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Abstract

Cognitive decline is the first outward sign of dementia, which has a major public health 
impact on individuals and governments around the world. As individuals age, cognitive 
abilities gradually start to deteriorate for independent or combined genetic and environ-
mental causes. Given that very little can be done regarding our genetic inheritance, the 
focus of the current research is on modifiable risk factors across the life course. There is a 
well-established relationship between specific lifestyle behaviours and cognitive decline, 
but extremely limited research on the role of combined lifestyle factors. This chapter 
aims to describe the process of cognitive ageing on multiple cognitive domains (fluid and 
crystallised), highlighting the changes in cognitive performance occurring as a normal 
process of ageing, as well as the most severe forms of cognitive impairment indicative 
of probable risk of dementia. Also, the role of modifiable risk factors such as lifestyle 
behaviours (alcohol, smoking, physical activity and dietary patterns) will be evaluated in 
relation to healthy cognitive ageing and preventions of cognitive decline. There are many 
questions to be answered regarding the biological foundations of cognitive ageing across 
the spectrum, and the potential role of lifestyle behaviours in reverting the accelerated 
changes in the cognitive ageing process.

Keywords: cognition, dementia, lifestyle, fluid intelligence, crystallised

1. Introduction

Optimal physical and mental health represents a prerequisite to an optimal quality of life. 
Highly complex mental capabilities such as memory, processing speed, attention, orientation 
language, reasoning and problem-solving are vital to everyday functioning and activities of 
daily living. However, these abilities tend to decline as part of normal ageing [1]. The rate of 
cognitive decline varies considerably depending on genetic influence [2–4], early environment 
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[5, 6], education [7] and social class in adulthood. A significant decline in cognitive function-
ing has also been attributed to lifestyle behaviours such as alcohol consumption [8], fruit 
and vegetables intake [9], cigarette smoking [10] and low exercise (both physical and mental 
training) [11, 12]. A serious degree of cognitive decline is not inevitable, but remains one of the 
greatest concerns in the current climate of our ageing populations around the world, given 
that cognitive impairment and serious levels of cognitive decline represent important predic-
tors for the development of dementia [13, 14]. Developing realistic strategies and interven-
tions to reduce cognitive decline and prevent dementia should be considered a high priority 
by governments around the world [15].

2. Cognitive ageing

An optimal cognitive function is fundamental to independence, productivity, and quality 
of life, while the progressive debilitation in cognitive capability associated with cognitive 
impairment and dementia, makes these conditions the most feared scenarios for approaching 
the older age. Human brains seem to be under continuous modifications, which are depen-
dent of cardiovascular health, lifestyle or injuries throughout life. Some changes are part of 
the normal process of ageing, while others are more severe and debilitating with an underly-
ing neuropathology process.

There is no clear consensus in defining healthy or successful cognitive ageing, but it can be 
described as the maintenance of most cognitive abilities as until older age and a minimum 
variation in the spectrum of normal cognitive decline with ageing. There is an immense 
explanatory gap in understanding the biological foundations of cognitive ageing across the 
whole spectrum or what determines a slowed information processing and multitasking. 
Moreover, not enough is known about the mechanisms underlying different types of neu-
ropathological changes, and whether individual choices of lifestyle behaviours can enhance 
these mental capabilities or slow the cognitive ageing process. A recurrent question in cogni-
tive is whether the decrease in cognitive performance is related to healthy or pathological 
ageing processes. Building upon this, it is also important to understand the critical periods of 
life when the transition from healthy to pathological ageing does occur [16–19].

Ageing affects cognitive functions, primarily those associated with executive processing 
and other functions of the frontal lobe. Age-related changes in memory and other cognitive 
abilities occur at different rates (for example, reasoning skills, visuospatial facility and verbal 
memory decline more rapidly over the life course, while vocabulary, attention and calculation 
are more resistant to ageing). Learning, mental processing and visuomotor functions, such as 
visuomotor coordination, increasingly decline with age [20–23], suggesting that changes in 
specific skills are nested in a more global trend of decline which varies according to various 
cognitive functions. However, there is also evidence that the adult brain shows neuroplasti-
city and neurogenesis [24–26].

A distinction between two categories of cognitive capabilities has been proposed by Raymond 
Cattell [27] and further developed by John Horn [28]. They proposed a clear distinction between 
all types of cognitive capabilities in fluid and crystallised intelligence. Fluid cognitive ability is 

Geriatrics Health50



considered a measure of cognitive capability involved in processing novel information (e.g. work-
ing memory and problem solving) efficiently and with increased flexibility. These aspects of cogni-
tion are particularly susceptible to ageing [29], see Figure 1 adapted from [30]. The absolute level 
of fluid intelligence measured at any point in later life depends both on genetic inheritance, educa-
tion, the peak level of cognition achieved across life and the rate of decline experienced by that 
age [30]. On the other hand, crystallised cognitive functions, which rely on over-learned cognitive 
skills and abilities or accumulated knowledge, remain preserved or even improve during ageing 
process [31], except for the advanced stages of cognitive impairment or dementia [32].

The subtle decline in fluid cognitive abilities has been thought to begin as early as age 50 
[6, 33, 34] and includes subtle deterioration of fluid cognitive abilities such as memory [35], 
verbal fluency [36, 37], visuospatial and constructional ability [38], attention, speed and con-
centration [35]. Previous evidence highlighted that cognitive speed decreases by around 20% 
at age 40 and by 40–60% at age 80 [39, 40].

