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Abstract

Previous studies have suggested a link between flavonoid intake and better cognitive function in later life but have not been able to control
for possible confounding by prior intelligence quotient (IQ). The aim of the present study was to address this issue in a cross-sectional
survey of 1091 men and women born in 1936, in whom IQ was measured at age 11 years. At the age of 70 years, participants carried
out various neuropsychological tests and completed a FFQ. Associations between test scores and nutrient intake were assessed by
linear regression with adjustment for potentially confounding variables. Total fruit, citrus fruits, apple and tea intakes were initially
found to be associated with better scores in a variety of cognitive tests, but the associations were no longer statistically significant after
adjusting for confounding factors, including childhood IQ. Flavanone intake was initially found to be associated with better scores in
verbal fluency (P=0-:003, with standardised regression coefficient 0-10), but, again, the association was no longer statistically significant
after adjusting for confounding factors. These findings do not support a role for flavonoids in the prevention of cognitive decline in
later life. Studies of diet and cognitive function should include measurement of potential confounding variables, including prior IQ wher-

ever possible.
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The proportion of the population aged over 65 years is stea-
dily increasing, and the demographics of the world’s popu-
lation are predicted to change fairly rapidly over the next 20
years. The United Nations Human Development Report pre-
dicts that the proportion of the population aged 65 years
and older in the UK will rise from 13-8 to 181% between
2003 and 2015. In the USA, the predicted rise is from 107 to
14:1%, and one of the largest rises predicted is in Singapore,
where it is expected to increase from 65 to 13-3%". These
changes are likely to have major social and economic impacts,
together with a shift in the cognitive profile of populations
worldwide. Cognitive ageing is one example of why these
population changes are relevant. Age-related cognitive
changes are very variable between individuals, but in a signifi-
cant proportion of the population, they lead to impairments of
function in activities of daily living. At the most severe end of

these changes, the UK Alzheimer’s Society predicts that the
number of people in the UK with dementia will rise from
the current estimate of 700000 to 940000 in 2021°”. There
are potentially high social and economic costs resulting
from the provision of care for these individuals. Hence,
any means by which cognitive decline may be prevented
or reduced at a population level are becoming increasingly
important.

Oxidative stress, neuroinflammation and impaired neuro-
genesis are mechanisms that are thought to contribute to
neuronal loss and cognitive decline®. As a result, there has
been a great deal of interest in dietary and therapeutic inter-
ventions that might prevent damage to the central nervous
system from these processes. Dietary flavonoids are an
example of naturally occurring antioxidant compounds and
are claimed to confer a protective effect against cognitive

Abbreviations: 1Q, intelligence quotient; NART, National Adult Reading Test; WAIS, Wechsler Adult Intelligence Scale-1II UK; WMS, Wechsler Memory Scale-

IIT UK.
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decline®. Although rapidly metabolised in the body, flavo-
noid metabolites have been found in the brain at concen-
trations capable of modulating intracellular signalling cascades,
leading to protection against neuronal loss”. Flavonoids
are found in a wide variety of plant-based foods and drinks,
particularly fruit, vegetables, tea, red wine and cocoa. They
can be divided into six different families: flavonols, flavanols,
flavones, flavanones, anthocyanidins and isoflavones, with
several additional minor subclasses™. Each group is found
in different types of food and drink, and in varying
quantitiesm) . The primary dietary sources of flavonols and
flavanols are tea, apples, red wine and chocolate, as well as
a range of other fruit and vegetables. Citrus fruits and wine
are the main sources of flavanones, while sweet pepper,
lettuce and herbs found in processed foods are the main
dietary contributors of flavones® .

In recent years, there has been a great deal of interest in the
potential effects of dietary flavonoids on health. In addition to
their antioxidant properties, flavonoids have also been
reported to have anti-inflammatory properties, beneficial
effects on cardiovascular health and also perhaps help to
prevent cancer’™1®,

A number of studies have suggested a possible association
between higher flavonoid intake and a lower risk of demen-
tia"~*?, However, cross-sectional studies may not be able
to take into account the possibility that prior education, intel-
ligence quotient (IQ) or socio-economic status (all of which
are strongly associated) may influence both later diet and
cognitive performance, leading to a potentially spurious
association between diet and cognitive performance in later
life. Batty et al.*® reported that children with higher mental
ability scores reported significantly higher consumption of
fruit and vegetables than those with lower cognitive ability
scores. Therefore, an optimal design would include these
variables in any analysis attempting to correlate flavonoid
intake and cognition in old age. This possibility has also
been highlighted by a recent study of UK civil servants,
which has found that associations between dietary patterns
and cognitive ability were substantially attenuated by adjust-
ment for educational attainment, suggesting that education
(or perhaps the cognitive ability level that preceded it)
influences not only cognition in later life but dietary patterns
as well#?.

