods

Study population

The Lothian Birth Cohort 1936 (LBC1936) study includes 1091

men and women, all of whom were born in 1936 and who

were living independently in the community at about 70

years of age. Almost all participants were resident in Edin-

burgh and the surrounding Lothian region at recruitment in

older age. Early-life (mean age 11 years) intelligence test

data were available for most of this sample, because most

were surviving participants of the Scottish Mental Survey of

1947(51). Assessment in later life took place between 2004

and 2007 when participants were aged about 70 years

(mean 69·5 (SD 0·8)). Full recruitment and testing procedures

have been reported in an open-access protocol paper(52,53).

The assessment at age 70 years involved detailed cognitive,

biomedical and psychosocial testing. FFQ data were available

for 882 participants. We excluded ninety participants with

a CRP measure .10 mg/l (to omit possible acute illness).

After exclusion, 792 individuals remained for the present ana-

lyses. The study was conducted according to the guidelines

laid down in the Declaration of Helsinki, and all procedures

involving human subjects/patients were approved by the

Multi-Centre Research Ethics Committee for Scotland (MREC/

01/0/56) and from the Lothian Research Ethics Committee

for Scotland (LREC/2003/2/29). Written informed consent

was obtained from all subjects/patients.

Assessment of dietary intake

Dietary data were derived from the Scottish Collaborative

Group 168-item FFQ, version 7.0(54,55). This semi-quantitative

FFQ was developed for use in older adults (see http://www.

foodfrequency.org.uk)(56). A common unit or portion size

for each food or drink item is specified, and responses are

marked according to a nine-point scale, ranging from ‘rarely

or never’ to ‘7þ per d’ to describe the typical amount and fre-

quency of each food consumed. All participants were asked to

complete the FFQ at home and return it by post. Estimation

of food and nutrient intake was carried out at the University

of Aberdeen using an in-house programme and the latest

available information in the UK food composition tables.

The repeatability and validity of the FFQ was demonstrated

against 4 d weighed food diaries; dietary intake in later life

was found to be reasonably stable in the short term, and

the authors reported good validity for most nutrients in com-

munity-dwelling older populations(54,57). Intake of antioxidant

nutrients and flavonoids, and dietary pattern scores were

adjusted for overall energy intake using the residual

method(58).

Dietary patterns. Dietary patterns were extracted via prin-

cipal components analysis with orthogonal rotation from all

FFQ items. Further description of their ascertainment can be

found in Mõttus et al.(59). The Mediterranean dietary pattern

was primarily defined by greater consumption of vegetables

(such as leeks or courgettes, broccoli, and salad vegetables),

fish, poultry, pasta, rice, water, tomato-based sauces, oil and

vinegar dressing, and beans. The ‘health-aware’ dietary

pattern was mainly characterised by a high intake of fruits

(e.g. apples, bananas, tinned fruits, oranges and others) and

carrots, and low consumption of meat products (bacon or

gammon, pork or lamb, and sausages), eggs, and spirits or

liqueurs. Participants obtained a score for each dietary pattern,

indicating the degree to which the individual’s diet conformed

to that pattern, where the mean score is 0.

Fruit and vegetables. Total (fresh) fruit and vegetable

intakes were calculated independently and in combination.

Fruit included fresh fruit salad, apples, bananas, oranges,

satsumas, grapefruit, pears, peaches, nectarines, kiwi fruit,

grapes, strawberries, melons and other fresh fruits. Vegetables

included peas, green beans, carrots, cabbage, Brussels
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sprouts, spinach, spring greens, leeks, courgettes, cauliflower,

swede, turnips, sweetcorn, onions, tomatoes, sweet peppers,

and other salad vegetables such as lettuce, cucumber, etc.

Flavonoid-rich foods. Intakes of flavonoid-rich foods

(chocolate, apples and citrus fruits) and drinks (tea and red

wine) were analysed.

Flavonoid subclasses. Intakes of a selection of five

flavonoid subclasses (flavonols, flavones, catechins, proantho-

cyanidin type B and flavanones) were estimated using a UK

flavonoid database, which included 396 items(60).

Antioxidant nutrients. Dietary intake of antioxidant

nutrients (vitamin C, vitamin E, b-carotene, Zn and Se) was

estimated using the FFQ data.

Assessment of inflammatory markers

Serum CRP (mg/l) and fibrinogen (g/l) were extracted from

blood samples that were collected intravenously by nurses

as part of the participants’ clinical assessment. The CRP

assay was performed using a dry-slide immuno-rate method

on OrthoFusion 5.1 F.S analysers (Ortho Clinical Diagnostics).

The CRP assay method has low sensitivity in the lower range

of CRP values; approximately 58 % of the participants fell into

a single lowest category (1·5 mg/l). Therefore, in the analyses,

and as in Mõttus et al.(59), all CRP values were collapsed into

two categories: #3 mg/l (normal; including the measured

values of 1·5 and 3 mg/l) and .3 mg/l (elevated; including

the rest of the values). Besides being meaningful for the

current distribution of CRP values, the relevance of the

3 mg/l cut-off has been suggested for the prediction of

CVD(61). The fibrinogen assay was performed using an

automated Clauss assay (TOPS coagulometer; Instrumentation

Laboratory). The range of fibrinogen values was 1·5–6·0 g/l.

Assessment of covariates

General demographic information, including sex (1 ¼ male,

2 ¼ female), age (exact age in days at the time of assessment)

and years of full-time education, was assessed and coded

accordingly. Childhood cognitive ability was derived from

scores on the Moray House Test taken at age 11 years(52).

