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Abstract

Purpose This prospective study explores high sensitiv-
ity C-reactive protein (hs-CRP) levels in relation to dietary
patterns at two time points in European children.

Methods Out of the baseline sample of the IDEFICS
study (n=16,228), 4020 children, aged 2-9 years at base-
line, with available hs-CRP levels and valid data from
a food frequency questionnaire (FFQ) at baseline (TO)
and 2 years later (T1) were included. K-means clustering
algorithm based on the similarities between relative food
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consumption frequencies of the FFQ was applied. hs-CRP
was dichotomized according to sex-specific cutoff points.
Multilevel logistic regression was performed to assess the
relationship between dietary patterns and hs-CRP adjusting
for covariates.

Results Three consistent dietary patterns were found
at TO and T1: ‘animal protein and refined carbohydrate’,
‘sweet and processed’ and ‘healthy’. Children allocated
to the ‘protein’ and ‘sweet and processed’ clusters at both
time points had significantly higher odds of being in the
highest category of hs-CRP (OR 1.47; 95% CI 1.03-2.09
for ‘animal protein and refined carbohydrate’ and OR 1.44;
95% CI 1.08-1.92 for ‘sweet and processed’) compared
to the ‘healthy’ cluster. The odds remained significantly
higher for the ‘sweet and processed’ pattern (OR 1.39; 95%
CI 1.05-1.84) when covariates were included.
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Conclusions A dietary pattern characterized by frequent
consumption of sugar and processed products and infre-
quent consumption of vegetables and fruits over time was
independently related with inflammation in European chil-
dren. Efforts to improve the quality of the diet in child-
hood may prevent future diseases related with chronic
inflammation.

Keywords Dietary patterns - Inflammation - C-reactive
protein - European - Children - IDEFICS

Introduction

Chronic low-grade inflammation is related with metabolic
disorders [1] and cardiovascular diseases (CVD) due to
its role in the development of atherosclerosis [2]. In obese
individuals, the endocrine function of the adipose tissue
is impaired and it contributes to the production and release
of pro-inflammatory cytokines; this condition is already
observed in children [3, 4]. Among the available inflamma-
tory biomarkers, high sensitivity C-reactive protein (hs-CRP)
is the most commonly measured biomarker in clinical and
epidemiologic studies and it is associated with adiposity and
cardiovascular risk factors [5], even in children [6, 7].

Dietary intake, and its relation with low-grade inflamma-
tion, has been previously investigated in adults, taking into
account nutrients, specific food items or dietary patterns
[8—10]. In the baseline sample of the IDEFICS study, cross-
sectional associations with hs-CRP were found between fatty
acids intake, assessed via whole blood [11], and consump-
tion frequencies of specific foods measured using a food fre-
quency questionnaire (FFQ) [12] and hs-CRP. Dietary pattern
analysis seems a good way to assess the diet as a whole as
it considers also the possible interactions between the foods
consumed and not only specific food items or isolated com-
ponents. Additionally, dietary patterns could give an accurate
insight into dietary behaviors in a population [13] and are
useful to link specific dietary habits with chronic diseases
[14].

Recent literature suggests that unhealthy patterns, i.e.,
those characterized by a westernized diet with high intake of
animal proteins, free sugars and/or processed foods and low
intake of vegetables/fruits, are positively related with inflam-
mation while patterns with high intake of fruits and/or vege-
tables, i.e., plant-based patterns, are inversely associated with
the inflammatory state [15-18].
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Out of different approaches to derive dietary patterns,
cluster analysis identifies diet patterns by grouping indi-
viduals into non-overlapping groups that reflect relatively
homogeneous dietary behaviors within groups and rela-
tively different dietary behavior between groups. Principal
component analysis (PCA) is the most commonly used
method to assess dietary patterns. However, PCA provides
linear combinations of food, instead of referring to identi-
fiable groups of subjects. A previous study [19] compared
PCA and cluster analysis assessment methods, finding sim-
ilar patterns and comparable long-term associations with
coronary heart disease and stroke. Cluster analysis has been
used to describe homogeneous groups of subjects with
similar dietary patterns [20], it seems that this approach
could be useful to give a good insight of dietary patterns.
Previous longitudinal studies in adults have linked clus-
ter analysis-derived dietary patterns and chronic diseases
[21]. However, similar studies following young populations
are scarce. Identifying young individuals with persistent
healthy or unhealthy patterns over time may help to under-
stand the cumulative impact of dietary habits on hs-CRP
that could lead to future chronic diseases.

