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Abstract
The global growing rates of cognitive decline and dementia, together with the absence of curative therapies for these conditions, support the
interest in researching potential primary prevention interventions, with particular focus on dietary habits. The aim was to assess the association
between polyphenol intake and 6-year change in cognitive function in the ‘Seguimiento Universidad de Navarra’ (SUN) Project, a Spanish pro-
spective cohort study. Changes (final – initial) in cognitive function were evaluated in a subsample of 806 participants (mean age 66 (SD 5) years,
69·7 % male) of the SUN Project using the validated Spanish Telephone Interview for Cognitive Status-modified score. Polyphenol intake was
derived from a validated semi-quantitative FFQ and matching food composition data from the Phenol-Explorer database. Multivariable linear
regression models were used to evaluate the association between total polyphenol intake, polyphenol subclasses and cognitive changes. No
significant association between total polyphenol intake and changes in cognitive function was found. However, a higher intake of lignans
(βQuintile (Q) 5 v. Q1 0·81; 95 % CI 0·12, 1·51; Ptrend= 0·020) and stilbenes (βQ5 v. Q1 0·82; 95 % CI 0·15, 1·49; Ptrend= 0·028) was associated with
more favourable changes in cognitive function over time, particularly with respect to immediate memory and language domains. Olive oil and
nuts were the major sources of variability in lignan intake, and wine in stilbene intake. The results suggest that lignan and stilbene intake was
associated with improvements in cognitive function.
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The increasing of life expectancy has led to a rise in the prevalence
and incidence of cognitive decline, dementia and Alzheimer’s dis-
ease, among other age-related diseases. In 2015, the number of
people with dementia worldwide was estimated at 47 million
and it is expected to increase to 152 million by 2050(1).

Due to the lack of disease-modifying treatments for any
common dementia, in recent decades, there has been a steady
increase in research into preventive measures, including lifestyle
factors. In this context, dietary habits have been proposed as a
potential alternative to prevent dementia and much attention of
researchers and clinicians has focused on the Mediterranean diet
(MedDiet)(2).

A number of clinical, epidemiological and experimental studies
have suggested that the MedDiet or some of its components may
reduce the incidence of neurodegenerative diseases and other

conditions related to oxidative stress and chronic inflammation
such as CVD, which are closely associated with cognitive
decline(3,4). These effects can be partially attributed to different bio-
active compounds present in the MedDiet such as polyphenols.

Polyphenols comprise awide and diverse family ofmore than
8000 bioactive compounds containing phenol rings(5). They are
mainly grouped into flavonoids, phenolic acids, stilbenes,
lignans and other polyphenols, and they are largely found in
plant foods (whole cereals, fruits, nuts, legumes, extra virgin
olive oil, etc.) and beverages (wine, tea, coffee, cocoa, etc.)(6).

Due to the lipophilic natureof polyphenols, they have the ability
to cross the blood–brain barrier and they may exert a series of
beneficial effects onbrain ageing(7) through themaintenanceof cer-
ebral mass and mitochondrial integrity, prevention of the age-
dependent decrease of monoaminergic neurotransmitters,

Abbreviations: MedDiet, Mediterranean diet; MET, metabolic equivalent; STICS-m, Spanish Telephone Interview for Cognitive Status-modified; SUN,
Seguimiento Universidad de Navarra.
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modulation of some anti-ageing proteins and enzymes, anti-
inflammatory and antioxidant capacities, and stimulation of factors
involved in adult neurogenesis process(8). Thus, polyphenols
may constitute a promising target for the prevention of cognitive
impairment and Alzheimer’s disease. In fact, several intervention
studies have shown the favourable effect of different subtypes
of polyphenols on cognitive function and memory(9–11).
Nevertheless, evidence on the association between total poly-
phenol intake and its main subclasses and cognitive function
from prospective cohort studies is still limited.

In this context, the aim of this work was to address the asso-
ciation between total polyphenol and subclasses of polyphenols
intake and 6-year change in cognitive function in the
‘Seguimiento Universidad de Navarra’ (SUN) Project, a prospec-
tive cohort of university graduates.

Materials and methods

Study population

The SUN Project is a prospective, dynamic, cohort study which
started inDecember 1999 and includesmore than 22 000 Spanish
university graduates. Its aim is to assess the association between
diet and other lifestyles with chronic diseases and mortality. The
study design, methods and cohort profile have been previously
reported in detail elsewhere(12).

Until May 2008, a total of 19 919 participants had completed
the baseline questionnaire. Out of these, 1921 participants over
55 years of age were invited to participate in a sub-study
designed to evaluate the effect of dietary and environmental fac-
tors in the development of cognitive impairment(13). A subsam-
ple of 1069 agreed to participate.

For the analysis, we then excluded 145 participants without
follow-up visit at 6 years, 103 participants who did not provide
the saliva sample to determine the APOE haplotype or were
not correctly genotyped, fourteen participants who reported val-
ues of energy intake outside of predefined values (1st–99th per-
centiles), and one participant due to implausible value for the
difference between baseline and final Spanish version of the
modified Telephone Interview of Cognitive Status (STICS-m)
scores (the change in score was >4 SD). Therefore, the final
sample size was 806 participants (Fig. 1).