The Lothian Birth Cohort 1936 is a longitudinal study of cog-
nitive ageing in which information on cognitive ability before
cognitive ageing is available from IQ tests carried out at age 11
years. We used this population to investigate the potential role
of different subclasses of flavonoids in reducing cognitive
decline, after adjusting for prior cognitive ability and other
potential confounding variables. The other variables included
were age, sex, smoking status, socio-economic group, years of
full-time education and presence/absence of the apoE &4
allele. Smoking was included as a confounding factor, given
its association with vascular disease (such as stroke), which
in turn can affect cognitive function. The apoE &4 allele
status was included in view of the association with normal

as well as pathological cognitive ageing(zs’zm .

Materials and methods
Participants

The Lothian Birth Cohort 1936 consists of 1091 relatively
healthy men and women born in 1936 living independently
in and around Edinburgh. They had cognitive function
measured at mean ages of 11 and 70 years. Further details
of the profile of the cohort, including the methods used for
tracing the participants, have been reported fully else-
where®”. The participants were invited to attend for detailed
cognitive, biomedical and psychosocial testing between 2004
and 2007, at a mean age of 70 years. Socio-economic class
was determined using the main lifetime occupation of the par-
ticipant (or, if required, the spouse) using the UK Registrar
General's classification of occupation. Earlier studies invol-
ving the Lothian Birth Cohort 1936 have extensively examined
childhood socio-economic status and social mobility within
the cohort®3?,
make any contribution to cognitive ability in old age, whereas
adult occupational social class did; therefore, only the latter
was included in the present study. The present study was con-
ducted according to the guidelines laid down in the Declara-
tion of Helsinki, and all procedures involving human
subjects were approved by the Multi-Centre Research Ethics
Committee for Scotland (MREC/01/0/56) and the Lothian
Research Ethics Committee (LREC/2003/2/29). All participants
gave their written informed consent.

Childhood social circumstances did not

FFQ

At the clinic visit, the participants were given version 7.0 of the
Scottish Collaborative Group FFQ, with verbal and written
instructions for completion at home. This semi-quantitative
FFQ was previously developed for use in older adults as a
modified version of the Scottish Collaborative Group FFQ
version 6.4, used in younger adults (see www.foodfrequen-
cy.org.uk). The FFQ version 7.0 lists 168 foods or drinks,
each with an appropriate household measure, such as ‘one
slice’, for the estimation of portion size. Participants were
asked to select one of nine possible responses for the typical
amount and frequency of each food consumed in the previous
2-3 months. These FFQ were administered between 2004 and
2007. They were completed by the participants at home and
returned by mail, and were checked on return for complete-
ness. Participants with missing or ambiguous responses were
contacted by letter to supply the required information where
possible. Of these questionnaires, ninety-eight were not
returned, twenty-six were returned blank and thirty-nine had
more than ten missing values (after checking and re-contact)
and were therefore excluded from analysis. A further forty-
six questionnaires were excluded as having extreme energy
intakes (defined as < 2-5th or > 97-5th centile for energy
intake), leaving 882 questionnaires for analysis. Intake of the
flavonoid subclasses was estimated using a UK flavonoids
database, which includes 396 items®. Intake of flavonoids
was adjusted for energy using the residual method®".
Intake of flavonoid-rich foods and drinks was also analysed.
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Table 1. Participant characteristics in the Lothian Birth Cohort 1936 study

(Numbers and percentages (for categorical variables) and mean values
and standard deviations (for continuous variables))