An important methodological challenge is to understand the diversity and typology of cogni-
tive decline, the time of onset of decline, and the causes of this change.

The next sections will focus on two aspects of cognitive functioning (memory and psychomo-
tor speed) that are particularly sensitive to ageing.

2.1. Memory

The term memory has been used broadly to refer to mental operations that involve encod-
ing, retention and retrieval of information. Memory functions can be classified based on 
their temporal scale (short-term versus long-term) and the type of memory function (e.g. 
declarative versus non-declarative, episodic versus semantic) [41, 42]. Some of these aspects 
are more vulnerable to the effects of ageing than others. For example, Nilsson investigated 
episodic, semantic and short-term memory, priming, and procedural memory across the 
lifespan in a large longitudinal study and found a steady age-related decline in episodic 
memory as measured by free recall, cued recall, source recall, recognition and prospective 
memory tasks [43]. There was an increase in semantic memory capacity up to age 55–60, and 

Figure 1. Schematic representation of fluid and crystallised intelligence over the lifespan adapted from [30].
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Figure 2. The Cascade model of cognitive ageing, adapted from Birren and Cunningham [47].

a significant decrease after that. The other types of memory remained unchanged. Episodic 
memory refers to remembering past experiences, places or times [44], and has been a central 
focus of research in cognitive ageing.

2.2. Speed of processing

Slower mental processing has often been identified as an underlying factor behind other 
cognitive deficit such as attention disorders [18, 45]. Methods for assessing mental process-
ing speed are typically either computer-aided reaction-time tasks or paper-and-pencil tests 
that may to some extent also require psychomotor functioning. Tasks such as the Stroop test 
(word reading and colour naming) [46] and Trail Making are regarded as general (multidi-
mensional) speed tests that also include the rates of reading, naming, perceptual and visual-
motor functions. Stroop task is designed to measure cognitive control and assess the ease with 
which a person can maintain a goal in mind while suppressing a habitual response in favour 
of a less familiar one. Trail making measures attention, speed and mental flexibility. Mental 
speed is considered highly vulnerable to the effects of ageing process. A central hypothesis is 
that increased age is related to the deterioration of the psychomotor speed, utilised in many 
cognitive operations [19].

3. The cascade model of cognitive ageing

A life course approach to cognitive ageing and cognitive function was also emphasised by the 
cascade model of cognitive ageing proposed by Birren and Cunningham [47] (see Figure 2). 
While it is common to conceptualise the chronology of cognitive ageing from birth to later 
life, the cascade model suggests that it may be more informative to consider a framework of 
successful cognitive ageing in relation to the time to death rather than a follow-up from the 
time of birth.
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The model describes primary ageing as a slow decline in mental progressing, often charac-
terised by difficulties in memory (especially with new learning and retention), information 
processing, language and other aspects of cognitive functions. Secondary ageing represents 
a more rapid form of deterioration due to a pathological process such as dementia, and 
refers to a loss of fluid and crystallised cognitive abilities, while tertiary ageing raises the 
more complex issue of impairments in cognitive performance arising from overall biological 
devitalisation of the organism before the end of life. Many older individuals demonstrate no 
apparent cognitive impairment, while others, perhaps most of the aged population, suffer 
various degrees of cognitive change.

Another model proposed by Brayne and colleagues, describes the general trend of cognitive 
decline as a continuum, from “successful” and “normal” ageing to “mild cognitive impair-
ment” and “dementia” [48]. This model presents a general trend of deterioration in all aspects 
of cognitive abilities, irrelevant of the competing risk of the potential neuropathological 
changes such as dementia. The authors considered that the “differences in behaviour were 
associated with environmental causes, genetic causes and individual decision-making pro-
cesses” (p. 12–13). Despite several conceptualisations of mental ageing across the life course 
have been developed, it is important to link these models of mental decline to a multidirec-
tional approach that searches for gains and losses across the life course [49].

4. Cognitive performance and the ageing process

Although age-related decline in cognitive performance is undeniable, there are two impor-
tant caveats to this statement. First, most cognitive deficits that have been observed in non-
demented older adults are typically limited to certain types of cognitive tasks. In particular, 
deficits have usually been seen on tasks that required problem-solving [50, 51], speed response 
on information processing [52], relied on executive processing [53], assessed a variety of types 
of memory [54], or assessed the acquisition and retention of novel skills [55]. The variability in 
cognitive decline that occurs with age has provided insights into the areas of the brain that are 
implicated in ageing, and this can help identify potential mediators of the relationship. Non-
demented older adults are typically able to maintain their long-term memory and the ability 
to perform tasks that are considered to be less effortful regarding attentional demands [56, 57].

The second caveat regarding age-related declines in cognition is that there has been shown 
to be substantial variability in the rate of decline with age, and, that this process is extremely 
heterogeneous given that some older adults never experienced declines in their mental abili-
ties. This achievement could be considered successful cognitive ageing, which has also been 
described as the evasion of disease and disability, continued engagement in social and pro-
ductive activities, and sustained cognitive and physical functioning [58, 59]. The question why 
some people are affected more by ageing process than others remains unclear to date, but it 
is likely that there are certain genetic variants and clinical conditions that could potentially 
increase the risk of cognitive impairment. Over the past decade, several risk factors such as 
the e4 allele of the Apolipoprotein E gene, CVD, stroke, hypertension, diabetes, the metabolic 
syndrome, hypercholesterolemia, arterial fibrillation, smoking and atherosclerosis have been 
identified as predictive of increased cognitive decline and a higher risk of dementia [60–66].
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Given the increase in the size of the population of older adults and the personal and social 
consequences of age-related cognitive decline, research related to the maintenance of cogni-
tive functioning is of increasing relevance. From an environmental perspective, promoting 
healthy adult lifestyle behaviours may attenuate harmful effects of less modifiable risk factors. 
Therefore, identifying genetic and lifestyle factors which predict successful ageing represents 
an important direction for researchers in delineating the risk factors for cognitive decline and 
developing behavioural interventions designed to attenuate cognitive decline.