This study was conducted according to the guidelines laid
down in the Declaration of Helsinki, and all procedures were
approved by the Institutional Review Board of the University
of Navarra. Participants in the cognitive function subproject of
the SUN cohort provided a specific written informed consent.

Cognitive function assessment

The cognitive function was evaluated with the validated STICS-
m(14). It was administered over the phone at baseline, and after 2
and 6 years of follow-up. The questionnaire is composed of eleven
items with a maximum score of 41. It assesses four cognitive
domains: orientation, memory, attention/calculation and lan-
guage(15). In order to assess long-term changes in cognitive func-
tion, we addressed changes between STICS-m scores at baseline
and at 6 years of follow-up.

A total of fourteen subjects in the baseline and one subject in
the 6-year STICS-m showed missing data for some of the items
(n 13, one item missing; n 1, two items missing; n 1, three items
missing). These missing values were imputed based on the
participants’ sex and age, the attained scores in the other items of
the questionnaire, and the attained scores for the item in the 2- and
6-year STICS-m for subjects with missing data in the baseline ques-
tionnaire, and in the baseline and 2-year STICS-m for those with
missing data in the 6-year questionnaire(13).

Polyphenol intake and dietary assessment

A validated 136-item semi-quantitative FFQ was used to assess
dietary habits(16,17). Both the foods (dairy products; eggs, meat
and fish; vegetables; fruits; legumes and cereals; oils and fats;
pastries; drinks and others) and consumption frequencies were
grouped into nine categories (never or seldom; 1–3 times/month;
once weekly; 2–4 times/week; 5–6 times/week; once daily;
2–3 times/d; 4–6 times/d; 6 or more times/d). To calculate the
nutrient composition of the diet, we used Spanish food compo-
sition tables once the daily food consumption was calculated for
each food item multiplying the consumption frequency by its
typical portion size(18,19).

Information on the polyphenol content in foods was
obtained from the Phenol-Explorer database (www.phenol-
explorer.eu)(20). For those foods not included in Phenol-
Explorer (leek, thistle and honey), the United States Department
of Agriculture database (www.ars.usda.gov/nutrientdata) was
used(21). Foods with only traces of polyphenols, such as meat-
based foods, were removed.

When an item of the FFQ included more than one food, we
used a weighted average according to the typical relative fre-
quency of consumption in the Spanish population(22). For rec-
ipes and processed foods, polyphenol content was calculated
according to their ingredients. Finally, the retention factors from
Polyphenol-Explorerwere applied to consider food cooking and
processing to calculate the polyphenol content(23).

19 919 participants responded to the
baseline questionnaire before May 2008

1921 participants over 55 years old at
baseline were invited to participate

852 declined to participate or did
not reply

145 did not have follow-up visit at
6 years

103 did not return the saliva
sample or were not correctly

genotyped for ApoE

14 reported total energy intake
outside of the predefined values

1 outlier for the difference
between initial and final STICS-

m score

806 participants

821 participants

924 participants

1069 participants agreed to participate

17 998 not meeting inclusion
criteria

Fig. 1. Flowchart of participants in the SUN (‘Seguimiento Universidad de
Navarra’) cognitive function subproject. STICS-m, Spanish version of the modi-
fied Telephone Interview of Cognitive Status.
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Total polyphenol and specific major subclasses of poly-
phenols (flavonoids, lignans stilbenes, phenolic acids and other
polyphenols – alkylphenols, tyrosols, hydroxybenzaldehydes,
hydroxybenxoketones, hydroxycoumarins and methoxyphe-
nols) were calculated as the sum of all individual polyphenol
intakes from food sources reported in the FFQ. Moreover, we
separately analysed the following six major subclasses of flavo-
noids: anthocyanidins, flavones, flavonols, flavan-3-ols, isoflavo-
noids and flavanones.

Assessment of covariates

The baseline questionnaire provides information about partici-
pants’ sociodemographic characteristics (sex, age and years of
university education), medical history (hypertension, hypercho-
lesterolaemia, low HDL-cholesterol, diabetes and CVD), lifestyles
(smoking habit) and anthropometric measurements (weight and
height). Physical activity was evaluated with a previously vali-
dated questionnaire(24), andmetabolic equivalents (METs-h/week)
scores were estimated for each participant. The adherence to the
MedDiet was assessed with the MedDiet Score developed by
Trichopoulou et al.(25).

Statistical analysis

Intake of total and subclasses of polyphenols was adjusted for
total energy intake using the residuals method(26), and partici-
pants were subsequently categorised into quintiles.

We used inverse probability weighting to adjust the means or
proportions of baseline characteristics of our participants for age
and sex across quintiles of total polyphenol intake.