Included Not included
(n 882) (n209)
n % n %
Sex
Male 425  48.2 123 58-9
Female 457  51.8 86 411
Years of full-time education
Mean 10-8 10-5**
sD 1.2 11
Social class (based on occupation)
1 (Professional) 160 18:5 30™ 14-6
2 (Managerial/intermediate) 335 388 67** 327
3 (Skilled non-manual) 205 237 41 200
3 (Skilled manual) 135 156 52** 254
4 or 5 (Partly or unskilled manual) 29 34 15* 7-3
Current smoking status
Smoker 107 1241 37 17.7
Ex-smoker 383 434 90 431
Never smoker 392 444 82 39-2
IQ at age 11 years*
Mean 101-4 93.8**
SD 14.0 7-3
Later adulthood cognitive test scores
1Q*
Mean 101-6 92.9**
) 134 189
MMSE+t
Mean 289 28.2**
SD 1.4 1.8
NARTH
Mean 35-2 31.5™*
SD 77 92
Verbal fluency§
Mean 431 39.3**
SD 12.6 121
ApoE &4 allele present 243 290 63 33.0

1Q, intelligence quotient; MMSE, mini-mental state examination; NART, National
Adult Reading Test.

Values were significantly different (** P<0-01).

*Test of general intelligence. Both 1Q at age 11 years and 1Q at age 70 years were
standardised to a mean value of 100 (sD 15).

1 Screening test for possible dementia.

3 Marker of peak prior intelligence.

§ Test of executive function.

The repeatability and validity of the FFQ for other nutrients
was assessed in a separate group of eighty-three men and
women aged 68 years or over, who completed the FFQ ver-
sion 7.0 and a 4 d weighed diet diary®?. In these participants,
the Spearman rank correlation values for energy-adjusted
flavonoid intake from food by the FFQ and diet diary were
0-52, 0-61 and 0-61 for flavonols, procyanidins and catechins,
respectively, at a significance level of P<0-01. Flavone and
flavanone correlation coefficient values were weaker, at 0-26
(P<0-05) and 047 (P<0:01), respectively (J. Kyle, unpub-
lished results).

Cognitive function

Full details of and individual references for the cognitive tests
carried out at age 70 years have been provided in an earlier

open access publication®”. These included the Moray

House Test, which is a test of general intelligence based
mainly on verbal reasoning. This was also administered at
age 11 years. The Moray House Test is used as a test for 1Q.
Other tests included the mini-mental state examination,
which is a brief screening test for possible dementia; the
National Adult Reading Test (NART), which estimates peak
prior intelligence and is based on the pronunciation of fifty
irregular words; and verbal fluency, which is a test of execu-
tive function and involves saying as many words as possible
beginning with the letters C, F and L. Participants also took
non-verbal subtests from the Wechsler Adult Intelligence
Scale-IIT UK (WAIS) and a number of memory tests from the
Wechsler Memory Scale-III UK (WMS). For the purpose of
data reduction, the WMS and WAIS subtest scores were
grouped into those which related to memory (logical
memory I and II, spatial span forward/backward, verbal
paired associates I and II, letter—number sequencing and
backwards digit span) and general fluid intelligence (matrix
reasoning, block design, letter—number sequencing, back-
ward digit span, symbol search and digit symbol coding).
Principal component analysis of the WMS and WAIS subtests’
scores was carried out. In each case, there was a first unro-
tated principal component, which accounted for a large pro-
portion of the variance and on which all subtests had high
loadings. Therefore, subjects were given scores on these to
give a ‘memory factor’ and ‘general intelligence factor’. In
a similar fashion, a ‘processing speed factor’ score was gener-
ated. The principal component analysis for this included
symbol search and digit symbol coding subtests from the
WAIS, and also mean scores on simple reaction time
and four-choice reaction time, and inspection time (a psycho-
physical task assessing speed of the early stages of visual

. 33 34
processing) >3

Statistical analysis

The associations between flavonoid intake and cognitive test
scores were assessed using multiple linear regression, with
the cognitive test scores as the dependent variable and the
energy-adjusted flavonoid intake as the independent variable.
Flavonoid intake in mg/d was used rather than categories of
intake, in order to retain more information regarding the vari-

Table 2. Reported frequency of consumption of flavonoid-rich foods in
study participants who consume the foodstuff listed in the questionnaire

Participants Consumers Frequency
(n) (%) (mode)

Total fruitt 882 99 2-3/d
Apples 882 81 2—-3/week
Citrus fruits 882 81 2-3/week
Total vegetablest 882 100 2-3/d
Tea 882 85 2-3/d
Red wine 882 55 1-3/week
Red wine drinkers only 488 100 2-3/week
Chocolate§ 882 84 2-3/week

* Percentage of cohort who consume.