5. The role of lifestyle behaviours on cognitive ageing

Lifestyle behaviours refer to routine activities (e.g. smoking, alcohol, diet and physical activ-
ity) that could influence our health. Because of their impact on various health outcomes, the 
term “lifestyle behaviours” has also been referred to as “health-related behaviours”. Many 
studies have shown that lifestyle behaviours are associated with type 2 diabetes [67, 68], coro-
nary heart disease [69] and mortality [70]. An example is a recent study that followed a cohort 
of more than 20,000 people aged 45 to 79 living in the Norfolk area in the United Kingdom 
between 1993 and 1997, which investigated the association between lifestyle behaviours and 
mortality [71]. The results of this study showed that people who smoked, drank more than 
14 units of alcohol per week, consumed fewer than five servings of fruit and vegetables per 
day, and were inactive, had a four-times higher mortality risk than those who exhibited none 
of these lifestyle behaviours. An important aspect that needs further highlighting is that life-
style behaviours are not always independent of one another, and may also have additive 
effects on various health outcomes.

Optimal control and management of lifestyle factors demonstrate efficacy in the prevention 
of cognitive decline and dementia [72–75], highlighting an intertwined link between the risk 
factors for cardiovascular and cerebrovascular disease and dementia. Accumulating evidence 
points to the potential risk factors of cardiovascular disorders (e.g. midlife obesity and ciga-
rette smoking) and the potential protective roles of psychosocial and lifestyle factors (e.g. 
higher education, regular exercise, healthy diet, intellectually challenging leisure activities, 
and an active socially integrated lifestyle).

Factors showing a considerable influence on decreasing the risk of dementia and cognitive 
decline are social and cognitive engagement. Other influences such as physical activity, which 
increases cerebral blood flow and in turn promotes nerve cell growth and enhanced cere-
brovascular function, seem to be the most frequently cited lifestyle in the cognitive ageing 
literature. However, it is highly probable that physical activity may also enhance cognition 
through other mediator factors such as depression, sleep, appetite (diet), and energy levels by 
postponing or preventing age-related diseases (e.g. diabetes, hypertension) known to affect 
cognition. Furthermore, there were also well-known documented benefits of non-smoking 
[76–78], moderate alcohol consumption [8, 79–82] and healthy dietary choices [78, 83–85] for 
a healthy and successful cognitive functioning from mid to later life.

In addition to considerable observational data of the independent effects of lifestyle factors, 
there is now increasing empirical evidence from intervention studies [73], that alterations in 
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lifestyle factors may lessen an individual’s risk of developing cognitive decline. The evidence 
of a correlation was strongest in the case of an increase in an individual’s level of physical 
activity, followed by cessation of smoking. These interventions carry few risks and have many 
additional health benefits, so can be recommended for most of the older population. Other fac-
tors such as increasing social engagement, cognitive stimulation and homocysteine-lowering 
vitamin supplements also appear promising, with considerable observational evidence sup-
porting their uptake, although there is still a lack of empirical evidence for these interventions 
[73]. Similarly, fitness training interventions were found to have robust but selective benefits 
for cognition, with the largest fitness-induced benefits occurring for executive-control pro-
cesses [86]. This indicates that cognitive and neural plasticity could be maintained throughout 
the lifespan. However, the real risk of dementia is probably underestimated, and it is not 
clear how many people quit smoking between the time of the initial survey and the onset of 
dementia, but there were clear long-term consequences of mid-life smoking.

Research has also shown that diet can help prevent, better manage or even reverse conditions 
such as hypertension, hyperlipidemia (high cholesterol), hyperglycemia (high blood sugar) and 
atherosclerosis that may lead to cardiovascular and cerebrovascular disease. In turn, this affects 
optimal functioning of organs including the brain due to inefficient transfer of glucose and oxy-
gen necessary for optimal neuronal transfer, with a significant impact on cognitive functioning.

To current date, only limited work has investigated the combined effect of these behaviours 
in relation to cognitive outcomes, and when this evidence exists, findings are inconsistent. 
For example, a French study investigating alcohol (wine consumption) and smoking in 833 
older adults from the Eugeria longitudinal study of cognitive ageing showed that there was 
no apparent protection from these combined behaviours against Alzheimer’s disease. For 
instance, smoking was associated with an increased decline in language performance even 
when adjusted for wine consumption, and the latter was associated with an increased decline 
in attention and memory while adjusting for smoking [87]. The study cites previous evidence, 
however, suggesting that only smoking (using a pack-years measure) was significantly related 
to declining in digit span, while low-to-moderate alcohol consumption was not significantly 
associated to a subsequent three-year change in performance.

More recent work has highlighted that the number, duration, and the interaction between 
some unhealthy behaviours were all associated with subsequent cognition in later life. In a 
study of London civil servants (Whitehall II cohort) the interaction between alcohol and smok-
ing was investigated, and these results highlighted that the combined effects of smoking and 
alcohol consumption were greater than the individual effects. Participants who were smokers 
and drank heavily experienced a 36% faster cognitive decline compared to non-smokers who 
drank in moderation. These associations were maintained after adjusting for age, sex, educa-
tion and chronic diseases [88].