To analyse the association between the intake of polyphenols
and changes in cognitive function, we applied multiple linear
regression models. The dependent variable was the change in
STICS-m from baseline to 6-year follow-up. The linear regression
models were adjusted for several potential confounders: model
1: age, sex and years of university education (continuous);
model 2: model 1þ APOEϵ4 haplotype, physical activity
(tertiles), baseline BMI (kg/m2) (continuous), follow-up time
between baseline and cognitive evaluation (continuous), smok-
ing status (current, former and never smoker), package-years
among ever smokers (continuous), energy intake (quartiles),
sugar-sweetened beverage consumption (continuous), preva-
lent hypertension, prevalent hypercholesterolaemia, low HDL-
cholesterol, prevalent diabetes and prevalent CVD and model
3: model 2þ adherence to the MedDiet (tertiles). When we con-
sidered stilbenes as exposure, we additionally adjusted our final
model for alcohol intake from sources other than wine. The
analyses were repeated using change in each of the four
domains of the STICS-m (orientation, immediate memory, atten-
tion/calculation and language) as the dependent variable. To
investigate linear trends across the quintiles of intake of total
and subclasses of polyphenols, we assigned the median value
to each category and treated them as continuous. We explored
if the rate of changes in cognitive function over time was differ-
ent across the intake of polyphenols (as continuous variable)
using mixed model analysis. Moreover, we tested (likelihood
ratio test) the interaction between the intake of total polyphenols
and subclasses of polyphenols (dichotomised at themedian) and

sex and age (cut-off point= 65 years at the time of recruitment in
the SUN cohort) and changes in cognitive function, once
adjusted for potential confounders.

After stepwise-selection regression analyses, we conducted a
series of nested regression models to establish the contribution
of each food item to the between-person variability in poly-
phenol intake. The cumulative R2 change reflects the additional
contribution of each food. Finally, to estimate the contribution of
each food to the total intake of polyphenols, we calculated the
ratio between the polyphenol content of each food over the total
polyphenol intake and multiplied this amount by 100.

Statistical analyses were performed with STATA/SE 12.0. All
P values were two tailed, and a P value <0·05 was considered as
statistically significant.

Results

Mean total polyphenol intake was 849 (SD 534) mg/d, of which
478 (SD 406)mg/dwere flavonoids, 0·7 (SD 0·4)mg/d lignans, 321
(SD 202) mg/d phenolic acids, 2·0 (SD 3·2) mg/d stilbenes and
48 (SD 50) mg/d other polyphenols. The mean follow-up time in
the cohort until the first cognitive evaluation was 5·6 (SD 2·6) years.

Of the 806 individuals, 69·7 % were male and 30·3 % female.
The mean age of participants at recruitment was 60·7 (SD 5·6)
years, at the time of the initial cognitive evaluation 66·3
(SD 5·2) years and at the time of the final cognitive evaluation
72·3 (SD 5·3) years. Baseline characteristics of participants accord-
ing to quintiles of total polyphenol intake adjusted for sex and age
are shown in Table 1. Compared with subjects in the first quintile,
those in the fifth quintile were more likely to be more physically
active and current smokers, to show a lower energy intake and to
present a higher prevalence of hypercholesterolaemia and diabe-
tes. For the total population, the mean STICS-m score at baseline
was 34·0 (SD 2·4). No relevant differences were observed in base-
line characteristics of participants according to the median in the
baseline STICS-m score (online Supplementary Table S1).

We found no significant association between total poly-
phenol intake and changes in cognitive function after 6 years
of follow-up (Table 2). However, when we analysed subclasses
of polyphenols, we observed in the multivariable-adjusted
analyses that a higher intake of lignans (βQ5 v. Q1 0·81; 95 % CI
0·12, 1·51; Ptrend= 0·020) and stilbenes (βQ5 v. Q1 0·82; 95 % CI
0·15, 1·49; Ptrend= 0·028) was associated with more favourable
changes in cognitive function over time (Pfor trend= 0·020 and
0·028, respectively) (Fig. 2). Additional adjustment for alcoholic
drinks other than wine did not change the results for stilbenes
(Pfor trend= 0·031). In mixed models testing for rates of changes
in cognitive function over time across the intake of different
polyphenols, we found a significant time × polyphenol interac-
tion on rates of changes in cognitive function for lignans
(Pfor interaction= 0·045) and stilbenes (Pfor interaction= 0·049).
Online Supplementary Tables S3 and S4 show the analysis by
subtypes of lignans and stilbenes, respectively. No significant
association was found between the intake of flavonoids
and its subclasses (anthocyanidins, flavones, flavonols, flavan-
3-ols, isoflavonoids and flavanones), phenolic acids, and other
polyphenols and changes in cognitive function.
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When we explored the potential interaction with sex or age
on the association between intake of total polyphenols and
subclasses of polyphenols (dichotomised at the median) and
cognitive function decline, we found no significant interactions
(all Pfor interaction values> 0·05).

By domains of the STICS-m, the multivariable-adjusted
analysis showed a possible direct association between
higher intake of lignans and favourable 6-year changes in
immediate memory and language domains (Pfor trend = 0·036
and 0·028, respectively) (Table 3). For stilbenes, a positive
association was observed for the domain immediate memory
(Pfor trend = 0·020) (Table 4). When the interaction between
each subclass of polyphenols and sex or age was explored,
we found that the interaction was not statistically significant
(all P for interaction values > 0·05).

Table 5 shows the contribution of different foods to lignan
and stilbene intake. Olive oil (44·7 %) and nuts (17·2 %) were
the main foods contributing to lignan intake and wine (52·7 %)
to stilbene intake.