The Moray House Test is a group-administered test of general

intelligence. This test was concurrently validated against the

Terman–Merrill revision of the Binet scales(62). The scores

were converted to standard IQ-type scores for the whole

sample (n 1091), with a mean value of 100 and a standard

deviation of 15. Adult occupational social class was derived

from each participant’s highest reported occupation and

classified into one of six categories ranging from I

(professional occupations) to V (unskilled occupations), with

III divided into IIIN (non-manual) and IIIM (manual)(63). For

data analysis, occupational social classes IV and V were

combined due to the small number of participants in each

class. Height and weight were measured by trained research

nurses as part of a physical examination. BMI was calculated

as weight (kg) divided by height squared (m2). Smoking

status was coded as 0 (never smoker), 1 (ex-smoker) or 2

(current smoker). Physical activity was the number of days

of sport or physical exercise (e.g. dancing or brisk walking)

per average month. A self-reported history of CVD, hypertension,

stroke and diabetes was recorded by a trained interviewer at

the time of assessment and coded as dichotomous variables

(0 ¼ no, 1 ¼ yes). The cholesterol:HDL-cholesterol ratio

(Chol:HDL ratio) was obtained from a blood sample drawn

on the day of assessment. The Chol:HDL ratio provides a

strong prediction of CHD risk; a lower ratio is clinically

more desirable.

Statistical analyses

All statistical analyses were performed using SPSS version 19

(IBM). The associations between potential covariates and

inflammatory biomarkers were tested using regression ana-

lyses. For CRP (elevated v. normal), we performed logistic

regression analyses, and for fibrinogen (continuous), we

performed linear regression analyses. In the main analyses,

we used three models to examine the associations between

dietary predictor variables and inflammatory biomarkers. All

categorical variables were treatment coded. Model 1 included

sex and exact age in days at the time of assessment. In model

2, IQ at age 11 years (age 11 IQ) was added to adjust for any

confounding effects of childhood cognitive ability; childhood

IQ was previously found to be an independent predictor of

CRP in this sample(48). In model 3, to control for potentially

confounding lifestyle factors and health variables, we added

occupational social class, BMI, physical activity, smoking

status, history of CVD, hypertension, Chol:HDL ratio, stroke

and diabetes to model 2. The effects are reported using

unstandardised b regression coefficients for CRP analyses,

and standardised b regression coefficients for fibrinogen

analyses. P values are reported. The 0·05 level of significance

was used for all data analyses.

Results

The characteristics of the study participants are presented in

Table 1. A total of 792 participants (48 % men) with a mean

age of 69·5 years (SD 0·85) were included in the analyses.

Nearly half (48 %) were never smokers and 9 % were current

smokers, the mean BMI was 27·4, and 23·6 % reported a

history of CVD, 38·3 % of hypertension, 3·5 % of stroke and

7·2 % of diabetes. Of the participants, 42 % had an elevated

CRP level of $4 mg/l. Pearson’s correlation coefficient (r)

between inflammatory biomarkers, CRP and fibrinogen was

0·287 (P,0·001). Table 2 presents the unadjusted associations

(derived from logistic/linear regression analyses) between

CRP, fibrinogen and covariates. A higher level of CRP was

associated with being older (even in this narrow-age

cohort), a lower age 11 IQ, a history of smoking, a higher

BMI (all P,0·01), a less-professional social class (P¼0·028),

a diagnosis of hypertension (P,0·001) and diabetes

(P¼0·02), and a higher (less-desirable) Chol:HDL ratio

(P¼0·004), but not with CVD or stroke. A higher level of fibri-

nogen was associated with being younger (P¼0·002), a lower

age 11 IQ (P¼0·018), a history of smoking (P¼0·005), a higher

BMI (P¼0·047), and a history of hypertension (P¼0·002),
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stroke (P¼0·002) and diabetes (P¼0·001), but not with CVD

or Chol:HDL ratio. Table 3 presents the unadjusted associ-

ations (derived from linear regression analyses) between the

dietary patterns and covariates. A higher Mediterranean pat-

tern score was associated with being younger (P¼0·015), a

higher age 11 IQ (P¼0·002), less smoking (P,0·001), being

female (P¼0·002) and a lower Chol:HDL ratio (P¼0·028).

A higher health-aware dietary pattern score was associated

with less smoking (P,0·001), a lower BMI (P¼0·015), more

physical activity (P¼0·037) and being female (P,0·001).

Table 4 shows the results of the main regression analyses for

all dietary measures (variously adjusted in three models).

Diet and C-reactive protein

First, we performed logistic regression analyses on the associ-

ations between diet and CRP (normal v. elevated levels). In

the basic age- (in d) and sex-adjusted models (model 1), a

lower CRP level (#3 mg/l) was associated with a higher

health-aware dietary pattern score, a higher intake of fresh

fruit including flavonoid-rich apples and citrus fruits, and com-

bined fruit and vegetables, dietary vitamin C, and flavanones

(found in citrus fruits). Additionally adjusting for the potential

confounding effects of higher childhood cognitive ability

(model 2) made little difference to effect sizes. Further adjust-

ment for occupational social class, BMI, physical activity,

smoking status, Chol:HDL ratio, and history of CVD, stroke

Table 1. Characteristics of the study population from the Lothian Birth
Cohort 1936 (LBC1936; n 792)

(Number of participants; mean values and standard deviations; number
of participants and percentages)

Characteristics n Mean SD

Demographic and lifestyle
Age (years) 792 69·5 0·85
Male 792

n 383
% 48·4

Age 11 IQ 748 101·6 14·0
Education (full time, years) 792 10·8 1·1
Occupational class 776

I
n 147
% 18·9

II
n 303
% 39·0

IIIN
n 187
% 24·1

IIIM
n 116
% 14·9

IV and V*
n 23
% 3·0

Smoking status 792
Never smoker

n 383
% 48·4

Ex-smoker
n 337
% 42·6

Current smoker
n 72
% 9·1

BMI 791 27·4 4·1
Physical activity (d/month) 779 7·88 8·1
CVD diagnosis 792

n 187
% 23·6

Hypertension diagnosis 792
n 303
% 38·3

Chol:HDL ratio 685
,3·5

n 287
% 41·9

3·5– ,5
n 325
% 47·4

$5
n 73
% 10·7

Stroke diagnosis 792
n 28
% 3·5

Diabetes diagnosis 792
n 57
% 7·2

Plasma markers of inflammation
CRP† 766

Normal (#3 mg/l)
n 448
% 58·5

Elevated (.3 mg/l)
n 318
% 41·5

Fibrinogen (g/l) 770 3·2 0·58

Table 1. Continued

Characteristics n Mean SD

Dietary intake
Dietary patterns (factor scores)‡

Mediterranean dietary pattern 792 0·01 0·99
Health-aware dietary pattern 792 0·03 1·0