A previous investigation conducted in the same cohort highlighted that participants with three 
to four unhealthy behaviours were more likely to have poor executive function and memory, 
compared to those with no unhealthy behaviours. Also, the odds of lower cognitive function 
were higher when the number of unhealthy behaviours was repeated over time (across three 
different waves) [89]. Similar findings from the Suwon Longitudinal Ageing Study (SLAS) 
showed that a combination of multiple positive lifestyle behaviours (such as non-smoking, 
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Figure 3. A life course timeline presenting the risk and protective factors across the life course.

vegetable consumption and social activity) was associated with the higher cognitive ability 
[90]. However, since these behaviours tend to cluster [91, 92], the extent to which apparent 
effects of one behaviour were attributable to (i.e. confounded by) another is uncertain.

Furthermore, relatively little is known about the longitudinal effects of these behaviours on 
the cognitive decline; yet associations among multiple lifestyle behaviours emphasise lon-
gitudinal studies since patterns of behaviours tend to develop over decades, with implica-
tions for targeted interventions to change the aggregate public health risk [93]. The life course 
approach to age-related diseases [94, 95] provides an important opportunity to identify the 
nature and timing of different environmental contributions to neuronal damage and the risk 
of dementia across life [96].

Risk and protective factors for health can exert their most critical influences at different ages 
[97]. This was acknowledged by the life course approach and the hypothesis that positive life-
style behaviours such as non-smoking, being physically active and choosing healthier diets 
may protect cognitive functioning and a slow cognitive decline in later life. Fratiglioni et al. 
identified key periods for potential risk and protective factors [97]. Early life seems to be most 
critical for the development of cognitive reserve (learning and education) [98–100] when dis-
tal adverse influences (such as poor childhood social circumstances) contribute to the risk of 
adult disease or later life risk of dementia. Lifestyle behaviours, including those that influence 
cardiovascular and metabolic risk, become more influential in midlife, although some, such as 
diet and physical activity, track back into childhood [101, 102], whereas mental and physical 
activity patterns may continue to moderate these risks into later life [103, 104] (see Figure 3).

Cadar et al. examined the associations between lifestyle behaviours in early midlife (36 and 
43 years) independently of each other, and in combination, in relation to cognitive perfor-
mance at age 43, and cognitive decline over 20 years from 43 to 60–64 using the Medical 
Research Council 1946 Brtish Birth Cohort [78]. Key findings for the former analyses were 
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that the highest level of midlife physical activity was associated with better memory (but not 
search speed) at baseline, and a consistently healthy dietary choice was associated with slower 
memory decline from mid to later life. In addition, the highest level of physical activity at 
age 43 and across early midlife was associated with slower visual search speed decline, inde-
pendently of every other lifestyle behaviour and of selected covariates: social class of origin, 
childhood cognition, educational attainment, adult social class, symptoms of anxiety and 
depression, and clinical conditions (hypertension, diabetes, cancer, CVD) and frailty. Smoking 
was not associated with either cognitive outcome, but since the number of heavy smokers was 
relatively low in this sample, these conclusions should be interpreted with caution. It should 
also be noted that their findings for dietary choice and physical activity were not always con-
sistent at different ages across midlife, compared to effects of the cumulative scores.

The associations between physical activity and a slower decline in visual search speed in 
Cadar’s study, and between healthy dietary choice and memory, are new findings and were 
not previously tested on this cohort. In the former case, physical activity was not investigated 
in relation to search speed in the previous study; in the latter case, midlife cognition has not 
previously been studied in relation to diet on this cohort. On the other hand, the associations 
between heavy smoking at age 43 and faster memory decline previously reported between 
ages 43 and 53 (Richards et al., 2003) were not replicated here with the 20-year period of cogni-
tive change from 43 to 60+ years. The loss of the cumulative midlife heavy smoking-memory 
decline association may be due to low statistical power resulting from the relatively high odds 
of morbidity and premature mortality in this sub-group (135 study members smoking more 
than 20 cigarettes per day at age 43 were represented in the previous study, compared to 22 in 
the present study).

Evidence from a study of London civil servants found an effect of sex on the association 
between smoking and cognitive decline in a study of London civil servants. Their results 
showed that men who smoked showed faster decline than non-smoking men over a 10-year 
period, after adjusting for the effects of heart disease, stroke and lung function on mental 
abilities, while for women there were no differences in cognitive scores over the same period. 
This could be related to the lower number of female participants as compared to males in 
the Whitehall II study [105]. In relation to physical activity, leisure-time physical activity 
at least twice a week in midlife was associated with reduced risk of memory decline in the 
Cardiovascular risk factors, Ageing and Incidence of Dementia (CAIDE) study, after adjust-
ment for age, sex, education, follow-up time, locomotor disorders, APOE genotype, vascular 
disorders, smoking, and alcohol consumption [106]. Similarly, in The Mayo Clinic Study of 
Ageing moderate exercise in midlife or late life was associated with reduced odds of Mild 
Cognitive Impairment (MCI) [107]. In contrast, results from the Chicago Health and Ageing 
Project reported that physical activity conducted within 2 weeks of the date of baseline cogni-
tive assessment was not associated with risk of cognitive decline in an older population [108].

