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ABSTRACT

Background & Aims: Current evidence suggests that some isolated polyphenols (PP) may exert
promising effects for the risk of depression in young adults, however studies among older adults
remain limited. The aim of the current study was to examine the prospective association between

patterns of PP intake and the risk of depressive symptomatology (DS) in older adults.

Methods: The study sample was based on the Three-City (3C) Bordeaux cohort of adults aged 65
years and over and without DS at the time of recruitment. The intakes of PP, summarised into 21
PP classes, were determined using a 24-hour recall combined with the Phenol-Explorer database.
In addition, the patterns of PP intake were identified by a Principal Component Analysis (PCA).
DS was evaluated using the Center for Epidemiologic Studies Depression Scale (CES-D) over a
period of 15 years with a reassessment every 2-3 years. The incident DS was reported for CES-D
score >16 and/or the use of antidepressant treatment. The association between the patterns of PP
intake at baseline and the risk of DS was computed using multivariate random-effect logistic

regression models.

Results: Among the 1,074 participants (mean age 75.7y, SD 4.8y), 423 (39.4%) developed a DS
during the follow-up. Distinct patterns of PP intake were identified, explaining up to 50% of the
variance. The two first patterns, mainly driven by stilbenes and dihydroflavonols and by
hydroxyicnnamic acid and alkylmethoxyphenols respectively, were not associated with the odds
of DS. Furthermore, a higher score on the third pattern, mainly driven by monomeric flavanols and
theaflavins, was associated with a significant 27% lower risk of DS over time (Odd Ratio=0.73,

95% Confidence Interval [0.55;0.97]).



Conclusion: This prospective study suggested that a pattern high in monomeric flavanols and
theaflavins intakes, mainly provided by tea, was associated with a reduced risk of DS in older
adults. These results provide promising evidence on combined PP intakes that would require further

confirmation in other samples.

Key words: Polyphenol, dietary patterns, depressive symptomatology, older adults, Cohort, Three-

City.



INTRODUCTION

According to the World Health Organization (WHO), depression affected 380 million people
worldwide in 2019 (1), leading to identify this common disease as the most expensive health
condition in 2020 (2). Depression is mainly characterised by a persistent feeling of sadness, a loss
of interest and pleasure, and is associated with numerous secondary symptoms (e.g., fatigue,
appetite and sleep disturbances, suicidal thoughts). Various degrees of severity results in different
definition of the disease (3,4), and pejorative life events, such as widowhood, loss of functional
capabilities and social isolation, are increasing the risk for depression particularly in older adults.
As a consequence, the prevalence of depression in adults over 50 years old ranges from 6% to
nearly 17% compared with less than 5% in the general population (5,6). Available antidepressant
treatments exhibit unequal efficacy, one third of adults being unresponsive and even more in older
adults, half being resistant to the treatments (7,8). Furthermore, the frequent side effects of the
drugs are often exacerbated by the polypharmacy in older adults (9). Therefore, it is crucial to
develop relevant preventive approaches to decrease the risk of depressive symptomatology in the
older adults. Previous studies in this field have identified several modifiable factors that play a role
in the diminution of the risks of depression including physical activity, good social support and a
better self-rated health (10), as well as healthy nutritional habits. These healthy habits have their
importance over the lifespan and appear equally significant in older adults. For instance, a greater
adherence to the Mediterranean diet, a greater consumption of fruits and vegetables and some
beverages, such as tea and coffee, have been inversely associated with the risk of depression in
several epidemiological studies (11-18). Interestingly, all these food groups are particularly rich in
polyphenols (PP), naturally occurring phytochemical compounds exclusively synthesised by plants

and exhibiting antioxidant and anti-inflammatory properties (19-21). The large family of



polyphenols (>8000 species) has been divided into two main categories, flavonoids and non-
flavonoids, which are further divided into classes with specific molecular structures (19-21).
Several recent cross sectional studies have illustrated the benefits of higher consumption of distinct
PP on the lower prevalence of depression in heterogeneous populations (22—-25). However, to the
best of our knowledge, only one prospective observational study has examined the association
between PP intakes (limited to flavonoids) and the risk of depression in middle-aged and older
women. This study, conducted on the large Nurses Health Study (NHS) and NHS Il cohorts,
reported that a higher consumption of flavonols, flavones and flavanones was independently and
significantly associated with a reduced risk of depression over a 10-year period (26). On the other
hand, in older women, higher intake of total flavonoids, polymeric flavonoids and
proanthocyanidins was significantly associated with a reduced risk of depression. In addition, some
randomised controlled trials (RCT) have observed beneficial effects of specific PP or PP rich-foods
on depression, such as isoflavones, monomeric flavanols, proanthocyanidins, resveratrol,
curcumin, or chamomile, soy, green tea, nuts, cocoa... (27,28). However, most of these RCTs only
evaluated the potential therapeutic properties of PP rather than their preventive effects on
depression. Additionally, available observational longitudinal study and clinical trials have been
limited by the study of a single PP or PP rich-food, while concomitant exposures to several PP with
potential complementary biological properties have not been prospectively explored in relation to
depression. Finally, the particular feature of depression, i.e., its potentially transient nature over

time, has not yet been taken into account in studies focusing on this topic.

Therefore, the aim of the present study was to examine the prospective association between patterns
of PP intake and the risk of depressive symptomatology (DS) in older adults enrolled in the Three-

City (3C) cohort.



METHODS

Population

The 3C cohort is a population-based cohort on 9,294 non-institutionalised people aged 65 and over,
recruited in 1999 from electoral rolls of three French cities: Bordeaux (n=2,104), Dijon (n=4,931)
and Montpellier (n=2,259). Eight follow-up visits, consisting of face-to-face interviews at home
for each participant, were performed every 2-3 years until 2018. The study protocol was approved
by the Committee for the Protection of Persons Participating in Biomedical Research of the Centre
Hospitalier Universitaire (CHU) of Kremlin-Bicétre and a free and informed consent was signed
by each participant. The entire protocol and methodology of the 3C cohort have been previously

detailed elsewhere (29).

Study sample

Participants from the Bordeaux 3C cohort completed a full dietary survey in addition to general
questionnaires. Additional inclusion criteria were applied to reach the final study sample: at
inclusion for the present study, participants had to have information on PP intake and DS, without
presenting DS at entry and 2 years earlier (at 3C recruitment), as verified by the Center for
Epidemiologic Studies-Depression (CES-D) scale (CES-D score>16, detailed later) and by their
use of antidepressants; they had to be reviewed at least once with a DS assessment during follow-

up and in addition, they had to be free from dementia at baseline.

Polyphenol intake

At the Bordeaux center, a 24-hour dietary recall was administered by face-to-face interviews
performed by dieticians in the participants’ home in 2001-2002, considered as the baseline for the

present study. Participants were asked to report all meals and drinks consumed the day before the



interview (excluding weekend meals), as well as the quantities eaten, using a portion photograph
manual. As previously done (30), daily PP intake was assessed by matching food and beverages
intakes with the Phenol-Explorer composition database (version 3.6). Based on more than 1,300
scientific publications, Phenol-Explorer is the first comprehensive database on PP content of foods
and contains information on more than 500 different PP in over 400 foods (31). In the current study,
396 different PP compounds were consumed and grouped into 21 main classes: proanthocyanidins,
monomeric flavanols, theaflavins, flavanones, flavonols, anthocyanins, flavones, chalcons,
isoflavones, dihydrochalcons, dihydroflavonols from flavonoids category, and hydroxybenzoic
acid, hydroxycinamic acid, hydroxyphenylacetic/phenylpropanoic acid, stilbenes, lignans,
tyrosols, alkylmethoxyphenols, alkylphenols, hydroxybenzaldehydes and other PP of the non-

flavonoid class.

Depressive Symptomatology

DS was assessed using the CES-D scale in a face-to-face interview conducted by a
neuropsychologist at each follow-up visit. This 20-items scale assessed the frequency of depressive
symptoms during the previous week (from « never » to « always », rated from 0 to 3), leading to a
total score ranging from 0 to 60. A validated, widely used international cut-off of 16 or over
confirmed a DS (32). The use of antidepressant treatment corresponding to the WHO Anatomical
Therapeutic Chemical (ATC) classification “NO6A” was recorded from the inventory of all drugs
consumed at each follow-up visit (33). The CES-D cut-off score and the use of antidepressant
treatment were combined to estimate the occurrence of DS (the primary endpoint of the present

study) at each follow-up visit.

