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Abstract

Objectives: To identify dietary and lifestyle variables that may affect cognitive
function in the elderly.
Design: Population-based prospective cohort study.
Setting: General community residing in Athens and the surrounding Attica region
of Greece.
Subjects: A total of 732 men and women, 60 years or older, participating in the
EPIC–Greece cohort (European Prospective Investigation into Cancer and Nutri-
tion) and residing in the Attica region had sociodemographic, anthropometric,
medical, dietary and lifestyle variables ascertained at enrolment (1993–1999). Six
to 13 years later, cognitive function was evaluated through the Mini-Mental State
Examination (MMSE) score and affective state through the Geriatric Depression
Scale (GDS).
Results: MMSE score was positively associated with years of formal education, height
and physical activity and inversely with age, diabetes mellitus and GDS score
(P , 0?05 for all). Among dietary variables, intake of PUFA was inversely associated
with cognitive function and this association was largely accounted for by a similar
association with seed oils. Adherence to the Mediterranean diet, as well as intake of
olive oil, MUFA and SFA exhibited weakly positive but not significant associations.
Conclusion: Physical activity and early life factors as reflected in height are
significant predictors of cognitive function in the elderly. Seed oil consumption
may adversely affect cognition, whereas other nutritional factors do not appear to
have a quantitatively large effect.
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Cognitive impairment is a common cause of morbidity in

the elderly(1). Its most severe form, dementia, is char-

acterized by dependency in everyday activities and

reduced quality of life, poses a great burden on society

and constitutes an important predisposing factor for

mortality(2). The prevalence of cognitive impairment has

increased in recent years, owing mostly to increased

life expectancy and the concomitant increase in the

proportion of elderly people(3).

Since currently available treatment for cognitive

impairment has limited effectiveness, finding ways to

prevent or delay its onset is regarded as a public health

priority. Alzheimer’s disease, a neurodegenerative con-

dition of complex and not well understood pathophys-

iology, is the most frequent cause of dementia(4,5).

Microvascular cerebral disease is the second most common

cause, but exact percentages are difficult to assess

because a significant portion of dementia cases have

mixed clinical and imaging characteristics of Alzheimer’s

and microvascular cerebral disease, thus posing diag-

nostic uncertainty. In fact, Alzheimer’s and microvascular

disease may overlap pathogenetically, a hypothesis

supported by epidemiological evidence suggesting that

well-recognized risk factors for atherosclerotic disease,

including hypertension, diabetes, smoking and hyper-

lipidaemia, play a role not only in vascular dementia but

also in Alzheimer’s disease as well(6–10).

For epidemiological purposes, cognitive impairment can

be assessed either by establishing specific diagnoses or

by quantifying cognitive function with appropriate scales.
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An advantage of specific diagnostic classification is that it

may facilitate an aetiological association. A disadvantage is

that differentiation among different dementing conditions

is often not straightforward. Cognitive assessment scales

generally do not distinguish among causes of dementia but

are very useful for clinical and public health purposes. The

Mini-Mental State Examination (MMSE) is a quantitative

indicator of cognitive function widely used clinically and

epidemiologically, and has been consistently validated as a

good indicator of a person’s mental capacity for everyday

activities, both internationally(11–14) and in Greece(15). Since

cognitive impairment has a complex relationship with

depression in the elderly, assessment of affective state

usually accompanies cognitive status assessment, using

scales such as the Geriatric Depression Scale (GDS). The

GDS has been validated in several populations(16–19), as

well as in Greece(20).

In order to study the possible role of several dietary

variables, such as the Mediterranean diet and different

groups of lipids, and lifestyle characteristics in the cog-

nitive status of elderly in the Greek population, we have

undertaken a study using an important resource, the

EPIC–Greece cohort. This cohort allows the evaluation

of cognitive function several years after assessment of

potentially important predictor variables, bypassing

several problems that would have been generated by

cross-sectional assessment of exposures and outcome.