Discussion

The results of the present prospective cohort study suggest
that the intake of lignans and stilbenes is associated with
more favourable changes in cognitive function over a 6-year
period as measured by the STICS-m, particularly with regard
to immediate memory and language domains. Contrary to
expectations, we observed that the absolute values of the
STICS-m score improved over time, an observation which
was likely to be due to the learning effect of repeated testing
of participants with the same questionnaire. However, our
comparisons relied only on relative changes. The mean
intake of lignans and stilbenes of participants in the highest
quintile was 1·3 (SD 0·5) mg/d and 6·9 (SD 4·2) mg/d, respec-
tively. In terms of foods, and taking into account the main
sources of lignans and stilbenes in the SUN cohort, for exam-
ple, the consumption of 40 g of olive oil and 60 g of nuts per d
ensures the intake of 1·3 mg/d of lignans, and the consump-
tion of 150 ml of red wine per d ensures the consumption of
6·5 mg/d of stilbenes.

Table 1. Baseline characteristics* of the participants across sex-specific energy-adjusted quintiles (Q) of polyphenol intake
(Percentages; mean values and standard deviations)

Quintiles of total polyphenol intake

Q1 (n 161) Q2 (n 161) Q3 (n 161) Q4 (n 161) Q5 (n 161)

Mean SD Mean SD Mean SD Mean SD Mean SD

Sex (% female) 30·2 30·9 30·8 30·3 30·4
Total polyphenols (mg/d) 573 248 571 230 693 244 928 258 1460 687
Age at recruitment (years) 60·7 5·7 60·8 5·2 60·7 5·3 60·8 5·5 60·6 5·9
Age at initial cognitive evaluation

(years)
66·7 5·2 66·4 5·0 66·2 4·8 66·4 5·3 66·0 5·7

Age at final cognitive evaluation
(years)

72·6 5·3 72·4 5·1 72·2 4·9 72·4 5·4 72·0 5·7

Baseline STICS-m score 34·0 2·3 34·2 2·5 34·1 2·2 33·9 2·4 34·1 2·3
Final STICS-m score 35·1 2·6 35·1 2·5 35·0 3·2 35·3 2·7 35·0 2·5
University education (years) 5·3 1·8 5·3 1·8 5·4 1·9 5·4 1·9 5·3 1·8
CVD (%)† 5·9 8·0 7·1 5·4 8·7
Hypertension (%) 37·9 42·4 34·3 39·1 34·3
Hypercholesterolaemia (%) 45·5 49·7 58·9 59·8 59·8
Diabetes (%) 5·5 6·1 12·0 5·2 10·1
BMI (kg/m2) 25·6 3·1 25·7 2·9 25·7 3·3 25·6 3·2 26·0 2·9
Physical activity (MET-h/week) 25·9 23·1 25·4 19·7 26·8 21·5 30·6 23·2 30·8 26·2
Mediterranean dietary pattern (0–9

points)‡
3·8 1·5 3·9 1·7 4·5 1·8 4·8 1·7 4·9 1·7

Energy intake (kcal/d)§ 2858 842 2198 652 2099 646 2267 689 2420 857
Carbohydrate intake (% of energy) 43·9 8·6 43·0 8·3 43·6 7·9 43·4 8·3 46·1 9·1
Protein intake (% of energy) 18·4 4·3 19·2 3·9 18·7 3·5 18·0 3·3 17·8 3·5
Fat intake (% of energy) 35·7 7·1 35·5 6·2 34·6 6·7 34·6 7·0 32·6 7·2
Alcohol intake (g/d)|| 4·5 9·0 3·8 6·2 4·3 8·0 3·9 6·2 3·3 6·5
Smoking status (%)
Never 42·3 33·2 28·9 26·2 30·7
Former 41·0 47·1 51·5 52·5 46·3
Current 13·2 15·2 16·1 17·0 19·6

APOE haplotype (%)¶ 18·9 19·4 18·1 20·2 24·2

STICS-m, Spanish version of the modified Telephone Interview of Cognitive Status; MET, metabolic equivalents; SUN, Seguimiento Universidad de Navarra.
* Adjusted for inverse probability weight by sex and age at baseline questionnaire of the SUN project.
† Includes stroke, myocardial infarction, CHD, coronary artery surgery or angioplasty.
‡ Score proposed by Trichopoulou et al.(22).
§ To convert kcal to kJ, multiply by 4·184.
|| From sources other than wine.
¶ Presence of at least one APOE ϵ4 allele.
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Some longitudinal studies on lignans and cognition in
humans have been published recently. According to our results,
Greendale et al.(27) observed that higher lignan intake was asso-
ciated with a slower decline in verbal episodic memory during
late perimenopause. Also, Nooyens et al.(28) reported that a
greater intake of lignans was associated with less decline in
global cognitive function, memory and processing speed. As
far as we know, there are three further cross-sectional studies
on the association between lignan intake and cognitive function.
On one hand, Franco et al. showed a positive association
between a high dietary intake of lignans and a higher probability
of intact cognitive function among postmenopausal women(29).
In contrast, Kreijkamp-Kaspers et al.(30) did not find a significant
association between lignan intake and cognitive function. When
the authors studied the relationship between polyphenols intake
and different domains of cognitive function, they found that a
higher lignan intake was associated with a better performance
in processing speed and executive function, but unlike our
study, not in memory tasks (verbal episodic memory and visual
memory). However, as we found in our study, Rosli et al.
showed a positive correlation between lignan intake and punc-
tuation in immediate memorymeasured by the Rey auditory ver-
bal learning test(31). The evidence is more limited about total

stilbenes and cognitive function. In contrast to our results, a pre-
vious study did not find a significant correlation between stilbene
intake and immediate or delayed recall(31).

