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ABSTRACT (248)
Background: The links between diet and the risk of dementia have never been studied taking
into account the possibility of protopathic bias (i.e., reverse causation).
Objective: We aimed to examine the relationship between consumption frequency of meat,
fish, fruits and vegetables and long-term risk of dementia and Alzheimer’s disease (AD), by
taking into account this possibility.
Methods: We analysed data of 5934 volunteers aged 65 and over from the Three-city study
who were followed every 2 to 4 years for 12 years. Dietary habits were assessed at inclusion
using a brief food frequency questionnaire. The presence of symptoms of dementia was
investigated at each follow-up visit. To limit the risk of protopathic bias, a 4-year lag window
between exposure and disease assessment was implemented by excluding from the analyses all
dementia cases that occurred during the first four years after inclusion. Analyses were
performed using a Cox proportional hazard model and were adjusted for socio-demographic,
lifestyle and health factors.
Results: The average follow-up time was 9·8 years. During this period, 662 cases of dementia,
including 466 of AD, were identified. After adjustment, only low meat consumption (≤
1time/week) was associated with an increased risk of dementia and AD compared with regular
consumption (≥4times/week) (HR=1·58 95%CI=[1·17-2·14], HR=1·67 95%CI=[1·18-2·37],
respectively). No association was found between the consumption of fish, raw fruits, or cooked
fruits and vegetables and the risk of dementia or AD.
Conclusion: These findings suggest very low meat consumption increases the long-term risk
of dementia and AD, and that a protopathic bias could have impacted finding from previous
studies.
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INTRODUCTION
The links between eating habits and the risk of dementia or Alzheimer's disease (AD)
have been the subject of much research. Special attention has been devoted to the consumption
of fruits and vegetables because of their high content in antioxidant nutrients, such as vitamin
C, vitamin E, flavonoids, and carotenoids [1] , and the consumption of fish because of its
richness in n-3 polyunsaturated fatty acids that have anti-inflammatory properties [2] . Few
studies have examined the effect of meat consumption that is generally considered to have a
negative effect on health due to its high saturated fat content [3]. However, results of these
studies have often been discordant. Several authors have reported an association between
frequent consumption of fruits and vegetables and decreased risk of dementia [4-6], but not
others [7, 8]. Similarly, several studies have found an inverse association between fish
consumption and risk of dementia [9-11], but not others [4, 12-14]. Some heterogeneous results
also exist regarding meat consumption [4, 15].
A potential explanation for these discrepancies is the possible existence of a protopathic
bias (i.e., reverse causation). Indeed these studies evaluated the occurrence of dementia over a
period ranging from 2 [4] to 10 [12, 14] years, and, to our knowledge, none used a "lag window"
to limit the potential risk of protopathic bias [16, 17]. Yet, reverse causation, which happens
when underlying disease causes changes in behaviours such as dietary habits, is very likely to
occur when studying the risk factors for dementia or AD. Indeed, as AD pathophysiological
process begins 10 to 20 years before the first clinical signs [18-20], the nutritional habits in the
years preceding the diagnosis could be affected by the subclinical expression of prodromal
dementia. This hypothesis was confirmed by a recent study that showed a reduction in the
consumption frequency of fish, fruits and vegetables in the years preceding the diagnosis of
dementia [21].
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The aim of this work was to study the relationship between dietary habits (i.e.,
consumption of meat, fish, raw/cooked fruits and vegetables) and long-term risk of dementia
and AD, by taking into account the possibility of a protopathic bias.
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MATERIALS AND METHODS
Study Population
The Three-City Study (3C) [22] included a large prospective population-based cohort of
9294 people aged 65 years and over who were recruited between 1999 and 2001 from the
electoral rolls of three French cities: Bordeaux (n = 2104), Dijon (n = 4931) and Montpellier (n
= 2259). Participants were followed every 2 to 4 years for 12 years. At inclusion and at each
follow-up visit, data were collected using a face-to-face questionnaire administered by trained
nurses or psychologists.
To limit the possibility of a protopathic bias in the present analysis, only the dementia cases
that occurred after the first 4 years post-inclusion (lag window) were included [17].
Accordingly, 505 cases of dementia, 1045 participants lost to follow-up and 549 individuals
who died during the first 4 years of follow-up (i.e., before the second follow-up visit) were
excluded, as well as 1261 people who did not attend at least one of the planned visits after the
first 4 years of follow-up. In total, 5,934 participants who were alive and without dementia at
the second follow-up visit were included in the analysis (study flow chart in Fig. 1).
All participants signed an informed consent form. The study protocol was approved by the
Consultative Committee for the Protection of Biomedical Research Participants of the
University Hospital of Kremlin-Bicêtre, Paris, and Sud-Mediterranée III.

Nutritional assessment
At inclusion, dietary habits were assessed using a brief food frequency questionnaire (FFQ)
administered by trained investigators. The FFQ concerned five broad food categories: meat
including poultry, fish including seafood, raw fruits, raw vegetables, cooked fruits and
vegetables. The frequency of consumption of each food was categorised in six classes (never,
7

≤ 1 time/week, ≈ 1 time/week, 2 to 3 times/week, 4 to 6 times/week, and daily). Some of these
categories were aggregated for the analysis: three categories for raw meat and vegetables (≤ 1
time/week, 2 to 3 times/week, ≥ 4 times/week); four categories for fish (< 1 time/week, ≈ 1
time/week, 2 to 3 times/week, ≥ 4 times/week); and three for raw fruits and cooked fruits and
vegetables (≤ 1 time/week, 2 to 6 times/week, ≥ 1 time/days). The food consumption
frequencies of the whole 3C cohort have been described elsewhere [23].
In subjects from the Bordeaux center, mean total energy intake per day was estimated from
a 24-hour dietary recall performed during a face-to-face interview administered 2 years after
baseline by trained dieticians. For subjects of the 2 other 3C centers (Dijon and Montpellier),
total energy intake was imputed (using multiple imputation method) as previously described
[24].
Other variables
Sociodemographic characteristics recorded at baseline included study centre, age, sex,
marital status (married; divorced/single; widowed), educational level (primary; junior
secondary; senior secondary; higher education), and income. Lifestyle parameters included
alcohol consumption (non-drinker or ex-drinker; moderate if ≤ 36 g/d [3 glasses]; heavy > 36
g/d) [11], tobacco use (never, former, current), and physical activity ("never or almost never";
"occasionally, regularly or often") [25]. Biological and clinical data included: i) presence of the
ε 4 allele of the Apolipoprotein gene (APOE-ε4: yes/no); ii) body mass index (BMI) expressed
in kg/m2; iii) hypertension, defined by systolic blood pressure ≥ 140 mmHg, or diastolic blood
pressure ≥ 90 mmHg, or taking antihypertensive drugs; iv) diabetes, defined by fasting
glycaemia ≥ 7·0 mmol/l, or antidiabetic treatment; v) hypercholesterolemia, defined by plasma
cholesterol ≥ 6·2 mmol/l or taking anti-cholesterol treatment; and vi) depression, defined by a
Center for Epidemiologic Studies Depression (CESD) scale score ≥ 17 in men and ≥ 23 in
women [26], or antidepressant treatment.
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Diagnosis of dementia
Diagnosis of dementia was based on a three-step protocol [22]. To assess the cognitive
status at inclusion, a battery of neuropsychological tests was administered by trained
psychologists. At the follow-up visits, participants whose neuropsychological performance
could suggest the development of dementia were evaluated by a neurologist. All potential
prevalent or incident cases of dementia were ascertained by an independent committee of expert
neurologists to reach a consensus on the diagnosis and aetiology of dementia, following the
criteria of the Diagnostic and Statistical Manual of Mental Disorders, fourth edition [27], and
of the National Institute of Neurological and Communicative Disorders and Stroke –
Alzheimer’s Disease and Related Disorders Association [28] for probable or possible AD
(mixed dementia cases were not considered as AD in our analysis). Only dementia cases
diagnosed after the first 4 years of follow-up (lag window) were included in statistical analyses.
Statistical analyses
Relationships between food consumption frequencies and the participants' characteristics
were analysed using the Chi2 test (qualitative variables) and the Student’s t test (quantitative
variables). The incidence rates of dementia and AD were calculated with their 95 % confidence
intervals (CI) for each food consumption frequency level.
Relationships between food consumption frequency and risk of dementia or AD were
modelled using Cox proportional hazards models with delayed entry. The patient's age was used
as reference time, and age at the 4-year follow-up visit for the left truncation [29]. For the
analysis of AD risk, the other dementia types (mixed, vascular, parkinsonian, Lewy body
dementia, and others) were censored at the time of diagnosis. Two models were constructed:
(1) model a: adjusted for inclusion centre, sex, marital status, income, level of education,
APOE-ε4, smoking, alcohol consumption, physical activity frequency, the other four food
categories and energy intake, and (2) model b: model a + health factors (BMI, diabetes,
9