Other variables



Socio-demographic and lifestyle information collected at baseline included: sex, age, living
conditions (living alone, in couple and cohabitation), educational level (no study or elementary,
secondary, high school and university), monthly income (<1,500€, 1,500-2,250€, >2,250€ and
refused to answer), tobacco consumption (number of pack-years), body mass index (BMI) (<25,
25-30 and >30 kg/m?), regular physical activity (yes or no, considered through a sport or daily
leisure activities as for example walking, gardening or fishing) and total energy intake (in kcal/day).
Among health characteristics, the Mini Mental State Examination (MMSE) score was used to
assess overall cognitive performances and multimorbidity was considered when participants
exhibited two or more of the following: hypertension, diabetes, hypercholesterolemia, angina,
cardiac rhythm disorders, arteritis, cardiac failure, myocardial infarction, hospitalization for stroke,
asthma, Parkinson’s disease, dyspnea, osteoporosis, cancer and dementia. These disorders were

self-reported, apart from dementia, which was diagnosed clinically by a neuropsychologist.

Statistical Analysis

All statistical analyses were performed with R Software (R version 4.1.1, RStudio environment)
and statistical significance was set at p<0.05. The socio-demographic characteristics of the study
sample were described according to the quartiles of total daily PP intake. Chi-square tests for
qualitative variables and Analysis of Variance for quantitative variables (non-parametric ones for
those with asymmetric distribution) were used. Aggregate PP consumption in 21 classes was also

described by sex using Student’s t-test (or Welch’s test in the case of unequal variances).

Patterns of dietary polyphenol intake

Principal Component Analysis (PCA) was used to extract dietary PP patterns derived from the 21

PP classes. PCA method is widely used in multidimensional nutritional data to identify dietary
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patterns (34). This data-driven technique reduces the dimensionality of the dataset and aggregates
correlated variables to derive common components, in this case, dietary PP intakes, by maximising
the variability of the study sample. This still results in a loss of information, while approaching the
real-life practices of combined consumptions of isolated PP. Both the retention criteria of
eigenvalues greater than 1 and the Cattell criteria were used to select the number of principal
components (i.e. patterns) (35). For each selected pattern, the main classes of PP were highlighted
for absolute loadings greater than or equal to 50 %. A correlation between PP intake from identified
principal components and food intakes was performed to determine the main food sources of PP

intake patterns in the present study.

Association between patterns of polyphenol intake and risk of DS

A multivariate random-effect logistic regression model was used to explore the relationships
between the patterns of PP intake at baseline and the risk of DS over time. The model was adjusted
for the relevant potential confounders selected from the scientific literature using a directed acyclic
graph: age, sex, living conditions, tobacco consumption, educational level, regular physical
activity, daily energy intake, BMI and multimorbidity were included. The random-effect logistic
regression model is appropriate for assessing the risk of DS as a binary outcome and for modelling
repeated assessments (and possible reversibility) during the follow-up (36). Time was introduced
as a simple effect and two random effects were included: a random intercept, accounting for the
heterogeneity between individuals at baseline, and a random slope, accounting for the inter-
individual variability over time (detailed in Supporting Information Method S1). The model

assumptions were tested and statistical significance was set at p<0.05.

Additional analyses
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Firstly, DS was defined by the use of antidepressant treatments and/or alternative CES-D
thresholds, i.e. validated sex-specific French cut-offs of the CES-D: score >17 for men and >23 for
women (37). Secondly, as the PP intake is assumed to differ between men and women, we also

extracted dietary PP patterns separately for each sex and performed main analyses stratified on sex.
Missing data

To limit exclusions due to missing values, a multiple imputation was performed on the retained
confounders with missing data, i.e. tobacco consumption (1.5% of missing data), regular physical
activity (15.5%) and BMI (0.9%) using the R package MICE (Multivariate Imputation via Chained
Equations) (38). This method assumes that data are randomly missing and that each variable is

associated with an imputation model conditionally to the other variables in the dataset.
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RESULTS

Sample selection

Among the 2,104 participants from the 3C Bordeaux sub-cohort, 1,755 participated in the dietary
survey at baseline and were eligible for the present study. From 1,755 participants included at
baseline, we excluded participants with DS identified at baseline (n=153), or 2 years earlier (based
on CES-D score>16 and/or antidepressant treatment) (n=358), missing data on DS at baseline
(n=30) or no DS assessment during the follow-up (n=104), missing data on PP intake (n=30) and
history of dementia at baseline (n=6), leading to a study sample of 1,074 individuals (Figure 1).
The median of follow-up time was 11.5 years (minimum 1.0 year and maximum 16.4 years), during
which 551 participants died and 130 dropped-out, resulting in 393 individuals seen at the 15-y

wave (36.6% of the participants included at baseline).

Descriptive characteristics

The study sample included 56.8% of women and was 75.7 years old (standard deviation (SD): 4.8)
on average. More than half of the sample (58.6%) were living with a partner, 48.5% had attained
primary or secondary school education and 37.2% reported a monthly income of less than 1,500€
(Table 1). The participants smoked an average of 9.4 pack-years and consumed 9.8 glasses of
alcohol per week. In addition, more than a third of the study sample (38.0%) regularly practiced a
physical activity, 16.2% of the sample had a BMI higher than 30 kg/m? and consumed 1,746
kcal/day on average. Regarding health characteristics, the MMSE score was 27.8 on average and
53.8% of participants were affected by multimorbidity. Finally, the CES-D score at baseline was

4.9 on average (Table 1).
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DS: Depressive Symptomatology

Figure 1: Flow chart for the study of the association between patterns of polyphenol intake

and the risk of depressive symptomatology, Three-City Bordeaux cohort, 2001-2017
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Participants consumed about 1,092 mg (SD: 560 mg) of total PP per day on average. Considered
as quartiles, the daily intake of low PP consumers (first quartile (Q1)) was 483 mg (SD: 157 mg)
on average, that of low to moderate PP consumers (second quartile (Q2)) was 856 mg (SD: 102
mg) on average, that of moderate PP consumers (third quartile (Q3)) was 1,179 mg (SD: 98.4 mg)
on average and that of high PP consumers (forth quartile (Q4)) was 1,850 mg (SD: 446 mg) on
average. (Table 1). We observed that the highest total PP consumers (Q4) were mainly men, more
often lived in couples, had higher level of education, consumed more often tobacco and alcohol,
and had higher daily energy intake and higher MMSE scores on average than the lowest PP
consumers (Q1). They also had lower CES-D score on average than the lowest consumers (4.3 vs
5.1 respectively). Mean age, monthly incomes, BMI, prevalence of regular physical activity and

multimorbidity were similar across quartiles of total PP intakes.

Table 2 described the 21 main classes of dietary PP consumed at baseline by sex. Men had higher
consumption of total PP than women (1,234 mg SD: 574 mg vs 984 mg SD: 524 mg, respectively).
Regardless of sex, the main classes of PP consumed were hydroxicinnamic acid (515 mg/day),
followed by proanthocyanidins (288 mg/day) and monomeric flavanols (84 mg/day). The mean
daily intake of flavanones, flavones, isoflavones, hydroxybenzoic acid, alkylmethoxyphenols and
other PP were not significantly different between men and women. However, men had higher daily
intakes of all other classes of PP, except for theaflavins whose intakes were greater for women (5.4

mg (SD: 9.6 mg) vs 2.4 mg (SD: 5.8 mg) in men).

Patterns of dietary polyphenol intake

In the overall study sample, we selected 3 distinct dietary PP patterns identified by the PCA method
(Table 3), explaining 45.3% of the variability of the 21 PP classes consumed. The 3 components

(i.e., patterns) were scores ranging from 0 to 8, and a higher score indicating greater adherence to
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the PP pattern (i.e. a higher intake of the main PP classes for each pattern). The first principal
component (explaining 23.7% of the variability) was a pattern characterized by high intakes of
stilbenes, dihydroflavonols, hydroxybenzaldehydes, lignans, tyrosols, hydroxyphenylacetic and
hydroxyphenylpropanoic acid, proanthocyanidins and anthocyanins, of which main food source
was red wine. The second principal component (explaining 13.1% of the variability) was a pattern
defined by high intakes of hydroxycinnamic acid, alkylmethoxyphenols and other PP and by a
lower intake of theaflavins and monomeric flavanols. The three main PP classes highly consumed
in this pattern were derived from high consumptions of coffee whereas the two main PP classes
lower consumed in this pattern derived mainly from tea consumption. Then, the third principal
component (explaining 8.5% of the variability) was a pattern defined by high intakes of monomeric

flavanols and theaflavins, mainly derived from tea consumption.

