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Association of Dietary Patterns Derived Using Reduced-Rank
Regression With Subclinical Cardiovascular Damage According to
Generation and Sex in the STANISLAS Cohort
Sandra Wagner, PhD; Sandrine Lioret, PhD; Nicolas Girerd, MD, PhD; Kevin Duarte, PhD; Zohra Lamiral, MS; Erwan Bozec, PhD;
Laurie Van den Berghe, MS; Axelle Hoge, PhD; Anne-Francßoise Donneau, PhD; Jean-Marc Boivin, MD, PhD; Ludovic Merckle, PhD;
Faiez Zannad, MD, PhD; Martine Laville, MD, PhD; Patrick Rossignol, MD, PhD; Julie-Anne Nazare, PhD

Background-—The diet impact on cardiovascular diseases has been investigated widely, but the association between dietary
patterns (DPs) and subclinical cardiovascular damage remains unclear. More informative DPs could be provided by considering
metabolic syndrome components as intermediate markers. This study aimed to identify DPs according to generation and sex using
reduced-rank regression (RRR) with metabolic syndrome components as intermediate markers and assess their associations with
intima-media thickness, left ventricular mass, and carotid-femoral pulse-wave velocity in an initially healthy population-based family
study.
Methods and Results-—This study included 1527 participants from the STANISLAS (Suivi Temporaire Annuel Non-Invasif de la
Sante des Lorrains Assures Sociaux) cohort fourth examination. DPs were derived using reduced-rank regression according to
generation (G1: age ≥50 years; G2: age <50 years) and sex. Associations between DPs and cardiovascular damage were analyzed
using multivariable linear regression models. Although identiﬁed DPs were correlated between generations and sex, qualitative
differences were observed: whereas only unhealthy DPs were found for both men generations, healthy DPs were identiﬁed in G2
(“fruity desserts”) and G1 (“ﬁber and w3 oil”) women. The “alcohol,” “fast food and alcohol,” “fried, processed, and dairy products,”
and “meat, starch, sodas, and fat” DPs in G1 and G2 men and in G1 and G2 women, respectively, were associated with high left
ventricular mass (b [95% CI], 0.23 [0.10–0.36], 0.76 [0.00–1.52], 1.71 [0.16–3.26], and 1.80 [0.45–3.14]). The “alcohol” DP in G1
men was positively associated with carotid-femoral pulse-wave velocity (0.22 [0.09–0.34]).
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Conclusions-—The DPs that explain the maximum variation in metabolic syndrome components had different associations with
subclinical cardiovascular damage across generation and sex. Our results indicate that dietary recommendations should be tailored
according to age and sex.
Clinical Trial Registration-—URL: http://www.clinicaltrials.gov. Unique identiﬁer: NCT01391442. ( J Am Heart Assoc. 2020;9:
e013836. DOI: 10.1161/JAHA.119.013836.)
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C

ardiovascular disease is one of the leading causes of death
worldwide. The overall impact of diet on cardiovascular
diseases have been studied widely, with the available evidence
showing that a healthy dietary pattern (DP)—rich in fruits,

vegetables, and nuts, or a Mediterranean-style diet—lowers the
risk of major cardiovascular outcomes such as myocardial
infarction, cardiovascular disease, and coronary heart disease.1,2
Conversely, a suboptimal Western-type DP—rich in processed
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What Is New?
• Using reduced-rank regression with metabolic syndrome
components as intermediate markers, we highlighted different dietary patterns across generation and sex.
• Dietary patterns were differently associated with subclinical
cardiovascular damage across generation and sex.

What Are the Clinical Implications?
• Dietary recommendations for cardiometabolic risk prevention should be tailored according to age and sex.
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meat, sugar, or fast foods—is associated with an increased risk
of cardiovascular disease, coronary heart disease risk, and
mortality.3–5
Measures of CV damage such as the carotid-femoral pulsewave velocity (cfPWV), carotid intima-media thickness (cIMT),
and left ventricular (LV) mass are strong predictors or
surrogate markers of future cardiovascular diseases.6–8
Diet also seems to have an impact on cardiovascular damage.
However, previous studies focusing on single foods or
nutrients have produced inconsistent results, with the alcohol
and carbohydrate intake being positively associated with
cfPWV,9,10 while dairy products had a negative association.11
The intakes of total and subtypes of fat have recently been
associated with lower mortality, whereas a high carbohydrate
intake was associated with a higher risk of all-cause
mortality.12
The association between alcohol consumption and cIMT
remains unclear.13 Beyond these single-food approaches,
other studies have used more integrative methodologies that
consider the whole diet by deriving DPs, with data-driven
methods such as principal-components analysis or clustering
being widely used.14 A DP characterized by a high consumption of alcohol and meat was found to be associated with
cfPWV but not cIMT.15 The association between the Mediterranean-diet score and LV mass was found to be negative16 or
U-shaped,17 whereas a Mediterranean-style DP seems to
reduce carotid atherosclerosis.18 A traditional DP characterized by a high intake of rye, potatoes, butter, sausages, milk,
and coffee was found to be positively associated with cIMT.19
Numerous studies have further demonstrated a relation
between metabolic syndrome (MetS) and cardiovascular
damage.20–22 A recent meta-analysis found that a healthy
DP was associated with a lower prevalence of MetS and vice
versa.23 A pathway between diet, MetS, and cardiovascular
damage could therefore be hypothesized.
Reduced-rank regression (RRR) is another data-driven
method developed in nutritional epidemiology to test speciﬁc
DOI: 10.1161/JAHA.119.013836

hypotheses regarding a pathway between diet and disease.24 In
contrast with principal-components analysis, which produces a
linear combination (factor) of food-intake data that maximally
explains the variation in food intake, the RRR method determines factors from food-intake data that maximize the explained
variation in the intermediate markers that are hypothesized to
be related to a particular health outcome.24 Moreover, differences in DP according to sex or age have been found in other
research ﬁelds, indicating the need to derive DPs separately in
men versus women and in elderly versus younger adults.25–28
However, to the best of our knowledge, no study has addressed
the relations between diet and cardiovascular damage by
deriving DPs separately according to sex and age.
We hypothesized that considering MetS components as
intermediate markers and stratifying them by generation and
sex in deriving DPs will allow us to identify more informative
DPs and evidence reﬁned associations between speciﬁc DPs
and cardiovascular damage. To test our hypothesis, we took
advantage of the familial STANISLAS (Suivi Temporaire Annuel
Non-Invasif de la Sante des Lorrains Assures Sociaux) cohort
that comprises 2 generations and for which extensive
cardiovascular phenotyping has been performed.29
Our objective was to derive the DPs using RRR with MetS
components as intermediate markers according to generation
and sex, identify the differences between DPs according to
generation and sex, and subsequently determine the relation
between the identiﬁed DP and subclinical cardiovascular
damage (ie, cfPWV, cIMT, and LV mass) in the familial
STANISLAS cohort.