hypertension, hypercholesterolemia and depression) that may confound or mediate the
relationship between food intakes and dementia risk. Additional analyses stratified for sex and
APOE-ε4 status were performed on the basis of the previous findings about a significant
interaction with APOE-ε4 status [11, 13], and because of potential differences in nutritional
habits between men and women [23].
To avoid the loss of statistical power and selection bias related to missing data (1.32 % for
the whole database and less than 10 % for each explanatory variable except for energy intake
which were only collected in the center of Bordeaux), ten imputed datasets were created using
multiple imputations method. Missing values for covariates considered in the analysis were
replaced by values generated using the Fully Conditional Specification (FCS) method and the
PROC MI procedure of SAS version 9.2. Each imputed dataset was analysed as if it was
complete, and the hazard ratios (HRs) and their CI were compiled using the PROC
MIANALYZE procedure [30].
Analyses were performed with a bilateral alpha level of 0.05 using the SAS software,
version 9.2 (SAS Institute, Cary, North Carolina).
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RESULTS
The mean age of the 5,934 participants included in the present analysis was 76·9 years ±
4·9 years at baseline. Among them, 25·0 % were enrolled in Bordeaux, 51·6 % in Dijon and
23·4 % in Montpellier. Women represented 63·4 % of all participants. The average follow-up
duration after the 4-year lag window was 6·1 years (9·8 years after the FFQ), and this
corresponded to a follow-up of 35 705 persons-years. During this time, 662 participants
developed dementia (AD in 466 participants, 70 %), and 860 died.
Comparison of the participants’ characteristics according to their food consumption
frequencies (Tables 1 and 2) showed that low meat consumption (≤ 1 time/week) was more
frequently reported by women, participants with lower education, income, BMI, and alcohol
consumption, non-married status, and with high depressive symptomatology. Similar results
were obtained for low fish consumers (< 1 time/week), but for BMI that was higher in this
group. Low fish consumption was also associated with current smoker status, and less frequent
physical activity and hypercholesterolemia. Low consumption of raw or cooked fruits and
vegetables (≤ 1 time/week) was associated with non-married status, lower education, income,
physical activity frequency and alcohol consumption, as well as high depressive
symptomatology. Raw vegetables were more frequently eaten by men, whereas cooked fruits
and vegetables were more frequently eaten by women.
Analysis of the relationship between the consumption frequencies of the different food
categories (E-tables 1 and 2) showed that overall, participants with low consumption of a food
category tended to report lower consumption of another food category more frequently.
The incidence of dementia and AD increased when the frequency of meat consumption
decreased (Table 3; 29·0/1000 persons-years for low meat consumers and 17·3/1000 for higher
meat consumers for dementia, and 22·1/1000 persons-years versus 12·3/1000 persons-years for
11