Depressive Symptomatology

DS was identified for 423 participants (39.4 %) during the follow-up. Of whom, 230 (21.4%)
participants had a CES-D score>16 at least once during follow-up, 110 (10.3%) used
antidepressant treatment at least once during follow-up and 83 (7.7%) had both CES-D score >16

and antidepressant treatment use during follow-up.

Pattern of dietary polyphenol intake associated with risk of DS

The association between the three principal components derived from PP intake and the risk of DS
was assessed separately and controlled for sex, living conditions, educational level, tobacco
consumption, daily energy consumption, regular physical activity, BMI and multimorbidity. There
was no association between higher scores on the principal components 1 or 2 and the risk of DS

over time (Odd Ratio (OR)=1.00, 95% Confidence Interval (Cl) [0.82;1.22], p=0,990 and
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OR=0.98, 95% CI [0.79;1.21], p=0.838 for each additional point of the 1 and 2" components
respectively) (Table 4). However, higher scores on the 3™ component (i.e., mainly higher
monomeric flavanols and theaflavins intakes) were significantly associated with a lower risk of DS
over time. Indeed, for a one point increase in the pattern score, a 27% lower risk of DS was observed

(OR=0.73, 95% CI [0.55;0.97], p=0.027) (Table 4).
Additional analyses

Using an alternative definition of DS, based on the gender-specific CES-D cut-offs (i.e., CES-D
score >17 for men and a CES-D score >23 for women) and / or use of antidepressant treatments,
338 (31.5%) participants were identified as having DS over time. As in the main analysis, higher
scores on principal components 1 or 2 were not significantly associated with the reduced risk of
DS (Table 5). However, for each additional point of the 3 pattern score, the risk of DS was
significantly lower by 41% over time, after adjustment on all potential confounders (OR=0.59,

95% CI [0.39;0.88], p=0.010) (Table 5).

When PCAs were conducted separately for men and women, the principal components 1 and 2
were similar to those observed in the whole study sample, whereas the 3" principal component was
different than that derived from the entire study sample. For men, the 3" principal component was
a pattern characterized by low intakes of hydroxyphenylcetic and hydroxyphenylpropanoic acid
and tyrosols, i.e., PP classes mainly derived from red wine whereas for women, the 3" pattern was
characterised by high intakes of monomeric flavanols, theaflavins and flavonols, mainly derived
from tea and red wine consumptions (Supporting Information Table S1 & Table S2). As in the
main analysis of the entire study sample, higher scores on principal components 1 or 2 were not
significantly associated with a reduced risk of DS for either sex. Additionally, higher scores on

principal component 3 were not associated with the risk of DS in men. However, in women, higher
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scores on the 3™ component were significantly associated with lower risk of DS over

time (Supporting Information Table S3).
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DISCUSSION

In the present study, we identified three patterns of PP intake at baseline in older adults, one of
which, mainly characterised by high intake of monomeric flavanols and theaflavins, provided
mainly by tea, was associated with a significant reduced risk of DS over 15-years of follow-up.
Each additional point on this pattern score was significantly associated with a 27% reduction in the
risk of DS, independent of the main confounding factors including sex, BMI, regular physical
activity and multimorbidity. Using an alternative definition of DS based on the sex-specific CES-
D threshold and/or the use of antidepressant treatment, we observed an even lower risk of DS, up
to 41%. To our knowledge, this is the first prospective study reporting an inverse association
between a data-driven pattern of PP intake and the risk of DS in older adults, considering repeated

assessment of DS over time.
Comparison to the literature

The relationship between PP intake and DS in older adults had already been explored in several
studies, although mainly cross sectional. Of these, 6 out of 20 cross-sectional studies reported an
inverse association between tea consumption, or monomeric flavanols and theaflavins compounds
and depression (25,27). It should be noted that only one prospective study in the NHS cohort had
explored the association between individual PP intake at baseline, and the risk of DS in older adults.
This cohort included about 45,000 US women aged >65 years followed for 10 years and reported
that higher consumption of total flavonoids, polymeric flavonoids or proanthocyanidins was
separately associated with a significant decreased risk of DS (quintile 5 vs quintile 1: Hazard Ratio
(HR)=0.89, 95% CI [0.82;0.96], p-trend=0.003 ; HR=0.88, 95% CI [0.82;0.96], p-trend<0.001 and
HR=0.83, 95% CI[0.77;0.90], p-trend<0.001 respectively) (26). Using a semi-quantitative food

frequency questionnaire matched to the United States Department of Agriculture (USDA) database,
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flavonoid intake and PP class intakes were assessed individually in the NHS cohort, in contrast to
the present study in which we examined several PP classes, consumed concomitantly in the diet.
Moreover, in the NHS cohort, the risk of DS was defined as the first occurrence of self-reported
clinical depression (i.e., clinical diagnostic and/or regular use of antidepressants) over time, using
a statistical approach that did not account for the potential change of depression over time available
with repeated measures. Notably, no association was found among middle-aged women in the NHS

Il cohort, as in the combined NHS and NHS Il cohorts.

Despite the paucity of epidemiological studies, two RCTs have already examined the effects of
increased flavanol intake on depression (39,40). Patients with depressive symptoms were
supplemented with flavanols-rich foods, including monomeric flavanols, theaflavins and
proanthocyanidins: a grape seed extract in postmenopausal women (n=91) in an 8-week trial and a
cocoa extract in obese adults (n=45) in a 4-week trial. No significant effect on existing depression
was demonstrated in these two RCTs which could be partly explained by the small sample sizes
and short duration of supplementation. In addition, these RCTs focused on the therapeutic effect
of certain PP on depressive symptoms in patients suffering from postmenopausal symptoms or
obesity. A single RCT explored the preventive effect of green tea on depression in 46 healthy adults
(mean age: 25.7+/- 4.7 years) (41). Depressive symptoms were assessed using two different scales
at baseline and at the end of the study, and the treatment groups were comparable in terms of sex,
age, education and depressive symptom scores at baseline. The results revealed that
supplementation with green tea composed from approximately 80% of monomeric flavanols
(estimated by High Performance Liquid Chromatography) over a period of 5 weeks, significantly
decreased depressive symptom scores, whereas no difference was observed in the control group.

Thus, the results of this trial conducted in healthy adults are consistent with the present findings.
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Considerations

In the additional sex-stratified analysis, we observed a significant association between the third
pattern of PP intake and the risk of DS only in women. This pattern was characterized by high
intakes of monomeric flavanols, theaflavins and flavonols, mainly from tea and red wines
consumption. Overall, the results of the present analysis support the potential benefits of
monomeric flavanols and theaflavins on the risk of depression, and may explain observed
differences between men and women both in their dietary behaviours, i.e., tea intake, and in the

expression of depressive symptoms, i.e., the threshold of the CES-D score in relation to sex.

The mechanistic data also support the role of the PP pattern as a possible protector in DS processes.
Firstly, monomeric flavanols and theaflavins have been associated with a reduced risk of depressive
behaviour in animal models (42-44). Secondly, several studies have suggested a beneficial role of
flavanols in two processes targeted by antidepressant treatments, namely monoamine oxidase
(MAO) inhibition and the induction of brain-derived neurotrophic factor (BDNF) (4,45-49).
Moreover, monomeric flavanols and theaflavins have strong antioxidant and anti-inflammatory
properties, whereas oxidative stress and inflammatory processes are known to be biological
mechanisms involved in depression (20). Furthermore, some monomeric flavanols have been
detected in the brains of mice after a period of supplementation in flavanols rich-food extract (grape
and blueberry) (50): a potential neuroprotective effect could also be considered through a decrease
of neuroinflammatory processes. In addition, the activities of dietary PP on mood are highly
dependent of their bioavailability and absorption, which are themselves affected by the gut
microbiota via the gut-brain axis (51,52). However, further investigations are needed to better
understand this potential interaction. Finally, another possible interpretation is that the high intake

of PP characterizing the 3™ pattern in the present study sample might reflect a pattern of healthier
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behaviors and thus represents an indicator of other protective lifestyle factors (e.g., healthier eating

habits, appropriate physical activity) that reduces the risk of developing DS in old age.
Limitations and strengths