These inconsistent results could be due to the differences in
study population, patterns of food consumption and the hetero-
geneity in the instruments used to assess cognitive function(31).
It should be mentioned that the STICS-m is a screening question-
naire and not a diagnostic one and it is mainly focused on deter-
mine the verbal episodic memory.

Lignans and stilbenes display oestrogenic activity; therefore,
they have been reported as phyto-oestrogens(32). The most stud-
ied phyto-oestrogens are isoflavones. Isoflavone intake is higher
in Asian populations due to the consumption of soya and soya-
derived products, whereas in Western populations, the relative
contribution of lignans to the total amount of phyto-oestrogen
intake is much larger(33). Phyto-o estrogens may act on cognition
because theybind toα- and β-oestrogen receptors and share some
of the genomic and non-genomic effects of oestrogens through
the central nervous system(34). However, a previous review of
observational studies and randomised controlled clinical trials
concluded that approximately 50%of the studies showedpositive
effects of phyto-oestrogens, specifically isoflavones, on cognitive
function, and the other half showed negative/null findings(34).

Table 2. Differences in cognitive function change after 6 years according to quintiles (Q) of polyphenol intake*
(β Values and 95 % confidence intervals)

Quintiles of polyphenols adjusted for energy intake

Pfor trend

Q1 Q2 Q3 Q4 Q5

β β 95 % CI β 95 % CI β 95 % CI β 95 % CI

Total polyphenols
Crude 0 (ref.) –0·19 –0·82, 0·44 –0·07 –0·70, 0·56 0·27 –0·36, 0·90 –0·32 –0·95, 0·31 0·625
Model 1 0 (ref.) –0·27 –0·89, 0·34 –0·19 –0·81, 0·43 0·23 –0·39, 0·85 –0·25 –0·88, 0·37 0·848
Model 2 0 (ref.) –0·20 –0·84, 0·44 –0·07 –0·72, 0·44 0·33 –0·31, 0·98 –0·14 –0·79, 0·50 0·894
Model 3 0 (ref.) –0·21 –0·85, 0·43 –0·09 –0·75, 0·57 0·31 –0·35, 0·97 –0·17 –0·83, 0·49 0·982

Flavonoids
Crude 0 (ref.) –0·10 –0·74, 0·53 0·19 –0·44, 0·82 0·03 –0·60, 0·66 –0·03 –0·66, 0·60 0·987
Model 1 0 (ref.) –0·10 –0·71, 0·52 0·17 –0·45, 0·79 –0.02 –0·64, 0·60 0·06 –0·56, 0·69 0·782
Model 2 0 (ref.) 0·04 –0·60, 0·69 0·37 –0·31, 1·04 0·16 –0·51, 0·82 0·21 –0·44, 0·86 0·535
Model 3 0 (ref.) 0·01 –0·63, 0·66 0·34 –0·34, 1·02 0·11 –0·57, 0·79 0·18 –0·48, 0·84 0·591

Lignans
Crude 0 (ref.) 0·17 –0·46, 0·80 0·17 –0·46, 0·80 0·20 –0·43, 0·83 0·63 0·00, 1·26 0·049
Model 1 0 (ref.) 0·12 –0·50, 0·73 0·16 –0·45, 0·78 0·18 –0·44, 0·80 0·64 0·01, 1·26 0·043
Model 2 0 (ref.) 0·18 –0·46, 0·81 0·27 –0·37, 0·92 0·30 –0·34, 0·94 0·75 0·09, 1·40 0·022
Model 3 0 (ref.) 0·18 –0·45, 0·82 0·31 –0·34, 0·97 0·34 –0·32, 1·00 0·81 0·12, 1·51 0·020

Phenol acids
Crude 0 (ref.) 0·12 –0·51, 0·75 –0·15 –0·78, 0·48 0·08 –0·55, 0·71 –0·14 –0·78, 0·48 0·626
Model 1 0 (ref.) 0·06 –0·56, 0·68 –0·23 –0·85, 0·39 0·04 –0·58, 0·66 –0·07 –0·69, 0·55 0·869
Model 2 0 (ref.) 0·07 –0·55, 0·70 –0·20 –0·83, 0·43 0·03 –0·60, 0·67 –0·04 –0·68, 0·60 0·939
Model 3 0 (ref.) 0·07 –0·56, 0·70 –0·20 –0·84, 0·44 0·02 –0·62, 0·66 –0·06 –0·70, 0·59 0·880

Stilbenes
Crude 0 (ref.) 0·15 –0·47, 0·78 0·07 –0·56, 0·70 0·32 –0·31, 0·95 0·59 –0·03, 1·22 0·045
Model 1 0 (ref.) 0·11 –0·52, 0·74 0·10 –0·52, 0·72 0·32 –0·30, 0·94 0·57 –0·05, 1·20 0·052
Model 2 0 (ref.) 0·33 –0·36, 1·02 0·42 –0·29, 1·24 0·51 –0·15, 1·18 0·83 0·17, 1·50 0·023
Model 3 0 (ref.) 0·33 –0·37, 1·02 0·43 –0·28, 1·13 0·50 –0·16, 1·16 0·82 0·15, 1·49 0·028

