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Abstract

Objective: To assess the associations between single foods, nutrients, dietary
patterns and dietary scores, and inflammatory markers (C-reactive protein (CRP),

IL-6, TNF-a and leucocyte count).
Design: Cross-sectional, population-based study.

Setting: City of Lausanne, Switzerland, years 2009-2012.

Subjects: Adults (1 4027; 46:5% men), mean age 57-2 (sp 10-2) years. Dietary
intake was collected using a semi-quantitative FFQ. Single foods and nutrients,
three dietary patterns (‘Meat & fries’; ‘Fruits & vegetables’; ‘Fatty & sugary’) and
three dietary scores (two Mediterranean; Alternative Healthy Eating Index (AHED)
were used. Associations were assessed using correlation and multivariable linear

regression.

Results: After adjusting for total energy intake, gender and other sociodemographic
factors, no individual macro- or micronutrient was associated with inflammatory
markers. Among single foods, only fruit intake was negatively associated with CRP
levels (standardized regression score = —0-043, P < 0-01). The ‘Fruits & vegetables’
pattern, the Mediterranean and the AHEI scores were negatively associated with
CRP levels (standardized regression score = —0-079, —0-043 and —-0-067, respec-
tively, all P<0-01). When entered simultaneously with fruit intake, the ‘Fruits &

vegetables’ pattern, the Mediterranean and the AHEI scores tended to remain
significantly and negatively associated with CRP levels, while the association with
fruit intake was no longer significant. No association between all dietary markers

and IL-6, TNF-a or leucocyte count was found.

Conclusions: Dietary scores, but not individual foods, are associated with

inflammatory markers in the general population.

Inflammatory markers such as C-reactive protein (CRP)
and IL-6 are predictors of CVD risk”. Indeed, the well-
known association between diet and CVD may partly be
linked through these inflammatory markers'®. Several
epidemiological studies have identified negative associa-
tions between inflammatory levels and specific nutrients
such as polyphenols®®, PUFA®, histidine®  and
branched-chain amino acids””.

Besides specific nutrients, dietary scores based on the
consumption of specific food items have also been linked
with inflammatory levels. For example, hypothesis-
oriented scores such as the Mediterranean diet score®
have been linked with lower platelet and white blood cell

" Similarly, the Southern European Atlantic

counts™”.
Diet"? and the Baltic Sea diet'” have been associated
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with lower levels of CRP, while the Alternative Healthy
Eating Index (AHED) of McCullough et al** was nega-
tively associated with IL-6 levels®'.

Dietary patterns obtained through principal component
analysis have also been shown to be associated with
inflammatory levels. For example, ‘prudent™® or ‘health-
aware!™ patterns were negatively associated with CRP
levels. Ozawa et al. used reduced rank regression analysis
and identified a ‘dietary inflammatory pattern’ rich in red
and processed meat, peas, legumes and fried food, and
low in whole grains, which was positively associated with
IL-6 levels and other inflammatory markers"'®. However,
most studies assessed only a limited number of nutrients
or foods, or even focused on a single dietary score or
pattern, while studies comparing simultaneously the
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associations between different dietary factors and inflam-
matory markers are scarce®!>171®),

Hence, the present study aimed at assessing the asso-
ciations between a wide range of dietary factors (macro-
and micronutrients, single foods, dietary patterns and
scores) and several inflammatory markers. Our hypothesis
was that dietary patterns would be more associated with
inflammatory markers than individual foods or nutrients.

Participants and methods

Participants
The CoLaus study is a population-based study assessing
the clinical, biological and genetic determinants of CVD in
the city of Lausanne, Switzerland'”. The sampling pro-
cedure of the Colaus study was as follows: the source
population was defined as all individuals aged between 35
and 75 years registered in the population register of the
city of Lausanne. The register includes all individuals living
in this city for more than 90d. A simple, non-stratified
random sample of 19830 individuals (corresponding to
35 % of the source population) was drawn and the selec-
ted individuals were invited to participate by letter. If no
answer was obtained, a second letter was sent and if no
answer was obtained, the individuals were contacted by
telephone. The following inclusion criteria were applied:
(D written informed consent; and (i) willingness to take
part in the examination and to provide blood samples.
Recruitment of the baseline sample began in June 2003
and ended in May 2000, enrolling 6733 participants who
underwent an interview, a physical examination and a
blood analysis. The first follow-up was performed
between April 2009 and September 2012, 5-6 years on
average after collection of the baseline data, and included
5064 of the initial participants. The information collected
in the first follow-up was similar to that collected in the
baseline examination except that in the first follow-up
information regarding food consumption and detailed
physical activity was also collected. Hence, for the
present study, only data from the first follow-up exam-
ination were considered, as dietary intake assessment was
first introduced then.