The present study has some limitations to highlight. Only one 24-hour recall was performed at
baseline, leading to a less accurate estimate of PP intakes for a specific individual, whereas this
estimate could be considered relevant for the whole group of participants (53). Moreover, PP
intakes were assessed only once, and the present results assume that dietary intakes did not change
during the follow-up. It has already been reported that dietary intakes of the participants in the 3C
Bordeaux study were mostly constant over time (54). In addition, depression was not diagnosed
clinically but depressive symptoms were assessed by neuropsychologists using the CES-D scale, a
validated scale widely used in epidemiological studies (32). Moreover, we also used antidepressant
treatment to define DS, thus limiting misclassification bias, and an alternative threshold of CES-D
score was considered in further analyses. However, these treatments may also be prescribed in
other clinical conditions than depression, which could have led to an overestimation of the
proportion of participants with DS in the present study (55). Secondly, the potential selected
confounders were not updated during the follow-up while many changes can have a significant
impact on all aspects of daily life, especially in older adults (i.e., widowhood and chronic diseases).
Finally, the 3" pattern of PP identified could reflect a general healthy behavior. As suggested by
the description of the study sample, the highest consumers of total PP intake have on average better
brain health and higher education, which may induce a potential reverse causality bias. However,
we were able to reduce it by excluding DS cases at baseline and 2 years earlier. The strengths of
our study are the large sample size, the long follow-up time and the control of major confounders,

although residual bias may remain in this observational study. PP intake was estimated using the
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Phenol-Explorer database, the most recent comprehensive database which includes a large number
of PP and their main food sources (although not all foods are included in the database). We also
implemented a PCA that allowed us to assess the combination of PP intakes through patterns.
Finally, the random effect logistic regression method allowed us to consider the potential change

of DS over time, especially in a repeated measures cohort.
CONCLUSION

In this large prospective cohort of older adults, we observed that a pattern of PP intake characterised
by higher intake of monomeric flavanols and theaflavins, mainly provided by tea, was associated
with a 27% reduced risk of DS over a 15-year of follow-up period. These results call for further
observational studies on this relationship in older adults and using a dietary pattern approach to
confirm such association. Further explorations are also needed to better understand the biological

mechanisms between the currently identified PP and the physiopathological process of depression.



23

Acknowledgements

The Three-City study is conducted under a partnership agreement between the Institut National de
la Santé et de la Recherche Médicale (INSERM), the University Bordeaux 2 Victor Segalen and
Sanofi-Aventis. The Fondation pour la Recherche Médicale funded the preparation and initiation
of the study. The Three-City study is also supported by the Caisse Nationale Maladie des
Travailleurs Salariés, Direction Générale de la Santé, MGEN, Institut de la Longévité, Conseils
Régionaux d’Aquitaine et Bourgogne, Fondation de France, Ministry of Research-INSERM
Programme “Cohortes et collections de données biologiques,” Agence Nationale de la Recherche
ANR PNRA 2006 and LongVie 2007, the “Fondation Plan Alzheimer” (FCS 2009-2012), the
Caisse Nationale de Solidarité pour I’ Autonomie (CNSA) and F. Hoffmann-La Roche Ltd.
Jeanne Bardinet is supported by the grant “SilverBrainFood” within the framework of the “Future
Investment Program” (Programme d’Investissements d’Avenir PIA3), “Competitiveness cluster
structuring projects” (Projets structurants des pdles de compétitivité, PSPC) operated by BPI
France.

We thank David Vauzour and Leonie Lang for proofreading this manuscript.

Funding statement

This research was supported by Association Nationale de la Recherche et de la Technologie
(ANRT), Institut National de la Santé et de la Recherche Médical (INSERM), Bordeaux Population
Health (BPH) and Activ’Inside. The Three-City study is conducted under a partnership agreement
between the Institut National de la Santé et de la Recherche Médicale (INSERM), the University
Bordeaux 2 Victor Segalen and Sanofi-Aventis. The Three-City study is also supported by the
Caisse Nationale Maladie des Travailleurs Salaries, Direction Générale de la Santé, MGEN, Institut

de la Longévité, Conseils Régionaux d’Aquitaine et Bourgogne, Fondation de France, Ministry of



24

Research-INSERM Programme “Cohortes et collections de données biologiques,” Agence
Nationale de la Recherche ANR PNRA 2006 and LongVie 2007, the “Fondation Plan Alzheimer”
(FCS 2009-2012), the Caisse Nationale de Solidarité pour I’ Autonomie (CNSA) and F. Hoffmann-
La Roche Ltd. Jeanne Bardinet is supported by the grant “SilverBrainFood” within the framework
of the “Future Investment Program” (Programme d’Investissements d’Avenir PIA3),
“Competitiveness cluster structuring projects” (Projets structurants des poles de compétitivité,
PSPC) operated by BPI France.

Conflict of interest

The authors declare no conflict of interest. Activ’Inside no role in the design of the study; in the
collection, analyses, or interpretation of data; in the writing of the manuscript, and in the decision

to publish the results.

Author contributions

JB, CP and CF designed research; JB, HP and SL conducted research; CH, CS and CD provided
essential materials; JB analyzed data or performed statistical analysis; JB, CP and CF wrote paper;
JB had primary responsibility for final content; and all authors have read and approved the final

manuscript.

Data sharing

Data described in the manuscript, code book, and analytic code will be made available upon

request: http://www.three-city-study.com/ancillary-studies.php



25

REFERENCES

1. GBD Results Tool | GHDx [Internet]. [cited 2022 Feb 7]. Available from:
http://ghdx.healthdata.org/gbd-results-tool?params=ghd-api-2019-

permalink/d780dffbe8a381b25e1416884959e88h

2. Global mental health: five key insights which emerge from the data [Internet]. Our World
in Data. [cited 2021 Jul 8]. Available from: https://ourworldindata.org/global-mental-

health

3. Depression is complicated — this is how our understanding of the condition has evolved
over time [Internet]. Our World in Data. [cited 2022 May 2]. Available from:

https://ourworldindata.org/what-is-depression

4. Depression: Practice Essentials, Background, Pathophysiology. 2021 Nov 29 [cited 2022

Feb 21]; Available from: https://emedicine.medscape.com/article/286759-overview#a3

5. Prevalence of depression by age [Internet]. Our World in Data. [cited 2021 Mar 30].

Available from: https://ourworldindata.org/grapher/prevalence-of-depression-by-age

6. Helmer C, Montagnier D, Péres K. [Descriptive epidemiology and risk factors of

depression in the elderly]. Psychol Neuropsychiatr Vieil. 2004 Sep;2 Suppl 1:S7-12.

7. Pérez-Wehbe Al, Perestelo-Pérez L, Bethencourt-Pérez JM, Cuéllar-Pompa L, Pefiate-
Castro W. Treatment-resistant depression: A systematic review of systematic reviews. Int

J Clin Health Psychol. 2014 May 1;14(2):145-53.

8. Buchalter ELF, Oughli HA, Lenze EJ, Dixon D, Miller JP, Blumberger DM, et al.
Predicting Remission in Late-Life Major Depression: A Clinical Algorithm Based Upon

Past Treatment History. J Clin Psychiatry. 2019 Dec 10;80(6):18m12483.



10.

11.

12.

13.

14.

15.

16.

26

Kurczewska-Michalak M, Lewek P, Jankowska-Polanska B, Giardini A, Granata N,
Maffoni M, et al. Polypharmacy Management in the Older Adults: A Scoping Review of

Available Interventions. Front Pharmacol. 2021;12:734045.

Worrall C, Jongenelis M, Pettigrew S. Modifiable Protective and Risk Factors for
Depressive Symptoms among Older Community-dwelling Adults: A Systematic Review.

J Affect Disord. 2020 Jul 1;272:305-17.

Hershey MS, Sanchez-Villegas A, Sotos-Prieto M, Fernandez-Montero A, Pano O,
Lahortiga F, et al. The Mediterranean Lifestyle and the Risk of Depression in Middle-

Aged Adults. J Nutr. 2021 Sep 21;nxab333.

Psaltopoulou T, Sergentanis TN, Panagiotakos DB, Sergentanis IN, Kosti R, Scarmeas N.
Mediterranean diet, stroke, cognitive impairment, and depression: A meta-analysis. Ann

Neurol. 2013;74(4):580-91.