AD). Compared with high meat consumption (≥ 4 times/week), low meat consumption (≤ 1
times/week) was significantly associated with an increased risk of dementia and AD after
adjustment (model b: HR = 1·58, 95 % CI = [1·17-2·14] for dementia; HR = 1·67[1·18-2·37]
for AD).
No significant association was found between the consumption frequency of fish, raw
vegetables, raw fruits, and cooked fruits and vegetables and the risk of dementia or AD (Table
3).
In analyses stratified according to sex and APOE-ε4 status (E-tables 3 and 4), low
consumption of raw vegetables was associated with an increased risk of dementia in men (HR
= 1·64 [1·05-2·26], p = 0·03), but not in women. Low meat consumption was associated with
higher risk of dementia and AD in men (model b: HR = 2·44 [1·38-4·32], and HR = 3.74 [2·076·76], respectively) and in APOE-ε4 carriers (model b: HR = 2·02 [1·12-3·65], and HR = 2·50
[1·30-4·82], respectively).
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DISCUSSION
In this longitudinal study of a large cohort with long follow-up and active ascertainment of
dementia, we found that people with low meat consumption (≤ 1 per week) had a significantly
increased risk of developing dementia or AD after a mean follow-up of 9·8 years. This increased
risk was more pronounced in men and in APOE-ε4 carriers. In men, low consumption of raw
vegetables also was associated with increased risk of dementia or AD. We did not find any
significant association between the consumption frequency of fish, cooked fruits and vegetables
or raw fruits and the risk of developing dementia or AD.
The strengths of the 3C cohort include its prospective design, long follow-up time, and large
sample size that ensured a sufficient statistical power. Moreover, our analysis considered a very
large number of potential confounding factors (socio-demographic, lifestyle-related, clinical
and biological variables). Our analysis is also the first to have taken into account the possibility
of a protopathic bias using a lag window of 4 years [16, 17]. AD pathophysiological process
usually begins 10 to 20 years before the clinical signs [18]. Therefore, when assessing
nutritional habits in the years preceding dementia, it is difficult to exclude the possibility that
these habits are affected, or not, by the ongoing pathological process. As it is difficult to
determine whether the observed eating behaviour is the cause or the consequence of the
pathology, it is essential when analysing the relationship between eating habits and risk of
dementia to take into account the possibility of a protopathic bias, as routinely done when
studying drugs and dementia [31].
Our study has several potential limitations. First, the 3C cohort volunteers were
recruited from the electoral rolls that include 80 to 90% of the French population. However,
participation in the cohort was on a voluntary basis, and the people finally included in the study
were generally in better health, more educated, and with higher income than the general
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population. As these characteristics can strongly influence the eating behaviour [23], it is
difficult to extrapolate the reported eating habits to the general French population. However,
this should not have affected our analysis from an etiological point of view [32].
Because our study has a long follow-up and focuses on an elder population, the issue of
competitive risk can be raised. Indeed, if a subject dies during follow up, it will no longer be
possible for him to develop dementia. If a nutritional exposure is associated, with the risk of
death, the number of dementias will be mechanically lower. In this situation, methods such as
the Fine and Gray model [33] assume that those who died without developing dementia would
never have developed dementia if they had lived throughout the follow up. These models should
therefore be avoided in etiological studies, as they are sensitive to the variation in competitive
risk rates. Conversely, the method that we used, which consist to censor competitive events in
Cox model, is largely unaffected by between-group differences in hazards for competing events
[34], and is therefore adapted to analyze our question.
Another issue that can be raised is that of a survival bias related to deaths and loss to
follow-up during the lag-time period. This bias, when it exists, leads to the exclusion of the
frailest subjects. Subjects included in analyzes are survivors less susceptible to develop
diseases. In our study 862 cases of dementia were identified after the lag-time period, which
corresponds to an incidence of 24/1000 person/year. These figures are consistent with
previously published incidence [35], and therefore do not support the idea of a major survival
bias. Moreover, supplemental analyzes have shown that subjects excluded from the analysis
due to death or loss to follow-up during the lag-time period, did not differ (after adjustment)
from the subjects included in the analysis for the 5 food consumption variables we studied (data
not shown). Therefore, it is unlikely that a differential survival bias affected our results.
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A frequent limitation of food surveys is the difficulty to identify the role of a specific
food category because one food item is never consumed alone. As the consumption of some
food types is often correlated with each other, and foods are composed of many nutrients, it is
challenging to understand the specific effects of each food category. We have take into account,
for each food category, the consumption of the other foods categories in multivariate analyses.
It is possible, however, that residual confusion linked to particular dietary patterns, may still be
present in our results.
The FFQ that we use did not collect quantitative data (portions grams), but only
frequencies of consumption, thus total energy intake (EI) was not directly estimated from this
questionnaire. To take into account this important parameter [36], we used total energy intake
collected 2 years after baseline in the center of Bordeaux from a 24-hour dietary recall. We then
used multiple imputation method to adjust our analyses for this parameter as previously
described [24]. Consistently with previous publications [11], we did not find association
between this factor and occurrence of dementia. Adjustment for this parameter did not change
strength of associations in our analyses. It therefore seems unlikely that EI could therefore
explain our results.
Our study is not the first analysis on the relationship between dietary behaviour and
dementia in the 3C cohort. A previous study on the first 4 years of follow-up, without lag
window [11], found that frequent fish consumption was associated with decreased risk of
dementia in APOE-ε4 non-carriers and reduced risk of AD in the whole sample. Moreover,
daily consumption of cooked fruits and vegetables was associated with reduced risk of
dementia. The study did not find any association with meat consumption possibly because of
lack of statistical power. The differences observed between these studies on the same cohort
could be explained by the presence of a protopathic bias in the previous short-term analysis.
For instance, preparation of fish-based dishes could require greater autonomy to buy and cook
15

fresh products, and thus fish consumption frequency might be reduced in subjects in the
prodromal phase of AD, as recently shown [21]. In agreement, two long-term studies (the
Rotterdam cohort: 9·6 years of follow-up and 5395 subjects at baseline; and the Framingham
Heart study: 9·1 years of follow-up and 899 subjects at baseline) did not find any association
with fish consumption [12, 14]. Conversely, several short- and medium-term studies (2-7 years
of follow-up) reported an association between frequent fish consumption and reduced risk of
dementia [4, 9, 13], sometimes specifically in APOE-ε4 non-carriers [11]. A study that analysed
pooled data from five large cohorts, including the 3C cohort, identified significant trends of
increasing fish intake associated with decreasing rates of cognitive decline, with a small size
effect. However, as it did not exclude subjects who developed dementia at the beginning of the
follow-up (as we did here), the possibility of protopathic bias cannot be ruled out[37].
The findings on the role of fruits and vegetables also are divergent. A meta-analysis on
data from six large cohorts[8] suggests a protective association of regular consumption of fruits
and vegetables with the risk of dementia (pooled RR: 0.74, 95% CI [0.62-0.88]). However,
moreover, it considered the total consumption, and not fruits and vegetables separately. Few
articles analysed fruit and vegetables separately, and mostly did not find any protective effect
against the risk of dementia/AD [7, 15, 38, 39]. Other studies on cognitive decline suggested a
protective association only for specific types of fruits and vegetables[7], such as green
cruciferous and yellow leafy vegetables[38]. Thus, the associations could depend on the
nutritional habits of the participants in terms of the type of vegetables eaten. As for fish, a
previous publication [21] suggested that prodromal dementia could affect the capacity to buy
fruits and vegetables, or to cook them, leading to associations that can be explained by reverse
causality. Therefore, a protopathic bias could also partly explain the divergence between our
findings and previous literature data.
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Contrary to what expected, our analysis showed an increased risk of dementia in low
meat consumers and not in heavy meat consumers. Few studies have focused on meat
consumption. The medium-term (7 years of follow-up) analyses on the PAQUID cohort did not
find any link between red meat consumption and risk of dementia after adjusting for age and
sex [4]. In the Taiwan Longitudinal Study of Aging, a diet rich in meat was associated with
increased risk of cognitive decline in people younger but not in those older than 75 years of age
[40]. The E3N study (n = 4809 women), which distinguished between red and white meat, did
not detect any association between consumption of red meat (beef, pork, lamb) or processed
meat and the odds of cognitive decline, but reported that consumption of white meat (poultry)
was associated with a reduction of the long-term risk (13-years follow-up) [15]. A possible
pathophysiological hypothesis to explain the increased risk in non-meat consumers is the high
frequency of vitamin B12 deficiency in people following with low intakes in animal products
(including meat). Indeed this deficiency is associated with an increased risk of
neuropsychological impairment [41]. Moreover, our study shows that in general, people with
low meat consumption also eat fewer fruits and vegetables or fish. Thus, low meat consumption
might reflect a general decrease in dietary intakes, or dietary changes associated with multiple
deficiencies that could lead to an increased risk of dementia. However, it seems unlikely that
this association is explained by a low energy intake since previous studies [42] have found that
a lower intake of calories may be associated with lower risk of AD in APOE-ε4 carriers. The
higher association in men could be explained by a difference in cause of low meat consumption
between the two sexes, with more frequent alterations of the dietary behaviour in men.
In conclusion, our study on the long-term risk of dementia suggests that low
consumption of raw vegetables in men, and very low meat consumption could be associated
with an increased risk of developing dementia or AD. Conversely, when taking into account
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the potential reverse causation, it did not find any association between consumption frequency
of fish, cooked fruits and vegetables or raw fruits and the risk of developing dementia or AD.
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Table 1: Participants’ characteristics according to the meat or fish consumption frequency

Frequency of meat consumption

Frequency of fish consumption

2 to 3
≤ 1 time/week

≥ 4 times/week

<1 time/week

≈ 1 time/week

2-3 times/week

≥ 4 times/week

(n = 4039)

(n = 638)

(n = 2235)

(n = 2711)

(n = 344)

times/week
(n = 328)
(n = 1560)
Quantitative variables

Mean (SD)

Mean (SD)

Mean (SD)

p

Mean (SD)

Mean (SD)

Mean (SD

Mean (SD)

p

Age at inclusion in years

73·4 (5·0)