Subjects and Methods
Study Population
The STANISLAS cohort is a population-based study of 1006
families that each comprise at least 2 parents and 2 children
(4295 participants) from the Lorraine region (eastern France)
recruited during 1993–1995 at the Center for Preventive
Medicine. The participants were of French origin and free of
acute or chronic disease. From 2011 to 2016, 1705
participants underwent their fourth examination. The STANISLAS study has been described in detail elsewhere.29 The
present study focused on the 1695 participants who underwent the fourth examination and for whom data on food
intake were available. After excluding 79 patients with missing
data on health outcomes, 26 with a cardiovascular history (15
with myocardial infarction and 11 with heart failure), and 63
with a daily energy intake either below 1000 or above
5000 kcal, the present cross-sectional analysis included
1527 participants (Figure S1). The data that support the
ﬁndings of this study are available from the corresponding
author upon reasonable request.
Journal of the American Heart Association
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The research protocol was approved by the local ethics
committee (Comite de Protection des Personnes Est III,
Nancy, France) and all study participants gave written
informed consent to participate.

Data Collection

the right common carotid artery. Four measurements were
made per patient. Examinations were performed with a wall
tracking system (ESOATE, Maastricht, The Netherlands) and/
or the ART.LAB (ESAOTE) in immediate succession. The
interdevice reproducibility and agreement of the measurements were excellent.

Left ventricular mass

Dietary intake was assessed using a validated food frequency
questionnaire.30 The participants reported their consumption
frequency and portion size of 133 food items over the
previous 3 months. The consumption frequency was
reported using 6 levels in the questionnaire, ranging from
“never or rarely” to “2 times or more a day.” The portion size
of each food item was estimated using standard serving
sizes and food models. Daily nutrient intakes were calculated
in grams per day by multiplying the consumption frequency
of each item by the nutrient content of selected portions.
Nutritional data were extracted from the French food
composition database established by the French Data Centre
on Food Quality (Ciqual, last updated in 2013). To perform
DP analysis, food items were aggregated into 41 food groups
based on the similarity of their nutritional compositions
(Table S1).

Echocardiographic examinations of the subject in the left
lateral decubitus position were performed by an experienced
echocardiographer using a commercially available standard
ultrasound scanner (Vivid E9, General Electric Medical
Systems, Horten, Norway) with a 2.5-MHz phased-array
transducer (M5S). The echo/Doppler examinations included
exhaustive examinations in parasternal long- and short-axis
views and in the standard apical views.33,34
All acquired images and media were stored on a secured
network server as digital videos with unique identiﬁcation
numbers, and they were analyzed on a dedicated workstation
(EchoPAC PC, version 110.1.0, GE Healthcare). We measured
the septal wall thickness, posterior wall thickness, and LV
internal diastolic diameter from the parasternal 2-dimensional
long-axis view. These measurements were subsequently used
in the cube-function formula of the American Society of
Echocardiography guidelines to calculate the LV mass,35
which was then indexed for height to 2.7 power.36

Carotid-femoral pulse-wave velocity

Covariates

The cfPWV was measured using the Complior device (Alam
Medical, France) in a quiet room after at least 10 minutes of
rest in the supine position according to the recommendations
of the European Network for the Noninvasive Investigation of
Large Arteries.29,31,32 Two sensors were placed simultaneously on the carotid artery and on the femoral artery. Two
measurements were made, with cfPWV calculated as their
mean. If the 2 measurements differed by >0.5 m/s, a third
measurement was made, and the cfPWV was then calculated
as the median of the 3 measurements. The onboard foot-tofoot algorithm based on the second-derivative waveforms was
used to determine the transit time. The carotid-to-femoral,
carotid-to-sternal-notch, and sternal-notch-to-carotid distances were measured with a measuring tape. The distance
used for cfPWV calculation was 0.8 times the direct carotidfemoral distance. cfPWV was calculated as follows: distance
divided by transit time.

A self-reported questionnaire was used to collect demographic and socioeconomic information, such as age, sex,
education level (categorized into low, intermediate, or high),
and smoking status (categorized into yes or no), as well as
information about disease history and treatment. Physical
activity was assessed using the International Physical Activity
Questionnaire. The International Physical Activity Questionnaire guidelines were followed to clean the data and calculate
the weekly energy expenditure expressed in metabolic
equivalent task minutes per week (www.IPAQ.ki.se).
Anthropometric measurements such as weight, height, and
waist circumference (WC) were made during a clinical
examination. Blood samples were collected, and the serum
concentrations of the following biomarkers were measured:
fasting glucose, high-density lipoprotein cholesterol (HDL-C),
and triglycerides.29 Ofﬁce blood pressure was also measured,29 as was the 24-hour ambulatory blood pressure.37,38
In brief, participants underwent 24-hour recording of the
ambulatory blood pressure using the Spacelabs 90207
ambulatory monitor (Spacelabs Medical), with the monitoring
cuff placed around the nondominant arm. The blood pressure
system was programmed to make measurements every
15 minutes from 6 AM to 10 PM and every 30 minutes from
10 PM to 6 AM.