Lassale C, Batty GD, Baghdadli A, Jacka F, Sanchez-Villegas A, Kiviméki M, et al.
Healthy dietary indices and risk of depressive outcomes: a systematic review and meta-

analysis of observational studies. Mol Psychiatry. 2019;24(7):965-86.

Liu X, Yan Y, Li F, Zhang D. Fruit and vegetable consumption and the risk of depression:

A meta-analysis. Nutr Burbank Los Angel Cty Calif. 2016 Mar;32(3):296-302.

Rothenberg DO, Zhang L. Mechanisms Underlying the Anti-Depressive Effects of

Regular Tea Consumption. Nutrients. 2019 Jun;11(6):1361.

Grosso G, Micek A, Castellano S, Pajak A, Galvano F. Coffee, tea, caffeine and risk of
depression: A systematic review and dose-response meta-analysis of observational

studies. Mol Nutr Food Res. 2016 Jan;60(1):223-34.



17.

18.

19.

20.

21.

22.

23.

27

Kimura Y, Suga H, Kobayashi S, Sasaki S, Three-Generation Study of Women on Diets
and Health Study Group. Intake of Coffee Associated With Decreased Depressive
Symptoms Among Elderly Japanese Women: A Multi-Center Cross-Sectional Study. J

Epidemiol. 2020 Aug 5;30(8):338-44.

Kim J, Kim J. Green Tea, Coffee, and Caffeine Consumption Are Inversely Associated
with Self-Report Lifetime Depression in the Korean Population. Nutrients. 2018 Sep

1;10(9):E1201.

Durazzo A, Lucarini M, Souto EB, Cicala C, Caiazzo E, 1zzo AA, et al. Polyphenols: A
concise overview on the chemistry, occurrence, and human health. Phytother Res.

2019;33(9):2221-43.

Del Rio D, Rodriguez-Mateos A, Spencer JPE, Tognolini M, Borges G, Crozier A. Dietary
(poly)phenolics in human health: structures, bioavailability, and evidence of protective

effects against chronic diseases. Antioxid Redox Signal. 2013 May 10;18(14):1818-92.

Bonetti F, Brombo G, Zuliani G. Chapter 19 - Nootropics, Functional Foods, and Dietary
Patterns for Prevention of Cognitive Decline. Nutrition and Functional Foods for Healthy

Aging. Academic Press. 2017;19:211-32.

Godos J, Castellano S, Ray S, Grosso G, Galvano F. Dietary Polyphenol Intake and
Depression: Results from the Mediterranean Healthy Eating, Lifestyle and Aging (MEAL)

Study. Mol Basel Switz. 2018 Apr 24;23(5):E999.

Rosli H, Shahar S, Din NC, Haron H, Rajab NF. Prevalence of Poor Mental Health and
Cognitive Status among Middle-Aged Adults and Its Predictors in Relation to Polyphenols

Intake. Malays J Med Sci MIJMS. 2019 May;26(3):72-89.



24,

25.

26.

27.

28.

29.

30.

28

Cui Y, Huang C, Momma H, Niu K, Nagatomi R. Daily dietary isoflavone intake in
relation to lowered risk of depressive symptoms among men. J Affect Disord. 2020 Jan

15;261:121-5.

Park SJ, Jaiswal V, Lee HJ. Dietary Intake of Flavonoids and Carotenoids Is Associated
with Anti-Depressive Symptoms: Epidemiological Study and In Silico-Mechanism

Analysis. Antioxid Basel Switz. 2021 Dec 27;11(1):53.

Chang SC, Cassidy A, Willett WC, Rimm EB, O’Reilly EJ, Okereke OI. Dietary flavonoid
intake and risk of incident depression in midlife and older women. Am J Clin Nutr. 2016

Sep;104(3):704-14.

Bayes J, Schloss J, Sibbritt D. Effects of Polyphenols in a Mediterranean Diet on
Symptoms of Depression: A Systematic Literature Review. Adv Nutr Bethesda Md. 2020

May 1;11(3):602-15.

Ali S, Corbi G, Maes M, Scapagnini G, Davinelli S. Exploring the Impact of Flavonoids
on Symptoms of Depression: A Systematic Review and Meta-Analysis. Antioxidants.

2021 Oct 20;10(11):1644.

3C Study Group. Vascular factors and risk of dementia: design of the Three-City Study
and baseline characteristics of the study population. Neuroepidemiology. 2003

Dec;22(6):316-25.

Lefévre-Arbogast S, Gaudout D, Bensalem J, Letenneur L, Dartigues JF, Hejblum BP, et
al. Pattern of polyphenol intake and the long-term risk of dementia in older persons.

Neurology. 2018 May 29;90(22):e1979-88.



31.

32.

33.

34.

35.

36.

37.

38.

39.

29

Database on Polyphenol Content in Foods - Phenol-Explorer [Internet]. [cited 2021 Jul 9].

Available from: http://phenol-explorer.eu/

Vilagut G, Forero CG, Barbaglia G, Alonso J. Screening for Depression in the General
Population with the Center for Epidemiologic Studies Depression (CES-D): A Systematic

Review with Meta-Analysis. PloS One. 2016;11(5):e0155431.

WHOCC - ATC/DDD Index [Internet]. [cited 2021 Oct 11]. Available from:

https://www.whocc.no/atc_ddd_index/?code=N06A

Schwedhelm C, Igbal K, Knuppel S, Schwingshackl L, Boeing H. Contribution to the
understanding of how principal component analysis-derived dietary patterns emerge from

habitual data on food consumption. Am J Clin Nutr. 2018 Feb 1;107(2):227-35.

Schreiber JB. Issues and recommendations for exploratory factor analysis and principal

component analysis. Res Soc Adm Pharm. 2021 May 1;17(5):1004-11.

Stiratelli R, Laird N, Ware JH. Random-effects models for serial observations with binary

response. Biometrics. 1984 Dec;40(4):961-71.

Fuhrer R, Rouillon F. La version frangaise de 1’échelle CES-D (Center for Epidemiologic

Studies-Depression Scale). Description et traduction de 1’échelle d’autoévaluation.

Psychiatry Psychobiol. 1989 ed;4(3):163-6.

Buuren S van, Groothuis-Oudshoorn K, Vink G, Schouten R, Robitzsch A, Rockenschaub
P, et al. mice: Multivariate Imputation by Chained Equations [Internet]. 2021 [cited 2022

Mar 21]. Available from: https://CRAN.R-project.org/package=mice

Ibero-Baraibar I, Perez-Cornago A, Ramirez MJ, Martinez JA, Zulet MA. An Increase in

Plasma Homovanillic Acid with Cocoa Extract Consumption Is Associated with the



40.

41.

42.

43.

44,

45,

30

Alleviation of Depressive Symptoms in Overweight or Obese Adults on an Energy

Restricted Diet in a Randomized Controlled Trial. J Nutr. 2015 Apr 1;146(4):897S-904S.

Terauchi M, Horiguchi N, Kajiyama A, Akiyoshi M, Owa Y, Kato K, et al. Effects of
grape seed proanthocyanidin extract on menopausal symptoms, body composition, and
cardiovascular parameters in middle-aged women: a randomized, double-blind, placebo-

controlled pilot study. Menopause N Y N. 2014 Sep;21(9):990-6.

Zhang Q, Yang H, Wang J, Li A, Zhang W, Cui X, et al. Effect of green tea on reward
learning in healthy individuals: a randomized, double-blind, placebo-controlled pilot

study. Nutr J. 2013 Jun 18;12:84.

Ano Y, Ohya R, Kita M, Taniguchi Y, Kondo K. Theaflavins Improve Memory
Impairment and Depression-Like Behavior by Regulating Microglial Activation. Mol

Basel Switz. 2019 Jan 28;24(3):E467.

Rai A, Gill M, Kinra M, Shetty R, Krishnadas N, Rao CM, et al. Catechin ameliorates
depressive symptoms in Sprague Dawley rats subjected to chronic unpredictable mild

stress by decreasing oxidative stress. Biomed Rep. 2019 Aug;11(2):79-84.

Lee B, Sur B, Kwon S, Yeom M, Shim I, Lee H, et al. Chronic administration of catechin
decreases depression and anxiety-like behaviors in a rat model using chronic

corticosterone injections. Biomol Ther. 2013 Jul 30;21(4):313-22.