Methods

Study participants

The initial study sample consisted of 28 572 volunteers,

women and men aged 20–86 years, recruited between

1993 and 1999 from all regions of Greece, in order to

participate in the Greek component of the European

Prospective Investigation into Cancer and Nutrition

(EPIC)(21). EPIC is a multi-country, prospective cohort

study, conducted in twenty-two research centres across

ten European countries and coordinated by the Interna-

tional Agency for Research on Cancer. The aims of EPIC

are the elucidation of the role of biological, dietary,

lifestyle and environmental factors in the aetiology of

chronic diseases(22,23). Cancer studies are jointly pub-

lished by the EPIC consortium, while investigations with

different objectives are also undertaken by individual

countries. The present study, termed ILIDA (from the

Greek words for elders and diet), is nested within the

EPIC–Greece cohort. Inclusion criteria were residence in

the Attica region that surrounds and includes Athens and

age at enrolment of 60 years or more. There were 1225

eligible study participants. Beginning in March 2004,

subjects eligible for the ILIDA project were invited

by telephone for assessment of cognitive functioning

and emotional status. Of them, 816 agreed to participate,

165 refused, 151 had died during the course of their

follow-up, twenty-five had a new permanent residence

outside Attica and another sixty-eight could not be traced.

Information on one or more of the dietary, anthropo-

metric or lifestyle variables was missing in seventy-one of

the 816 volunteers and these were excluded from the

analysis. Furthermore, thirteen subjects who reported a

stroke at baseline were also excluded. Thus, 732 partici-

pants were included in the final analyses. Subjects were

tested by a team of specially trained staff, comprising

a nurse, a social worker and a physician. The participants

underwent the neuropsychiatric tests 6?4 to 12?6 years

after enrolment in the EPIC–Greece cohort (median

8?0 years).

All procedures were in accordance with the Helsinki

Declaration on Human Rights of 1975 as revised in 1983;

all participants provided written informed consent before

enrolment in the EPIC study and again before enrolment

in the ILIDA study. The study protocol was approved by

the University of Athens Medical School.

Data on diet and energy intake

An interviewer-administered FFQ including approxi-

mately 150 foods and beverages commonly consumed in

Greece was used to assess dietary intake(24). The inter-

view focused on the year before enrolment, to accom-

modate seasonal variation, but is likely to adequately

reflect the diet during several years preceding enrol-

ment(25,26). The questionnaire was validated during the

pilot phase of the EPIC–Greece study(24). Nutrient intakes

were calculated with the use of a food composition

database that has been modified to accommodate the

special characteristics of the Greek diet(27).

A gradient of adherence to the traditional Greek

Mediterranean diet was constructed from nine nutritional

components. A value of 0 or 1 was assigned to each of the

nine components, using as cut-off values the sex-specific

medians among the participants(21). For each of the five

presumed beneficial components (vegetables, legumes,

fruit and nuts, cereals, fish), subjects were assigned a

value of 0 if consumption was below the median and

a value of 1 otherwise. In contrast, for each of the two

presumed detrimental components (meat and meat pro-

ducts, dairy products), subjects were assigned a value

of 1 if consumption was below the median and a value

of 0 otherwise. For ethanol, a value of 1 was given to

men who consumed quantities of ethanol from 10 to

,50 g/d, whereas for women the corresponding cut-offs

were 5 and 25 g/d. For lipid intake, the ratio of MUFA

to SFA was used; those at or above the median scored 1

and those below the median scored 0. Thus, a 10-point

Mediterranean diet score was constructed that could take

a value from 0 (minimal adherence) to 9 (maximal

adherence). When individually considered, alcohol,

MUFA, PUFA, olive oil, seed oil and fish were all

expressed in g/d. Total energy intake was calculated in

MJ/d (kcal/d)(28).
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Lifestyle, anthropometric and medical variables

The frequency and duration of participation in occupa-

tional and leisure-time physical activities were recorded

in the questionnaire(29) and allowed the calculation of a

metabolic equivalent index (MET value) to each activity

(household, professional, sporting and other activities)(30)

and eventually an overall MET3h sum, which indicates

the amount of energy per kilogram of body weight

expended during an average day by each participant.