1 Total number of measures of fruit as defined on the FFQ.

1 Total number of measures of vegetables as defined on the FFQ.

§ Total number of measures of chocolate bars, sweets and biscuits reported.
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Table 3. Dietary flavonoid intake (mg/d) in the Lothian Birth Cohort 1936 study
(Mean values with their standard errors, medians and interquartile ranges (IQR))

Participants Consumers* (%) Mean SEM Median IQR
Flavonols 882 100 377 09 35-8 16-0-63-5
Flavones 882 100 0-3 0-0 0-2 0-2-0-4
Catechins 882 100 186-3 4.8 181-6 69-6—-349-9
Procyanidins 882 100 52.7 1.2 48-5 22.3-85.7
Flavanones 882 98 25-2 0-9 17-5 10-0-38-1

* Percentage of cohort who consume.

ation in flavonoid intake from the FFQ. The data are therefore
reported as standardised regression coefficients. This rep-
resents the change in the standard deviation of a cognitive
test score per mg increase in flavonoid intake/d. This
method was used in order to standardise across all cognitive
tests. We used three regression models. Model 1 was a basic
model, which included the energy-adjusted flavonoid intake
plus sex and exact age (in days) at testing in later life. This
model was designed to demonstrate crude associations
between flavonoid intake and cognitive performance in later
life. Model 2 also included IQ at age 11 years as an additional
covariate, to adjust for any influence of early-life cognitive
ability on the association between flavonoid intake and cogni-
tion in later life. This approach was used in preference to
using change in IQ between the two time points, as it retains
the information on both initial and final absolute values.
Model 3 additionally included other potential confounding
variables: smoking status (current, ex- or never-smoker);
social class; years of full-time education; presence/absence
of the apoE &4 allele.

Associations between intake of flavonoid-rich foods/drinks
(total fruit intake, total vegetable intake, apples, citrus fruits,
tea, chocolate and red wine) and cognitive test scores were
analysed in the same manner. All analyses were carried out
using SPSS version 16 (SPSS, Inc., Chicago, IL, USA).

Results

The characteristics of the study participants included in the
analysis are shown in Table 1, along with those not included
in the analyses, for comparison. In both groups, participants of
lower socio-economic status were under-represented. Those

Table 4. Association between intake of flavonoid-rich foods and intelli-
gence quotient (IQ) at age 11 years in the Lothian Birth Cohort 1936
study

(Correlation coefficients and P values)

1Q at age 11 years

Food/drink Correlation coefficient* P
Chocolate 0-10 0-003
Total fruit 0-05 0-164
Total vegetables 0.07 0.051
Tea -0-12 0-001
Apples 0-02 0-474
Citrus fruits 0-02 0-512
Red wine 0-26 0-0001

included in the analysis were more likely to be from higher
socio-economic groups and to have higher childhood IQ
and higher cognitive test scores in later life than those who
were not included.

Tables 2 and 3 describe the intake of flavonoid-rich foods
and of the different flavonoid subgroups in the participants.
Tables 4 and 5 show the associations between intake of flavo-
noid-rich foods/flavonoids and IQ at age 11 years. There was
a significant positive association between IQ at age 11 years
and intake of chocolate and red wine. Conversely, there was
a significant negative association between IQ at age 11 years
and intake of tea, flavonols, catechins and procyanidins.

Table 6 shows the results of the regression analyses for
flavonoid-rich foods. Total fruit intake was significantly associ-
ated with higher scores in the NART after adjusting for age, sex
and childhood IQ. However, after adjusting for smoking,
socio-economic status, education and the apoE &4 allele in
model 3, the association was no longer statistically significant
at the 5% level. A similar pattern was observed for citrus fruits
and red wine with NART scores. Citrus fruit intake was also
associated with significantly higher scores in the mini-mental
state examination, verbal fluency and speed tests, but this
association was no longer statistically significant after adjusting
for childhood IQ in model 2.