Blood samples

Venous blood samples (50 ml) were drawn in the fasting
state. High-sensitive CRP (hs-CRP) was assessed by
immunoassay and latex HS (IMMULITE 1000-High; Diag-
nostic Products Corporation, Los Angeles, CA, USA) with
maximum intra- and inter-batch CV of 1-3 and 4-6%,
respectively. Serum samples were kept at —80°C before
assessment of IL-6 and TNF-a and sent on dry ice to the
laboratory. Levels of these cytokines were measured using
a multiplexed particle-based flow cytometric cytokine

assay®”. Milliplex kits were purchased from Millipore
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(Zug, Switzerland). The procedures closely followed the
manufacturer’s instructions. The analysis was conducted
using a conventional flow cytometer (FC500 MPL;
Beckman Coulter, Nyon, Switzerland). Lower limits of
detection for IL-6 and TNF-a were 0-2pg/ml. A good
agreement between signal and cytokine was found within
the assay range (R*> 0-99). Intra- and inter-assay CV were
respectively 16-9 and 16-1% for IL-6 and 125 and 13-5%
for TNF-a. For quality control, repeated measurements
were conducted in eighty participants randomly drawn
from the initial sample. Spearman rank correlations
between duplicate measurements were 0-961 and 0-891
for IL-6 and TNF-a, respectively (all < 0-001). Lin’s cor-
relation coefficients were 0-971 and 0-945 and intra-class
correlation coefficients were 0-972 and 0-946 for IL-6 and
TNF-a, respectively (all P<0-001), indicating a good
reproducibility.

Dietary intake

Dietary intake was assessed using a validated self-admi-
nistered, semi quantitative FFQ which also included por-
tion size®”. This FFQ has been validated against 24 h
recalls among 626 volunteers from the Geneva popula-
tion? . The FFQ assesses the dietary intake of the
previous 4 weeks and consists of ninety-seven different
food items accounting for more than 90 % of the intake of
energy, proteins, fat, carbohydrates, alcohol, cholesterol,
vitamin D and retinol, and 85 % of fibre, carotene and Fe.
For each item, seven consumption frequencies were pro-
vided: (i) ‘less than once during the last 4 weeks’; (ii) ‘once
per month’; (i) 2-3 times per month’; (iv) ‘1-2 times per
week’; (v) 34 times per week’; (vi) ‘once per day’; and
(vi) 2 or more times per day’. Participants indicated the
average serving size (smaller, equal or larger) compared
with a reference size. Daily consumption of the different
food items was computed based on frequency and portion
size and expressed in millilitres (for drinks) or grams (for
other foods). Although the maximum frequency was ‘2 or
more times per day’, there were six items assessing fruit
intake and eight items assessing vegetable intake. Hence,
in the unlikely case a participant would eat fruits or
vegetables pertaining to a single item (for example, only
berries), the multiplicity of the items related to fruits and
vegetables would allow an adequate estimation of their
intake. Conversion into nutrients was performed based on
the French CIQUAL food composition table”®? taking
account of portion size.

Three hypothesis-oriented dietary scores were com-
puted, two based on the Mediterranean diet, the third
on a modification of the AHEI. The first Mediterranean
dietary score (hereby designated as ‘Mediterranean
score 1) was derived from Trichopoulou et al.®; the
score ranges between 0 and 8. The second Mediterra-
nean dietary score (hereby designated as ‘Mediterra-
nean score 2’) is adapted to the Swiss population and
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was computed according to Vormund et al.*>. Con-

trary to the score from Trichopoulou et al., dairy pro-
ducts are considered as beneficial. The score thus
ranges between 0 and 9. The AHEI was adapted from
McCullough et al. "% In our study, the amount of trans
fat could not be assessed, and we considered all par-
ticipants taking multivitamins as taking them for a
duration >5 years. Thus, the modified AHEI score
ranged between 2-5 and 77-5, instead of 2-5 and 875
for the original AHEI score'?. For all three scores,
higher values represented a healthier diet.