Dietary assessment
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Carotid intima-media thickness
cIMT measurements were routinely performed by highresolution echo tracking. The noninvasive investigations were
performed in a controlled environment at 221°C after
10 minutes of rest in the supine position. The carotid
diameter, carotid distention, and cIMT were measured for
DOI: 10.1161/JAHA.119.013836
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We deﬁned MetS according to National Cholesterol Education
Program ATP339 as the presence of ≥3 of the following
components: elevated WC (>102 cm for men, >88 cm for
women); elevated triglycerides (≥1.5 g/L) or treated by lipidlowering drugs; reduced HDL-C (<0.4 g/L for men, <0.5 g/L
for women); elevated ofﬁce systolic blood pressure (SBP,
≥130 mm Hg) or elevated diastolic blood pressure (DBP,
≥85 mm Hg), or treated by antihypertensive drugs; or
elevated glucose (≥1.10 g/L) or treated by antidiabetic drugs.
Because it has been shown that different combinations of
MetS components may be more or less strictly associated
with subclinical vascular damage, such as pulse-wave velocity,
we focused in this article on all the components of MetS.40

Statistical Analysis

Downloaded from http://ahajournals.org by on April 28, 2020

The study population was divided by generation (generation 1
[G1] comprised individuals aged ≥50 years, and generation 2
[G2] comprised their younger counterparts) and sex according
to sociodemographic, biological, and clinical data. The results
were expressed as meanSD values for normally distributed
quantitative variables and as median and interquartile range
variables for the skewed variables. Frequencies were used to
summarize qualitative variables. Differences between groups
were assessed using the chi-square test for categorical
variables and ANOVA or the Kruskal–Wallis nonparametric
test for continuous variables.
DPs were derived from the 41 standardized food groups
using the RRR method.24 This method constructs uncorrelated linear combinations of food-group intakes that maximize
the explained variation in the intermediate variables that are
hypothesized to be related to health outcomes. The following
components of MetS were selected as intermediate continuous variables: WC, triglycerides, HDL-C, glucose, SBP, and
DBP. We performed the assessment using the 24-hour
ambulatory blood pressure since this is more accurate in an
RRR. The number of factors extracted from the RRR is
determined by the number of intermediate markers (here, 6),
and each factor is characterized by 41 factor loadings: 1 for
each food group. Factor loadings represent the correlations of
each food group with the DP score, where factor loadings with
positive values indicate that the corresponding food groups
are positively associated with the DP, and negative values
indicate an inverse association. A larger factor loading value
indicates that food group makes a greater contribution to the
DP. DPs were derived independently according to generation
and sex through 4 RRR.
Within G2 subgroups, few individuals belonged to the same
family (n=47 for men and 73 for women); thus, 1 individual per
family was randomly selected to avoid effects of genetic lineage
DOI: 10.1161/JAHA.119.013836

and clustering. Since a single random selection could not
accurately reﬂect the entire group, 1000 samples were
generated by randomly drawing 1 individual from each family
(250 of 297 G2 men, and 272 of 345 G2 women), and we
performed RRR analysis for each sample. Hierarchical agglomerative clustering using Ward’s method with the Euclidean
distance as the metric was then performed by taking 691000
factors for the individuals. The analyses were performed in G2
men and women separately. We identiﬁed the “optimal” number
of clusters as suggested by the dendrogram; 6 distinct clusters
were identiﬁed for men, and 7 were deemed optimal for women.
For men, the ﬁrst cluster comprised 94.4% of factor 1, and the
second cluster comprised 97.7% of factor 2; for women, the ﬁrst
and second clusters comprised all of factors 1 and 2,
respectively. For each food group, a mean factor loading was
calculated from the factors of each cluster and used to calculate
the scores for each DP.
The DP scores were calculated at the individual level by
summing the observed standardized food intakes per food
group weighted according to the factor loadings. We only
retained the ﬁrst 2 factors on the basis of both the variation in
the intermediate markers that they explained and their
interpretability.
The resulting DPs were qualitatively compared among each
of the 4 subgroups. Correlations between sex and then
generation groups were tested using Spearman correlations.
We also performed multivariable linear regression analyses
stratiﬁed by generation and sex to evaluate associations
between RRR DPs and subclinical cardiovascular damage; that
is, cfPWV, cIMT, and LV mass for each group. The ﬁrst model
was adjusted for age, and the second model was further
adjusted for smoking status, education level, energy expenditure, energy intake, any lipid-lowering drugs, and any
antihypertensive or antidiabetic drugs.
Since some of the siblings could be from the same family
for G2, we performed sensitivity analyses. Mixed models with
a random effect of family were analyzed to investigate the
association between DPs and each outcome.
RRR and linear regression analyses were conducted using
SAS (version 9.4, SAS Institute). Hierarchical agglomerative
clustering was conducted using R software (version 3.5.1).

Results
Characteristics of the Population
Table 1 summarizes the characteristics of the studied population according to generation and sex. The median
(interquartile range) ages were 60.8 (58.2–63.9) and 58.8
(56.3–62.6) years for G1 men and women, respectively, and
33.6 (30.6–37.4) and 33.3 (30.2–36.7) years for G2. G1
participants were less likely to smoke but more likely to have
Journal of the American Heart Association
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Table 1. Description of the Studied Population by Generation and Sex
Generation 1

Generation 2

Men

Women

Men

Women

434

451

297

345

Age, y

60.8 (58.2–63.9)

58.8 (56.3–62.6)

33.6 (30.6–37.4)

33.3 (30.2–36.7)

Smokers, n (%)

59 (14)

41 (9)

105 (35)

114 (33)

Low

289 (67)

325 (72)

104 (35)

85 (25)

Intermediate

90 (21)

96 (21)

89 (30)

112 (32)

55 (13)

30 (7)

104 (35)

148 (43)

26.9 (24.6–29.7)

25.2 (22.6–28.8)

24.5 (22.5–27.2)

22.6 (20.7–25.5)

N

Education level, n (%)

High
Body mass index, kg/m

2

Waist circumference, cm

98.411.7

87.012.3

89.910.4

80.212

Energy intake, kcal/d

2539.3 (2044.3–3055.2)

1972.4 (1558.3–2491)

2583.7 (2101.7–3159.5)

1935.9 (1523.2–2540.2)

Energy expenditure (MET-min/week)

2818.6 (1248–7098)

1920 (846–3708)

1920 (741–5406)

1307.4 (540–2796)

Metabolic syndrome, n (%)

159 (37)

107 (24)

22 (7)

20 (6)

Diabetes mellitus, n (%)

45 (10)

20 (4)

1 (0)

7 (2)

Fasting glucose, g/L

0.94 (0.9–1)

0.89 (0.8–1)

0.87 (0.8–0.9)

0.82 (0.8–0.9)

Hemoglobin A1C (%)

5.7 (5.5–5.9)