Thus, the first aim of this study was to describe cluster
analysis-derived dietary patterns in children at two time
points [baseline (T0) and follow-up (T1)] of the identifica-
tion and prevention of dietary- and lifestyle-induced health
effects in children and infants (IDEFICS) study. The sec-
ond aim of this study was to assess the cross-sectional and
prospective relationships between the identified dietary pat-
terns and hs-CRP, as a marker of inflammation.

Materials and methods
Study design

The IDEFICS study is a multicentre population-based study
of European children between 2 and 9 years old at time of
recruitment in schools of eight countries: Belgium, Cyprus,
Estonia, Germany, Hungary, Italy, Spain and Sweden. The
general design and main procedures of the IDEFICS study
have been described in detail elsewhere [22]. Two main
surveys were performed in the present study: baseline (TO)
and follow-up (T1) 2 years later. Children of pre-school and
first or second grade of primary education were included at
baseline. The baseline survey was performed between Sep-
tember 2007 and May 2008 and included 16,228 children
from 2 to 9 years, while the follow-up survey performed
between September 2009 and May 2010 included 11,038
children aged 4-11 years (overall response rate of 68%).
Authorization was obtained from the ethics commit-
tees of all participating countries. Parents provided written
informed consent and children provided oral consent. The
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study was performed according to the ethical guidelines of
the Edinburgh revision of the 1964 Declaration of Helsinki
(2000).

Study sample

8754 children from the baseline sample of the IDEFICS
study had data on hs-CRP and less than 50% of missing
values in the food frequency questionnaire (FFQ). On the
other hand, 6688 children from the follow-up sample of the
IDEFICS study had the already mentioned data. Out of the
total baseline and follow-up sample, 4174 children had less
than 50% of missing values in the food frequency question-
naire (FFQ) and hs-CRP measured, at TO and T1.

Then, children with hs-CRP concentrations higher than
10 mg/dL and those who took any medication the previous
24 h to blood collection that could potentially affect the hs-
CRP values, i.e., anti-inflammatory drugs, steroids and/or
corticoids, were excluded from the present analysis. Finally,
4020 children were included in the present analysis.

Measurements

The FFQ for obtaining the dietary data was the Children’s
Eating Habits Questionnaire FFQ (CEHQ-FFQ) [23, 24],
a validated screening tool where the parents recorded their
children’s frequency of consumption of specific food items
during the previous 4 weeks. The CEHQ-FFQ which com-
prised 43 food items within 14 food groups and was not
designed to provide an estimate of total energy intake or
total amount of food but to reflect dietary habits. Responses
included seven frequency categories of consumption:
‘never/less than once a week,” ‘1-3 times per week, ‘4-6
times per week,” ‘1 time per day, ‘2 times per day, ‘3
times per day’ and ‘4 or more times per day’. Also ‘I have
no idea’ was a possible answer. Frequency categories were
converted into times per week, represented by a number
ranging from O to 30. Multiple imputation was applied to
estimate missing values using gender, age, BMI and coun-
try as predictors for the rest of missing values and the
pooled data from the imputed databases was retrieved.

Children were asked to participate in fasting blood col-
lection, on a voluntary basis. A description of blood sam-
pling and analytical procedures in the IDEFICS survey has
been published elsewhere [25]. The hs-CRP concentrations
were measured in a central laboratory with a high-sensitiv-
ity assay using latex-enhanced nephelometry (BN2-Neph-
elometer, Siemens, Deerfield, IL, USA) and the lower limit
of detection of the assay was 0.02 mg/dL.