73·3 (5·0)

73·0 (4·8)

0·23

73·4 (5·4)

73·0 (4·8)

73·2 (4·9)

73·0 (4·6)

0·55

BMI in kg/m2: NA = 27

25·0 (3·9)

25·5 (4·0)

25·8 (3·9)

< ·01

26·0 (4·2)

25·8 (4·1)

25·5 (3·7)

25·4 (4·0)

0·005

Caloric intake in Kcal
NA= 4625
Qualitative variables

1452(530)

1587(484)

1640(514)

0·01

1663(526)

1618(497)

1612(497)

1556(529)

0·73

N (%)

N (%)

N (%)

p

N (%)

N (%)

N (%)

N (%)

p

< .01

Centre

<.01

Bordeaux

72 (22·0)

419 (26·9)

986 (24·4)

146 (22·9)

535 (23·9)

718 (26·5)

80 (23·3)

Dijon

171 (52·1)

720 (46·2)

2169 (53·7)

343 (53·8)

1211 (54·2)

1344 (49·6)

161 (46·8)

Montpellier

85 (25·9)

421 (27·0)

884 (21·9)

149 (23·4)

489 (21·9)

649 (23·9)

103 (29·9)

< ·01

Gender

< ·01

Men

82 (25·0)

528 (33·8)

1563 (38·7)

197 (30·9)

922 (41·2)

934 (34·5)

119 (34·6)

Women

246 (75·0)

1032 (66·2)

2476 (61·3)

441 (69·1)

1313 (58·8)

1777 (65·5)

225 (65·4)

Study level: NA = 7

0·02

< ·01

23

Primary

95 (29·1)

395 (25·3)

898 (22·3)

192 (30·1)

578 (25·9)

568 (21·0)

52 (15·1)

Junior secondary

109 (33·3)

537 (34·4)

1476 (36·6)

237 (37·2)

850 (38·1)

925 (34·2)

108 (31·4)

Senior secondary

60 (18·3)

336 (21·6)

829 (20·5)

119 (18·7)

409 (18·3)

619 (22·9)

79 (23·0)

Higher

63 (19·3)

291 (18·7)

831 (20·6)

89 (14·0)

396 (17·7)

595 (22·0)

105 (30·5)

< ·01

Income: NA = 334
< 5000 €

< ·01

26 (8·3)

91 (6·2)

159 (4·2)

49 (8·0)

111 (5·3)

103 (4·0)

14 (4·4)

5000 - 10000 €

127 (40·7)

492 (33·6)

1081 (28·3)

257 (42·1)

643 (30·5)

718 (28·0)

82 (25·8)

10000 - 15000 €

77 (24·7)

4 33 (29·6)

1079 (28·2)

133 (21·8)

658 (31·2)

716 (28·0)

81 (25·5)

>15000 €

82 (26·3)

448 (30·6)

1501 (39·3)

171 (28·0)

696 (33·0)

1024 (40·0)

141 (44·3)

< ·01

Marital status: NA = 32

< ·01

Married

129 (39·4)

818 (52·7)

2596 (64·6)

296 (46·7)

1382 (62·2)

1694 (62·8)

171 (49·9)

Divorced/Single

70 (21·4)

264 (17·0)

518 (12·9)

116 (18·3)

302 (13·6)

363 (13·5)

72 (21·0)

Widowed

128 (39·1)

471 (30·3)

901 (22·4)

222 (35·0)

538 (24·2)

640 (23·7)

100 (29·2)

0·36

Tobacco: NA = 1

0·02

Never

207 (63·3)

1003 (64·3)

2538 (62·8)

422 (66·1)

1380 (61·8)

1729 (63·8)

218 (63·4)

Old

100 (30·6)

469 (30·1)

1305 (32·3)

170 (26·6)

738 (33·0)

857 (31·6)

109 (31·7)

20 (6·1)

88 (5·6)

196 (4·9)

46 (7·2)

117 (5·2)

124 (4·6)

17 (4·9)

Current

0·19

Hypertension: NA = 182
No

106 (34·1)

532 (35·2)

0·02

1282 (32·7)

223 (36·1)

24

681 (31·3)

889 (33·8)

126 (38·2)

Yes

205 (65·9)

978 (64·8)

2642 (67·3)

395 (63·9)

1491 (68·7)

1738 (66·2)

204 (61·8)

0·25

Diabetes

0·36

No

301 (91·8)

1444 (92·6)

3 683 (91·2)

583 (91·4)

2035 (91·1)

2500 (92·2)

310 (90·1)

Yes

27 (8·2)

116 (7·4)

356 (8·8)

55 (8·6)

200 (8·9)

211 (7·8)

34 (9·9)

0·33

Hypercholesterolemia

0·01

No

154 (47·0)

686 (44·0)

1735 (43·0)

284 (44·5)

1028 (46·0)

1124 (41·5)

141 (41·0)

Yes

174 (53·0)

874 (56·0)

2304 (57·0)

354 (55·5)

1207 (54·0)

1587 (58·5)

203 (59·0)

APOE-ε4 carrier: NA = 270

0·57

0·30

No

252 (80·8)

1223 (81·6)

3092 (80·4)

481 (79·4)

1736 (81·6)

2075 (80·1)

277 (83·2)

Yes

60 (19·2)

275 (18·4)

755 (19·6)

125 (20·6)

392 (18·4)

516 (19·9)

56 (16·8)

Non- or former drinker

115 (35·5)

332 (21·7)

723 (18·2)

177 (28·1)

408 (18·6)

506 (18·9)

79 (23·3)

Drinker ≤ 36g/d

196 (60·5)

1087 (71·0)

2898 (72·8)

422 (67·1)

1577 (71·9 )

1949 (72·8)

235 (69·3)

Drinker > 36g/d

13 (4·0)

113 (7·4)

359 (9·0)

30 (4·8)

208 (9·5)

221 (8·3)

25 (7·4)

Alcohol: NA = 91
< ·01

0·21

Physical Activity: NA = 605

< ·01

No

181 (63·1)

876 (62·4)

2362 (65·0)

417 (74·1)

1337 (66·8)

1482 (60·7)

184 (58·4)

Yes

106 (36·9)

527 (37·6)

1270 (35·0)

146 (25·9)

666 (33·2)

960 (39·3)

131 (41·6)

< ·01

Depression: NA = 67
No

251 (77·2)

1285 (83·8)

< ·01

<·01

3408 (85·2)

503 (79·6)

25

1876 (84·8)

2281 (85·1)

285 (84·3)

Yes

74 (22·8)

249 (16·2)

593 (14·8)

129 (20·4)

336 (15·2)

SD: standard deviation, BMI: Body Mass Index, N or n: number, NA: not available (missing data), APOE-ε4: Apolipoprotein gene ε4 carrier
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398 (14·9)

53 (15·7)

Table 2: Participants’ characteristics according to the consumption frequency of raw fruits, raw vegetables or cooked fruits and vegetables

Cooked fruit and vegetable consumption
Raw fruit consumption frequency

Raw vegetable consumption frequency
frequency

≤1

2 to 6

≥1

≤1

2 to 3

≥4

≤1

2à6

≥1

time/week

times/week

time/week

time/week

times/week

times/week

time/week

time/week

time/week

(n = 393)

(n =867)