Williams CM, ElI Mohsen MA, Vauzour D, Rendeiro C, Butler LT, Ellis JA, et al.
Blueberry-induced changes in spatial working memory correlate with changes in
hippocampal CREB phosphorylation and brain-derived neurotrophic factor (BDNF)

levels. Free Radic Biol Med. 2008 Aug 1;45(3):295-305.



46.

47.

48.

49,

50.

51.

52.

53.

31

Herraiz T, Guillén H. Monoamine Oxidase-A Inhibition and Associated Antioxidant
Activity in Plant Extracts with Potential Antidepressant Actions. BioMed Res Int. 2018

Jan 15;2018:4810394.

Stringer TP, Guerrieri D, Vivar C, van Praag H. Plant-derived flavanol (-)epicatechin
mitigates anxiety in association with elevated hippocampal monoamine and BDNF levels,

but does not influence pattern separation in mice. Transl Psychiatry. 2015 Jan 6;5:493.

Jager AK, Saaby L. Flavonoids and the CNS. Molecules. 2011 Feb 10;16(2):1471-85.

Noworyta K, Cieslik A, Rygula R. Neuromolecular Underpinnings of Negative Cognitive

Bias in Depression. Cells. 2021 Nov 13;10(11):3157.

Bensalem J, Dudonné S, Gaudout D, Servant L, Calon F, Desjardins Y, et al. Polyphenol-
rich extract from grape and blueberry attenuates cognitive decline and improves neuronal

function in aged mice. J Nutr Sci. 2018 May 21;7:e19.

Chang L, Wei Y, Hashimoto K. Brain—gut-microbiota axis in depression: A historical

overview and future directions. Brain Res Bull. 2022 May 1;182:44-56.

Alvarez SA, Rocha-Guzmén NE, Gonzélez-Laredo RF, Gallegos-Infante JA, Moreno-
Jiménez MR, Bravo-Mufioz M. Ancestral Food Sources Rich in Polyphenols, Their
Metabolism, and the Potential Influence of Gut Microbiota in the Management of

Depression and Anxiety. J Agric Food Chem. 2022 Feb 2;70(4):944-56.

Féart C, Jutand MA, Larrieu S, Letenneur L, Delcourt C, Combe N, et al. Energy,
macronutrient and fatty acid intake of French elderly community dwellers and association
with socio-demographic characteristics: data from the Bordeaux sample of the Three-City

Study. Br J Nutr. 2007 Nov;98(5):1046-57.



32

54. Pelletier A, Barul C, Féart C, Helmer C, Bernard C, Periot O, et al. Mediterranean diet
and preserved brain structural connectivity in older subjects. Alzheimers Dement.

2015;11(9):1023-31.

55. L6o H, Olié JP. Effets thérapeutiques et indications des antidépresseurs. EMC - Psychiatr.

2004 Oct 1;1(4):273-83.



33

Table 1: Description of sociodemographic, lifestyle and health characteristics of the study sample at baseline according to the total daily

polyphenol intake (in quartiles), from the 3C Bordeaux cohort, 2001 (N=1,074).

Low consumers

Low to moderate

Moderate consumers

High consumers

(et o) (n=269) 258 (n=268) (n=269)
* - R 1
<688 mg/day 1688mg ; 1,020mg] 11,021mg ; 1,373mg] >1,373mg/day p-value
0 - 0 -
N (%) /S'\Sea” + N (%) /Mean +/-SD N (%)/Mean+/-SD N (%)/Mean+/-sp N (%0) /S'\Sea” +
Women 610 (56.8) 195 (72.5) 163 (60.8) 136 (50.7) 116 (43.1)  <0.001
Age (years) 75.7 +/- 4.8 75.8 +/- 4.8 76.0 +/-4.9 75.5+/-4.9 75.4 +/-4.6 0.436
Living conditions 0.015
-~ Alone 381 (35.5) 109 (40.5) 101 (37.7) 85 (31.7) 86 (32.0)
- Incouple 629 (58.6) 147 (54.6) 142 (53.0) 172 (64.2) 168 (62.5)
- Cohabitation (family or not) 64 (6.0) 13 (4.8) 25 (9.3) 11 (4.1) 15 (5.6)
Educational level 0.013
- g'e‘;f;‘édy or elementary without 89 (8.3) 36 (13.4) 25 (9.3) 17 (6.3) 11 (4.0)
T ooy it degreeor 521 (48.5) 122 (45.4) 130 (48.5) 133 (49.6) 136 (50.6)
~ High school 246 (22.9) 64 (23.8) 63 (23.5) 54 (20.1) 65 (24.2)
- University 218 (20.3) 47 (17.5) 50 (18.7) 64 (23.9) 57 (21.2)
Monthly income 0.065
- <1,500€ 399 (37.2) 120 (44.6) 107 (39.9) 83 (31.0) 89 (33.1)
- 1,500 2,250 € 273 (25.4) 62 (23.0) 67 (25.0) 78 (29.1) 66 (24.5)
- >2250€ 332 (30.9) 70 (26.0) 76 (28.4) 91 (34.0) 95 (35.3)
- No answer 70 (6.5) 17 (6.3) 18 (6.7) 16 (6.0) 19 (7.1)
Tobacco consumption (number of 9.4 +/-17.9 5.3 +/-13.3 8.2 +/-17.7 9.7 +/-17.7 14.4 +/-21.3 <0.001

packs-year) ¢
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Low to moderate

overall Low consumers CONSUMErs Moderate consumers High consumers
_ n=269) - (n=268) (n=269)
(n=1,074) ( (n=268) : ]
<688 mg/day 1688mg ; 1,020mg] 11,021mg ; 1,373mg] >1,373mg/day p-valuet
N (%) /S'\Sea” +h- N (%) /Mean +/-SD N (%)/Mean +/-SD N (%)/Mean +/-sD ™ (%0) ’S'\Sea” +h-
Weekly alcool consumption (number of 9.8 +/-12.1 41+-6.6 6.7 +/-8.5 11.0 +/- 10.8 17,5 +/-16.1 <0.001
glasses)
Regular physical activity ? 345 (38.0) 86 (37.7) 78 (36.3) 89 (39.0) 92 (38.8) 0.930
- No 563 (52.4) 142 (52.8) 137 (51.1) 139 (51.9) 145 (53.9)
- Yes 345 (32.1) 86 (32.0) 78 (29.1) 89 (33.2) 92 (34.2)
- Missing data 166 (15.5) 41 (15.2) 53 (19.8) 40 (14.9) 32 (11.9)
Daily energy intake (kcal/day) 1,746 +/-543 1,531 +/- 503 1,652 +/- 474 1,811 +/- 519 1,992 +/- 561 <0.001
BMI (kg/m?) ¢ 0.233
- <25 400 (37.6) 96 (36.6) 103 (38.7) 103 (38.6) 98 (36.4)
- [25;30] 492 (46.2) 112 (42.7) 119 (44.7) 132 (49.4) 129 (48.0)
- 230 172 (16.2) 54 (20.6) 44 (16.5) 32 (12.0) 42 (15.6)
MMSE score ¢ 27.8+/-1.9 275+/-2.1 27.6+/-1.9 27.8+/-1.8 28.1+/-1.6 0.004
Multimorbidity? 578 (53.8) 147 (54.6) 159 (59.3) 135 (50.4) 137 (50.9) 0.137
CES-D score 4.9 +/-4.0 5.1+/-4.0 52 +/-3.9 50+/-4.1 43 +/-3.7 0.035
Daily polyphenol consumption (mg/day) 1,092 +/- 560 483 +/- 157 856 +/- 102 1,179 +/- 98 1,850 +/- 446 <0.001

BMI=Body Mass Index; MMSE=Mini Mental State Examination; CES-D=Center for Epidemiologic Studies-Depression
Missing data for: ¢ n=16, ? n=166, ¢ n=10, ¢ n=2
Ip-value from Chi-square tests for qualitative variables and from Analysis of Variance for quantitative variables

22 out of the 15 self-reported disorders among: hypertension, diabetes, hypercholesterolemia, angina, cardiac rhythm disorders, arteritis, cardiac failure,

myocardial infarction, hospitalization for stroke, asthma, Parkinson’s disease, dyspnea, osteoporosis, dementia and cancer
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Table 2: Description of daily consumption of polyphenol classes (mg/day) at baseline on the whole

study sample and according to the sex, from the 3C Bordeaux cohort, 2001 (N=1,074).