5.7 (5.5–5.9)

5.4 (5.2–5.6)

5.4 (5.2–5.5)

Use of antidiabetic drugs, n (%)

36 (8)

14 (3)

4 (1)

4 (1)

Elevated triglycerides, n (%)

186 (43)

135 (30)

47 (19)

21 (8)

Triglycerides

1.05 (0.8–1.5)

0.96 (0.7–1.3)

0.86 (0.6–1.3)

0.74 (0.6–1)
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HDL-C, g/L

0.54 (0.5–0.6)

0.64 (0.6–0.8)

0.5 (0.4–0.6)

0.59 (0.5–0.7)

LDL-C, g/L

1.37 (1.1–1.6)

1.46 (1.2–1.7)

1.23 (1–1.5)

1.19 (1–1.4)

Use of lipid-lowering drugs, n (%)

125 (29)

86 (19)

2 (1)

1 (0)

Hypertension, n (%)

260 (62)

202 (46)

74 (28)

51 (16)

Office SBP, mm Hg

133.515.2

126.116.4

126.511.2

114.510.1

Office DBP, mm Hg

77.18.9

71.98.6

72.27.5

67.87.7

24 h-SBP, mm Hg

124.49.9

118.610.7

121.87.4

115.17.7

24 h-DBP, mm Hg

77.37.1

72.97.4

74.65.7

72.26.4

Use of antihypertensive drugs, n (%)

145 (33)

123 (27)

9 (3)

10 (3)

Intima-media thickness, lm

707.2 (619.8–788.0)

667.8 (598.0–740.0)

530.0 (475.0–597.8)

508.0 (467.0–559.8)

36.7 (31.9–43.6)

33.4 (28.7–41.1)

31.6 (27.2–36.5)

27.2 (23.1–31.9)

9.3 (8.4–10.6)

8.5 (7.7–9.5)

7.6 (7.1–8.3)

7.2 (6.7–7.9)

Left ventricular mass, g/height
Pulse-wave velocity, m/s

2.7

The results for continuous variable are expressed as meanSD or median (Q1-Q3) as appropriate. Hypertension is deﬁned as elevated blood pressure (130/80) and/or declared
hypertension and/or use of at least 1 antihypertensive drug; diabetes mellitus is deﬁned by high fasting glucose (>1.26 g/L) and/or declared diabetes mellitus and/or use of at least 1
antidiabetic drug. All the differences between subgroups were signiﬁcant (P<0.0001). DBP, diastolic blood pressure; HDL-C, plasma high-density cholesterol; LDL-C, plasma low-density
cholesterol; MET, metabolic equivalent task; SBP, systolic blood pressure.

a low education level and higher BMI compared with G2
participants. G1 participants had higher prevalence rates of
MetS, diabetes mellitus, hypertension, and dyslipidemia. G1
participants had higher cIMT and cfPWV. LV mass, cIMT,
cfPWV, and energy intake were higher in men than women in
both generations. G1 participants had higher International
Physical Activity Questionnaire–evaluated energy expenditure
per week than G2 when compared by sex.

DOI: 10.1161/JAHA.119.013836

Dietary Patterns and Food Groups
In G1 men, the ﬁrst DP (“meat, fat, and eggs”) was
characterized by high intakes of meat, margarine, low-fat
spreads, processed meat, and eggs, and low intakes of
spreads, cereals, and sweets (Table 2). This DP explained
14.9%, 10.9%, 4.6%, 7.3%, 0.3%, and 0.1% of the variations in
WC, glucose, triglycerides, HDL-C, SBP, and DBP, respectively,
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Generation 1