Other polyphenols
Crude 0 (ref.) –0·42 –1·05, 0·21 –0·23 –0·86, 0·39 0·10 –0·53, 0·73 –0·04 –0·67, 0·59 0·575
Model 1 0 (ref.) –0·42 –1·03, 0·20 –0·22 –0·84, 0·39 0·03 –0·60, 0·65 –0·07 –0·69, 0·56 0·714
Model 2 0 (ref.) –0·38 –1·03, 0·27 –0·19 –0·87, 0·48 0·10 –0·57, 0·76 –0·04 –0·70, 0·62 0·606
Model 3 0 (ref.) –0·37 –1·03, 0·27 –0·21 –0·88, 0·47 0·10 –0·58, 0·77 –0·08 –0·76, 0·61 0·702

ref., Reference.
* Model 1: adjusted for age, sex and years of university education (continuous). Model 2: model 1þAPOE haplotype, physical activity (tertiles), baseline BMI (kg/m2) (continuous),
follow-up time between baseline and cognitive evaluation (continuous), smoking status (current, former and never smoker), package-years among ever smokers (continuous),
energy intake (quartiles), sweetened beverages consumption (continuous), prevalent hypertension, prevalent hypercholesterolaemia, low HDL-cholesterol, prevalent diabetes
and prevalent CVD. Model 3: model 2þ adherence to the Mediterranean diet (tertiles).
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By domains of the STICS-m, we observed that both phyto-
oestrogens, lignans and stilbenes were inversely related to imme-
diate memory performance over time. This idea is plausible given
the distribution of oestrogen receptors, α and β, in the brain. These
receptors are mainly expressed in areas such as the hippocampus
and prefrontal cortex, which are important for learning, memory
and higher-order cognitive function, suggesting that phyto-
oestrogens might particularly benefit episodic memory(35,36).
According to our results, this suggests that phyto-oestrogens might
particularly benefit episodicmemory.Moreover, tasks involving the
prefrontal cortex including verbal learning and verbal fluency,
among others, may be particularly sensitive to phyto-oestrogens
according to observational studies and randomised control trials(34).

Lignans are widely distributed, and the main sources in our
study were olive oil and nuts. In this sense, the PREDIMED study,
a randomised intervention trial, showed that a MedDiet enriched
with extra virgin olive oil or nutswas associatedwith improved cog-
nitive function(37–39). These findings are in line with the results of a
recent systematic review in which adherence to the MedDiet was
associated with better cognitive performance(2). Nevertheless, it
should be noted that most of the included studies in this review
were observational, and more controlled trials are needed to

establish a cause–effect relationship(2). The positive association that
we found between lignan intake and cognitive function over time
was independent to MedDiet adherence. This finding suggests that
the potential beneficial effect of lignans on cognitive function may
be additive but independent to the MedDiet.

In our work, when subclasses of stilbenes were analysed,
we observed that resveratrol and different isoforms, one of
the best-known stilbenes, were associated with a better cogni-
tive function over time. Resveratrol is extensively present in
many edible fruits, although red wine represents the most
substantial source in the human diet of the Spanish population,
according to our results(17,40). The results of the studies con-
ducted to identify potential beneficial effects of resveratrol
on cognitive function in humans are inconclusive mainly due
to its poor bioavailability(41,42). However, studies in animal
models reported the neuroprotective potential effect of
resveratrol through different mechanisms, such as inhibition
of tauopathy, brain proinflammatory responses, H2O2-induced
neurotoxicity and Aβ plaque synthesis; enhancement of long-
term memory formation and neuroprotective sirtuin-1 activity;
astrocyte inactivation, antioxidant activity and prevention of
neuronal cell death(43).
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Fig. 2. Adjusted means and 95% confidence intervals for the association between subclasses of polyphenol intake and 6-year change in cognitive function. Q, quintile;
STICS-m, Spanish version of the modified Telephone Interview of Cognitive Status. Adjusted for age, sex, years of university education (continuous), STICS-m score at
the initial evaluation, APOE haplotype, physical activity (tertiles), baseline BMI (kg/m2) (continuous), follow-up time between baseline and cognitive evaluation (continuous),
smoking status (current, former and never smoker), package-years among ever smokers (continuous), energy intake (quartiles), sweetened beverage consumption (continu-
ous), prevalent hypertension, prevalent hypercholesterolaemia, low HDL-cholesterol, prevalent diabetes, prevalent CVD and adherence to the Mediterranean diet (tertiles).
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Table 3. Differencces in cognitive function change by domains after 6 years according to quintiles (Q) of lignan intake*
(β Values and 95 % confidence intervals)

Quintiles of lignans adjusted for energy intake

Pfor trend

Q1 Q2 Q3 Q4 Q5

β β 95 % CI β 95 % CI β 95 % CI β 95 % CI

Orientation
Crude 0 (ref.) 0·04 –0·19, 0·27 –0·08 –0·31, 0·16 –0·01 –0·24, 0·23 0·01 –0·22, 0·25 0·869
Model 1 0 (ref.) 0·03 –0·20, 0·26 –0·08 –0·31, 0·15 –0·01 –0·25, 0·22 0·00 –0·24, 0·24 0·922
Model 2 0 (ref.) –0·05 –0·19, 0·29 –0·05 –0·30, 0·19 0·01 –0·23, 0·25 0·02 –0·22, 0·27 0·777
Model 3 0 (ref.) 0·06 –0·18, 0·30 –0·03 –0·28, 0·22 0·05 –0·20, 0·29 0·08 –0·18, 0·34 0·442