Fruit and vegetables (measures per d)
Total fruit 792 2·5 2·4
Total vegetables 792 3·1 2·4
Total fruit and vegetables 792 5·6 4·0

Flavonoid-rich foods (measures per d)
Tea 790 2·5 2·0
Red wine 791 0·33 0·76
Chocolate 790 0·55 0·70
Apples 792 0·44 0·59
Citrus fruits 792 0·41 0·58

Dietary flavonoids‡
Flavonols 792 37·6 24·5
Flavones 792 0·29 0·20
Catechins 792 185·5 137·9
Proanthocyanidins 792 52·6 34·3
Flavonones 792 25·6 25·7

Dietary intakes (per d)‡
Vitamin C (mg) 792 107·3 60·3
Vitamin E (mg) 792 8·0 3·6
b-Carotene (mg) 791 2778·0 2112·3
Zn (mg) 792 8·8 2·8
Se (mg) 792 48·2 19·2

Age 11 IQ, intelligent quotient at age 11 years; IIIN, non-manual; IIIM, manual;
Chol:HDL ratio, cholesterol:HDL-cholesterol ratio; CRP, C-reactive protein.

* Occupational social classes IV and V were combined due to the small number of
participants in each class.

† Participants with a CRP measure .10 mg/l were excluded (n 90) to omit possible
acute illness.

‡ Adjusted for total energy intake.
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and diabetes (model 3) caused some of these associations to

lose significance. In the final model, the dietary measures

associated with a lower CRP concentration (at P,0·05) were

the ‘health-aware’ (low-fat) dietary pattern (unstandardised

b ¼ (0·200, OR 0·82, 95 % CI 0·68, 0·99) and fruit intake

(unstandardised b ¼ (0·100, OR 0·91, 95 % CI 0·82, 0·99),

including flavonoid-rich apples (unstandardised b ¼ (0·456,

OR 0·63, 95 % CI 0·439, 0·946). No significant association

was found with vegetable intake (independently) and CRP.

Diet and fibrinogen

Second, we performed linear regression analyses on the

associations between diet and fibrinogen. In the basic age-

(in d) and sex-adjusted models (model 1), a lower fibrinogen

level was associated with a higher Mediterranean dietary

pattern score and a higher intake of fruit and vegetables,

flavonoid-rich red wine and chocolate, and diet-derived

vitamin C. With the exception of a higher intake of vegetables

and chocolate, these inverse associations remained significant

after controlling for childhood cognitive ability (in model 2).

Further adjustment for lifestyle and health covariates

(in model 3) caused some associations to lose significance.

Robust inverse associations (all at P,0·05) were observed

between fibrinogen and the Mediterranean dietary

pattern (standardised b ¼ (0·100), fruit intake (standardised

b ¼ (0·083), and combined fruit and vegetable intake

(standardised b ¼ (0·084).

Discussion

In the present large sample of community-dwelling older

adults aged approximately 70 years, healthy dietary patterns

rich in fresh produce, especially fruit, were associated with

lower concentrations of two common biomarkers of systemic

low-grade inflammation. Closer adherence to a Mediterranean

diet was related to lower fibrinogen, but not CRP concen-

trations. Instead, a lower CRP level was associated with a

‘prudent’ (health-aware) dietary pattern comprising fruit and

low-fat foods. It is noteworthy that these relationships

Table 2. Univariate associations between C-reactive protein (CRP) and fibrinogen levels and covariates

(Unstandardised and standardised b regression coefficients; mean values and standard deviations)

CRP (mg/l)* Fibrinogen (g/l)†

Characteristics Unstandardised b Mean SD P Standardised b Mean SD P

Age 0·215 ,0·001 20·112 0·002
Age 11 IQ 20·128 0·001 20·088 0·018
BMI 0·262 ,0·001 0·072 0·047
Physical activity‡ 20·026 0·339 20·049 0·180
Sex 0·009 0·795 0·057 0·115

Male 3·38 2·4 3·17 0·59
Female 3·45 2·5 3·24 0·56

Occupational class 0·080 0·028 0·044 0·223
I 3·12 2·2 3·15 0·57
II 3·38 2·5 3·20 0·58
IIIN 3·38 2·4 3·24 0·56
IIIM 4·04 2·5 3·18 0·63
IV and V§ 3·41 2·4 3·36 0·48

Smoking status 0·088 0·015 0·103 0·004
Never smoker 3·17 2·2 3·18 0·56
Ex-smoker 3·51 2·5 3·18 0·57
Current smoker 4·32 2·9 3·48 0·60

CVD 0·026 0·473 0·050 0·165
No 3·40 2·4 3·19 0·56
Yes 3·48 2·4 3·26 0·63

Hypertension 0·129 ,0·001 0·112 0·002
No 3·21 2·4 3·15 0·54
Yes 3·77 2·4 3·29 0·62

Chol:HDL ratio 0·109 0·004 0·045 0·244
,3·5 3·27 2·4 3·16 0·57
3·5– ,5·0 3·46 2·4 3·23 0·59
$5·0 4·32 2·7 3·20 0·57

Stroke 0·003 0·934 0·112 0·002
No 3·40 2·4 3·19 0·56
Yes 3·96 3·1 3·54 0·81

Diabetes 0·084 0·020 0·117 0·001
No 3·35 2·4 3·19 0·57
Yes 4·33 2·7 3·45 0·63

Age 11 IQ, intelligent quotient at age 11 years; IIIN, non-manual; IIIM, manual; Chol:HDL ratio, cholesterol:HDL-cholesterol ratio.
* Unstandardised b regression coefficients and P values were derived from logistic regression analyses (CRP: normal (#3 mg/l) v. elevated