Tea intake was associated with lower scores in the later-life
IQ, NART, verbal fluency, speed and general intelligence tests
in model 1, but, again, the association was no longer statisti-
cally significant after adjusting for childhood IQ in model 2.
These findings are similar to those reported by Corley
et al®”. In that study, 1Q at age 11 years was found to
account for most of the observed positive associations
between caffeine consumption and cognitive ability at age
70 years. A similar pattern was observed in the present

Table 5. Association between flavonoid intake and intelligence quotient
(1Q) at age 11 years in the Lothian Birth Cohort 1936 study

(Correlation coefficient values and P values)

IQ at age 11 years

Nutrient Correlation coefficient* P

Flavonols —-0-11 0-001
Flavones 0-001 0-973
Catechins —-0-12 0-001
Procyanidins —0-08 0-014
Flavanones 0-06 0-081

*Spearman’s rank correlation coefficient.

*Spearman’s rank correlation coefficient.
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Table 6. Association between intake of flavonoid-rich foods and cognitive test scores at age 70 years

in the Lothian Birth Cohort 1936 study
(Standardised regression coefficients)

Modelt 1Q1§ MMSES§ NART§ VF§ Memory§ Speed§ GI§
Total fruit

1 0-01 0-06 0-07* 0-05 0-01 0-04 0-04

2 —0-01 0-05 0-05* 0-05 —-0-01 0-03 0-02

3 -0-03 0-03 0-02 0-05 -0-02 0-01 —0-01
Total vegetables

1 0-08* 0-05 0-09* 0-08* 0-01 0-03 0-05

2 0-04 0-03 0-05 0-06 -0-03 0-01 0-02

3 0-01 0-02 0-01 0-05 —0-04 —0-01 0-01
Apples

1 —0-01 0-01 0-07* 0-02 —0-01 0-04 0-01

2 —0-01 0-02 0-07* 0-03 —0-01 0-05 0-01

3 —0-03 0-01 0-05* 0-04 -0-02 0-02 —0-01
Citrus fruits

1 0-05 0-07* 0-12** 0-08* 0-03 0-07* 0-04

2 0-01 0-05 0-07** 0-06 —-0.-01 0-05 —0-01

3 —0-01 0-03 0-05 0-05 —0-01 0-04 —0-01
Tea

1 —0-13** -0-02 —0-12** —-0-10** -0-04 -0-11* —0-12**

2 —0-01 0-05 —0-02 —0-04 0-04 —0-04 —0-02

3 —0-01 0-05 0-01 -0-03 0-04 -0-06 -0-03
Red wine

1 0-18** 0-04 0-23** 0-10** 0-14** 0-11** 0-18**

2 0-03 -0-05 0-09** 0-03 0-03 0-02 0-06*

3 —0-01 —0-08* 0-04 0-03 —0-01 -0-03 0-01
Chocolate

1 0-08* 0-06 —0-01 0-02 0-04 0-12** 0-08*

2 0-01 0-03 -0-07* —0-01 —0-02 0-09** 0-03

3 —-0-01 0-03 —0-09** 0-01 -0-03 0-08** 0-03

1Q, intelligence quotient (using the Moray House Test); MMSE, mini-mental state examination; NART, National Adult

Reading Test; VF, verbal fluency; Gl, general intelligence.

* P<0-05, ** P<0.01.

1 Model 1: energy-adjusted nutrient intake, age and sex; model 2: as model 1 plus IQ at age 11 years from the Moray
House Test; model 3: as model 2 plus smoking, socio-economic group, years of full-time education and presence/

absence of the apoE &4 allele.
1 Adjusted for exact age at testing.

§1Q, marker of Gl; MMSE, screening tool for possible dementia; NART, marker of peak prior intelligence; VF, test of
executive function; memory, speed and G, overall markers of memory, processing speed and Gl.

study for the positive association between total vegetable
intake and higher scores in later-life 1Q, NART and verbal flu-
ency tests.

The intake of apples was associated with higher scores in
the NART, and this remained statistically significant after
adjusting for all three models. Chocolate intake was associated
with lower scores in the NART but higher scores in speed after
adjusting for all three models.

The associations between intake of individual flavonoid
groups and test scores are shown in Table 7. Flavanones
were associated with higher scores in the NART, and this
remained statistically significant after the adjustments made
in all three models. They were also associated with higher
scores in verbal fluency, but this was no longer statistically
significant after adjusting for other covariates in model 3.
Flavonol intake was associated with lower scores in the later-
life IQ, NART, verbal fluency, speed and general intelligence
tests in model 1, but this association was no longer statistically
significant after adjusting for confounding factors in models 2
and 3. The same can be said for catechin intake. Procyanidin
intake was associated with lower scores in later-life IQ, speed
and general intelligence tests in model 1, but, again, this was
no longer significant after adjustment in models 2 and 3.