Generation 2

Men
First

Vegetables

0.147

Women
Second

0.269*

First

Second

First

0.051

0.174

0.120

Soups

0.162

0.227*

Fruits

0.001

0.039

0.027

Potatoes

0.097

0.089

0.141

Other starchy foods

0.081

0.083

White bread and toasts

0.040

0.025

Cereals
High-fiber bread
Milk
Yogurts and fermented milk

0.301*
0.155
0.018
0.001

Fat cheeses

0.015

Light cheeses

0.070

Meat

0.405*

Fatty fish
Lean fish
Eggs
Legumes
Oleaginous fruit

0.157
0.024
0.228*
0.081
0.033

Downloaded from http://ahajournals.org by on April 28, 2020

Olive and omega-3 oil

0.156

Omega-6 oil

0.030

0.006
0.143

0.089

0.013
0.071
0.114
0.060

0.033

0.239*

0.211*

0.260*

0.005
0.125
0.032
0.122
0.040

Men

0.042

0.211*
0.048
0.019
0.023
0.162
0.032

Women
Second

0.106

First

0.163

0.081

0.322*

0.210*

0.083

0.038

0.083

0.059
0.027
0.057
0.127

0.112

0.177

0.149

0.210*

0.095
0.019

0.223*
0.109

0.009
0.106
0.076
0.329*
0.115

0.216*

0.165

0.192

0.165

0.050

0.178

0.047

0.163

0.116

0.189

0.292*

0.198
0.082

0.198

0.109

0.122

0.085

0.053

0.022

0.065

0.117

0.242*

0.091

0.168

0.152

0.217*

0.122

0.060

0.012

0.057
0.113

0.060

0.068

0.306*

0.186

0.079
0.142

0.332*

0.026

0.057

0.111

0.048

0.021

0.019

0.058

0.246*

0.071

0.229*

0.023

0.043

0.007

0.116

0.103

0.020

0.066

0.380*

0.321*

0.072

0.190

0.189

0.099

0.047
0.040
0.327*

0.050
0.013
0.241*
0.027

Fresh cream

0.072

0.010

0.041

0.005

0.173

0.003

0.021

Margarine and light fats

0.289*

0.087

0.086

0.248*

0.108

0.217*

0.203*

0.089

0.040

0.054
0.172
0.022
0.089
0.203*
0.039

0.181

Water

0.056

Alcoholic beverages

0.109

0.385*

0.020

0.179

0.316*

0.148

0.248*

0.133

Wine

0.080

0.332*

0.050

0.074

0.202*

0.132

0.152

0.142

Juice

0.087

0.021

0.072

Sodas
Tea

0.133
0.026

0.145
0.092
0.044

0.074

0.025
0.141
0.086

Processed meat

0.276*

0.045

0.275*

Fast food

0.091

0.123

0.111

Cooked dishes

0.179

Sugar

0.087

Sweets

0.228*

Spreads
Crackers
Fried foods

0.400*
0.139
0.001

0.005
0.010
0.103
0.099

0.325*
0.028
0.137
0.226*

0.097

0.062

0.021

0.376*

0.190

0.289*

Fats rich in saturated fatty acid

0.217*

0.035

0.094

0.090

0.204*

0.133

0.017
0.036

0.039

0.229*

0.075

Second

0.105

0.001

0.219*

0.078

0.022

0.119

0.120
0.132

0.230*

0.126

0.058

0.214*

0.020

0.171

0.043

0.013

0.120

0.053

0.059

0.254*

0.139

0.114

0.324*

0.172

0.019

0.056

0.070

0.092

0.084

0.102

0.155

0.182

0.026

0.114

0.059

0.112
0.161

0.182
0.228*
0.136
0.014

0.037
0.301*
0.097
0.131

0.169

0.071

0.199
0.060
0.093
0.033
0.133

0.142
0.341*

0.014
0.250*

0.020

0.009

0.194

0.072

Pastries

0.066

0.241*

0.016

0.032

0.222*

0.214*

0.154

Fruity desserts

0.073

0.377*

0.076

0.189

0.008

0.137

0.071

0.260
0.282*
Continued
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Table 2. Reduced-Rank Regression Factor Loadings for the Dietary Patterns and Explained Variation by Generation and Sex in the
STANISLAS Cohort
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Table 2. Continued
Generation 1

Generation 2

Men
First

Dairy desserts

0.064

Women
Second

0.171

Men

First

Second

First

0.169

0.101

Sauces

0.047

0.000

0.348*

0.203*

0.077

0.048

Explained variation in food groups

2.9

3.3

4

2.5

3.2

Explained variation in all six components
of metabolic syndrome

6.4

2.8

7.3

3.5

6.3

Women
Second

0.049
0.149

First

0.162

Second

0.184

0.124

0.023

2.2

2.6

2.8

4.7

8.2

4.2

*Factor loading >0.20 in absolute value.
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and 6.4% of the total variation in all 6 metabolic markers. The
second DP (“alcohol”) was characterized by high intakes of
alcoholic beverages and wine, and low intakes of fruity
desserts, vegetables, legumes, eggs, soups, yogurt, and other
types of fermented milk, water, and pastries. This DP
explained 15.0%, 11.6%, 4.7%, 8.3%, 6.5%, and 8.9% of the
variations in WC, glucose, triglycerides, HDL-C, SBP, and DBP,
respectively, and 2.8% of the total variation.
In G1 women, the ﬁrst DP (“fried, processed, and dairy
products”) was characterized by high intakes of fried foods,
sauces, processed meat, yogurt and other types of fermented milk; other types of meat, milk and lean ﬁsh; and low
intakes of spreads. This DP explained 11.2%, 8.6%, 2.7%,
3.1%, 10.2, and 7.8% of the variations in WC, glucose,
triglycerides, HDL-C, SBP, and DBP, respectively, and 7.2% of
the total variation in all 6 metabolic markers. The second DP
(“ﬁber and w3 oil”) was characterized by high intakes of olive
and omega-3–rich oils, lean ﬁsh, legumes, spreads, high-ﬁber
bread, and sauces, and low intakes of soups, margarine, and
light fat. This DP explained 13.5%, 11.2%, 3.8%, 5.3%, 13.1,
and 17.4% of the variations in WC, glucose, triglycerides,
HDL-C, SBP, and DBP, respectively, and 3.5% of the total
variation.
In G2 men, the ﬁrst DP (“fast food and alcohol”) was
characterized by high intakes of fast food, olive and omega-3–
rich oils, water, and alcoholic beverages and, wine, and low
intakes of pastries and spreads. This DP explained 9.3%, 0.6%,
12.1%, 4.4%, 4.3%, and 6.9% of the variations in WC, glucose,
triglycerides, HDL-C, SBP, and DBP, respectively, and 6.3% of
the total variation in all 6 metabolic markers. The second DP
(“diversiﬁed”) was characterized by high intakes of omega-6–
rich oil, soups, yogurts and other types of fermented milk,
processed meat, margarine, light fat, and pastries. This DP
explained 10.3%, 3.1%, 13.1%, 17.0%, 9.3%, and 13.1% of the
variations in WC, glucose, triglycerides, HDL-C, SBP, and DBP,
respectively, and 4.7% of the total variation.
In G2 women, the ﬁrst DP (“meat, starch, sodas, and fat”)
was characterized by high intakes of white bread and toast,
meat, sodas, starchy foods other than potatoes, margarine,
DOI: 10.1161/JAHA.119.013836

and light fat, and low intakes of spreads, soups, alcoholic
beverages, and olive and omega-3–rich oils. This DP explained
16.3%, 0.6%, 7.7%, 12.8%, 7.0%, and 4.8% of the variations in
WC, glucose, triglycerides, HDL-C, SBP, and DBP, respectively,
and 8.2% of the total variation in all 6 metabolic markers. The
second DP (“fruity desserts”) was characterized by high
intakes of fruity desserts and low intakes of white bread and
toast, yogurt and other types of fermented milk, eggs,
pastries, spreads, juice, and fresh cream. This DP explained
16.7%, 1.8%, 8.7%, 20.3%, 13.1%, and 13.7% of the variations
in WC, glucose, triglycerides, HDL-C, SBP, and DBP, respectively, and 4.2% of the total variation.
It is interesting to stress that we found only unhealthy
patterns in both generations of men, whereas 2 healthy
patterns were identiﬁed in G1 (ﬁber and w3 oil) and G2 (fruity
desserts) women.