Overall Men Women
Polyphenol classes (1,074) (n=464) (n=610) p-valuet
Mean +/- SD Mean +/- SD Mean +/- SD
Flavonoids
- Proanthocyanindins 287.9 +/- 241.6 360.6 +/-249.2  232.6 +/-220.2 <0.001*
- Monomeric Flavanols 83.7 +/-102.7 74.6 +/- 75.5 90.7 +/- 118.9 0.007*
- Theaflavins 4.1+/-8.3 2.4 +/-5.8 54+/-9.6 <0.001*
- Flavanones 22.6 +/- 39.6 23.9 +/-41.1 21.5 +/-38.4 0.335
- Flavonols 36.2 +/-45.9 41.4 +/-47.8 32.2 +/-44.1 0.001
- Anthocyanins 57.2 +/- 88.9 77.5 +/-101.6 41.7 +/-74.3 <0.001*
- Flavones 11.5+/-32.6 13.0 +/- 39.7 10.4 +/- 26.0 0.218*
- Chalcons 0.0 +/-0.0 0.0 +/-0.0 0.0 +/-0.0 0.001*
- Isoflavones 0.9 +/-10.2 0.4 +/-5.5 1.3+/-12.6 0.085*
- Dihydrochalcons 2.7+/-4.4 3.1+-47 24 +/-41  0.011*
- Dihydroflavonols 7.5+/-9.1 12.2 +/- 10.9 3.9+/-5.1 <0.001*
Phenolic Acid
- Hydroxybenzoic Acid 36.9 +/- 120.7 36.9 +/- 98.5 36.8 +/-135.3  0.990*
- Hydroxycinnamic Acid 514.8 +/- 381.8 553.0 +/-369.6  485.7 +/- 388.6 0.004
' ;:)ﬁ;‘;/fgf:sgé?giﬁ . 0.3+/-0.7 05 +/- 1.0 02+-04 000
Stilbenes 48 +/-5.8 7.8+/-6.9 25+/-3.3 <0.001*
Lignans 0.4 +/-0.3 0.5+/-0.3 0.3+/-0.2 <0.001*
Tyrosols 7.4+/-11.3 11.2+/-14.1 45+/-7.3 <0.001*
Alkylmethoxyphenols 25+/-2.4 2.7+/-2.3 24 +/-2.6  0.079*
Alkylphenols 6.3+/-12.1 7.4 +/-14.5 54+/-9.8 0.010*
Hydroxy Benzaldehydes 1.0+4/-1.2 1.7+4/-1.4 0.6 +/-0.7 <0.001
Other polyphenols 3.5+4/-3.0 3.6 +/-3.0 34+/-3.0 0.169*%
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Overall Men Women
Polyphenol classes (1,074) (n=464) (n=610) p-valuet
Mean +/- SD Mean +/- SD Mean +/- SD
Total Polyphenols 1092.2 +/- 560.1 12345 +/-574.0 983.9 +/-524.4 <0.001*

Ip-value from Student t-test for equal variances and *Welch test for unequal variances
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Table 3: Three main patterns with loadings derived from Principal Component Analysis, from the

3C Bordeaux Cohort, 2001 (N=1,074).

Polyphenol pattern 1

Total Variance: 23.72 %

Polyphenol pattern 2

Total Variance: 13.09 %

Polyphenol pattern 3

Total Variance: 8.48 %

Loading Loading Loading
Polyphenol class (%) Polyphenol class (%) Polyphenol class (%)
Stilbenes 0.94 Hy_droxycmnamlc 0.77 Monomeric 0.60
Acid Flavanols
Hydroxy- 094  Alkylmethoxy- 0.68  Theaflavins 0.59
benzaldehydes phenols
Dihydroflavonols 0.94 Other polyphenols 0.66 Other polyphenols 0.45
Lignans 0.76 021  Alkylmethoxy- 0.45
Flavanones phenols
Hydroxycinnamic
Tyrosols 0.75 Flavones 0.15 Acid 0.43
Hydroxy-
phenylacetic/ 0.59 -0.06 0.33
phenylpropanoic
Acid Proanthocyanidins Flavonols
Proanthocyanidins 0.58 Anthocyanins -0.07 Dihydrochalcons 0.27
Anthocyanins 0.51 Isoflavones -0.11 Flavones 0.19
Hydroxybenzoic

Flavonols 031 Favonols 016 Acid 0.17
Hydroxycinnamic
Acid 0.20 Lignans 0.19 Proanthocyanidins 0.16
Monomeric Hydroxybenzoic
Flavanols 017 acid 023 Flavanones 0.15
Other Polyphenols 0.16 Theaflavins -0.73 Lignans 0.11
Hydroxybenzoic Monomeric Hydroxy-
Acid 015 Flavanols 0.13 benzaldehydes 0.08
Chalcons 0.12 Dihydroflavonols -0.11
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Polyphenol pattern 1

Total Variance: 23.72 %

Polyphenol pattern 2

Total Variance: 13.09 %

Polyphenol pattern 3
Total Variance: 8.48 %

Loading Loading Loading
Polyphenol class (%) Polyphenol class (%) Polyphenol class (%)
Alkylmethoxy-
phenols 0.12 Stilbenes 0.11
Dihydrochalcons 0.10 Tyrosol -0.25
Hydroxy-
0,07 phenylacetic/ 026

Isoflavones

phenylpropanoic
Acid
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Table 4: Association between the three patterns of polyphenol intake at baseline and the risk of
depressive symptomatology over time (i.e. CES-D score >16 and/or antidepressant treatment),

from the 3C Bordeaux cohort, 2001-2017 (N=1,074)

OR [95% CI]* p-value**

Pattern 1 score (for 1 point rise)*** 1.00 [0.82;1.22] 0.990
Pattern 2 score (for 1 point rise)*** 0.98 [0.79;1.21] 0.838
Pattern 3 score (for 1 point rise)*** 0.73[0.55;0.97] 0.027

* Random-effect logistic regression model with a random intercept and a random slope adjusted
for age (included in the model time), sex, living condition, educational level, tobacco consumption,
daily energy intake, regular physical activity, BMI and multimorbidity

** P-value of the log-likelihood ratio test

*** Principal components from PCA on 21 polyphenols classes
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Table 5: Association between the three patterns of polyphenol intake at baseline and the risk of
depressive symptomatology over time defined as CES-D>17 for men and >23 for women and/or

antidepressant treatment, from the 3C Bordeaux cohort, 2001-2017 (N=1,074)

OR [95% CI]*  p-value**

Pattern 1 score (for 1 point rise)*** 0.97 [0.74;1.27] 0.841
Pattern 2 score (for 1 point rise)*** 0.94 [0.69;1.28] 0.701
Pattern 3 score (for 1 point rise)*** 0.59 [0.39;0.88] 0.010

* Random-effect logistic regression model with a random intercept and a random slope adjusted
for age (included in the model time), sex, living condition, educational level, tobacco consumption,
daily energy intake, regular physical activity, BMI and multimorbidity

** P-value of the log-likelihood ratio test

*** Principal components from PCA on 21 polyphenols classes
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Method S1. Random-effect logistic regression model

Random-effect logistic regression model, also called generalized linear mixed model, is used to
analyze the change over time of a binary dependent variable (i.e. with repeated measures),
accounting for missing measures over the follow-up period under the missing at random
assumption. This model assumes that the relationships between the onset of the event and the
covariates differ from one individual to another and takes into account the heterogeneity of the
individuals, introduced into the model as random effects (1,2). The random effects represent the
correlation between repeated assessments of the dependent variable on the same individual: a first
subject-specific random intercept assumes the variability between individuals at inclusion and the
random slope assumes variability in the change over time of the dependent variable (1,2).
Therefore, random-effect logistic regression model is particularly suitable in the present study
focusing on the risk of Depressive Symptomatology (DS), a binary dependent variable repeatedly
assessed during the follow-up. Some individuals are more prone to develop DS conditionally to
major covariates (variability at inclusion) and in addition, DS is a particular event with a transient
nature over time (variability over time). Thus, a random-effect logistic regression model on
repeated measures was used including a random intercept and a random slope. In the present study,
the choice of one or two random effect was based on model comparison using the Akaike

Information Criterion (AIC) to identify the best fitting model.
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Results S1. Patterns of polyphenol intake and risk of depressive symptomatology defined by
gender-specific cutoffs (i.e. CES-D score >17 for men and >23 for women and | or antidepressant

treatment)

Patterns of dietary polyphenol intake in men (Table S1)

The Principal Component Analysis (PCA) method identified 3 distinct patterns of dietary
polyphenols (PP) in men (Table S1), explaining 45% of the variability of the 21 PP classes
consumed by men. As in the main analysis on the study sample without distinction of the gender,
the 3 patterns were quantitative scores ranging from 0 to 8 and a higher score indicated a higher
adhesion to the PP pattern. The two first components among men (explaining 24.1% and 13.2% of
the variability respectively for the 1% and the 2" principal component) were similar to the main
analysis on the whle study sample. The third principal component (explaining 8.1% of the
variability) was characterized by low consumptions of hydroxyphenylacetic and

hydroxyphenylpropanoic acid and tyrosols, mainly provided by red wine.