(.3 mg/l)).
† Standardised b regression coefficients and P values were derived from linear regression analyses.
‡ Physical activity was the number of days of sport or physical exercise per month.
§ Occupational social classes IV and V were combined due to the small number of participants in each class.
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remained significant after adjusting for variables that reflected

a healthy lifestyle, such as smoking, BMI and physical activity,

factors strongly associated with a high concentration of inflam-

matory biomarkers(41,44), and for a history of major chronic

diseases. Interestingly, consumption of vegetables per se and

specific food components (antioxidant nutrients and various

subclasses of flavonoids) failed to show statistically significant

relationships with either of the biomarkers. A key finding from

the present study, and contrary to expectations, was that

the significant relationship between diet and inflammation

remained after adjusting for childhood cognitive ability,

previously shown to be an important predictor of both diet

choices(64,65), including flavonoid consumption(66), and

inflammation(46–48) in adulthood, and inversely associated

with both CRP and fibrinogen in this sample. The data suggest

that habitual dietary patterns may independently relate to

inflammation in later life.

A large literature links healthy dietary patterns, especially

the Mediterranean diet, with positive health outcomes(67),

including lower levels of systemic inflammation. A recent

systematic review by Barbaresko et al.(4) has concluded that

fruit and vegetable-based ‘healthy’ dietary patterns are

associated with lower biomarkers of inflammation including

CRP, and that this finding is particularly well-supported by

intervention studies with the Mediterranean diet(68–70). In a

2-year intervention study, subjects who were administered a

Mediterranean diet (rich in vegetables, fruit, nuts, olive oil

and whole grains) experienced a significant decline in CRP

levels, which was not found in the control group(68). This

applied to all biomarkers of inflammation measured, particu-

larly CRP. Closer adherence to a Mediterranean-type diet in

observational studies has been shown to be associated with

lower levels of CRP and fibrinogen(6,7,21,24,71), thus providing

more evidence that this dietary pattern and its constituents

may help to lower low-grade inflammation. One further study

found that CRP levels, although not significantly associated

with the Spanish Mediterranean diet, were lowest in subjects

with the highest consumption of olive oil and nuts, the

major components of this pattern(72). However, some trials

in Northern European populations, such as Germany, have

found no effect of the Mediterranean diet on the levels of

CRP or fibrinogen(73). It is possible that the observed associ-

ations between ‘prudent’ dietary patterns and inflammatory

markers may be indirect. Healthy foods and snacks may

Table 3. Univariate associations between the Mediterranean and health-aware dietary pattern factor scores and covariates

(Unstandardised and standardised b regression coefficients; mean values and standard deviations)

Mediterranean Health-aware

Characteristics Unstandardised b Mean SD P Standardised b Mean SD P

Age 20·087 0·015 0·038 0·291
Age 11 IQ 0·112 0·002 20·039 0·290
BMI 20·032 0·370 20·087 0·015
Physical activity* 0·053 0·142 0·075 0·037
Sex 0·112 0·002 0·331 ,0·001

Male 20·10 0·86 20·31 1·0
Female 0·12 1·1 0·35 0·91

Occupational class 20·272 ,0·001 20·002 0·945
I 0·44 1·1 20·07 1·1
II 0·12 1·1 0·08 0·95
IIIN 20·17 0·78 0·20 0·90
IIIM 20·42 0·71 20·23 0·97
IV and V† 20·25 0·96 20·04 1·6

Smoking status 20·070 0·048 20·191 ,0·001
Never smoker 0·03 0·91 0·19 0·94
Ex-smoker 0·06 1·1 20·03 1·0
Current smoker 20·35 0·89 20·52 1·1

CVD 20·030 0·392 20·026 0·466
No 0·03 1·0 0·05 0·99
Yes 20·04 0·85 20·02 1·0

Hypertension 20·038 0·283 0·026 0·461
No 0·042 1·1 0·01 0·97
Yes 20·036 0·85 0·064 1·1

Chol:HDL ratio 20·084 0·028 0·000 0·996
,3·5 0·99 1·1 0·03 1·0
3·5– ,5·0 20·033 0·90 0·04 0·98
$5·0 20·15 0·80 0·02 1·2

Stroke 20·028 0·438 0·015 0·681
No 0·01 0·99 0·03 1·0
Yes 20·13 0·86 0·11 1·1

Diabetes 20·053 0·134 0·035 0·320
No 0·02 0·98 0·02 1·0
Yes 20·18 0·99 0·16 0·95

Age 11 IQ, intelligent quotient at age 11 years; IIIN, non-manual; IIIM, manual; Chol:HDL ratio, cholesterol:HDL-cholesterol ratio.
* Physical activity was the number of days of sport or physical exercise per month.
† Occupational social classes IV and V were combined due to the small number of participants in each class.
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be consumed at the expense of unhealthy, sugary or fatty

(pro-inflammatory) foods. Following intake of energy-dense,

nutrient-poor, processed foods, meal-induced inflammation

has been evidenced by immediate increases in inflammatory

biomarkers such as CRP(74). In population studies, Western-

type dietary pattern components such as red meat, high-fat

dairy and other sources of saturated fat, and refined carbo-

hydrates show positive associations with biomarkers such as

CRP and fibrinogen(2,18,20,22,75,76).