Discussion

The results of the present study confirm earlier reports that
intake of flavonoid-rich foods in later-life is associated with
better cognitive performance in later-life. In particular, flava-
none intake, total fruit, total vegetable, citrus fruits, apple,
red wine and chocolate intakes were found to be associated
with higher cognitive test scores. However, once the data
were adjusted for socio-economic status and prior IQ,
among other confounding factors, the results were mainly
no longer statistically significant. This suggests that some of
the observed association may be explained by an influence
of prior IQ on diet in later-life (or, indeed, some unknown
factor that influences both early-life IQ and diet in later life)
rather than an influence of diet on later-life cognition. It is
possible that food choices throughout life are influenced by
stable trait intelligence, perhaps via its associations with edu-
cation and subsequent adult occupational social class*®®. For
example, more intelligent individuals may be more likely to
read information regarding healthy lifestyle choices and there-
fore follow a healthier diet. Such differences in dietary habits
might persist into later life. Further support for this theory is
provided by the associations that were found between
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Table 7. Association between flavonoid intake from food and cognitive test scores at age 70 years in

the Lothian Birth Cohort 1936 study
(Standardised regression coefficients)

Modelt Q1§ MMSE$§ NART§ VF§ Memory§ Speed§ GlI§
Flavonols

1 -0-12** —0-02 —0-10* —0-08* —0-04 -0-10** —0-11**

2 —-0-01 0-04 0-01 —0-02 0-04 —0-03 —0-02

3 —0-01 0-05 0-02 —-0-02 0-04 —0-05 —0-03
Flavones

1 0-02 0-06 —0-01 —0-03 -0-03 0-05 0-02

2 0-05 0-06 0-02 -0-02 —0-01 0-06 0-04

3 0-02 0-06 —0-01 —0-05 —-0-02 0-03 0-03
Catechins

1 -0-13** -0-03 —0-11* —0-09** -0-03 -0-11** —-0-12*

2 —0-01 0-04 —0-01 —0-03 0-04 —0-05 —0-03

3 —0-01 0-04 0-02 —-0-02 0-05 —0-06 —0-03
Procyanidins

1 -0-10** —0-03 —0-06 -0-07* -0-02 -0-10** —0-10*

2 —0-01 0-03 0-02 —0-01 0-04 -0-04 —-0-02

3 —0-01 0-04 0-04 —0-01 0-05 —0-06 —0-03
Flavanones

1 0-07* 0-06 0-14** 0-10** 0-04 0-08* 0-07*

2 0-01 0-03 0-08** 0-07* —0-01 0-06 0-02

3 —0-01 0-02 0-05* 0-06 —0-01 0-04 0-01

1Q, intelligence quotient (using the Moray House Test); MMSE, mini-mental state examination; NART, National Adult

Reading Test; VF, verbal fluency; Gl, general intelligence.

* P<0-05, ** P<0-01.

1 Model 1: energy-adjusted nutrient intake, age and sex; model 2: as model 1 plus 1Q at age 11 years from the Moray
House Test; model 3: as model 2 plus smoking, socio-economic group, years of full-time education and presen-

ce/absence of the apoE 4 allele.
1 Adjusted for exact age at testing.

§1Q, marker of Gl; MMSE, screening tool for possible dementia; NART, marker of peak prior intelligence; VF, test of
executive function; memory, speed and Gl, overall markers of memory, processing speed and Gl.

intake of certain flavonoids/flavonoid-rich foods and IQ at age
11 years. This is particularly interesting as other studies have
not had access to these early-life cognitive ability data, and,
as such, an important confounding factor may have been
missed. It has already been reported that childhood IQ
accounts for about 50% of the variance in cognitive test
scores in later-life. Furthermore, early-life IQ is said to provide
a more accurate estimate of cognitive ability trait levels
throughout adult life than IQ at age 70 years. This is because
later-life IQ can be affected by cognitive decline in addition to
the trait level®® . If prior IQ does indeed also influence dietary

@2 then it should be included in studies assessing

patterns
associations between diet and cognition wherever possible.