(n = 4670)

(n = 635)

(n = 1020)

(n = 4272)

(n = 102)

(n = 1674)

(n = 4152)

Quantitative variables

Mean (SD)

Mean (SD)

Mean (SD)

p

Mean (SD)

Mean (SD)

Mean (SD)

p

Age at inclusion in years

73·0 (5·0)

72·6 (4·9)

73·2 (4·9)

< ·01

74·2 (5·3)

73·3 (4·8)

72·9 (4·8)

< ·01

73·3 (5·5)

72·9 (4·9)

73·2 (4·9)

0·09

BMI in kg/m2: NA = 27

25·5 (4·2)

25·9 (4·0)

25·6 (3·9)

0·20

25·6 (4·3)

25·8 (3·9)

25·6 (3·9)

0·45

25·8 (4·1)

25.9 (3·9)

25·6 (4·0)

0·09

Caloric intake in Kcal
NA= 4625

1439(469)

1676(550)

1621(501)

<0·01

1488(474)

1597(534)

1643(898)

<0·01

1568(540)

1597(496)

1624(952)

0·64

N (%)

N (%)

N (%)

p

N (%)

N (%)

N (%)

p

N (%)

N (%)

N (%)

p

Qualitative variables

0·17

Centre

Mean (SD) Mean (SD) Mean (SD)

< ·01

< ·01

Bordeaux

97 (24·7)

189 (21·8)

1193 (25·5)

187 (29·4)

273 (26·8)

1017 (23·8)

39 (38·2)

336 (20·1)

1103 (26·6)

Dijon

201 (51·1)

476 (54·9)

2383 (51·0)

341 (53·7)

547 (53·6)

2171 (50·8)

40 (39·2)

869 (51·9)

2150 (51·8)

Montpellier

95 (24·2)

202 (23·3)

1094 (23·4)

107 (16·9)

200 (19·6)

1084 (25·4)

23 (22·5)

469 (28·0)

899 (21·6)

< ·01

Gender

< ·01

< ·01

Men

141 (35·9)

391 (45·1)

1641 (35·1)

177 (27·9)

367 (36.0)

1628 (38.1)

45 (44·1)

749 (44·7)

1378 (33·2)

Women

252 (64·1)

476 (54·9)

3029 (64·9)

458 (72·1)

653 (64.0)

2644 (61.9)

57 (55·9)

925 (55·3)

2774 (66·8)

27

p

0·02

Study level: NA = 7

< ·01

< ·01

Primary

112 (28·5)

207 (23·9)

1070 (22·9)

191 (30·1)

280 (27·5)

916 (21·5)

38 (37·3)

454 (27·2)

895 (21·6)

Junior secondary

148 (37·7)

301 (35·9)

1663 (35·7)

243 (38·3)

367 (36·1)

1511 (35·4)

31 (30·4)

578 (34·6)

1513 (36·5)

Senior secondary

80 (20·4)

170 (19·6)

977 (20·9)

117 (18·4)

204 (20·0)

906 (21·2)

17 (16·7)

325 (19·5)

885 (21·3)

Higher

53 (13·5)

179 (20·6)

953 (20·4)

84 (13·2)

167 (16·4)

934 (21·9)

16 (15·7)

313 (18·7)

856 (20·6)

0·07

Income: NA = 334
< 5000 €

< ·01

< ·01

23 (6·3)

44 (5·4)

210 (4·8)

65 (10·9)

58 (6·2)

153 (3·8)

15 (15·8)

72 (4·5)

189 (4·8)

5000-10000 €

133 (36·2)

234 (28·8)

1332 (30·2)

248 (41·4)

324 (34·4)

1127 (27·8)

35 (36·8)

491 (30·9)

1173 (30·0)

10000-15000 €

101 (27·5)

238 (29·3)

1250 (28·3)

149 (24·9)

253 (26·8)

1187 (29·3)

21 (22·1)

442 (27·8)

1125 (28·8)

≥ 15000 €

110 (30·0)

297 (36·5)

1625 (36·8)

137 (22·9)

308 (32·7)

1587 (39·1)

24 (25·3)

583 (36·7)

1425 (36·4)

0·55

Marital status: NA = 32

< ·01

< ·01

Married

226 (57·8)

519 (60·3)

2799 (60·2)

259 (41·0)

549 (54·1)

2736 (64·4)

34 (33·3)

989 (59·4)

2521 (61·0)

Divorced/Single

66 (16·9)

115 (13·4)

673 (14·5)

138 (21·8)

176 (17·4)

537 (12·7)

25 (24·5)

245 (14·7)

583 (14·1)

Widowed

99 (25·3)

227 (26·4)

1174 (25·3)

235 (37·2)

289 (28·5)

976 (23·0)

43 (42·2)

431 (25·9)

1025 (24·8)

<·01

Tobacco: NA = 1

0·23

< ·01

Never

213 (54·2)

508 (58·7)

3029 (64·9)

407 (64·1)

639 (62·7)

2701 (63·2)

57 (55·9)

981 (58·6)

2711 (65·3)

Old

139 (35·4)

294 (33·9)

1442 (30·9)

185 (29·1)

326 (32·0)

1364 (31·9)

35 (34·3)

592 (35·4)

1247 (30·0)

Current

41 (10·4)

64 (7·4)

199 (4·3)

43 (6·8)

54 (5·3)

207 (4·8)

10 (9·8)

101 (6·0)

193 (4·6)

Hypertension: NA = 182

0·37

0·73

28

0·89

No

139 (36·7)

278 (33·5)

1504 (33·1)

203 (33·1)

321 (32·4)

1396 (33·7)

33 (34·4)

551 (34·0)

Yes

240 (63·3)

552 (66·5)

3035 (66·9)

410 (66·9)

669 (67·6)

2 746(66·3)

63 (65·6)

1069 (66·0) 2693 (66·8)

0·31

Diabetes

0·29

0·61

No

368 (93·6)

793 (91·5)

4269 (91·4)

592 (93·2)

932 (91·4)

3904 (91·4)

92 (90·2)

Yes

25 (6·4)

74 (8·5)

401 (8·6)

43 (6·8)

88 (8·6)

368 (8·6)

10 (9·8)

0·87

Hypercholesterolemia

1337 (33·2)

1525 (91·1) 3811 (91·8)
149 (8·9)

341 (8·2)

0·72

0·03

No

170 (43·3)

384 (44·3)

2024 (43·4)

278 (43·8)

454 (44·5)

1843 (43·2)

42 (41·2)

773 (46·2)

1761 (42·4)

Yes

223 (56·7)

483 (55·7)

2646 (56·6)

357 (56·2)

566 (55·5)

2429 (56·8)

60 (58·8)

901 (53·8)

2391 (57·6)

APOE-ε4: NA = 270

0·12

0·07

0·75

No

316 (84·3)

684 (81·7)

3571 (80·3)

508 (84·1)

783 (80·9)

3277 (80·2)

82 (83·7)

1304 (80·8) 3183 (80·6)

Yes

59 (15·7)

153 (18·3)

878 (19·7)

96 (15·9)

185 (19·1)

809 (19·8)

16 (16·3)

310 (19·2)

764 (19·4)

Non- or former drinker

104 (27·1)

133 (15·5)

933 (20·3)

194 (31·3)

207 (20·5)