Studying dietary patterns has a number of advantages over

the ‘single food or nutrient’ approach. Foods and nutrients

are rarely eaten in isolation, whereas dietary patterns capture

the complexity of diets and synergistic interactions among

nutrients in addition to different food sources of the same

nutrient(77). However, a large number of epidemiological

and intervention studies have focused specifically on fruit

and vegetable intake as single food components. Fruit and

vegetables are a rich source of beneficial compounds includ-

ing vitamins, carotenoids, polyphenols and other bioactive

compounds, which make them a food group with a high

dietary antioxidant capacity and multiple anti-inflammatory

actions(78,79). No association was found between CRP and

fruit and vegetables intake in a sample at high risk for

CVD(72); however, many other observational studies have

reported potentially beneficial effects of fruit and vegetable

intake on CRP in adulthood(15–17,80) even after adjusting for

BMI, smoking and other covariates. CRP has been shown to

decrease as fruit and vegetables consumption increases. One

intervention study placed healthy non-smoking men on diets

containing only two servings per d of fruits and vegetables

for 4 weeks and then placed them on diets of increasing

fruit and vegetable consumption for another 4 weeks. Those

who were randomised to eight fruit/vegetable servings (but

not five servings) per d had a significant decline in CRP

levels(81). The lack of association of vegetable intake with

the biomarkers of inflammation in our sample may be due

to cultural differences; in Scotland, vegetable consumption is

lower than in the UK average(82) and markedly lower than

in Mediterranean populations where, on average, greater

importance is placed on fresh produce(83). Our data support

the findings of two other UK studies: the British Regional

Heart Study, which reported inverse associations with CRP

and fruit intake but not with vegetable intake in older

men(25), and a longitudinal (6-year) investigation finding no

independent association with overall vegetable intake(10).

Deep-rooted cultural differences in diet can make compari-

sons between studies problematic. Furthermore, many studies

reporting significant associations with biomarkers have

Table 4. Multivariate associations between C-reactive protein (CRP) and fibrinogen levels and dietary factors at age 70 years

(Unstandardised and standardised b regression coefficients)

CRP (mg/l)* Fibrinogen (g/l)†

Model 1‡ Model 2§ Model 3k Model 1‡ Model 2§ Model 3k
Predictors Unstandardised b Unstandardised b Unstandardised b Standardised b Standardised b Standardised b

Dietary patterns
Mediterranean 20·141 20·120 20·078 20·133*** 20·123** 20·100*
Health-aware 20·291** 20·293** 20·200* 0·023 0·014 0·009

Fruit and vegetables
Total fruit 20·109** 20·117** 20·100* 20·088* 20·089* 20·083*
Total vegetables 20·065 20·060 20·033 20·072* 20·071 20·057
Total FV 20·062** 20·062** 20·044 20·097** 20·096* 20·084*

Flavonoid-rich foods
Tea 0·015 20·005 20·010 20·007 20·015 20·014
Red wine 20·010 20·032 0·048 20·133*** 20·101** 20·073
Chocolate 20·067 20·016 20·048 20·078* 20·068 20·059
Apples 20·441** 20·522** 20·456* 20·007 20·036 20·037
Citrus fruits 20·369* 20·395* 20·337 20·055 20·032 20·018

Flavonoids
Flavonols 0·000 20·002 20·002 20·003 20·015 0·010
Flavones 0·194 0·088 20·190 20·025 20·048 20·065
Catechins 0·000 0·000 0·000 0·000 20·007 0·019
Proanthocyanidins 0·000 20·002 20·002 20·029 20·032 20·004
Flavanones 20·008* 20·010* 20·007 20·049 20·028 20·013

Antioxidant nutrients
Vitamin C 20·003* 20·003* 20·002 20·099** 20·093* 20·074
Vitamin E 0·005 0·007 0·028 20·010 20·005 0·007
b-Carotene 0·000 0·000 0·000 20·042 20·048 20·054
Zn 0·000 0·000 20·017 20·055 20·056 20·054
Se 20·004 20·004 20·005 20·051 20·051 20·055

FV, fruit and vegetables; age 11 IQ, intelligent quotient at age 11 years.
*P,0·05, **P,0·01, ***P,0·001.
* Unstandardised b regression coefficients and P values were derived from logistic regression analyses (CRP: normal (#3 mg/l) v. elevated (.3 mg/l)).
† Standardised b regression coefficients and P values were derived from linear regression analyses.
‡ Model 1 was adjusted for age and sex.
§ Model 2 was adjusted for age, sex and age 11 IQ.
kModel 3 was adjusted for age, sex, age 11 IQ, occupational social class, BMI, physical activity, cholesterol:HDL-cholesterol ratio, smoking status, and history of CVD,

hypertension, stroke and diabetes.
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assessed fruit and vegetable intake in combination

only(14,80,84); therefore, it is unclear whether a particular

dietary component is driving the associations.

Anti-inflammatory benefits with increased fruit and

vegetable intake have often been attributed to the effect of

specific antioxidant nutrients, such as b-carotene, Zn and

vitamin C, since oxidative stress is an underlying mechanism

for several chronic diseases(85,86). Brighenti et al.(78) reported

that CRP levels were progressively lower with increasing

levels of antioxidant capacity of the diet, estimated from diet-

ary intake of fruits, vegetables and other foods. However, a

Catalonian study has failed to find any association between

CRP and b-carotene, vitamin C or vitamin E(87). Among the

five antioxidant nutrients assessed in the present analysis,

only one (vitamin C) was found to have a potentially ben-

eficial effect on inflammation (fibrinogen). This finding was

probably due to the vitamin C content in fruit; however, this

association narrowly missed significance following multivari-

ate adjustment. In another study, reduced CRP and fibrinogen

concentrations were associated with a higher intake of dietary

vitamin C, but not with other antioxidant nutrients tested(88).

A decrease in inflammation status associated with a higher

intake of dietary vitamin C is supported by other population

studies in middle-aged and elderly people(16,25)and in some

clinical trials(29). In general, the results of the present study

suggest that, with the possible exception of food-derived

vitamin C, intake of antioxidant nutrients does not explain

the inverse diet–inflammation associations. Furthermore,

epidemiological studies have consistently shown that

increased fruit and vegetable intakes are associated with a

lower risk of cardiovascular events(89,90). Yet, supplementation

with several of these antioxidant nutrients in clinical trials and

intervention studies has not demonstrated a concomitant

decline in the risk of CVD(91,92).