Commenges et al."” found that higher flavonoid intake was
associated with a lower relative risk of dementia, and the same
cohort was later found to have a slower decline in mini-mental
state examination scores with higher flavonoid intake®"
Interestingly, those with higher flavonoid intake also had
higher mini-mental state examination scores at baseline, but
the investigators did not control for energy intake, prior IQ
or socio-economic status. Nurk et al®® found that tea,
chocolate and wine consumers performed better in a variety
of cognitive tests compared with non-consumers. Again,
the investigators did not adjust for prior IQ or socio-economic
status.

In the present study, several associations were found
between diet and cognitive function. Apple intake and flava-
none intake were associated with significantly higher scores

in the NART after adjusting for confounding factors. However,
the NART is said to represent crystallised intelligence and to
be a marker of pre-morbid or peak prior intelligence. The
NART, therefore, is likely to be indicating prior intelligence
in adulthood, at an age later than that assessed by the
Moray House Test (IQ) at age 11 years. One possible interpret-
ation of our findings is that intellectual development and
enculturation from age 11 years into adulthood has additional
effects on lifestyle choices, including diet.

From a biological perspective, in order for dietary flavonoid
intake to directly affect cognition, sufficient levels must be
absorbed, metabolised and subsequently penetrate the
blood—brain barrier. At the time of writing, no human bioa-
vailability studies have been published. Data are available
from small animal studies (rats/mice), which have demon-
strated that flavonoids are rapidly metabolised to glucuro-
nides, sulphates and O-methyl derivatives. Furthermore,
flavanone, catechin and flavonol metabolites have been
shown to cross the blood—brain barrier, having been found
localised, in low concentrations in different regions of the
brain®3*37 " Although the evidence is limited, the potential
action of flavonoids on cognitive function has been ascribed
to their ability to modulate neuronal signalling, protect
against neuronal losses and stimulate repair. Further studies
involving humans are needed to provide more information
in this area.

One limitation of the present study is that the measurements
of diet were made at only one point in time, and therefore
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may not reflect long-term intake. It is not clear how much our
dietary habits change over the years, and it may be that the
subjects had significantly different flavonoid intakes in the
past. Furthermore, if flavonoids do indeed affect cognitive
function, it is not clear whether there is a cumulative effect
over time, or whether the effects are more immediate. The
present study would have been less likely to detect any poss-
ible links between flavonoid intake and cognition if the effects
were more cumulative or related to previous flavonoid con-
sumption. As such, any associations may have been attenu-
ated. It should also be noted that this particular cohort
would have had a different diet in childhood compared with
children today, in view of factors such as post-war rationing
of foods. We cannot be certain therefore that the results are
fully generalisable to contemporary children. Furthermore,
as with any cross-sectional study, it is not possible to deter-
mine the causal factor in any observed association. Random
error in the measurement of dietary intake due to the use of
FFQ is also likely, so we cannot rule out the possibility of
type 2 errors due to the attenuation of associations as a
result. Nonetheless, the repeatability of the FFQ has been
shown to be generally good in a previous study®®. Finally,
participants with lower performance on the tests were
under-represented in this analysis, as they were more likely
to fail to complete the FFQ to the required standard. The
likely effect of this is to attenuate true effect size. The results
of the present study apply to differences in normal rather
than pathological ageing and, therefore, cannot be extrapo-
lated with confidence to those with impaired cognitive ability.

A major strength of the present study is the availability of
data on IQ at age 11 years, which accounted for the largest
proportion of the variance in test results at age 70 years.
After allowing for this effect, the proportion of the variance
associated with other socio-economic factors was generally
low. Other strengths of the study include the detailed
information on the participants’ social background, the well-
developed flavonoid database, the validation of the use of
flavonoid intake estimates from the FFQ in older people
and also the wide variety of cognitive tests which were admi-
nistered. Based on an analysis of antioxidant and vitamin B
intake and cognitive function in this cohort™®, the sample
size had sufficient power to detect a standardised regression
coefficient of about 0-07 in the fully adjusted model.

In summary, our findings do not support a causal role for
flavonoids in the prevention of cognitive decline in later life.
Instead, the authors suggest that future studies involving diet
and cognitive function should include a marker of prior IQ
as a confounding factor in the analysis. Childhood IQ is very
useful in this regard, but the data are often not readily avail-
able. The NART has been shown to be a valid estimator of
peak prior intelligence, and, as such, should ideally be
included as an easy-to-measure potential confounding factor
in future studies of this type.
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