Given that lifestyle behaviours are modifiable risk factors indicates that encouraging a 
healthy lifestyle may prevent or ameliorate cognitive decline and underlying cerebrovascular 
and cardiovascular risk factors [109]. Designing interventions that promote healthy lifestyles 
should represent key components of any response to the potentially overwhelming problem 
of dementia prevention.
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6. Policy implications

Despite major progress in understanding the neurobiology of cognitive impairment 
and dementia, there are still no clear determinants and complete causal models available 
for explaining risks for this condition [110]. As noted, the Department of Health National 
Dementia Strategy acknowledges that “what is good for the heart is also good for the brain”. 
This implies that limited consumption of alcohol, non-smoking, an active physical lifestyle, 
and a balanced, low-energy-dense/nutrient-rich diet should all contribute to a healthy brain. 
Cognitive decline itself is a predictor of dementia. Thus, the implied message is that by chang-
ing lifestyle behaviours dementia may be delayed or even prevented.

7. Conclusions

This chapter has presented an overview of the process of cognitive ageing from a life course 
perspective and discussed the role of lifestyle behaviours on successful cognitive ageing. The evi-
dence presented highlights the important role of lifestyle behaviours (especially physical activity 
and healthy dietary choices) on maintaining an optimal level in different aspects of cognitive 
function. Adopting more than one healthy lifestyle behaviour across early midlife seems to be 
protective against a faster decline in several domains of cognitive functioning, highlighting a 
dose response with the number of lifestyle behaviours adopted. With an increase in the ageing 
population, the number of older people affected by cognitive decline and dementia is continually 
rising, causing a major public health burden on individuals and governments around the world.

Acknowledgements

The work presented was supported by the Medical Research Council (MRC), Economic and 
Social Research Council (ESRC), and the National Institute on Ageing.

Conflict of interest

The author declares no financial relationships with any organisations that might have an 
interest in the submitted work; no other relationships or activities that could appear to have 
influenced the proposed work.

Author details

Dorina Cadar

Address all correspondence to: d.cadar@ucl.ac.uk

Department of Behavioural Science and Health, University College London, London, UK

Geriatrics Health58



References

[1] Schaie KW, Willis SL, Ohanlon AM. Perceived intellectual-performance change over 7 
years. Journal of Gerontology. 1994;49(3):108-118

[2] Gonzales Mc NM et al. Predictors of healthy brain aging. The Journals of Gerontology. 
Series A, Biological Sciences and Medical Sciences. 2001;56(7):B294-B301

[3] Johnson SC et al. The influence of Alzheimer disease family history and apolipoprotein 
E epsilon4 on mesial temporal lobe activation. The Journal of Neuroscience. 2006;26(22): 
6069-6076

[4] Kuller LH et al. Relationship between ApoE, MRI findings, and cognitive function in the 
cardiovascular health study. Stroke. 1998;29(2):388-398

[5] Murray AD et al. The balance between cognitive reserve and brain imaging biomarkers 
of cerebrovascular and Alzheimer's diseases. Brain. 2011;134(Pt 12):3687-3696

[6] Richards M et al. Cognitive ability in childhood and cognitive decline in mid-life: 
Longitudinal birth cohort study. British Medical Journal. 2004;328(7439):552-554B

[7] Roe CM et al. Alzheimer disease and cognitive reserve: Variation of education effect with 
carbon 11-labeled Pittsburgh compound B uptake. Archives of Neurology. 2008;65(11): 
1467-1471

[8] Espeland MA et al. Association between reported alcohol intake and cognition: Results 
from the Women's Health Initiative memory study. American Journal of Epidemiology. 
2005;161(3):228-238

[9] Morris MC et al. Dietary copper and high saturated and trans fat intakes associated with 
cognitive decline. Archives of Neurology. 2006;63(8):1085-1088

[10] Launer LJ et al. Smoking, drinking, and thinking - the Zutphen elderly study. American 
Journal of Epidemiology. 1996;143(3):219-227

[11] Larson EB et al. Exercise is associated with reduced risk for incident dementia among 
persons 65 years of age and older. Annals of Internal Medicine. 2006;144(2):73-81

[12] Salthouse TA. Mental exercise and mental aging. Perspectives on Psychological Science. 
2006;1(1):68-87

[13] Almkvist O, Tallberg IM. Cognitive decline from estimated premorbid status predicts 
neurodegeneration in Alzheimer's disease. Neuropsychology. 2009;23(1):117-124

[14] Backman L, Small BJ. Cognitive deficits in preclinical Alzheimer's disease and vascular 
dementia: Patterns of findings from the Kungsholmen project. Physiology & Behavior. 
2007;92(1-2):80-86

[15] Prince M et al. Dementia UK: Update. London: Alzheimer’s Society 2014. p. 113

[16] Amieva H et al. Prodromal Alzheimer's disease: Successive emergence of the clinical symp-

toms. Annals of Neurology. 2008;64(5):492-498

Cognitive Ageing
http://dx.doi.org/10.5772/intechopen.79119

59



[17] Hachinski V. Shifts in thinking about dementia. JAMA. 2008;300(18):2172-2173

[18] Salthouse TA. Aging and measures of processing speed. Biological Psychology. 2000; 
54(1-3):35-54

[19] Salthouse TA. The processing-speed theory of adult age differences in cognition. Psycho-
logical Review. 1996;103(3):403-428

[20] Salthouse TA. Are individual differences in rates of aging greater at older ages? Neuro-
biology of Aging. 2012;33(10):2373-2381