Standard interviewing procedures were used to assess

baseline sociodemographic, medical and lifestyle char-

acteristics, such as age, years of schooling (as an indicator

of socio-economic status), marital status and tobacco

smoking. Standard measuring procedures were also used

to assess anthropometric characteristics, with subjects

wearing light clothing, no restrictive underwear and no

shoes. Body weight was measured to the nearest 100 g,

and height was measured to the nearest centimetre.

BMI was then calculated as the ratio of weight in kilo-

grams to the square of height in metres. Participants

were requested to complete the MMSE and GDS ques-

tionnaires. The MMSE is a widely used questionnaire to

screen for cognitive disorders in epidemiological studies;

it consists of thirty questions that assess orientation,

attention, immediate and short-term recall, language, and

the ability to follow simple verbal and written commands,

providing a score that places the individual on a scale of

cognitive function from 0 (worst) to 30 (best)(31,32). MMSE

has been validated in Greece(15). The GDS is a basic

screening measure for depression in older adults. The

higher score in the scale reflects the severity of the

depression; it takes values from 0 (absence of depression)

to 15 (serious depression)(20).

Statistical analysis

For descriptive statistics, distributions of study partici-

pants at enrolment by nutritional and non-nutritional

variables, as well as MMSE and GDS scores, were exam-

ined separately for men and women. To test for possible

associations of MMSE score with dietary and lifestyle

parameters, multivariate linear regression analysis was

used. In each model, independent variables included one

dietary parameter of interest, as well as lifestyle para-

meters and potential confounders. In the prototypical

model, linear regressions were performed of MMSE score

v. gender (male, female), age (continuously, expressed in

5-year increments), marital status (cohabiting with partner

v. alone), years of education (continuously, expressed in

3-year increments), height (continuously, expressed in

5 cm increments), BMI (continuously, in 1 kg/m2 incre-

ments), physical activity (continuously, in 3 MET3h

increments), smoking (ever v. never smokers), alcohol

intake (categorically, in categories of low, moderate and

high intake; moderate intake between 10 and 29.99 g

ethanol/d), hypertension (no, yes; hypertension defined

as systolic blood pressure $140 mmHg and/or diastolic

blood pressure $90 mmHg and/or under antihyper-

tensive treatment), diabetes mellitus (no, yes; self-report

of medically diagnosed diabetes), GDS (continuously,

in 1-point increments), energy intake (continuously, in

increments of 418 kJ (100 kcal)/d) and Mediterranean diet

score (continuously, in 1-point increments). In additional

multiple linear regression models, the Mediterranean diet

score was alternatively (one at a time) substituted with

SFA, MUFA, PUFA, olive oil, seed oils (mostly corn oil and

sunflower oil) and fish plus seafood (all in 1 SD incre-

ments). Controlling for energy intake, a mandatory mea-

sure in nutritional epidemiology(28), was implemented by

including energy daily intake as a variable in all linear

regression models.

All analyses were performed using the Intercooled

STATA statistical software package version 8?0 for

Windows (Stata Corp., College Station, TX, USA).

Results

Table 1 shows the distribution of the 732 study participants

by sociodemographic, anthropometric, medical and life-

style variables, as well as performance on the GDS and the

MMSE stratified by gender. The table reflects well-known

patterns in the Greek population constrained by the

sampling criteria. Notable observations include the high

frequency of smoking among men, the high prevalence

of hypertension overall and higher physical activity

among women. A substantial fraction of study participants,

particularly women, have manifestations indicative of mild

depression. With respect to MMSE score, more women

than men scored lower than 24, but these univariate

characteristics are not directly interpretable because

women had lower average educational level.

Table 2 shows mean and standard deviation of daily

intake of energy and selected nutritional components by

gender. As expected, energy intake was higher among

men than among women, but there was no substantial

gender difference in the contribution of the indicated

nutritional components. Mediterranean diet score was

slightly higher among men than among women.