A restricted version of the Dietary Inflammatory Index
(DID was computed using available data and the corre-
sponding overall inflammatory effect scores®®. The
higher the index, the higher its inflammatory capacity. The
procedures to compute the three hypothesis-oriented
dietary scores and the DII are summarized in the online
supplementary material, Supplemental Table 1.

Dietary patterns were derived using principal compo-
nent analysis based on food consumption frequencies.
Three dietary patterns were identified: ‘Meat & fries’,
‘Fruits & vegetables’ and ‘Fatty & sugary’. Detailed
description of assessment and characteristics of the dietary
patterns is provided elsewhere™”.

Otber covariates

Sociodemographic and lifestyle data were collected by
self-administered questionnaires. Educational level was
categorized as low (primary), middle (apprenticeship or
secondary school) and high (university). Smoking status
was categorized as never, former (irrespective of the time
since quitting) and current (irrespective of the amount
smoked). Physical activity was assessed by a questionnaire
validated in the population of Geneva®®. This self-
reported questionnaire assesses the type and duration of
seventy kinds of (non-)professional activities and sports
during the previous week. Sedentary status was defined as
spending more than 90 % of the daily energy in activities
below moderate and high intensity (defined as requiring at
least 4 x BMR)*”” and categorized as a dichotomous vari-
able (yes/no). BMR multiples are close to metabolic
equivalent of task (MET) multiples, although MET multi-
ples do not take participant sex, age or height into
account.

Body weight and height were measured with partici-
pants standing without shoes in light indoor clothing.
Weight was measured in kilograms to the nearest 0-1kg
using a Seca™ scale and height was measured to the
nearest 5mm using a Seca™ height gauge (Seca,
Hamburg, Germany). BMI was defined as weight/height?
and categorized as normal (BMI< 25-0kg/m?); over-
weight (25-0 <BMI < 30-0 kg/m?) and obese (BMI > 30-0
kg/m?). Due to small numbers (7 72), underweight
participants (BMI < 18-5kg/m® were included in the
‘normal’ category.

Exclusion criteria

Participants with the following characteristics were
excluded: () no dietary data; (i) no socio-clinical data; (iii)
no inflammatory data; (iv) anti-inflammatory drugs; (v)
inflammation (CRP > 20 mg/D); and (vi) total energy intake
of <3556 or >18828 kJ/d (<850 or >4500 kcal/d).

Statistical analysis

Statistical analysis was performed using the statistical
software package Stata version 15.1 for Windows. Parti-
cipants’ characteristics were expressed as number and
percentage for categorical variables, or as mean and
standard deviation for continuous variables.

Bivariate associations were assessed using Spearman
non-parametric rank correlation. Dietary markers sig-
nificantly associated on bivariate analysis with inflamma-
tory markers were further explored using multivariable
analysis. Multivariable analysis was performed using linear
regression adjusting for age (continuous), BMI (con-
tinuous), gender, smoking (never, former, current), edu-
cational level (high, middle, low), sedentary status
(yes/no), diabetes (yes/no) and total energy intake (con-
tinuous). Results were expressed as standardized linear
regression coefficients, which can be interpreted as
multivariable-adjusted correlations. For multivariable ana-
lyses, inflammatory markers were log-transformed.

The importance of dietary scores and patterns relative to
single foods was further addressed by entering simulta-
neously in each model one dietary pattern and the foods
significantly associated with inflammatory markers. Given
the number of associations tested, statistical significance
was considered for a two-sided test with P < 0-01 to reduce
the false positive detection rate.

Results

Characteristics of the participants

Of the initial 5064 participants, 1037 (20-5%) were exclu-
ded. The reasons for exclusion are indicated in Fig. 1 and
the characteristics of excluded and included participants
are summarized in the online supplementary material,
Supplemental Table 2. Excluded participants were older,
had a higher BMI, a lower education, and were prone to
smoke, be sedentary and have diabetes.