Patterns of dietary polyphenol intake in women (Table S2)

Regarding women, the PCA identified 3 distinct patterns of dietary PP explaining 44% of the
variability of the 21 PP classes consumed by women (score ranging from 0 to 8 for each pattern).
The two first principal components in women (explaining 21.2% and 13.4% of the variability for
principal component 1 and 2 respectively) were the same as in the study sample without distinction
of the gender (Table S2). However, the third principal component on women (explaining 9.4% of
the variability) was characterized by high consumptions of theaflavins, monomeric flavanols and

flavonols, mainly provided by tea.
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Association between 3 patterns of polyphenol intake at baseline and the risk of depressive

symptomatology over time according to the sex (Table S3)

The risk of DS was examined according to the gender with gender-specific cutoffs (i.e. Center for
Epidemiological Studies Depression (CES-D) score >17 for men and >23 for women and / or
antidepressant treatment) (Table S3). Among men, no significant association was observed
between the 3 identified patterns of PP intake and the risk of DS after applying polynomial
transformation for the second and the third pattern due to non-linearity and adjustment for selected
confounders. However, for women, a higher score on the 3" pattern was associated with a reduced
risk of DS after adjustment for selected confounders (p =0.014) and applying a polynomial

transformation on this identified 3" pattern due to non-linearity.

To facilitate the presentation of results from polynomial transformation of the PP patterns in tables,
score of 1 was chosen as reference, except for the PP pattern 2 on men, for which a score of 2 was

selected as reference due to a small sample of individuals with a score of 1 or fewer (Table S3).
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Table S1: Three main patterns with loadings derived from Principal Component Analysis in men,

from the 3C Bordeaux Cohort, 2001 (N=464).

Polyphenols Pattern 1

Total Variance : 24.1 %

Polyphenols Pattern 2

Total Variance : 13.2 %

Polyphenols Pattern 3

Total Variance : 8.1 %

Loading Loading Loading
Polyphenol class (%) Polyphenol class (%) Polyphenol class (%)

Stilbenes 0.94 )I:Z%roxycmnamlc 0.79 Dihydrochalcons 0.44

Hydroxy- Alkylmethoxy- Monomeric

benzaldehydes 0.94 phenols 0.72 Flavanols 043

Dihydroflavonols 0.94 Other polyphenols 0.63 Proanthocyanidins 0.37

Lignans 0.79 Flavanones 0.27 Theaflavins 0.35
Hydroxycinnamic

Tyrosols 0.68 Flavones 0.22 Acid 0.33
Alkylmethoxy-

Proanthocyanidins 0.60 Chalcons 0.12 phenols 031

Anthocyanins 0.56 Flavonols -0.13 Other polyphenols 0.25

Hydroxy-

phenylacetic/ 0.50 016 0.2

phenylpropanoic ' Hydroxybenzoic ' Hydroxybenzoic '

Acid Acid Acid

Monomeric Monomeric

Flavanols 035 Flavanols 070 Favonols 0.10

Hydroxybenzoic .

Acid 0.32 Theaflavins -0.73 Alkylphenols -0.16

Flavonols 0.31 Tyrosol -0.55
Hydroxy-

_ _ 0.16 phenylacetic/ _ .0.63

Hydroxycinnamic phenylpropanoic

Acid Acid

Other Polyphenols 0.14

Alkylphenols -0.14
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Table S2 Three main patterns with loadings derived from Principal Component Analysis in women,

from the 3C Bordeaux Cohort, 2001 (N=610).

Polyphenols Pattern 1

Total Variance: 21.2 %

Polyphenols Pattern 2

Total Variance: 13.4 %

Polyphenols Pattern 3

Total Variance: 9.4 %

Loading Loading Loading
Polyphenol class (%) Polyphenol class (%) Polyphenol class (%)
Stilbenes 0.92 Hy_droxycmnamlc 0.79 Monomeric 0.58
Acid Flavanols
Dihydroflavonols 0.92 Other polyphenols 0.70 Theaflavins 0.58
Hydroxy- 091  Alkylmethoxy- 0.68  Flavonols 0.51
benzaldehydes phenols
Tyrosols 0.75 Flavanones 0.16 Other polyphenols 0.45
Hydroxy-
Lignans 0.66 phenylacetic/ _ 0.13 Alkylmethoxy- 0.45
phenylpropanoic phenols
Acid
Hydroxy-
phenylacetic/ 0.63 0.12 o 0.43
phenylpropanoic Hydroxycinnamic
Acid Chalcons Acid
Proanthocyanidins 0.45 Tyrosols 0.12 Dihydrochalcons 0.25
Anthocyanins 0.31 Flavones 0.09 Flavones 0.25
Flavonols 0.27 Dihydrochalcons 0.09 Chalcons 0.20
Monomeric
Flavanols 0.25 Anthocyanins 0.10 Lignans 0.17
Theaflavins 0.15 Flavonols -0.13 Proanthocyanidins 0.17
Hydroxycinnamic Hydroxybenzoic
Acid 013 soflavons 014 acid 0.15
Alkylmethoxy- 0.13 Hy_droxybenzou: .0.23 0.10
phenols Acid Flavanones
. Hydroxy-
Other Polyphenols 0.13 Lignans 0.25 benzaldehydes 0.11
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Polyphenols Pattern 1

Total Variance: 21.2 %

Polyphenols Pattern 2
Total Variance: 13.4 %

Polyphenols Pattern 3

Total Variance: 9.4 %

Polyphenol class Lo(aoj)i)ng Polyphenol class Lo(ao/c(l)i)ng Polyphenol class Lo(aOZi)ng
Chalcons 0.10 'I\:/llgcgrr:]oelglc 070 Stilbenes 0.16
Theaflavins -0.71 Dihydroflavonols -0.16
Tyrosol -0.26

Hydroxy-
phenylacetic/ 027

phenylpropanoic
Acid
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Table S3: Association between the three patterns of polyphenol intake at baseline and the risk of

depressive symptomatology over time defined as CES-D score >17 for men and >23 for women and

/ or antidepressant treatment, according to the sex, from the 3C Bordeaux cohort, 2001-2017.

(N=1,074)
OR [95% CI]* p-value**
Men (n=464) :
- Pattern 1 (for 1 point rise of the score) 0.83[0.32; 2.17) 0.707
- Pattern 2 (polynomial transformation due to non- 0.898
linearity) '
o Score 1vs 2*** 0.01[0.00; 0.37]
o Score 4 vs 2*** 1.23[0.70 ; 2.17]
o Score 6 vs 2*** 0.50[0.21; 1.20]
o Score 8 vs 2*** 0.20[0.05; 0.83]
- Pattern 3 (polynomial transformation due to non- 0473
linearity) '
o Score2vsl 1.00 [1.00; 1.01]
o Score4vsl 0.82[0.69 ; 0.97]
o Score6vsl 0.51[0.29; 0.89]
o Score8vs1 0.20 [0.05; 0.76]
Women (n=610) :
- Pattern 1 (for 1 point rise of the score) 1.03[0.77 ; 1.37] 0.858
- Pattern 2 (for 1 point rise of the score) 0.99 [0.70 ; 1.40] 0.947
- Pattern 3 (polynomial transformation due to non- 0.014

linearity)

o Score2vsl
o Scoredvsl
o Score6vsl
o Score8vsl

0.52[0.37 ; 0.73]
0.39 [0.24 : 0.63]
0.36 [0.21 ; 0.61]
0.35 [0.20 ; 0.60]

* Random-effect logistic regression model with a random intercept and a random slope adjusted
for age (included in the model time), sex, living condition, educational level, tobacco consumption,

daily energy intake, regular physical activity, body mass index and multimorbidity
** P-value of the log-likelihood ratio test
*** Score of 2 as reference due to small sample of individuals with a score of 1 or fewer
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