Table 3 presents multiple regression-derived, mutually

adjusted, differences in mean score on the MMSE per

specified differences in possible predictor variables at

enrolment. There were no significant differences with

respect to gender, alcohol intake, tobacco smoking or

BMI. In contrast, advancing age was inversely associated

with MMSE score, whereas years of formal education

were positively associated with the score. As expected,

the performance of diabetics on the MMSE was slightly

inferior, whereas the deficit among hypertensives was not

statistically significant. Elderly living alone had slightly

lower MMSE score in comparison to those cohabiting,

although the difference was not statistically significant.

There was a weak, but nevertheless statistically significant
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association between evidence of depression as captured

by the GDS and underperformance in the MMSE, but

this association does not confound the other results in

the table.

With respect to nutrition, height, which integrates

adequacy of nutrition throughout life, was positively

associated with performance in the MMSE. Physical

activity was weakly but significantly positively associated

with performance in the MMSE. Controlling for total

energy intake, adherence to a Mediterranean diet was

very weakly and not significantly associated with MMSE

score. In additional models, in which the Mediterranean

diet score was alternatively substituted by each of its

components, only the results concerning lipids were of

note. SFA and MUFA, as well as olive oil, the principal

source of lipids in a Mediterranean population, were

weakly positively but not significantly associated with

MMSE score. In contrast, PUFA was significantly inversely

associated with performance in the MMSE and the same

inverse association pattern was evident with respect to

seed oils that contribute substantially to polyunsaturated

lipids. Sea and seafood, the main source of long-chain

PUFA, were not related to MMSE score.

We also tested the possibility of non-linear associations

between MMSE score and certain dietary parameters of

interest (adherence to Mediterranean diet, SFA, MUFA,

PUFA, olive oil, seed oils and fish) by multivariate linear

regression models each of which included observations

within either the two lower or the two higher tertiles of

each parameter. Negative associations with PUFA and

seed oils were still present in both tested ranges for each

parameter, although statistically weaker than in the whole

range models. No significant associations emerged for the

other parameters. Therefore, non-linearities could not be

documented for any food group.

Discussion

In a sample of 732 healthy adults aged 60 years old or

more at baseline, we have determined performance in the

MMSE, 6?4 to 12?6 years after enrolment. After controlling

for possible mutual confounding, MMSE score was found

to be positively associated with years of formal education,

height and physical activity and inversely associated with

age, diabetes mellitus and depression, as assessed by

the GDS. We also found evidence that intake of PUFA

was inversely associated with performance in the MMSE

and this association was accounted for, at least in part,

by a similar association with seed oils.

Before discussing the individual findings, a few points

concerning the adequacy of the statistical methodology

followed should be noted. First, assessing several dietary

parameters in alternative statistical models (multiple

testing) increases the possibility of a non-existent asso-

ciation becoming misleadingly statistically significant.

Although such an effect cannot be totally excluded, the

strength of the PUFA–MMSE association, as well as the

fact that seed oils (a variable overlapping but clearly

distinct from PUFA) exhibited a strong association in the

same direction, support the validity of the results.

Another issue of possible concern, inherent in obser-

vational studies like the present one, is the theoretical

possibility of alterations in the measured outcome (MMSE

score) temporally preceding and possibly affecting

exposures (dietary and other variables). Although we did

Table 1 Distribution of the 732 study participants (257 men and
475 women) by gender as well as selected sociodemographic,
anthropometric, lifestyle and medical variables: EPIC–Greece
cohort

Men Women

Variable n % n %

Age (years)
60–64 82 31?9 214 45?0
65–69 90 35?0 153 32?3
$70 85 33?1 108 22?7

Marital status
Currently married or cohabiting 241 93?8 299 62?9
Alone 16 6?2 176 37?1

Education (years)
0–5 30 11?7 142 29?9
6–11 142 55?2 194 40?8
12 34 13?2 93 19?6
$13 51 19?9 46 9?7

Height (cm)
#149?9 4 1?6 229 48?2
155?0–159?9 18 7?0 129 27?2
160?0–164?9 64 24?9 87 18?3
165?0–169?9 74 28?8 23 4?8
$170?0 97 37?7 7 1?5