Immediate memory
Crude 0 (ref.) –0·02 –0·43, 0·40 0·32 –0·09, 0·74 0·33 –0·08, 0·75 0·42 0·01, 0·84 0·019
Model 1 0 (ref.) –0·04 –0·45, 0·37 0·31 –0·10, 0·72 0·31 –0·10, 0·73 0·40 –0·02, 0·81 0·028
Model 2 0 (ref.) –0·04 –0·46, 0·39 0·33 –0·10, 0·76 0·30 –0·12, 0·73 0·39 –0·04, 0·83 0·035
Model 3 0 (ref.) –0·03 –0·46, 0·39 0·34 –0·10, 0·77 0·31 –0·13, 0·75 0·40 –0·06, 0·86 0·036

Attention/calculation
Crude 0 (ref.) 0·02 –0·28, 0·33 –0·03 –0·33, 0·27 –0·15 –0·45, 0·15 0·03 –0·27, 0·33 0·919
Model 1 0 (ref.) 0·01 –0·29, 0·31 –0·03 –0·33, 0·27 –0·14 –0·45, 0·16 –0·14 –0·45, 0·16 0·793
Model 2 0 (ref.) 0·07 –0·24, 0·38 0·05 –0·26, 0·36 –0·04 –0·35, 0·27 0·13 –0·19, 0·44 0·482
Model 3 0 (ref.) 0·04 –0·26, 0·35 0·02 –0·29, 0·34 –0·10 –0·42, 0·22 0·04 –0·29, 0·37 0·962

Language
Crude 0 (ref.) 0·11 –0·05, 0·28 –0·02 –0·18, 0·15 –0·02 –0·19, 0·14 0·15 –0·01, 0·31 0·240
Model 1 0 (ref.) 0·10 –0·06, 0·27 –0·01 –0·18, 0·15 –0·01 –0·18, 0·15 0·17 0·00, 0·34 0·148
Model 2 0 (ref.) 0·11 –0·05, 0·28 –0·01 –0·19, 0·16 –0·00 –0·17, 0·16 0·18 0·01, 0·36 0·126
Model 3 0 (ref.) 0·13 –0·04, 0·30 0·01 –0·16, 0·18 0·04 –0·13, 0·22 0·25 0·07, 0·43 0·028

ref., Reference.
* Model 1: adjusted for age, sex, years of university education (continuous) and Spanish version of themodified Telephone Interview of Cognitive Status score at the initial evaluation.
Model 2: model 1þAPOE haplotype, physical activity (tertiles), baseline BMI (kg/m2) (continuous), follow-up time between baseline and cognitive evaluation (continuous), smoking
status (current, former and never smoker), package-years among ever smokers (continuous), energy intake (quartiles), sweetened beverages consumption (continuous), prevalent
hypertension, prevalent hypercholesterolaemia, low HDL-cholesterol, prevalent diabetes and prevalent CVD. Model 3: model 2þ adherence to the Mediterranean diet (tertiles).

Table 4. Differences in cognitive function change by domains after 6 years according to quintiles (Q) of stilbene intake*
(β Values and 95 % confidence intervals)

Quintiles of stilbenes adjusted for energy intake

Pfor trend

Q1 Q2 Q3 Q4 Q5

β β 95 % CI β 95 % CI β 95 % CI β 95 % CI

Orientation
Crude 0 (ref.) –0·04 –0·27, 0·19 –0·01 –0·24, 0·23 0·06 –0·18, 0·29 –0·08 –0·31, 0·16 0·512
Model 1 0 (ref.) –0·05 –0·29, 0·19 0·00 –0·23, 0·24 0·06 –0·18, 0·29 –0·07 –0·31, 0·16 0·488
Model 2 0 (ref.) 0·02 –0·25, 0·28 0·09 –0·18, 0·35 0·13 –0·12, 0·38 0·01 –0·24, 0·26 0·777
Model 3 0 (ref.) 0·01 –0·25, 0·28 0·09 –0·18, 0·35 0·13 –0·12, 0·38 0·02 –0·23, 0·28 0·896

Immediate memory
Crude 0 (ref.) 0·16 –0·25, 0·58 –0·05 –0·46, 0·36 –0·02 –0·44, 0·39 0·40 –0·01, 0·82 0·028
Model 1 0 (ref.) 0·10 –0·32, 0·52 –0·01 –0·42, 0·40 –0·02 –0·43, 0·39 0·43 0·01, 0·84 0·017
Model 2 0 (ref.) 0·11 –0·36, 0·58 –0·01 –0·49, 0·46 –0·03 –0·47, 0·42 0·43 –0·01, 0·88 0·017
Model 3 0 (ref.) 0·11 –0·36, 0·58 –0·01 –0·49, 0·47 –0·03 –0·48, 0·41 0·42 –0·02, 0·87 0·020