Associations of individual nutrients with
inflammatory markers

On bivariate analysis, PUFA was positively associated with
IL-6, and carotene was negatively associated with CRP and
leucocyte count (Table 1). However, these relationships
were no longer significant when adjusting for confounders
(Table 2).
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Initial sample
n 5064 (100-0 %)
_______ N No dietary data
n 692 (13-7 %)
______ > No socio-clinical data
n 34 (0-7 %)
______ >| No inflammatory markers
n64 (1-3%)
_______ N Anti-inflammatory drugs
n 31 (0:6%)
______ >| Inflammatory state (CRP > 20 mg/I)
n60 (1-:2%)
TEI < 3556 or >18 828 kJ/d
------ { (<850 or > 4500 kcal/d)
n 156 (3:1%)
\ 4
Final sample

n 4027 (79-5%)

Fig. 1 Selection of participants for the present study (CRP,
C-reactive protein; TEI, total energy intake)

Associations of single foods with inflammatory
markers

On bivariate analysis, fruits, carrots and tofu were nega-
tively associated with CRP and leucocyte count; green
salad, bananas, apples and kiwis were negatively asso-
ciated with leucocyte count, while berries showed a
negative association with IL-6 levels (Table 1). After mul-
tivariate adjustment, only the negative association
between fruits and CRP retained statistical significance
(Table 2).

Associations of dietary patterns and scores with
inflammatory markers

On bivariate analysis, the ‘Meat & fries’ pattern was posi-
tively associated and the ‘Fruits & vegetables’ pattern was
negatively associated with CRP levels and leucocyte count
(Table 1. After multivariable adjustment, only the negative
association between the ‘Fruits & vegetables’ pattern and
CRP levels remained (Table 2).

On bivariate analysis, both Mediterranean scores and
the AHEI were negatively associated with CRP levels; the
AHEI was also negatively associated with leucocyte count
(Table D). After multivariable adjustment, only the negative
associations of Mediterranean score 1 and the AHEI with
CRP levels remained (Table 2). The DII was positively
associated with CRP levels and leucocyte count on
bivariate analysis (Table 1), but those associations were no
longer significant after multivariable adjustment (Table 2).

E Piccand et al.

When entered simultaneously with fruit intake, the
‘Fruits & vegetables’ pattern, Mediterranean score 1 and
the AHEI tended to remain significantly and negatively
associated with CRP levels, while the association with fruit
intake was no longer significant (see online supplemen-
tary material, Supplemental Table 3).

Discussion

The present study is one of the few that compared the
associations between different dietary factors and inflam-
matory markers in the general population. Our results
show that (un)healthy dietary behaviours are associated
with inflammatory markers, while individual nutrients or
foods are not.

Associations of individual nutrients with
inflammatory markers

Only a limited number of macro- and micronutrients were
associated with inflammatory markers on bivariate analy-
sis, and no significant association remained after adjust-
ment for confounders. These findings are in agreement
with a cross-sectional Scottish study'>, which also failed
to find any significant association between several
micronutrients (flavonoids and antioxidants) and inflam-
matory markers. Conversely, they do not replicate a lit-
erature review where large numbers of foods and nutrients
were found to be associated (either positively or nega-
tively) with inflammatory markers®®. It would be impor-
tant to assess which of all these foods and nutrients are
significantly and independently associated with inflam-
matory markers, via multivariable analyses.

Associations of single foods with inflammatory
markers

Fruit intake was negatively associated with CRP levels, but
not with IL-6, TNF-a or leucocyte count. The association
with CRP remained after multivariable analysis, a finding
in agreement with two cross-sectional studies conducted
in Portugal™® and Iran®”. A possible explanation is the
high polyphenol content of fruits®”, which has been
linked with a decrease in inflammation levels®*. Our
results thus suggest that an adequate consumption of fruit
could decrease inflammatory levels.