BMI (kg/m2)
#24?99 32 12?4 80 16?9
25?00–29?99 138 53?7 189 39?6
$30?00 87 33?9 206 43?5

Physical activity (MET 3 h/d)
#29?99 95 37?0 60 12?6
30?00–31.99 60 23?3 93 19?6
32?00–33.99 56 21?8 122 25?7
34?00–36.99 29 11?3 131 27?6
$37?00 17 6?6 69 14?5

Smoking
Never smoked habitually 78 30?4 352 74?1
Current or ex-smoker 179 69?6 123 25?9

Alcohol (g/d)
#9.99 152 59?2 440 92?6
10?00–29?99 80 31?1 31 6?5
$30?00 25 9?7 4 0?9

Hypertension
No 77 30?0 192 40?4
Yes 180 70?0 283 59?6

Diabetes
No 221 86?0 410 86?3
Yes 36 14?0 65 16?7

GDS score
0–6 237 92?2 361 76?0
7–10 17 6?6 95 20?0
11–15 3 1?2 19 4?0

MMSE score
0–17 5 2?0 13 2?7
18–23 36 14?0 116 24?5
24–30 216 84?0 346 72?8

GDS, Geriatric Depression Scale; MMSE, Mini-Mental State Examination.
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not perform the MMSE or inquire explicitly about a

diagnosis of mild cognitive impairment or dementia at

enrolment, a person who satisfactorily completed the

long EPIC baseline questionnaire would be extremely

unlikely to be suffering from significant cognitive

impairment. Although a very mild cognitive impairment

cannot be ruled out, such impairment would be unlikely

to significantly affect diet.

The inverse association of cognitive function with age

is well known(33) and reflects the underlying association

of ageing with both the distinct entities, Alzheimer’s and

vascular dementia, and a nosologically poorly character-

ized mild cognitive impairment that may appear without

progression to overt dementia(1). Also well documented

in the literature is the positive association of MMSE score

with years of formal schooling. Although the scale was

designed to detect the existence of dementing processes

while having as little as possible dependence on formal

schooling, it has been repeatedly shown that education

does affect MMSE score through cognitive processes

unrelated to dementing diseases(34).

Among co-morbid conditions, inverse associations with

cognitive function were found for diabetes mellitus and

depression. Diabetes is an established risk factor for

atherosclerosis and the frequently associated cere-

brovascular diseases and has been found by other

investigators to affect performance in the MMSE(35,36).

The links between cognitive impairment and depression

are also well recognized(37–39) and make it necessary to

simultaneously assess performance in the two neuro-

psychiatric dimensions in order to control, as far as

possible, for mutual confounding. Hypertension has been

linked to cognitive impairment(40–42). In the present data

set, however, an inverse association between hyperten-

sion and MMSE score was not statistically significant,

possibly because misclassification in the ascertainment of

this condition is extensive.

Table 2 Mean and standard deviation of daily intake of energy and
selected nutritional components in the 732 study participants (257
men and 475 women) by gender: EPIC–Greece cohort

Men Women

Variable Mean SD Mean SD

Energy intake (MJ) 8?96 2?51 7?51 2?20
Energy intake (kcal) 2141 607 1796 527
SFA (g) 28?8 11?4 25?4 10?2
MUFA (g) 53?5 18?9 46?8 17?1
PUFA (g) 15?3 8?2 12?5 5?9
Olive oil (g) 52?4 22?5 46?3 20?3
Seed oil (g) 5?7 13?2 3?4 8?5
Fish & seafood (g) 26?2 16?3 23?9 14?9
Mediterranean diet score 5?0 1?7 4?5 1?6

Table 3 Multiple regression-derived differences in mean score in the Mini-Mental State Examination per indicated differences in possible
predictor variables at enrolment: EPIC–Greece cohort*

Variable Category or increment B coefficient 95 % CI P (two-tailed)

Gender Male Reference
Female 0?44 20?30, 1?18 0?241

Age 5 years more 20?42 20?68, 20?16 0?002
Marital status Currently married or cohabiting Reference