769 (18·3)

25 (25·3)

302 (18·3)

843 (20·6)

Drinker ≤ 36g/d

237 (61·7)

622 (72·4)

3325 (72·4)

385 (62·1)

717 (70·8)

3080 (73·3)

58 (58·6)

1174 (71·1) 2951 (72·2)

Drinker > 36g/d

43 (11·2)

104 (12·1)

338 (7·4)

41 (6·6)

88 (8·7)

355 (8·4)

16 (16·2)

176 (10·7)

Alcohol: NA = 91

< ·01

< ·01

Physical Activity:NA = 605

< ·01

293 (7·2)

< ·01

0·03

No

251 (73·0)

533 (68·7)

2639 (62·8)

406 (73·8)

617 (68·6)

2397 (61·9)

64 (74·4)

988 (66·0)

2370 (63·4)

Yes

93 (27·0)

243 (31·3)

1567 (37·2)

144 (26·2)

282 (31·4)

1477 (38·1)

22 (25·6)

509 (34·0)

1371 (36·6)

Depression: NA = 67

0·096

< ·01

29

< ·01

0·01

No

316 (81·9)

710 (82·7)

3920 (84·9)

480 (76·8)

828 (82·1)

3636 (86·0)

72 (72·0)

1376 (82·6) 3496 (85·4)

Yes

70 (18·1)

149 (17·3)

698 (15·1)

145 (23·2)

181 (17·9)

590 (14·0)

28 (28·0)

289 (17·4)

SD: standard deviation, BMI: Body Mass Index, N or n: number, NA: not available (missing data), APOE-ε4: Apolipoprotein E gene ε4 carrier:

30

600 (14·6)

Table 3: Association between food consumption frequency and risk of dementia or AD

Alzheimer’s disease

Dementia
N

Incidence

Model a

cases

(95% CI) for

HR [95 % CI]

p

Model b

p

HR [95 % CI]

N

Incidence

Model a

cases

(95% CI)

HR [95 % CI]

1000 PY
Total

p

Model b

p

HR [95 % CI]

for 1000 PY

662

18.5 [17.1-19.9]

466

13.0 [11.8-14.2]

≤ 1 time/week (n = 307)

55

29·0 [21·3-36·6]

1·57 [1·16-2·13]

<·01 1·57 [1·16-2·14]

<·01

42

22·1 [15·4-28·8] 1·65 [1·17-2·34] 0·04 1·67 [1·18-2·37] 0·04

2-3 times/week (n = 1451)

183

19·4 [16·6-22·3]

1·07 [0·88-1·28]

0·50

0·35

122

12·9 [10·6-15·3] 1·01 [0·80-1·26] 0·94 1·02 [0·82-1·28] 0·83

≥ 4 times/week† (n = 3780)

424

17·3 [15·7-19·0]

1

1

302

12·3 [10·9-13·7]

1

1

<1 time/week† (n = 595)

71

18·7 [14·4-23·1]

1

1

53

14·0 [10·2-17·7]

1

1

≈ 1 time/week (n = 2075)

247

18·5 [16·1-20·8]

1·12 [0·85-1·48]

177

13·2 [11·3-15·2] 1·08 [0·78-1·48] 0·65 1·09 [0·79-1·50] 0·61

Meat consumption frequency

1·09 [0·91-1·32]

Fish consumption frequency

0·43

1·14 [0·86-1·50]

31

0·36

2 to 3 times/week (n = 2548)

306

18·6 [16·5-20·7]

1·18 [0·90-1·56]

0·25

1·20 [0·91-1·58]

0·19

210

12·8 [11·0-14·5] 1·12 [0·81-1·54] 0·50 1·13 [0·82-1·55] 0·46

≥ 4 times/week (n = 320)

37

17·1 [11·6-22·6]

1·09 [0·71-1·66]

0·69

1·09 [0·72-1·67]

0·68

25

11·5 [7·0-16·1] 1·07 [0·65-1·77] 0·78 1·06 [0·65-1·75] 0·81

≤ 1 time/week (n = 360)

46

19·3 [13·7-24·8] 1·03 [0·74 -1·41] 0·87 1·03 [0·75-1·42]

0·86

34

14·2 [9·4-19·0] 1·11 [0·77-1·60] 0·58 1·11 [0·77-1·60] 0·58

2-6 times per week (n = 821)

87

16·7 [13·1-20·2]

0·96 [0·76-1·22]

0·54

58

11·1 [8·2-14·0] 0·92 [0·69-1·22] 0·56 0·90 [0·67-1·20] 0·46

≥ 1 time/day† (n = 4360)

528

18·8 [17·1-20·3]

1

373

13·2 [11·9-14·6]

≤ 1 time/week (n = 583)

100

27·2 [21·9-32·6]

1·16 [0·91-1·48]

0·22

1·18 [0·92-1·51]

0·18

71

19·3 [14·8-23·8] 1·14 [0·86-1·52] 0·36 1·17 [0·88-1·56] 0·29

2-3 times/week (n = 939)

122

20·4 [16·7-24·0]

1·08 [0·88-1·33]

0·46

1·07 [0·86-1·31]

0·55

91

15·2 [12·0-18·3] 1·12 [0·88-1·43] 0·36 1·12 [0·88-1·44] 0·35

≥ 4 times/week† (n = 4017)

439

16·8 [15·2-18·4]

1

303

11·6 [10·3-12·9]

Raw fruit consumption frequency

0·73

0·93 [0·73-1·18]
1

1

1

Raw vegetable consumption frequency

1

1

1

Cooked fruit and vegetable consumption frequency
≤ 1 time/week (n = 96)

11

18·6 [7·6-29·6]

0·74 [0·39-1·40]

0·35

0·68 [0·36-1·29]

0·24

9

15·2 [5·2-25·2] 0·84 [0·41-1·73] 0·63 0·79 [0·39-1·63] 0·52

2-6 times/week (n = 1566)

190

19·1 [16·4-21·8]

1·09 [0·91-1·30]

0·34

1·08 [0·90-1·29]

0·42

142

14·3 [11·9-16·6] 1·18 [0.96-1·45] 0·12 1·17 [0·95-1·44] 0·14

32

≥ 1 time/day† (n = 3877)

460

18·2 [16·6-19·9]

1

1

314

12·4 [11·1-13·8]

1

1

Caloric intake
For an increase of 100Kcal

1.00 [0.97 1.03]

0·83

1.00 [0.97 1.03]

0·98

1.00 [0.97 1.03] 0·92 1.00 [0.97 1.03] 0·95

†: Reference category, PY: persons-years HR: Hazard Ratio, 95% CI: 95% confidence interval,
Model a: adjusted for inclusion centre, sex, education level, income, marital status, APOE-ε4, tobacco, alcohol and physical activity, four other food categories and caloric intake
Model b: Model a + health factor: BMI, diabetes, HBP, hypercholesterolemia and depression.
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Figure 1: Study flow chart.

9294 volunteers include in the
3C study

505 cases of dementia, 549 died
and 1045 lost of follow-up before
second follow-up visit (i.e., 4
years after inclusion).

7195 alive and nondemented at
second follow-up visit (i.e., 4 years
after inclusion).

1261 volunteers without at
least one follow-up visit after
second follow-up visit (i.e., 4
years after inclusion).