Attention/calculation
Crude 0 (ref.) –0·02 –0·33, 0·28 0·04 –0·26, 0·35 0·20 –0·09, 0·51 0·06 –0·24, 0·36 0·547
Model 1 0 (ref.) –0·00 –0·31, 0·30 0·05 –0·25, 0·35 0·20 –0·10, 0·50 0·04 –0·27, 0·34 0·745
Model 2 0 (ref.) 0·15 –0·18, 0·49 0·27 –0·07, 0·62 0·34 0·01, 0·66 0·20 –0·12, 0·53 0·450
Model 3 0 (ref.) 0·16 –0·18, 0·50 0·27 –0·07, 0·62 0·33 0·00, 0·65 0·17 –0·16, 0·49 0·683

Language
Crude 0 (ref.) –0·05 –0·21, 0·12 0·03 –0·13, 0·20 0·08 –0·09, 0·24 0·13 –0·03, 0·30 0·081
Model 1 0 (ref.) –0·05 –0·22, 0·12 0·03 –0·14, 019 0·08 –0·09, 0·24 0·10 –0·06, 0·27 0·124
Model 2 0 (ref.) –0·05 –0·23, 0·13 0·05 –0·14, 0·24 0·07 –0·11, 0·24 0·12 –0·05, 0·30 0·164
Model 3 0 (ref.) –0·05 –0·23, 0·13 0·05 –0·14, 0·24 0·07 –0·10, 0·25 0·14 –0·03, 0·32 0·100

ref., Reference.
* Model 1: adjusted for age, sex, years of university education (continuous) and Spanish version of themodified Telephone Interview of Cognitive Status score at the initial evaluation.
Model 2: model 1þAPOE haplotype, physical activity (tertiles), baseline BMI (kg/m2) (continuous), follow-up time between baseline and cognitive evaluation (continuous), smoking
status (current, former and never smoker), package-years among ever smokers (continuous), energy intake (quartiles), sweetened beverage consumption (continuous), prevalent
hypertension, prevalent hypercholesterolaemia, low HDL-cholesterol, prevalent diabetes and prevalent CVD. Model 3: model 2þ adherence to the Mediterranean diet (tertiles).
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Finally, it should be mentioned that cognitive impairment and
dementia have been related to CVD and its risk factors(44).
Therefore, the association between the intake of polyphenols
and cognitive functionmay be partially mediated by the cardiopro-
tective effect of polyphenols(45).

We acknowledge that the present work has some limitations
that should be mentioned. First, we used self-reported data for
the dietary information instead of biomarkers, which might
have led to some degree of misclassification. This misclassifica-
tion is most likely to be non-differential and it can attenuate
the true associations. Second, the FFQ was not specifically
designed to collect data regarding polyphenols; therefore,
some foods rich in polyphenols such as herbs, spices and seeds
(including flax seeds rich in secoisolariciresinol) were not spe-
cifically recorded. However, some validation studies have
shown that FFQ are reasonable valid for estimating polyphenol
intake(46), our FFQ has been previously validated and includes
the main foods consumed by the study population(13,14) and the
average consumption of some of these foods such as seeds is
0·03 (SD 0·49) g/d in the general Spanish population, according
to the last National Food Survey(47). In addition, this potential
misclassification would be non-differential and would most
likely shift our results towards the null. On the other hand, some
items in the FFQ included several foods because they have sim-
ilar nutritional characteristics according to the amount of
macro- and micronutrients, as it is usual in the design of all
FFQ(26). Thus, we applied a weighted average according to
the typical relative frequency of consumption in the Spanish
population(47) in order to obtain a more accurate estima-
tion of the intake of polyphenols. Third, the intake of poly-
phenols was assessed at the time of inclusion in the cohort,
and it was not updated by the time of the second cognitive
assessment. Fourth, although the STICS-m has been widely
used in other epidemiological studies, and previously vali-
dated in the Spanish population(14), like the Mini-Mental
State Examination(48), it has been designed as a screening tool.
A comprehensive battery of neuropsychological tests could be
more suitable to evaluate cognitive performance over the time,
but difficult to implement in practice. Fifth, the volunteers of the
SUN project are university graduates, and therefore, the gener-
alisability of the results may be limited. Nevertheless, it is
plausible that the observed association would also apply to
subjects with lower educational level. Sixth, the homogeneity
of the population might have reduced the between-subject

variability in dietary exposures and therefore the sensitivity
to detect significant differences on cognitive function across
polyphenol intake groups. However, this fact can also be con-
sidered as an advantage. This restriction could also reduce the
potential for confounding by socio-economic and education
level. In any case, we adjusted our results for a wide array of
potential confounders, which have been included in the multi-
variable analyses and enhances the internal validity of our
results. Finally, since education is considered a protective factor
against dementia and Alzheimer’s disease(49), the homogenous
high educational level of the sample could minimise the ben-
eficial effects of lignans and stilbenes on cognitive function
and partially contribute to explain the lack of efficacy of certain
classes of polyphenols on cognitive function changes.

In conclusion, our results suggest that a high dietary intake of
phyto-oestrogens, lignans and stilbenes is associated with
favourable cognitive changes over time. Our findings support
the presumed neuroprotective effects of polyphenols on cogni-
tive function. Nevertheless, more studies are needed to confirm
that polyphenols could really constitute a promising target for
cognitive impairment and dementia prevention.
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