Alone 20?39 20?92, 0?14 0?154
Years of education 3 years more 0?68 0?53, 0?84 ,0?001
Height 5 cm more 0?33 0?14, 0?51 ,0?001
BMI 1 kg/m2 more 0?02 20?03, 0?06 0?507
Physical activity 3 MET 3 h more 0?22 0?02, 0?42 0?029
Smoking Never smoked habitually Reference

Current or ex-smoker 0?36 20?13, 0?85 0?147
Alcohol intake Low Reference

Moderate 20?16 20?82, 0?49 0?625
High 0?18 20?97, 1?32 0?760

Hypertension No Reference
Yes 20?24 20?70, 0?22 0?299

Diabetes No Reference
Yes 20?71 21?34, 20?08 0?027

GDS (per scale unit) 1 unit more 20?09 20?16, 20?01 0?025
Energy daily intake- 418 kJ (100 kcal) more 20?01 20?06, 0?03 0?498
Mediterranean diet score 1 unit more 0?05 20?09, 0?19 0?485
Alternative models-

-

SFA 1 SD morey 0?36 20?04, 0?77 0?079
MUFA 1 SD morey 0?26 20?22, 0?74 0?289
PUFA 1 SD morey 20?40 20?68, 20?13 0?004
Olive oil 1 SD morey 0?20 20?11, 0?51 0?204
Seed oil 1 SD morey 20?34 20?56, 20?12 0?002
Fish & seafood 1 SD morey 0?05 20?17, 0?27 0?649

GDS, Geriatric Depression Scale.
*n 732.
-Inclusion of the energy daily intake variable serves as statistical method of energy adjustment.
-

-

In each additional model, one dietary variable of those listed below was alternatively substituted for Mediterranean diet score.
yGender-specific standard deviation.
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Height was significantly positively associated with the

score. It appears that adequate nutrition in earlier life(43),

which is likely reflected in taller stature, has minor but

nevertheless long-lasting effects on cognition. Similar

associations have been reported previously by other

investigators(44–46). In contrast to height, no associations

were found with weight or BMI(47,48). The relationship

between BMI and cognitive function is complex. Obesity,

acting indirectly through atherosclerotic disease, may

pose a risk for vascular dementia, but BMI decline rates

also have been noted in the early stages of dementing

conditions(48).

We have also found a strong positive association

between physical activity at enrolment and MMSE score

some 6–13 years later. This temporal relationship supports

a protective role of physical activity against cognitive

impairment. Our finding is in line with several other cohort

studies reporting better cognitive function with physical

activity(49,50). Nevertheless, physical activity is also asso-

ciated with mental and social activities and the complexities

of these associations hinder the determination of exact

aetiological relationships(49). Recent studies with animal

models have shown exercise to increase levels of brain-

derived neurotrophic factor and other growth factors, as

well as to mobilize those gene expression profiles that

could stimulate neurogenesis, resistance to brain insult,

mental performance and brain plasticity(51).

We detected no significant association between smoking

and MMSE score. Several studies have shown an adverse

effect of smoking on cognition(52,53), possibly attributable to

the well-known effect of smoking on vascular disease.

Others, especially case–control studies, have indicated a

possible protective effect(54,55), hypothesized to be med-

iated at least in part by the cholinergic effects of nicotine(56).

Of note, smoking appears to be associated with reduced

risk of one of the lesser causes of dementia, Parkinson’s

disease(57), with unclear mechanisms.

Adherence to the Mediterranean diet has been inver-

sely associated with risk for Alzheimer’s disease in a US

population(58). In the present investigation, only a very

weak protective trend of this dietary pattern on MMSE

score was seen, perhaps in part due to our relatively small

sample. Nevertheless, the studies are not directly com-

parable, because the populations have important differ-

ences (notably multiracial composition in the US study),

the measured outcomes are not the same (MMSE v.

diagnosis of dementia), and the dietary composition of

the Mediterranean diet is significantly different between

the US and Greek cohorts, mainly with regard to lipids(59).