Previous studies have found that intake of dietary flavo-

noids is inversely associated with inflammatory diseases(32)

and serum CRP concentrations(34,42). Of the flavonoid-rich

foods and drinks assessed in this sample, only apples were

associated with lower inflammation (CRP). Consistent with

the results of the present investigation, Chun et al.(34)

observed that consumption of apples, a rich source of flavo-

noids, was associated with lower CRP concentrations. Several

clinical trials have supported the link between flavonoid con-

sumption and reduced CRP concentrations(93), but not all(94).

We observed no relationship between several flavonoid

subclasses, contrary to other studies. For example, several

flavonoid subclasses (flavones, flavanones and total flavo-

noids) were associated with lower concentrations of some

inflammatory biomarkers in the Nurses’ Health Study(38).

However, data on the associations between flavonoids and

inflammation are still considered controversial, and inaccurate

estimates of flavonoid intake from the diet are based on often

incomplete flavonoid food composition data and, therefore,

inconsistent findings may arise(34).

The present study was limited by the cross-sectional nature

of the data; therefore, the observed associations might not be

causal. Given the older age of participants, reverse causation is

possible. Certain low-grade inflammatory states such as mild

malaise could have an easy impact on diet, and some individ-

uals with a history of chronic disease (related to inflammation,

perhaps) might have altered their diets according to health

recommendations before assessment. Other limitations in

using this dataset include the use of a self-report measure of

dietary consumption; self-reports may be biased. However,

the validity of the FFQ has previously been reported in an

old-age sample(54,55). As a self-selected volunteer sample of

a narrow older age and specific geographical location with

high cultural homogeneity, the findings from the LBC1936

cohort may not generalise to other populations.

A strength of the present study was the use of a well-charac-

terised sample population, with available measures of diet,

biomarkers of interest, and comprehensive health and lifestyle

information. We used an age-homogeneous population, mini-

mising age and cohort effects. This is important as CRP and

fibrinogen increase with age, and the effect of potential con-

founding factors can vary according to lifelong exposure(5).

Some chronic low-grade inflammation patterns found in the

elderly may be related to co-morbidities; however, it is also

observed in ‘successful ageing’(50). The heterogeneity among

reported associations with diet in studies may be due to the

use of different inflammatory markers and to the different

physiological mechanisms involving each biomarker(4). At

present, there is no consensus as to which markers of inflam-

mation best represent low-grade inflammation(5). The present

data expand previous knowledge obtained from observational

studies, and lend further support to the evidence suggesting

that diet may play a role in mediating the body’s biological

response to inflammation. However, further longitudinal and

intervention studies are needed in order to determine a

causal link. Because fruit and vegetable intake is consistently

associated with a decreased risk of chronic diseases, public

health strategies to improve fruit and vegetable intake

should be encouraged. Dietary changes remain a low-risk

intervention strategy.

In conclusion, our findings suggest that a Mediterranean

dietary pattern and a ‘prudent’ (health-aware) dietary pattern,

rich in fresh produce, are associated with lower plasma con-

centrations of CRP and fibrinogen in older age. The data are

not supportive of a beneficial, independent effect of anti-

oxidant nutrients or flavonoids. Dietary patterns represent a

broader picture of food and nutrient consumption, and thus

may be more predictive of disease risk than individual foods

or nutrients.
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32. González R, Ballester I, López-Posadas R, et al. (2011) Effects
of flavonoids and other polyphenols on inflammation.
Crit Rev Food Sci Nutr 51, 331–362.

J. Corley et al.1096

B
ri

ti
sh

Jo
u
rn

al
o
f

N
u
tr

it
io

n

198



33. Arts IC & Hollman PC (2005) Polyphenols and disease risk in
epidemiologic studies. Am J Clin Nutr 81, 317S–325S.

34. Chun OK, Chung SJ, Claycombe KJ, et al. (2008) Serum
C-reactive protein concentrations are inversely associated
with dietary flavonoid intake in U.S. adults. J Nutr 138,
753–760.

35. Geleijnse JM, Launer LJ, Van der Kuip DA, et al. (2002)
Inverse association of tea and flavonoid intakes with incident
myocardial infarction: the Rotterdam Study. Am J Clin Nutr
75, 880–886.

36. Huxley RR & Neil HA (2003) The relation between dietary
flavonol intake and coronary heart disease mortality: a
meta-analysis of prospective cohort studies. Eur J Clin Nutr
57, 904–908.

37. Macready AL, George TW, Chong MF, et al. (2014)
Flavonoid-rich fruit and vegetables improve microvascular
reactivity and inflammatory status in men at risk of
cardiovascular disease – FLAVURS: a randomized controlled
trial. Am J Clin Nutr 99, 479–489.

38. Landberg R, Sun Q, Rimm EB, et al. (2011) Selected dietary
flavonoids are associated with markers of inflammation
and endothelial dysfunction in U.S. women. J Nutr 141,
618–625.

39. Middleton E Jr, Kandaswami C & Theoharides TC (2000) The
effects of plant flavonoids on mammalian cells: implications
for inflammation, heart disease, and cancer. Pharmacol Rev
52, 673–751.

40. Herder C, Baumert J, Kolb H, et al. (2006) Circulating levels
of interleukin-18 independent of body fat and fat-free mass:
results from the MONICA/KORA study. Diabetes Care 29,
174–175.

41. Timpson NJ, Lawlor DA, Harbord RM, et al. (2005) C-reactive
protein and its role in metabolic syndrome: Mendelian
randomisation study. Lancet 366, 1954–1959.

42. Calder PC, Ahluwalia N, Brouns F, et al. (2011) Dietary
factors and low-grade inflammation in relation to overweight
and obesity. Br J Nutr 106, S1–S78.