5934 volunteers analysed
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SUPPLEMENTARY MATERIAL
Table E-1: Relationship between the consumption frequencies of the different food categories
Meat consumption frequency

Fish consumption frequency

≤ 1 time/week

2 to 3 times/week

≥ 4 times/week

<1 time/week

Once a week

(n = 328)

(n = 1560)

(n = 4039)

(n = 638)

(n = 2235)

(n = 2711)

(n = 344)

N (%)

N (%)

N (%)

N (%)

N (%)

N (%)

N (%)

p

≤ 1 time/week

-

-

-

47 (7·4)

86 (3·8)

137 (5·1)

57 (16·6)

<·01

2-3 times/week

-

-

-

134 (21·0)

378 (16·9)

871 (32·2)

176 (51·2)

≥ 4 times/week

-

-

-

457 (71·6)

1771 (79·2)

1701 (62·8)

111 (32·3)

≤ 1 time/week

47 (14·4)

134 (8·6)

457 (11·3)

-

-

-

-

Once a week

86 (26·3)

378 (24·2)

1771 (43·8)

-

-

-

-

2-3 times/week

137 (41·9)

871 (55·9)

1701 (42·1)

-

-

-

-

≥ 4 times/week

57 (17·4)

176 (11·3)

111 (2·7)

-

-

-

-

≤ 1 time/week

31 (9·5)

110 (7·1)

251 (6·2)

74 (11·6)

159 (7·1)

138 (5·1)

21 (6·1)

2-6 times/week

30 (9·2)

258 (16·5)

578 (14·3)

114 (17·9)

356 (15·9)

349 (12·9)

48 (14·0)

≥ daily

266 (81·3)

1192 (76·4)

3211 (79·5)

450 (70·5)

1720 (77·0)

2224 (82·0)

275 (79·9)

≤ 1 time/week

69 (21·1)

200 (12·8)

366 (9·1)

107 (16·8)

233 (10·4)

255 (9·4)

40 (11·6)

2-3 times/week

48 (14·7)

299 (19·2)

673 (16·7)

136 (21·3)

385 (17·2)

448 (16·5)

51 (14·8)

≥ 4 times/week

210 (64·2)

1060 (68·0)

3001 (74·3)

395 (61·9)

1616 (72·3)

2007 (74·1)

253 (73·5)

p

2-3 times/week ≥ 4 times/week

Meat

Fish
<·01

Raw fruits
0·0013

<·01

Raw vegetables
<·01

Cooked fruits or vegetables

35

<·01

≤ 1 time/week

22 (6·7)

40 (2·6)

40 (1·0)

2-6 times/week

88 (26·9)

481 (30·9)

≥ daily

217 (66·4)

1038 (66·6)

<·01

28 (4·4)

44 (2·0)

25 (0·9)

5 (1·5)

1104 (27·3)

187 (29·4)

680 (30·4)

744 (27·4)

63 (18·3)

2895 (71·7)

422 (66·2)

1510 (67·6)

1942 (71·6)

276 (80·2)

36

<·01

Table E-2: Relationship between the consumption frequencies of the different food categories
Frequency of raw fruit consumption
≤1
2 à 6 time/week ≥ 1 time/week
time/week (n
(n =867)
(n = 4670)
= 393)
N (%)
N (%)
N (%)
p

Frequency of raw vegetable consumption
≤1
2à3
≥4
time/week
time/week time/week
(n = 635)
(n = 1020) (n = 4272)
N (%)
N (%)
N (%)
p

≤ 1 time/week

31 (7·9)

30 (3·5)

266 (5·7)

69 (10·9)

48 (4·7)

2-3 times/week

110 (28·1)

258 (29·8)

1192 (25·5)

200 (31·5)

≥ 4 times/week

251 (64·0)

578 (66·7)

3211 (68·8)

≤ 1 time/week

74 (18·9)

114 (13·1)

450 (9·6)

Once a week

159 (40·6)

356 (41·1)

2-3 times/week

138 (35·2)

≥ 4 times/week

Frequency of cooked fruit and vegetable consumption
≥1
≤ 1 time/week 2 à 6 time/week
time/week
(n = 102)
(n = 1674)
(n = 4152)
N (%)
N (%)
N (%)
p

Meat
<·01

210 (4·9)

<·01

22 (21·6)

88 (5·3)

217 (5·2)

299 (29·3) 1060 (24·8)

40 (39·2)

481 (28·8)

1038 (25·0)

366 (57·6)

673 (66·0) 3001 (70·3)

40 (39·2)

1104 (66·0)

2895 (69·8)

107 (16·9)

136 (13·3) 395 (9·2)

28 (27·5)

187 (11·2)

422 (10·2)

1720 (36·8)

233 (36·7)

385 (37·7) 1616 (37·8)

44 (43·1)

680 (40·6)

1510 (36·4)

349 (40·3)

2224 (47·6)

255 (40·2)

448 (43·9) 2007 (47·0)

25 (24·5)

744 (44·4)

1942 (46·8)

21 (5·4)

48 (5·5)

275 (5·9)

40 (6·3)

51 (5·0)

253 (5·9)

5 (4·9)

63 (3·8)

276 (6·7)

≤ 1 time/week

-

-

-

144 (22·7)

75 (7·4)

174 (4·1)

26 (25·5)

108 (6·5)

259 (6·2)

2-6 times/week

-

-

-

125 (19·7)

222 (21·8) 519 (12·1)

18 (17·6)

321 (19·2)

527 (12·7)

≥ daily

-

-

-

366 (57·6)

723 (70·9) 3580 (83·8)

58 (56·9)

1245 (74·4)

3367 (81·1)

≤ 1 time/week

144 (36·6)

125 (14·4)

366 (7·8)

-

-

-

52 (51·0)

175 (10·5)

408 (9·8)

2-3 times/week

75 (19·1)

222 (25·6)

723 (15·5)

-

-

-

12 (11·8)

377 (22·5)

631 (15·2)

519 (59·9)

3580 (76·7)

-

-

-

38 (37·3)

1121 (67·0)

3112 (75·0)

52 (8·2)

12 (1·2)

38 (0·9)

<·01

Fish
<·01

<·01

<·01

<·01

Raw fruits
<·01

<·01

Raw vegetable

174 (44·3)
≥ 4 times/week
Cooked fruits or vegetables

<·01

≤ 1 time/week

26 (6·6)

18 (2·1)

58 (1·2)

<·01

2-6 times/week

108 (27·5)

321 (37·1)

1245 (26·7)

175 (27·6)

≥ daily

259 (65·9)

527 (60·9)

3367 (72·1)

408 (64·3)
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<·01

<·01

-

-

-

377 (37·0) 1121 (26·2)

-

-

-

631 (61·9) 3112 (72·9)

-

-

-

Tableau E-3: Association between food consumption frequency and risk of dementia or AD by gender
Men
N=2174
N
N case
men dementia

Model b
HR [IC 95%]
dementia

p

Women
N=3760

N case
AD

Model b
HR [IC 95%]
AD

15
30
102

3.78 [2.08-6.87]
0.87 [0.56-1.35]
1

p

N
N case
women dementia

Model b
HR [IC 95%]
dementia

p

N
case
AD

Model b
HR [IC 95%]
AD

27
92
200

1.18 [0.76-1.83]
1.07 [0.82-1.39]
1

p

Meat
≤ 1 time/week
2-3 times/week
≥ 4 times/week†
Fish
<1 times/week†
≈ 1 time/week
2 to 3 times/week
≥ 4 times/week