Correlation Between Generations and Sexes
Differences were observed between the DPs identiﬁed by sex
among the same generations. Within G1, the “meat and eggs”
DP in men was moderately positively correlated with the
“fried, processed, and dairy products” DP in women (r=0.55,
P<0.0001), and negatively correlated with the “ﬁber and w3
oil” DP in women (r= 0.39, P<0.0001). Also, the “alcohol” DP
in G1 men was negatively correlated with the “fried,
processed, and dairy products” DP (r= 0.20, P<0.001) and
marginally correlated with the “ﬁber and w3 oil” DP (r= 0.04,
P=0.09) in G1 women.
Within G2, the “fast food and alcohol” DP in men was
weakly correlated with the “meat, starch, sodas, and fat” DP
(r=0.25, P<0.0001) and the “fruity desserts” DP (r=0.10,
P<0.0001) in women. The “diversiﬁed” DP in G2 men was
negatively correlated with the “meat, starch, sodas, and fat”
DP (r= 0.32, P<0.0001) and “fruity desserts” DP (r= 0.21,
P<0.0001) in women.
Differences were also observed between the DPs identiﬁed
according to generation in the same sex. The “alcohol” DP in
Journal of the American Heart Association
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but not correlated with the “fruity desserts” DP (r= 0.02,
P=0.35) in G2 women.

Association Between Dietary Patterns and
Subclinical Cardiovascular Damage
In women, the “fried, processed, and dairy products” DP (G1)
and the “meat, starch, and fat” DP (G2) were associated with
higher LV mass. In G1 men, the “alcohol” DP was signiﬁcantly
associated with a higher cfPWV (Figure). The “meat and eggs”
DP was signiﬁcantly associated with a higher cIMT in the ﬁrst
model adjusted for age, but not in the fully adjusted model.
The DPs “alcohol” and “fast food and alcohol” in G1 and G2
men, respectively, were signiﬁcantly and positively associated

Downloaded from http://ahajournals.org by on April 28, 2020

Figure. Association of dietary patterns with pulse wave velocity (A), carotid intima-media thickness (B), left ventricular mass (C) (b and 95% CI).
For the fully adjusted model: multivariable linear regression analyses are also adjusted for smoking status (yes/no), educational level (low,
intermediate, high), energy expenditure, energy intake, any lipid-lowering drugs (yes/no), any antihypertensive drugs (yes/no) or antidiabetics
(yes/no).
DOI: 10.1161/JAHA.119.013836
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G1 men and “fast food and alcohol” in G2 men were
qualitatively similar in terms of alcoholic beverages and wine,
but differed in terms of other food groups, and were
moderately correlated (r=0.34, P<0.0001). The “meat and
eggs” DP in G1 men was moderately correlated with the “fast
food and alcohol” DP (r=0.40, P<0.0001) and weakly
correlated with the “diversiﬁed” DP (r= 0.09, P=0.0005) in
G2 men.
The “fried, processed, and dairy products” DP in G1 women
was positively correlated with the “meat, starch, sodas, and
fat” DP (r=0.56, P<0.0001) and negatively with the “fruity
desserts” DP (r= 0.36, P<0.0001) in G2 women. The “ﬁber
and w3 oil” DP in G1 women was negatively correlated with
the “meat, starch, sodas, and fat” DP (r= 0.43, P<0.0001)

Dietary Patterns and Cardiovascular Damage
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Generation 2
Men

Women

Pattern 1

Pattern 2

Pattern 1

Pattern 2

b (95% CI)

b (95% CI)

b (95% CI)

b (95% CI)

cfPWV
M1

0.02 ( 0.10 to 0.06)

0.02 ( 0.09 to 0.14)

0.007 ( 0.09 to 0.10)

0.05 ( 0.16 to 0.06)

M2

0.02 ( 0.10 to 0.06)

0.02 ( 0.10 to 0.14)

0.0005 ( 0.09 to 0.09)

0.05 ( 0.16 to 0.06)

cIMT
M1

4.03 ( 4.57 to 12.64)

6.65 ( 18.59 to 5.28)

6.90 ( 2.27 to 16.06)

0.66 ( 11.68 to 10.35)

M2

3.83 ( 4.54 to 12.19)

5.70 ( 17.28 to 5.88)

4.43 ( 4.66 to 13.52)

1.32 ( 12.22 to 9.57)

M1

0.65 (0.13 to 1.17)

1.12 ( 1.90 to

1.89 (1.20 to 2.58)

0.47 ( 0.21 to 1.14)

M2

0.57 ( 0.03 to 1.17)

0.97 ( 1.81 to 0.12)

1.74 (1.02 to 2.46)

0.47 ( 0.40 to 1.34)

LV mass
0.33)

Data are b-coefﬁcients and 95% CI. M1: linear mixed model adjusted for age. M2: multivariable linear regression analyses also adjusted for smoking status (yes/no), educational level (low,
intermediate, high), energy expenditure, energy intake, any lipid-lowering drugs (yes/no), any antihypertensive drugs (yes/no) or antidiabetics (yes/no). The models were performed with a
random effect on the family. cfPWV indicates carotid-femoral pulse-wave velocity; cIMT, carotid intima-media thickness; LV, left ventricular.
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with LV mass. The other DPs were not associated with any of
the outcomes.
Given that multiple individuals in G2 could be siblings from
the same family, we performed sensitivity analyses with a
random effect of family (Table 3). The b values were lower but
remained within the same range, and we observed the same
association as in previous analyses between the “meat,
starch, and fat” DP in G2 women and LV mass.

Discussion
The ﬁndings of this study provide original insights into DPs
that maximally explain the variation in MetS components. The
ﬁndings highlight for the ﬁrst time that DPs differ qualitatively
between generations and sex and exhibit different associations with speciﬁc subclinical cardiovascular damage outcomes in a population-based cohort that includes initially
healthy participants.
Some unhealthy and distinct DPs were found to be
associated with LV mass in both generation and sex and
cfPWV in G1 men only. While some studies have examined
DPs separately in men and women and in different generations,25–27 to our knowledge no previous study has focused
on dietary intake simultaneously according to both generation
and sex. Despite few moderate correlations being found
between DPs derived according to generation and sex,
qualitative differences between similar DPs were observed.
We found that the DPs for men of both generations were
mostly characterized by alcohol consumption, while fast-food
intake was common only in G2 men. We found unhealthy DPs
DOI: 10.1161/JAHA.119.013836