[21] Krueger LE, Salthouse TA. Influence of cognitive abilities and age on word recall perfor-

mance across trials and list segments. The American Journal of Psychology. 2011;124(3): 
291-300

[22] Aizpurua A, Koutstaal W. Aging and flexible remembering: Contributions of concep-

tual span, fluid intelligence, and frontal functioning. Psychology and Aging. 2010;25(1): 
193-207

[23] McDowd JM, Craik FI. Effects of aging and task difficulty on divided attention perfor-

mance. Journal of Experimental Psychology. Human Perception and Performance. 1988; 
14(2):267-280

[24] Couillard-Despres S. Hippocampal Neurogenesis and Ageing. In: Belzung C, Wigmore P, 
editors. Neurogenesis and Neural Plasticity. Current Topics in Behavioral Neurosciences. 
vol 15. Berlin, Heidelberg: Springer; 2012. pp. 343-355

[25] Gould E et al. Learning enhances adult neurogenesis in the hippocampal formation. 
Nature Neuroscience. 1999;2(3):260-265

[26] Prickaerts J et al. Learning and adult neurogenesis: Survival with or without prolifera-

tion? Neurobiology of Learning and Memory. 2004;81(1):1-11

[27] Cattell RB. Theory of fluid and crystallized intelligence: A critical experiment. Journal of 
Educational Psychology. 1963;54(1):1-22

[28] Horn JL, Cattell RB. Age differences in fluid and crystallized intelligence. Acta Psycho-
logica. 1967;26:107-129

[29] Hess TM. Memory and aging in context. Psychological Bulletin. 2005;131(3):383-406

[30] Craik FI, Bialystok E. Cognition through the lifespan: Mechanisms of change. Trends in 
Cognitive Sciences. New York. 2006;3

[31] Christensen H. What cognitive changes can be expected with normal ageing? Australian 
and New Zealand Journal of Psychiatry. 2001;35(6):768-775

[32] Richards M, Deary IJ. A life course approach to cognitive reserve: A model for cognitive 
aging and development? Annals of Neurology. 2005;58(4):617-622

[33] Schaie KW. The course of adult intellectual-development. American Psychologist. 1994; 
49(4):304-313

Geriatrics Health60



[34] Singh-Manoux A, Kivimaki M, Glymour MM, Elbaz A, Berr C, Ebmeier KP, et al. Timing 
of onset of cognitive decline: results from Whitehall II prospective cohort study. BMJ; 
2012;344:d7622

[35] Korten AE et al. A prospective study of cognitive function in the elderly. Psychological 
Medicine. 1997;27(4):919-930

[36] Jokinen H et al. White matter hyperintensities as a predictor of neuropsychological 
deficits post-stroke. Journal of Neurology, Neurosurgery, and Psychiatry. 2005;76(9): 
1229-1233

[37] Brickman AM et al. Category and letter verbal fluency across the adult lifespan: Relation-
ship to EEG theta power. Archives of Clinical Neuropsychology. 2005;20(5):561-573

[38] Ylikoski R et al. Differences in neuropsychological functioning associated with age, edu-

cation, neurological status, and magnetic resonance imaging findings in neurologically 
healthy elderly individuals. Applied Neuropsychology. 1998;5(1):1-14

[39] Christensen H et al. Age is no kinder to the better educated: Absence of an associa-

tion investigated using latent growth techniques in a community sample. Psychological 
Medicine. 2001;31(1):15-28

[40] McGurn B et al. Pronunciation of irregular words is preserved in dementia, validating 
premorbid IQ estimation. Neurology. 2004;62(7):1184-1186

[41] Squire LR. Memory systems of the brain: A brief history and current perspective. Neuro-
biology of Learning and Memory. 2004;82(3):171-177

[42] Squire LR, Zolamorgan S. The medial temporal-lobe memory system. Science. 1991; 
253(5026):1380-1386

[43] Nilsson LG. Memory function in normal aging. Acta Neurologica Scandinavica. Supple-
mentum. 2003;179:7-13

[44] Tulving E. Episodic memory: From mind to brain. Annual Review of Psychology. 2002;53: 
1-25

[45] Span SA, Earleywine M. Cognitive functioning moderates the relation between atten-

tion deficit hyperactivity disorder symptoms and alcohol use in women. Addictive 
Behaviors. 2004;29(8):1605-1613

[46] MacLeod CM. Half a century of research on the Stroop effect: An integrative review. 
Psychological Bulletin. 1991;109:163-203

[47] Birren JE, Cunningham W. Research on the psychology of aging: Principles, concepts, 
and theory. In: Birren JE, Schaie KW, editors. Handbook of the Psychology of Aging. 
New York: Van Nostrand Reinhold; 1985. pp. 3-34

[48] Brayne C, Calloway P. Normal ageing, impaired cognitive function, and senile dementia 
of the Alzheimer's type: A continuum? The Lancet. 1988;331(8597):1265-1267

Cognitive Ageing
http://dx.doi.org/10.5772/intechopen.79119

61



[49] Kirkwood T, Bond J, May C, McKeith I, Teh M-M. Mental capital and well-being through 
life. In: Cooper CL, Field J, Goswami U, Jenkins R, Sahakian BJ, editors. Mental capital 
and well-being. Chichester, UK: Wiley-Blackwell; 2010. pp. 3-53

[50] Denney NW, Palmer AM. Adult age differences on traditional and practical problem-
solving measures. Journal of Gerontology. 1981;36(3):323-328