Consumption of MUFA has recently been found to be

apparently protective against age-related cognitive

decline in a large Italian cohort(60). In line with this result,

we did detect a trend for a protective effect of MUFA and

their main source, olive oil. It should be noted that

although MUFA are part of the Mediterranean diet score,

their borderline association with MMSE score was not

sufficient to generate a detectable association of the

overall Mediterranean diet score with MMSE score.

Consumption of PUFA, on the other hand, was inver-

sely associated with cognitive function and the associa-

tion became evident after controlling for years of

education, because the latter variable is positively asso-

ciated with PUFA, thus generating negative confounding.

An inverse association was also observed with seed oils,

which contribute substantially to PUFA. On the other

hand, no association was seen with fish and seafood,

which are also major contributors to PUFA. Studies

assessing total PUFA intake in relation to cognitive func-

tion have generated conflicting results. In a large Italian

cohort, it was found that the MMSE performance was

positively correlated with high PUFA intake(60–62), but no

inferences were made about the differential impact, if

any, of categories within the large PUFA group (seed oils,

fish oils). In the Chicago Health and Aging Project

(CHAP), PUFA were associated with a slower cognitive

decline, an association that was attributed mainly to their

high content of vitamin E(63). Among the PUFA-containing

food groups, seed oils have a high content of n-6 fatty

acids, mainly linoleic acid. High linoleic acid intake was

associated with cognitive impairment in the Zutphen

Elderly Study(64), in line with the present results, and a

decline in MMSE score has been associated with higher

erythrocyte membrane content of n-6 PUFA(65). On the

other hand, a trend towards a protective effect of n-6 PUFA

against Alzheimer’s disease was found in the CHAP

study(66), whereas no effect of n-6 PUFA on risk of

dementia was seen in the Rotterdam Study(67). Fish and

seafood has a high content of long-chain n-3 fatty acids; in

some although not all studies they have been positively

associated with cognitive performance(64,68–71). Such an

association, however, was not seen in the present study.

Further work employing detailed information on the lipid

composition of consumed foods, large sample populations,

and long follow-up periods is clearly needed to identify

whether and which PUFA compounds affect cognitive

function. At this stage, it would be fair to conclude that

long-chain n-3 fatty acids are possibly beneficial, whereas

n-6 fatty acids may have an adverse effect on cognitive

performance. The mechanisms by which high seed oil

consumption might impair cognitive function are unknown.

Nevertheless, a diet rich in n-6 PUFA may increase the

susceptibility of LDL-cholesterol to oxidation, thus promot-

ing atherogenesis(72). Dyslipidaemia and atherogenesis can

then promote microvascular cerebral disease and, possibly,

Alzheimer’s disease as well.

The strengths of the present investigation are its pro-

spective nature, the general population study base, the

use of validated instruments, the quantitative assessment

of seed oil consumption, and examination of and control

for several covariates with potential confounding influ-

ence. A significant limitation is the lack of cognitive

assessment at baseline, resulting in inability to estimate

Diet and cognitive impairment in elders 1059

https://doi.org/10.1017/S1368980007001607 Published online by Cambridge University Press

https://doi.org/10.1017/S1368980007001607


patterns of MMSE score decline. Other limitations include

the relatively small population size, as well as the inher-

ent difficulty of observational studies to conclusively

document the causal nature and the directionality of an

association.

In conclusion, in a prospective study of a general

population cohort, we have found evidence that early life

factors as reflected in stature, after controlling for current

socio-economic status and dietary intakes, are predictive

of cognitive function several decades later. Physical

activity was positively associated with cognitive function

in this group of elderly persons and the prospective study

design favours, although it does not conclusively docu-

ment, a causal effect. Finally, we have found evidence

that, in contrast to other lipid categories that appear to be

neutral or only weakly protective with respect to cogni-

tive function, n-6 PUFA may have an adverse effect on

performance on the MMSE scale. The latter finding has

been reported in other prospective investigations as well,

but the present study is the first one to detect this effect in

a Mediterranean population. This lipid category appears

to deserve focused attention in future investigations for

possible confirmation or refutation.
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