82
528
1563

15
52
144

2.43 [1.37-4.31]
1.04 [0.74-1.47]
1

<.01
0.80

<.01
0.53

246
1032
2477

40
131
280

1.32 [0.92-1.90]
1.10 [0.88-1.38]
1

0.13
0.41

197
16
1
11
1
441
55
1
42
1
922
97
1.66 [0.93-2.97] 0.08
72
1.76 [0.89-3.5]
0.10
1314
150
0.97 [0.70-1.34] 0.86 105 0.90 [0.62-1.31]
934
84
1.44 [0.79-2.62] 0.22
55
1.35 [0.66-2.76] 0.40
1777
222
1.13 [0.83-1.54] 0.44 155 1.07 [0.74-1.53]
119
14
1.94 [0.88-4.27] 0.09
9
1.70 [0.65-4.45] 0.28
225
23
0.84 [0.5-1.41] 0.50
16
0.85 [0.47-1.56]
Raw fruits
≤ 1 time/week
141
11
0.86 [0.46-1.62] 0.64
9
1.06 [0.52-2.15] 0.87
252
35
1.11 [0.76-1.62] 0.59
25
1.13 [0.73-1.76]
2-6 times/ week
391
40
1.21 [0.84-1.74] 0.30
26
1.16 [0.74-1.81] 0.52
476
47
0.77 [0.56-1.06] 0.10
32
0.75 [0.51-1.1]
†
≥ 1 time/day
1641
160
1
112
1
3030
368
1
261
1
Raw vegetables
≤ 1 time/week
177
27
1.62 [1.03-2.54] 0.03
19
1.57 [0.91-2.7]
0.10
458
73
1.10 [0.82-1.47] 0.53
52
1.12 [0.79-1.59]
2-3 times/week
367
33
0.89 [0.60-1.33] 0.57
23
0.85 [0.52-1.36] 0.49
653
89
1.11 [0.86-1.42] 0.42
68
1.22 [0.91-1.63]
†
≥ 4 times/week
1628
151
1
105
1
2645
288
1
198
1
Cooked fruits and vegetables
≤ 1 time/week
45
2
0.33 [0.08-1.4] 0.13
2
0.51 [0.12-2.22] 0.37
57
9
0.78 [0.38-1.61] 0.49
7
0.87 [0.38-2.03]
2-6 times/week
749
68
0.94 [0.69-1.27] 0.68
50
1.04 [0.73-1.49] 0.83
925
122
1.18 [0.95-1.47] 0.14
92
1.28 [0.99-1.65]
≥ 1 time/day†
1378
141
1
95
1
2775
319
1
219
1
†: Reference category· HR: Hazard Ratio· 95% CI: 95% confidence interval· Model b: adjusted for center· sex· education level· income· marital status· apoe-ε4· tobacco·
alcohol and physical activity, the four other food, caloric intake · body mass index· diabetes· hypertension· hypercholesterolemia and depression·
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0.46
0.63

0.57
0.73
0.61
0.57
0.14

0.52
0.18

0.75
0.06

Tableau E-4: Association between food consumption frequency and risk of dementia or AD by apoe-ε4 status
apoe-ε4 carriers
(n=1090)
N

N case
dementia

Model b
HR [IC 95%]
dementia

p

N case
AD

Model b
HR [IC 95%]
AD

p

≤ 1 time/week (n = 307)

60

17

1.96 [1.05-3.68]

0.03

14

2.46 [1.26-4.82]

2-3 times/week (n = 1451)

275

46

1.19 [0.80-1.77]

0.40

30

1.09 [0.67-1.76]

71

apoe-ε4 non carriers
(n=4574)
Model b
N case
HR [IC 95%]
p
AD
dementia

Model b
HR [IC 95%]
AD

p

25

1.43 [0.93-2.22]

0.10

82

1.03 [0.80-1.35]

0.79

1

200

1

45

1

33

1

171

1.13 [0.81-1.56]

0.47

117

1.08 [0.74-1.58]

0.68

207

1.21 [0.88-1.68]

0.23

139

1.20 [0.82-1.74]

0.35

N

N case
dementia

<.01

252

33

1.45 [1.00-2.09]

0.05

0.73

1223

124

1.08 [0.87-1.35]

0.46

1

3093

288

13

1

481

45

1.26 [0.62-2.57]

0.52

1737
2075

Meat

≥ 4 times/week† (n = 3780)

755

95

1

Fish
<1 times/week† (n = 595)

125

17

1

≈ 1 time/week (n = 2075)

392

56

1.36 [0.73-2.55]

0.33
0.32

49

1.12 [0.56-2.26]

0.74

2 to 3 times/week (n = 2548)

516

71

1.36 [0.73-2.53]

≥ 4 times/week (n = 320)

56

13

1.81 [0.77-4.26]

0.17

7

1.20 [0.43-3.34]

0.72

277

22

0.94 [0.56-1.58]

0.81

18

1.07 [0.59-1.93]

0.83

Raw fruits
≤ 1 time/week (n = 360)

59

9

1.06 [0.51-2.21]

0.86

8

1.48 [0.68-3.23]

0.32

316

30

0.99 [0.68-1.45]

0.97

20

1.01 [0.65-1.57]

0.97

153

11

0.46 [0.23-0.89]

0.02

5

0.32 [0.13-0.79]

0.01

0.43

51

1.11 [0.81-1.52]

0.50

878

138

1

102

1

236

1

≤ 1 time/week (n = 583)

96

18

1.29 [0.72-2.31]

0.38

11

1.04 [0.52-2.09]

2-3 times/week (n = 939)

185

32

1.22 [0.79-1.90]

0.36

22

1.01 [0.59-1.73]

809

108

1

82

1

≤ 1 time/week (n = 96)

16

1

0.36 [0.05-2.88]

0.33

1

0.46 [0.06-3.82]

2-6 times/week (n = 1566)

310

51

1.20 [0.80-1.79]

0.37

41

1.47 [0.94-2.29]

106

1

73

1

2-6 times per week (n = 821)
†

≥ 1 time/day (n = 4360)

684

73

1.11 [0.85-1.44]

3572

342

1

0.91

508

74

1.17 [0.89-1.53]

0.27

52

1.21 [0.88-1.68]

0.24

0.98

783

76

1.01 [0.79-1.29]

0.93

58

1.15 [0.86-1.54]

0.33

3278

295

1

197

1

0.47

82

10

0.76 [0.39-1.52]

0.44

8

0.85 [0.39-1.86]

0.68

0.08

1304

124

1.00 [0.81-1.24]

0.97

87

1.07 [0.83-1.38]

0.57

3184

311

1

212

1

Raw vegetables

≥ 4 times/week† (n = 4017)
Cooked fruits and vegetabless

≥ 1 time/day† (n = 3877)

764

†: Reference category· HR: Hazard Ratio· 95% CI: 95% confidence interval· Model b: adjusted for center· sex· education level· income· marital status· apoe-ε4· tobacco· alcohol and physical
activity·the four other foods· caloric intake· body mass index· diabetes· hypertension· hypercholesterolemia and depression
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