43. Eckel RH, Grundy SM & Zimmet PZ (2005) The metabolic
syndrome. Lancet 365, 1415–1428.

44. Bazzano LA, He J, Muntner P, et al. (2003) Relationship
between cigarette smoking and novel risk factors for
cardiovascular disease in the United States. Ann Intern
Med 138, 891–897.
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Appendix C - LBC1936 Study Ethics Approval for Wave 1 (2004-

2007) 
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Appendix D - LBC1936 Recruitment Flowchart for Wave 1 

(2004-2007) 
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Figure 2.   LBC1936 study recruitment flowchart 
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Appendix E - LBC1936 Participant Information for Wave 1 

(2004-2007) 
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LBC1936 welcome letter at wave 1 
      

 
 

PPAARRTTIICCIIPPAANNTT  DDEETTAAIILLSS  

 

 

DATE 
 

 

  

LLOOTTHHIIAANN  BBIIRRTTHH  CCOOHHOORRTT  11993366  SSTTUUDDYY  
 

I’d like to invite you to take part in the Lothian Birth Cohort 1936 (LBC1936) study. The study is 

about the health of all people living in Scotland who were born in 1936. As I shall explain, it is 

unique and could not be conducted anywhere else in the world. You are part of a very special 

group, and I hope you will agree to become a member of the study. 

 

We are trying to find out about the health and well-being of people as they grow older. Most 

studies of this type lack information about people from when they were younger. Scotland is 

unique. In 1947 it conducted the Scottish Mental Survey in which everyone born in 1936 took 

part. This means that Scotland is alone in the world in having information on the reasoning skills 

of a whole population. We are studying how these skills and other aspects of people’s lives, in 

youth and later, affect their health as they grow older. We think that you will be able to help in 

answering the question of how people age successfully. It doesn’t matter if you don’t remember 

doing the Survey in 1947. If you were born in 1936 and were at school on June 4
th

 1947 you took 

part in it. 

 

The LBC1936 study is run by the University of Edinburgh. It is funded by the research charity 

Research Into Ageing which is a part of Help the Aged. The team of researchers is listed at the 

end. They are all internationally-recognised experts in their fields. We hope you will want to take 

part in this special study. 

 

I enclose a leaflet to tell you some more about the LBC1936 study. There is also a reply slip to 

send back to us in the pre-paid envelope (no stamp is needed). If you indicate your interest on the 

reply form it does not commit you to taking part: we will contact you with further details of the 

study and you can ask any questions. You can also indicate on the form if you’d rather not be 

contacted. If you are interested in the project Dr Michelle Taylor, our lead researcher, will 

telephone you to discuss it further. If you decide to take part Dr Taylor will invite you along to the 

new ‘state of the art’ Wellcome Trust Clinical Research Facility at the Western General Hospital 

to have some simple physical measures taken, and do a survey of thinking skills. It will take just 

one morning or afternoon, whichever suits you better. When people join the study they will be 

kept up to date with how it is going and will be informed about the results. 

 

We hope to meet you soon and look forward to welcoming you as a member of the LBC1936. 

 

Yours sincerely, 

 

 

 

Professor Ian J. Deary, Study Director 
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The team of investigators on the project is, 

Professor Harry Campbell, Department of Public Health, University of Edinburgh 

Professor Ian J. Deary, Department of Psychology, University of Edinburgh 

Professor David Porteous, Department of Medical Genetics, University of Edinburgh 

Dr John Starr, Department of Geriatric Medicine, University of Edinburgh 

Dr Peter Visscher, Institute of Biology, University of Edinburgh 

Professor Lawrence Whalley¸ Department of Mental Health, University of Aberdeen 

Dr Valerie Wilson, Scottish Council for Research in Education, University of Glasgow 

 

The project is funded by, 

Research Into Ageing 

 

The project is administered at, 

Lothian Birth Cohort 1936 Study, University of Edinburgh, 7 George Square, Edinburgh,  

EH8 9JZ 
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Would you like further information? Contact us on 0131 651 1303. 

INFORMATION SHEET 

Lothian Birth Cohort 1936 Study 

 

You are invited to take part in the Lothian Birth Cohort 1936 (LBC 1936) Study. 

 

What is the study about? 

In June 1947, all children living in Scotland and born in 1936 underwent a verbal 

reasoning test that measured their thinking skills. We now wish to see how important 

thinking skills at age 11 years were in determining health and thinking skills at age 

68-69 years. 

 

We would like to find out what are the important influences on the change in 

thinking skills over a lifetime. For instance, if we knew what kinds of things help you 

to keep your memory in old age, we could see what could be done to prevent the kind 

of memory problems that affect many people as they get older.   

 

What does the study involve? 

The kinds of things we think might be important for any individual are your health, 

what work you did and what education you had. In addition, we think that ‘genetic’ 

factors may have important effects that can only be seen in large numbers of people.   

 

If you agree to take part in the study we will ask you about your education, work and 

health. We will also measure some simple things like how fast you can walk a short 

distance, your blood pressure, your vision and how fast you can breathe out.  

 

To measure how your memory and other thinking skills are at the moment, we will 

ask you to do some simple mental tests. Asking you questions and completing the 

tests will take around three hours. 

 

We would also like to take some blood to store so that it can be tested for different 

genes later on. The blood stored for gene testing will be kept completely anonymous 

as these tests are of no importance for your health as an individual. However, these 

gene tests are important for us to understand why some people are more likely than 

others to have problems with their memory. 

 

Will the information remain confidential? 

Yes. The information we collect is completely confidential. Your agreement to take 

part in this study is purely voluntary and does not affect any care or treatment you 

receive at the hospital. You can withdraw at any time you like without giving any 

reason to the tester. Dr Elizabeth MacDonald, Consultant Physician, Royal Victoria 

Hospital, Edinburgh is available if you would like further independent advice about 

the study. 
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LBC1936 appointment letter at wave 1 
 

 

DATE 

 

 

NAME 

ADDRESS 

ADDRESS 

POSTCODE 

 
 

    

 

           
LBCNUMBER 

Dear PARTICIPANT  

 

LLOOTTHHIIAANN  BBIIRRTTHH  CCOOHHOORRTT  11993366  AAPPPPOOIINNTTMMEENNTT  

 

Thank you for agreeing to take part in the LBC 1936 Study. I confirm that your appointment 

will take place on  

 

DATE OF APPOINTMENT at TIME 

 

in the Wellcome Trust Clinical Research Facility (WTCRF) at the Western General 

Hospital.  
 