[51] Denney NW, Pearce KA, Palmer AM. A developmental study of adults' performance 
on traditional and practical problem-solving tasks. Experimental Aging Research. 
1982;8(2):115-118

[52] Jacewicz MM, Hartley AA. Age differences in the speed of cognitive operations: 
Resolution of inconsistent findings. Journal of Gerontology. 1987;42(1):86-88

[53] Kramer AF et al. Ageing, fitness and neurocognitive function. Nature. 1999;400(6743): 
418-419

[54] Salthouse TA. Memory aging from 18 to 80. Alzheimer Disease and Associated Disorders. 
2003;17(3):162-167

[55] Etnier JL, Landers DM. Motor performance and motor learning as a function of age and 
fitness. Research Quarterly for Exercise and Sport. 1998;69(2):136-146

[56] Sinforiani E, Zucchella C, Pasotti C. Cognitive disturbances in non-demented subjects: 
Heterogeneity of neuropsychological pictures. Archives of Gerontology and Geriatrics. 
2007;44(Suppl 1):375-380

[57] Backman L, Small BJ, Fratiglioni L. Stability of the preclinical episodic memory deficit in 
Alzheimer's disease. Brain. 2001;124(Pt 1):96-102

[58] Rowe JW, Kahn RL. Successful aging and disease prevention. Advances in Renal 
Replacement Therapy. 2000;7(1):70-77

[59] Everard KM et al. Relationship of activity and social support to the functional health of 
older adults. The Journals of Gerontology. Series B, Psychological Sciences and Social 
Sciences. 2000;55(4):S208-S212

[60] Panza F et al. Vascular risk factors, alcohol intake, and cognitive decline. The Journal of 
Nutrition, Health & Aging. 2008;12(6):376-381

[61] Starr JM et al. Smoking and cognitive change from age 11 to 66 years: A confirmatory 
investigation. Addictive Behaviors. 2007;32(1):63-68

[62] Batty GD et al. Childhood mental ability and adult alcohol intake and alcohol problems: 
The 1970 British cohort study. American Journal of Public Health. 2008;98(12):2237-2243

[63] Batty GD et al. Mental ability across childhood in relation to risk factors for prema-

ture mortality in adult life: The 1970 British cohort study. Journal of Epidemiology and 
Community Health. 2007;61(11):997-1003

[64] Batty GD et al. Problem drinking and exceeding guidelines for ‘sensible’ alcohol con-

sumption in Scottish men: Associations with life course socioeconomic disadvantage in 
a population-based cohort study. BMC Public Health. 2008;8:302

Geriatrics Health62



[65] Bellew KM et al. Hypertension and the rate of cognitive decline in patients with 
dementia of the Alzheimer type. Alzheimer Disease and Associated Disorders. 2004; 
18(4):208-213

[66] Brands AM et al. The effects of type 1 diabetes on cognitive performance: A meta-analysis. 
Diabetes Care. 2005;28(3):726-735

[67] Hu FB et al. Prospective study of major dietary patterns and risk of coronary heart dis-

ease in men. American Journal of Clinical Nutrition. 2000;72(4):912-921

[68] Schulze M, Hu F. Dietary patterns and risk of hypertension, type 2 diabetes mellitus, and 
coronary heart disease. Current Atherosclerosis Reports. 2002;4(6):462-467

[69] Chiuve SE et al. Healthy lifestyle factors in the primary prevention of coronary heart 
disease among men: Benefits among users and nonusers of lipid-lowering and antihy-

pertensive medications. Circulation. 2006;114(2):160-167

[70] van Dam RM et al. Combined impact of lifestyle factors on mortality: Prospective cohort 
study in US women. BMJ. 2008;337:a1440

[71] Khaw KT et al. Combined impact of health behaviours and mortality in men and women: 
The EPIC-Norfolk prospective population study. PLoS Medicine. 2008;5(1):e12

[72] Borenstein AR, Copenhaver CI, Mortimer JA. Early-life risk factors for Alzheimer dis-

ease. Alzheimer Disease and Associated Disorders. 2006;20(1):63-72

[73] Flicker L. Life style interventions to reduce the risk of dementia. Maturitas. 2009;63(4): 
319-322

[74] Laurin D et al. Midlife dietary intake of antioxidants and risk of late-life incident demen-

tia: The Honolulu-Asia aging study. American Journal of Epidemiology. 2004;159(10): 
959-967

[75] Phung TK et al. Lifestyle-related risk factors for dementia. Ugeskrift for Laeger. 2006; 
168(40):3401-3405

[76] Anstey K et al. Smoking as a risk factor for dementia and cognitive decline: A meta-
analysis of prospective studies. American Journal of Epidemiology. 2007;166:367-378

[77] Richards M et al. Cigarette smoking and cognitive decline in midlife: Evidence from a 
prospective birth cohort study. American Journal of Public Health. 2003;93(6):994-998

[78] Cadar D et al. The role of lifestyle behaviors on 20-year cognitive decline. Journal of 
Aging Research. 2012;2012:304014

[79] Britton A, Singh-Manoux A, Marmot M. Alcohol consumption and cognitive function in 
the Whitehall II study. American Journal of Epidemiology. 2004;160(3):240-247

[80] Ganguli M et al. Alcohol consumption and cognitive function in late life - a longitudinal 
community study. Neurology. 2005;65(8):1210-1217

[81] Ruitenberg A et al. Alcohol consumption and risk of dementia: The Rotterdam study. 
Lancet. 2002;359(9303):281-286