that were correlated in women of both generations, although
their main common food group was “processed meat.”
We also identiﬁed one healthy DP in each generation of
women that were qualitatively different and not correlated:
“fruity desserts” in G2 women and “ﬁber and w3 oil” in G1
women. These ﬁndings indicate the need to perform analyses
according to generations.
The role of RRR is not to describe real-world DPs but to ﬁnd
out what variation in diet is important for the development of
speciﬁc health issues. The “fried, processed, and dairy
products” DP in G1 women and the “meat, starch, sodas,
and fat” DP in G2 women; and also the “alcohol” DP in G1
men and “fast food and alcohol” in G2 men were positively
and signiﬁcantly associated with LV mass. Another study
derived DPs using the RRR method with MetS as the
intermediate variables and found a DP characterized by
several foods including those with high glycemic indices,
high-fat meats, cheeses, and processed foods, and negatively
correlated with intakes of vegetables, soy, fruit, green and
black tea, low-fat dairy desserts, seeds, nuts, and ﬁsh.41 That
DP was positively associated with LV function, but it was not
derived according to sex. It is interesting to note that in our
study the identiﬁed DPs also differed between generations. LV
mass was associated with DPs characterized by unhealthy
food in women in both generations—whereas in men of both
generations the DPs were mostly characterized by alcohol.
Although the results concerning the associations between
alcohol intake and LV mass are still debated, our results
seemed to support the studies showing a positive relation
between drinking and LV mass.42–46 Nonetheless, these
Journal of the American Heart Association
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Table 3. Sensitivity Analyses Assessing the Associations Between Dietary Pattern Scores and Subclinical Cardiovascular Damage
With a Random Effect on the Family for Generation 2 Only
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alcohol” DP and cIMT.15 Using an RRR-derived DP with
inﬂammation as intermediate variables, comprising C-reactive
protein, ﬁbrinogen, interleukin-6, and homocysteine, Nettleton
et al identiﬁed a “high in total and saturated fat and low in
ﬁber and micronutrients” DP that was associated with cIMT.
These ﬁndings together link inﬂammation markers to cardiovascular damage, indicating that could be a potentially
relevant mediator for reﬁning RRR DP when studying cIMT.53

Strengths and Limitations
The present study had several strengths. First, the analyses
were based on a large general and initially healthy populationbased cohort with the availability of complete information on
diet, MetS components, and extensive cardiovascular phenotyping. Second, the cohort was a family cohort with 2
generations, allowing us to determine DPs according to
subgroups of generation and sex. Third, we used the RRR
method to test the hypothesis of there being a pathway
between diet, MetS, and subclinical cardiovascular damage.
However, some limitations of this study should also be
acknowledged. First, the results are based on cross-sectional
data and hence the observational design meant that causality
could not be implied. Second, the food intake of individual
participants might have changed throughout the life course
because of age or a disease diagnosis. Longitudinal studies
are needed to better understand the pathway involving diet,
MetS, and subclinical cardiovascular damage, especially in
subgroups of generation and sex. Third, whereas these
original ﬁndings need to be conﬁrmed by other studies, it is
noteworthy that previous research has demonstrated the
generalizability and robustness of the RRR method in
calculating DP among populations.54
In conclusion, to our knowledge this study is the ﬁrst to
highlight that DP that explain the maximum variation in MetS
components differ with the generation and sex, and show
different associations with subclinical cardiovascular damage
according to generation and sex. Our results suggest that
dietary recommendations should be tailored according to age
and sex groups. Further analyses are required to determine
the role of the evolution of dietary habits across the life
course and subsequently to determine if changing DPs can
reduce cardiovascular damage.
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studies usually focused in men or did not distinguish sex. In
the Framingham study, an association between alcohol intake
and LV mass was also found in men and not in women.47 The
metabolism of alcohol is different according to sex.48
Although women seem to have a higher vulnerability to
alcohol, in the present study none of the DPs of the women is
characterized by alcohol intake. It is also interesting to note
that women had a lower energy expenditure compared with
men of the same generation, with this being lowest in G2
women. Since high physical activity has been found to be
associated with reduced LV hypertrophy in obese and
hypertensive patients,49 it is possible that a low energy
expenditure contributed to the association between DP
characterized by unhealthy food and LV mass in our
population.
cfPWV was positively associated with the “alcohol” DP
identiﬁed in G1 men. This result is consistent with O’Neill
et al9 ﬁnding an association between alcohol consumption
and cfPWV, and Kesse-Guyot et al15 using principal-components analysis to identify a DP characterized by “meat and
alcohol” that is associated with an increased cfPWV. However,
our “fast food and alcohol” DP identiﬁed in G2 men was not
associated with cfPWV. A possible explanation is that the
effect of alcohol on cardiovascular organ damage might not
have been detectable yet in G1 and that this association
would have been identiﬁed only if data from a longer follow-up
were available.
The results for the DP associations with outcomes differed
between sex and generation, which could be due to the
cardiovascular risks and evolution of cardiovascular damage
differing between men and women,50,51 and hence that the
determinants of cardiovascular risks also differ by sex. The
impact of diet on cardiovascular damage may differ between
women and men, in relation to their speciﬁc cardiometabolic
proﬁles.
It is interesting to note that that only healthy DPs identiﬁed
in our cohort were the “fruity desserts” DP in G2 women and
the “ﬁber and w3 oil” DP in G1 women. Two other studies
used RRR with cardiovascular risk factors as intermediate
variables and also did not observe any healthy DPs. Lamichhane et al52 observed a DP that was correlated positively with
an intake of eggs, coffee, tea, sodas, potatoes, and meat, and
negatively with an intake of desserts and low-fat dairy. Liu
et al41 observed a DP that was correlated positively with a
high glycemic index, high-fat meats, cheeses, and processed
foods, and negatively with low intakes of vegetables, soy, fruit,
green and black tea, low-fat dairy desserts, seeds, nuts, and
ﬁsh. A review suggested an association between cIMT and
Mediterranean-diet score.18 No association was found
between cIMT and the identiﬁed DP in the present study,
which could be due to the dearth of healthy DP. Kesse-Guyot
et al also did not ﬁnd any association between a “meat and
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Table S1. Compositions of the selected 41 food groups.
Food group

Vegetables

Soups

Fruits
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Potatoes
Other starchy foods
White bread and toast