Associations of dietary patterns and scores with
inflammatory markers

The Mediterranean diet scores were negatively associated
with CRP levels, and this association persisted for Medi-
terranean score 1 after multivariable adjustment. These
findings agree with previous cross-sectional studies %,
suggesting that the beneficial effect of the Mediterranean
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Table 1 Bivariate associations between inflammatory and dietary markers; CoLaus study, Lausanne, Switzerland, 2009-2012
CRP IL-6 TNF-a Leucocytes
Total energy intake —0-003 0-046 0-018 0-010
Macronutrients
Total protein —0-002 0-039 0-024 0-025
Vegetable protein —0-040 0-030 —0-003 —0-031
Animal protein 0-018 0-031 0.033 0-049
Total carbohydrates —0-031 0-023 0-008 —-0-010
Monosaccharides —0-036 0-007 —0-001 -0-015
Polysaccharides -0-018 0-029 0-012 —0-008
Total fat 0-002 0-044 0-019 0-017
SFA 0-009 0-035 0-035 0-024
MUFA —0-007 0-045 0-011 0-014
PUFA 0-034 0-057* 0-011 0-041
Fibre —0-049 0-015 —0-006 —0-055*
Cholesterol —0-007 0-019 0-003 0-010
Alcohol -0-022 0-041 0-026 0-010
Micronutrients
Ca -0-016 0-016 0-022 —0-029
Fe —-0-020 0-043 0-008 -0-013
Retinol 0-016 0-017 0-011 0-014
Carotene —0-059* 0-021 -0-012 —-0-082*
Vitamin D -0-027 0-020 —-0-002 —-0-026
Vitamin A -0-018 0-028 —0-005 -0-027
Food items
Fruits —0-057* —0-009 —0-026 —-0-065*
Vegetables —0-044 0-049 —-0-007 —0-040
Fish —0-040 0-019 —0-004 —-0-020
Green beans -0-016 0-004 0-000 0-008
Cauliflower —0-026 0-032 —0-006 —0-022
Tomatoes 0-014 —0-005 0-005 0-009
Carrots -0-057* 0-017 0-000 —0-096*
Green salad —0-043 0-017 —0-020 —0-058*
Thick vegetable soup —0-031 0-032 -0-013 0-001
Tomato sauce -0-026 0-004 -0-032 0-018
Tofu —0-089* 0-015 —-0-022 -0-082*
Bananas, apples —0-036 -0-014 0-004 —0-054*
Citrus fruits —-0-020 —-0-002 —-0-030 -0-022
Peaches, nectarines 0-027 —0-048 0-044 0-021
Berries 0-024 —0-055* -0-012 -0-022
Kiwis —0-031 0-013 0-015 -0-079*
Fresh fruit juice —0-045 —0-035 -0-037 -0-011
Patterns
‘Meat & fries’ 0-073* 0-025 0-010 0-110*
‘Fruits & vegetables’ —0-095* 0-021 -0-036 -0-104*
‘Fatty & sugary’ 0-016 0-002 0-005 0-015
Dietary scores
Mediterranean score 1t -0-076* 0-036 -0-025 -0-039
Mediterranean score 2% —0-058* 0-029 -0-016 —0-043
AHEI -0-110* 0-026 —0-020 -0-075*
DIl 0-055* -0-018 0-015 0-081*

CRP, C-reactive protein; AHEI, Alternative Healthy Eating Index; DII, Dietary Inflammatory Index.

Data from 4027 participants. Results are expressed as Spearman correlations.

*Significant correlation: P<0-01.
tMediterranean diet score of Trichopoulou et al®.
1Mediterranean diet score of Vormund et al.®®.

diet on CVD might partly be linked to a decreased
inflammatory status.

The AHEI was negatively associated with CRP levels.
This finding concurs with some prospective and cross-
sectional studies where the AHEI was inversely associated
with CRP®? or IL-6 levels®'®, but not with other cross-
sectional or case—control studies which failed to find any
association®*>. A possible explanation for the lack of
association in the latter studies is their relatively small
sample size (<1000 participants), which might have
reduced statistical power.

Of the three dietary patterns obtained, only the ‘Fruits
& vegetables’ retained its negative association with CRP
after multivariable adjustment. These findings are partly
in agreement with other studies, which also assessed
dietary patterns using principal component analysis.
Indeed, both the ‘health-aware’ pattern from the Lothian
Birth Cohort cross-sectional study'® and the ‘prudent
pattern from the Aberdeen Prospective Osteoporosis
Screening Study cohort® | which scored high in fruits
and vegetables, were negatively associated with CRP
levels.
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Table 2 Multivariable associations between selected inflammatory
and dietary markers; ColLaus study, Lausanne, Switzerland, 2009—
2012