Parental education level (the highest level of both par-
ents) was categorized according to the International Stand-
ard Classification of EDucation (ISCED) [26]. As the pre-
vious 24 h medication intake was recorded for the day of

the blood collection, the type of medication, other than the
medication mentioned as exclusion criteria, was used as
confounder in the analysis as a categorical variable.

Finally, trained staff performed the anthropometric
measurements, at TO and T1, following standardized pro-
cedures. Body height was measured with bare feet in a
portable stadiometer (SECA 225). Weight was measured
in a child-adapted Tanita BC 420 SMA with the children
in fasting status. BMI was calculated as the ratio between
weight (kg) and squared height (m?).

Statistical analyses

K-means cluster analysis was performed to identify clus-
ters of children with similar dietary patterns [27]. The same
procedures as in a previous IDEFICS study were followed
[28]. Out of the 43 food items included in the FFQ, ‘meat
replacement products’ were excluded from the analysis as
more than 95% of the subjects reported to consume: ‘never/
less than once per week’. Correlations between the single
items were calculated to assess multi-collinearity, show-
ing no redundant variables. For the 42 food items, relative
frequencies of consumption were calculated: the frequency
of consumption of each one was divided by the sum of the
consumption of all food items for each subject. Z scores of
the relative frequencies of each food item were calculated
to standardize values and to avoid large differences between
food items [29]. The k-means algorithm was applied with
a pre-defined maximum of 100 iterations, generated until
no changes in the centroids were shown, to create cluster
solutions for two to six clusters. Several solutions were
obtained with different starting seeds to find stable cluster
patterns. Randomly splitting the database in two halves to
repeat the same procedure in baseline and follow-up data-
sets was used to examine the stability of the final solution
both in baseline and follow-up datasets. Cohen’s kappa val-
ues for the selected solution were 0.892 and 0.963 for base-
line and follow-up, respectively.

The criteria to choose the clusters were based on stabil-
ity of the cluster solution and interpretability. The clusters
were labeled based on the corresponding z score values of
the types of foods they included. Three clusters over time
were found: ‘healthy’, ‘animal protein and refined carbo-
hydrate’ and ‘sweet and processed’. In addition, radar plots
showing the maximum and minimum z score values in
comparison with the other clusters were created to identify
and to describe visually each cluster at each time point.

Distribution of children in different clusters was calcu-
lated, stratified by gender, age, BMI status and country at
baseline and follow-up. Cluster memberships at baseline
and follow-up were cross tabulated, to assess the percent-
age of children characterized by persistent dietary patterns
and of those who changed dietary pattern from TO to T1.

@ Springer
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The distribution of hs-CRP was skewed as approxi-
mately a third of the sample had the value ‘under detection
limit’: 0.02 mg/dL, in TO and T1. Thus, subjects were allo-
cated into two groups or categories, i.e., the first and sec-
ond sex-specific hs-CRP tertiles vs. the third sex-specific
tertile.

For the prospective analysis, each possible combina-
tion of dietary patterns over time was treated as a separate
category. For example, being allocated in the ‘sweet and
processed’ in TO and ‘healthy’ in T1 was considered one
category. Those children who stayed in the ‘Healthy pat-
tern’ over time, at TO and T1, were considered as the refer-
ence category. In addition, being persistently allocated to
the same cluster at baseline and follow-up was considered
as additional categories.

Finally, multilevel logistic regression (levels: coun-
try and school) was performed using the hs-CRP at both
time points as dependent variable to assess the odds ratio
(OR) for having a higher inflammatory status when pre-
senting a specific dietary pattern at baseline and follow-up
separately. Additionally, ORs for having a high inflamma-
tory state when being persistently allocated to the same
cluster at baseline and follow-up (i.e., ‘animal protein and
refined carbohydrate’, ‘sweet and processed’ or ‘healthy’)
or when changing from one of the three clusters to another
were calculated. The ‘healthy’ cluster was always consid-
ered as the reference. Two models with different covari-
ates were applied. Model 1 was adjusted by levels: country
and school, while model 2 was additionally adjusted for
age, gender, study region (intervention vs. control), paren-
tal education level, BMI and medication. These covariates
were assessed at both time points, TO and T1. The analy-
sis with the combination of TO and T1 patterns included:
hs-CRP of T1 as dependent and was adjusted for age at
T1, gender, study region (intervention vs. control), paren-
tal education level at T1, BMI at T1, hs-CRP at TO and
medication.