Cognitive Ageing
http://dx.doi.org/10.5772/intechopen.79119

63



[82] Peters R et al. Alcohol, dementia and cognitive decline in the elderly: A systematic review. 
Age and Ageing. 2008;37(5):505-512

[83] Kang JH, Ascherio A, Grodstein F. Fruit and vegetable consumption and cognitive 
decline in aging women. Annals of Neurology. 2005;57(5):713-720

[84] Morris MC et al. Associations of vegetable and fruit consumption with age-related cog-
nitive change. Neurology. 2006;67(8):1370-1376

[85] Luchsinger JA, Mayeux R. Dietary factors and Alzheimer's disease. Lancet Neurology. 
2004;3(10):579-587

[86] Colcombe SJ et al. Aerobic fitness reduces brain tissue loss in aging humans. The Journals 
of Gerontology Series A: Biological Sciences and Medical Sciences. 2003;58(2):M176-M180

[87] Leibovici D et al. The effects of wine and tobacco consumption on cognitive perfor-
mance in the elderly: A longitudinal study of relative risk. International Journal of 
Epidemiology. 1999;28:77-81

[88] Hagger-Johnson G et al. Cigarette smoking and alcohol drinking in a representative sam-

ple of English school pupils: Cross-sectional and longitudinal associations. Preventive 
Medicine. 2013;56(5):304-308

[89] Sabia S et al. Health behaviors from early to late midlife as predictors of cognitive func-
tion the Whitehall II study. American Journal of Epidemiology. 2009;170(4):428-437

[90] Lee DM et al. The association between different cognitive domains and age in a multi-
Centre study of middle-aged and older European men. International Journal of Geriatric 
Psychiatry. 2009;24(11):1257-1266

[91] Pronk NP et al. Meeting recommendations for multiple healthy lifestyle factors - preva-
lence, clustering, and predictors among adolescent, adult, and senior health plan mem-

bers. American Journal of Preventive Medicine. 2004;27(2):25-33

[92] Poortinga W. The prevalence and clustering of four major lifestyle risk factors in an 
English adult population. Preventive Medicine. 2007;44(2):124-128

[93] Mishra G et al. Dietary patterns of Australian adults and their association with socio-
economic status: Results from the 1995 National Nutrition Survey. European Journal of 
Clinical Nutrition. 2002;56(7):687-693

[94] Ben-Shlomo Y, Kuh D. A life course approach to chronic disease epidemiology: Concep-
tual models, empirical challenges and interdisciplinary perspectives. International 
Journal of Epidemiology. 2002;31(2):285-293

[95] Kuh D et al. Life course epidemiology. Journal of Epidemiology and Community Health. 
2003;57(10):778-783

[96] Launer LJ. The epidemiologic study of dementia: A life-long quest? Neurobiology of 
Aging. 2005;26(3):335-340

[97] Fratiglioni L, Paillard-Borg S, Winblad B. An active and socially integrated lifestyle in 
late life might protect against dementia. The Lancet Neurology. 2004;3(6):343-353

Geriatrics Health64



[98] Stern Y. Cognitive reserve. Neuropsychologia. 2009;47(10):2015-2028

[99] Stern Y. What is cognitive reserve? Theory and research application of the reserve con-

cept. Journal of the International Neuropsychological Society. 2002;8(3):448-460

[100] Stern Y. Cognitive reserve in ageing and Alzheimer's disease. Lancet Neurology. 2012; 
11(11):1006-1012

[101] Kuh DJ, Cooper C. Physical activity at 36 years: Patterns and childhood predictors in a 
longitudinal study. Journal of Epidemiology and Community Health. 1992;46(2):114-119

[102] Mikkila V et al. Longitudinal changes in diet from childhood into adulthood with 
respect to risk of cardiovascular diseases: The cardiovascular risk in young Finns study. 
European Journal of Clinical Nutrition. 2004;58(7):1038-1045

[103] Menec VH. The relation between everyday activities and successful aging: A 6-year 
longitudinal study. The Journals of Gerontology. Series B, Psychological Sciences and 
Social Sciences. 2003;58(2):S74-S82

[104] Iwasa H et al. Memory complaints among community-dwelling elderly in Japan: 
Comprehensive health examination for the community elderly for prevention of the 
geriatric syndrome and a bed-ridden state (“Otasha-kenshin”) part III. Nihon Koshu 
Eisei Zasshi. 2005;52(2):176-185

[105] Sabia S et al. Impact of Smoking on Cognitive Decline in Early Old Age: The Whitehall 
II Cohort Study. Archives of General Psychiatry; 2012;69(6):627-635

[106] Laitinen MH et al. Fat intake at midlife and risk of dementia and Alzheimer's disease: A 
population-based study. Dementia and Geriatric Cognitive Disorders. 2006;22(1):99-107

[107] Geda YE et al. Physical exercise, aging, and mild cognitive impairment a population-
based study. Archives of Neurology. 2010;67(1):80-86

[108] Sturman MT et al. Physical activity, cognitive activity, and cognitive decline in a bira-

cial community population. Archives of Neurology. 2005;62(11):1750-1754

[109] Esiri MM et al. Cerebrovascular disease and threshold for dementia in the early stages 
of Alzheimer's disease. The Lancet. 1999;354(9182):919-920

[110] Whalley LJ, Dick FD, McNeill G. A life-course approach to the aetiology of late-onset 
dementias. Lancet Neurology. 2006;5(1):87-96

Cognitive Ageing
http://dx.doi.org/10.5772/intechopen.79119

65