Breakfast cereals

High-fiber bread

Milk

Yogurts and other types of
fermented milk

Food items
Pepper
Tomatoes (including tomato sauce but not tomato juice)
Carrots
Salad
Green leafy vegetables (e.g., spinach, chard)
All cabbages (e.g., cauliflower, broccoli, brussels sprouts)
Other vegetables (eggplant, mushrooms, zucchini, onion, leek)
Avocado
Canned or jarred vegetables (except tomatoes and beans)
Olives in all forms
Vegetable soup without meat (homemade, frozen, or canned)
Vegetable soup with meat (homemade, frozen, or canned)
Citrus fruits (e.g., oranges, mandarins, grapefruit, tangerines)
Red fruits (strawberries, raspberries, blackberries, blueberries,
currants)
Kiwifruit
Bananas
Pears, apples, pineapples, watermelons, melons, lychees
Plums, grapes, cherries, nectarines, peaches, apricots
Figs, dates, prunes, dried apricots
Potatoes (e.g., plain, steamed, mashed)
Pasta, rice, bulgur, semolina
Sliced white bread, toast bread, sandwich bread
French baguettes
Rusks, rice cakes, Krisprolls, crispbread
Unsweetened cereals (e.g., plain cornflakes, All-Bran, Fitness)
Sweetened cereals (with honey or chocolate), puffed cereals
Muesli
Sliced special bread (cereal, rye, wholemeal)
Special bread : french baguette type
Whole milk
Semiskimmed milk
Skimmed milk
Flavored milk (e.g. strawberry, chocolate)
Plain soy milk or soy products
Flavored soy milk or soy products
Milk kefir
Whole-milk yogurts (creamy and velvety yogurts), plain or with
sweeteners
Whole-milk yogurts (creamy and velvety yogurts), sweetened
or with fruit
Lean yogurts (0%), plain or with sweeteners
Lean yogurts (0%), sweetened or with fruit

Fat cheeses

Light cheeses

Meat

Fatty fish

Lean fish
Downloaded from http://ahajournals.org by on April 28, 2020

Eggs
Legumes

Oleaginous fruits

Olive and omega-3-rich oils
Omega-6-rich oil
Fresh cream

Margarine and low-fat spreads

Fats rich in saturated fatty acids
Water
Alcoholic beverages

Flavored fermented milk (Actimel, Danacol)
Light fermented milk (Actimel, Danacol)
White cheese (beaten or faisselle)
White cheese with fruit or sweetened (beaten or faisselle)
Soft cheese
Hard and blue cheeses
Cream cheese, cheese spread, melted cheese
Low-fat cream cheese, cheese spread, melted cheese
Low-fat soft cheese
Low-fat hard and blue cheese
Pork fillet, roast beef, chicken breast, turkey
Beef steak, veal breast, pork chops, whole chicken
Lamb breast, meatballs, sausage, mutton
Giblets
Game
Unprocessed cold cuts (e.g., cooked ham, sliced chicken)
Smoked unprocessed cold cuts (e.g., bacon)
Salmon, herring
Smoked fish (e.g., salmon, trout)
Canned fish in oil (tuna, anchovies)
White fish (cod, whiting, hake)
Crustaceans, molluscs (shrimps, squid, oysters)
Mussels
Eggs (not eggs included in cakes or other baked products)
Lentils, chickpeas, white beans, peas
Salty oleaginous fruits (e.g., peanuts, pistachios, sunflower
seeds)
Nuts
Other unsalted oleaginous fruits (e.g., almonds, hazelnuts,
pistachios)
Olive oil
Rapeseed oil, walnut oil, soybean oil
Sunflower oil, peanut oil, corn oil
Fresh cream
Light cream, soy cream
Margarine for cooking or spreading (e.g., Planta Fin, Primevère)
Margarine for cooking or spreading (e.g., St Hubert Omega 3,
ProActive)
Low-fat butter
Milk fat reduced to 15% fat
Milk fat reduced to 40% fat
Butter
Fat for cooking or spreading (e.g., le Fleurier, Astra)
Water
Nonalcoholic beer

Wine
Juice
Sodas

Tea and coffee

Processed meat

Fast food
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Cooked dishes

Sugar
Sweets

Spreads
Crackers
Fried foods

Pastries

Fruity desserts

Low-alcohol beer
Beers
Aperitifs
Premixed drinks (e.g., Bacardi Breezer)
Strong alcoholic drinks (e.g., whiskey, vodka, gin)
Wine (e.g., white, red, sparkling, cider)
Fruit juice (fresh, in can, in bottle, in brick)
Vegetable juice (fresh, in can, in bottle, in brick)
Standard sodas (lemonade, flavored water, cola, syrup)
Light sodas
Coffee and decaffeinated coffee
Tea
Herbal tea, infusions
Meat preparations (e.g., nuggets, breaded meat)
Processed cold cuts (rillette, dry sausage, French pâté)
Salads with chicken or fish
Pizza
Quiches with meat or fish
Hamburgers
Spring rolls
Cheese croquettes, cheese rolls
Sauerkraut
Cassoulet
Filled pasta
Paella
White or brown sugar (cubes, powder)
Chocolate (white, black, milk, praline)
Sweet or jelly candies
Cocoa powder
Jam, honey, maple syrup
Chocolate spread
Peanut butter, sesame paste
Aperitif biscuits, chips, crackers
Potatoes fried in deep-fat fryer, potato gratin
Prepared fish breaded or fried
Bakery items (e.g., croissants, chocolate-filled pastries)
Pastries (e.g., cakes, apple turnovers, waffles)
Pastries (e.g., eclairs, pancakes, tarts, buns)
Biscuits, cereal bars
Chocolate snacks (e.g., Twix, Snickers, cookies)
Compotes
Fruit in syrup (canned or jarred): pears, pineapples, lychees,
fruit cocktail
Fruit in syrup (canned or jarred): grapes, cherries, peaches,
apricots

Dairy desserts

Sauces

Milk desserts (e.g., puddings, rice pudding)
Gelatin-based desserts, custard, mousse
Ice cream or sorbet balls
Ice cream with cookies or in a cone
Hot sauces (e.g., pepper sauce)
Cold sauces (e.g., mayonnaise)
Light salad dressing
Ketchup
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Figure S1. Study flowchart.

1705 participants at the
4th STANISLAS visit
10 participants without food intake data

N=1695

▪ 79 participants with missing data on health outcome
▪ 26 with CV history (15 myocardial infarction, 11 heart failure)
▪ 63 with daily energy below 1000 or above 5000 kcal

N=1527

CV: cardiovascular
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