CRP (log) IL-6 (log) Leucocytes
Macronutrients
Total fat - - -
MUFA - - -
PUFA - 0-005 -
Fibre - - -0-028
Micronutrients
Carotene -0-037 - —0-047
Food items
Fruits —0-043* - —0-026
Vegetables - - -
Carrots -0-037 - —0-041
Green salad - - —0-043
Tofu -0-024 - -0-013
Bananas, apples - - —-0-010
Berries — —0-004 -
Kiwis - - -0-016
Dietary patterns
‘Meat & fries’ 0-033 - 0-035
‘Fruits & vegetables’ -0-079* - —0-044
‘Fatty & sugary’ - - -
Dietary scores
Mediterranean score 1t —0-043* - -
Mediterranean score 2% -0-039 - -
AHEI -0-067* - —0-041
DIl 0-036 - 0-047

CRP, C-reactive protein; AHEI, Alternative Healthy Eating Index; DI, Dietary
Inflammatory Index; —, not assessed.

Data from 4027 participants. Results are expressed as standardized
regression coefficients adjusted for age (continuous), BMI (continuous),
gender, smoking (never, former, current), educational level (high, middle,
low), sedentary status (yes/no), diabetes (yes/no) and total energy intake
(continuous).

*Significant association: P<0-01.

tMediterranean diet score of Trichopoulou et al.®).

tMediterranean diet score of Vormund et al.?®.

Interestingly, the ‘Fruits & vegetables’ pattern, Medi-
terranean score 1 and the AHEI showed stronger negative
associations with CRP levels than single fruit intake, indi-
cating that the associations were due to not only a higher
fruit intake, but also that other food items related to the
pattern/score might intervene. Overall, our results suggest
that a diet rich in fruits (but not only) is associated with
lower inflammatory levels.

No associations were found between the DII and
inflammatory markers after multivariable adjustment. A
likely explanation is that the DII computed in the present
study was based on only fourteen of the forty-five items
that constitute the original DII (see online supplementary
material, Supplemental Table 1)®®. This might have led to
inadequate DII values and thus biased estimates. Indeed,
most items not included in the computation had a negative
score (Supplemental Table 1). Future studies will have to
assess the validity of DII computed using a limited data
set.

Importance for clinical practice
Many studies have focused on the associations between
single nutrients or foods and inflammatory markers. Still,

E Piccand et al.

increasing or decreasing the consumption of specific
nutrients or of selected foods might be difficult to achieve
in general practice. Our results indicate that dietary
recommendations focused on the consumption of several
food groups are more important than recommendations
focused on specific foods or nutrients®®. Hence, in clin-
ical practice, generic recommendations could be provided,
instead of focusing on specific foods or nutrients, which
are difficult to identify and to integrate in a normal diet.
This would facilitate dietary counselling by general prac-
titioners, whose nutritional knowledge is usually low”.

Similarly, from a public health perspective, simple
messages aimed at a healthier eating and increased con-
sumption of fruits and vegetables”®® could be delivered.
The impact of such measures in the general population
could then be monitored by any of the scores (AHEI,
Mediterranean or ‘Fruits & vegetables’) rather than by
complex nutrient assessment.

Strengthbs and limitations

Our study has several strengths. First, it is one of the very
few simultaneously comparing the associations between
different dietary factors and inflammatory markers™>.
Second, due to the population-based setting, our results
can be transposed to other populations and practical
recommendations can be used in public health and clinical
practice.

The study also has several limitations. First, and as
already indicated, no information regarding polyphenols
was available. Hence, it was not possible to confirm pre-
vious findings®®. Future studies should rely either on an
extensive food composition database or on the direct
measurement of polyphenols in serum or urine. Second,
Mediterranean score 1 is based on a Greek population’s
food consumption, and the scores obtained cannot be
directly transposed to a Swiss population. Third, the cross-
sectional setting of the study does not allow establishing a
temporal relationship between dietary intake and inflam-
matory markers. Still, they are in line with the results of
randomized controlled trials showing that an increased
consumption of flavonoid-rich fruits and vegetables”” or
whole-grain wheat"*” decreases inflammatory markers.
Finally, the FFQ assessed dietary intake for the last
4 weeks and not for the whole year. Still, it has been
shown that FFQ assessing short periods do not differ from

FFQ assessing long periods®”, while minimizing
recall bias.

Conclusion

Our results show that healthy dietary behaviours, but not
individual foods, are negatively associated with inflam-
matory markers in the general population.
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