What do I need to bring? 

1. Spectacles – if you wear them – for both distance and reading. 

2. A contact phone number – the name and number of someone who can be reached 

while you are at the clinic, if necessary. 

3. A list of your current medication(s).  

 

How long will it take? 

The appointment should last no more than 4 hours. There will be breaks for refreshments. 

 

Travel 

Directions to the Western General Hospital and Wellcome Trust Clinical Research Facility 

are enclosed. Please contact me if you wish to travel by taxi, and I will make arrangements 

for you. We shall reimburse you for your travel expenses if you wish. 

 

Who can I phone if I have any questions? 

Please contact me on 0131 651 1303 if you wish to change the appointment, or if you have 

any questions. 

 

I look forward to meeting you and welcoming you as a member of the LBC 1936 study. 

 

Yours sincerely 

 

 

Alan Gow 

LBC1936 study research co-ordinator 211



Consent Form 

Lothian Birth Cohort 1936 Study 

 

 

If you wish to discuss this project or have any queries, please do not hesitate 

to contact 

Dr John Starr 

Department of Geriatric Medicine 

Royal Victoria Hospital 

Craigleith Road 

Edinburgh  

Tel 0131 537 5000 

 

Consent 

I agree to participate in this study. 

I have read Information Sheet and Consent Form and had the opportunity to 

ask questions about them. 

I agree for relevant information about this aspect of the study to be sent to my 

General Practitioner. 

I understand that I am under no obligation to take part in this study and that a 

decision not to participate will not affect my treatment from the hospital or 

from my own doctor. 

I understand that I have the right to withdraw from this study at any stage 

without giving a reason and that this will not affect my treatment in any way. 

I understand that this is non-therapeutic research from which I cannot expect 

to derive any benefit. 

I understand that the information is confidential and that it is not available to 

any person outside the research team. 

 

 

Signature of 

Subject.......................................................................................................... 

 

 

Name of Subject (please 

print)............................................................................................................ 

 

 

Date................................. 

 

 

Signature of 

Investigator.................................................................................................. 
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LBC1936 questionnaire letter at wave 1 
 

 

 

 

DATE 
 

NAME  

ADDRESS 

ADDRESS 

POSTCODE 
 

LBCNUMBER 
 

 

Dear NAME 

 

Thank you very much for taking part in the Lothian Birth Cohort 1936 study. I hope 

you enjoyed your visit to the Wellcome Trust Clinical Research Facility and found the 

study interesting. 

 

As part of the study we would like to gather some information about you, your family, 

and the things you have done throughout your life (like the type of work or activities 

you have taken part in), as it is believed these things may have an impact on later 

thinking and memory skills. We would also like you to describe your typical diet over 

the past 2-3 months. 

 

To add to the information you have already given us, we would be most grateful if 

you could find some time to complete the enclosed questionnaires. The questionnaires 

should take no more than 90 minutes to complete, but please fill them out at your own 

pace. There is no need to complete the questionnaires in a single session. Feel free to 

complete one part and fill out other parts later. More detailed instructions are included 

in the questionnaire booklets. Once you have answered all of the questions, please 

send all the questionnaires back in the pre-paid envelope provided.  

 

On behalf of the Lothian Birth Cohort 1936 team, I would like to thank you once 

again for taking part in this important study, and we look forward to receiving your 

response. 

 

Yours sincerely 

 

 

 

 

Professor Ian J. Deary 

Study Director 
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Appendix F - LBC1936 Phenotype Collection at Wave 1   
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Research into Ageing Research Grant 

Determinants of normal cognitive ageing in surviving participants of the 

Scottish Mental Survey 1947 

 

Protocol for phenotype collection in the LBC1936 - Wellcome Trust Clinical 

Research Facility 

 

 

Introduction and welcome to LBC1936 Study and consent 

 

Background information  

Social and medical history and medications  

including years of education, qualifications attained, marital status, self (and 

spouse) occupation and retirement details, address at age 11, number of 

rooms, in/outdoor toilet, current living arrangement, smoking and alcohol 

consumption, history of disease 

Hospital Anxiety and Depression Scale (HADS) 

Mini-Mental State Examination (MMSE) 

 

Cognitive tests 

Logical Memory I (WMS-III) 

Verbal Fluency 

NART & WTAR 

Digit Symbol (WAIS-III) 

Digit Span Backward (WAIS-III) 

Simple and Choice Reaction Time 

Logical Memory II (WMS- III) 

Block Design (WAIS-III) 

Verbal Paired Associates (WMS- III) 

Spatial Span (WMS-III) 

Symbol Search (WAIS-III) 

Letter-Number Sequencing (WAIS-III) 

Matrix Reasoning (WAIS-III) 

Verbal Paired Associates (WMS-III)  

Inspection Time 

Moray House Test 

 

Medical 

Physical examination 

height, weight, visual acuity, 6m walk time, sit-to-stand, demi-span, head 

circumference, activities of daily living, blood pressure, lung function (FEV1, 

FVC, FER, PEF), grip strength, and menopause details (women only) 

Blood Tests 

full blood count, coagulation, biochemistry including thyroid function and 

lipids and a sample for storage for genetic analysis 
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Appendix G - Food Frequency Questionnaire version 7.0   
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Appendix H - Scree Plots for the Cognitive Factors    
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Figure 3.1   The scree plot for general cognitive ability (g) displaying inflexions that 

would justify retaining one component 
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Figure 3.2   The scree plot for processing speed displaying inflexions that would 

justify retaining one component 
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Figure 3.3   The scree plot for memory displaying inflexions that would justify 

retaining one component 
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