The analyses were performed using Statistical Package
for the Social Sciences (version 21.0; SPSS, Inc.) and Stata
(version 13.0) for the multilevel logistic regression. The
radar plots were performed with Excel (Microsoft).

Results

Based on the food items and their z score values, a three-
cluster solution was considered the most interpretable and
stable. The following names were assigned to the clusters:
‘healthy’ (n=1245 at TO and n=1335 at T1), ‘sweet and
processed’ (n=1472 at TO and n=1306 at T1) and ‘ani-
mal protein and refined carbohydrate’ (n=1303 at TO and
n=1379 at T1).

Tables 1 and 2 present the z scores of the 42 food
items and standard deviations for each cluster. The cluster

@ Springer

solutions obtained were similar in terms of interpretabil-
ity at both time points. The mean relative frequency of the
majority of the food items differed significantly between
the three clusters (Tables 1, 2).

At both time points, the ‘animal protein and refined car-
bohydrate’ cluster presented higher relative frequencies of
consumption of water, sweetened fruit, white bread, pasta,
rice and also foods like sweetened milk, sweet yogurt, fish
(fresh or fried), meat and fried eggs. Food items such as
whole bread, spreads, cold cuts, fried meat, plain milk,
hamburgers or sweetened and diet drinks scored lowest. In
contrast, ‘the sweet and processed’ cluster had consistently
higher relative consumption frequencies for sugar-rich
products such as fruit juices, sweetened drinks, diet drinks,
sweetened breakfast cereals, chocolate/nut-spread, ketchup,
chocolate-candy bars, candies, biscuits/pastries and ice-
cream. Also, at both time points, this cluster had higher
relative frequencies for fried potatoes, cold cuts, fried meat,
mayonnaise and hamburgers/hot dogs/kebabs, whereas
food items such as cooked vegetables, fresh fruit, water,
muesli, plain yogurt, fresh fish, cheese or pasta scored the
lowest. Finally, the ‘healthy’ cluster presented at both time
points higher relative consumption frequencies for cooked
vegetables, raw vegetables, fresh fruits, muesli, plain milk,
plain yogurt, boiled eggs, reduced-fat products on bread,
whole-meal bread, dish of milled cereals and nuts/seeds.
Food items such as fried potatoes, fruits with added sugar,
sweetened breakfast cereals, sweetened milk, sweet yogurt,
fried eggs, mayonnaise, chocolate/nut spreads, white bread,
pizza as main dish, crisps, savoury pastries, chocolate/
candy bars or biscuits scored the lowest.

Table 3 shows the main characteristics of the partici-
pants in the three clusters. The percentage of girls in the
‘healthy’ cluster was slightly higher than in the other clus-
ters, while a higher percentage of boys were observed in
the ‘sweet and processed’ and ‘animal protein and refined
carbohydrate’ cluster. Also, age differences by cluster are
presented. A higher percentage of older children in TO and
T1 were allocated to the ‘sweet and processed’ cluster com-
pared to the other clusters. Regarding BMI differences, the
‘animal protein and refined carbohydrate’ cluster included
a higher percentage of overweight and obese children com-
pared with the other two clusters. In contrast, the ‘healthy’
cluster had lower percentages of obese children compared
with the ‘animal protein and refined carbohydrate’ or
‘sweet and processed’ cluster over time. There were also
differences between the distributions by country per cluster,
i.e., certain countries allocated subjects up to 51.7% on one
cluster. The ‘animal protein and refined carbohydrate’ clus-
ter was mainly represented by Spain and Italy; the ‘sweet
and processed’ cluster by Hungary, Belgium, Estonia and
Germany while the ‘healthy’ cluster predominated in Swe-
den, Estonia, Hungary and Germany.
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Table 1 Z scores of rc?lati.ve Food items Animal protein Sweet and Healthy

consumption frequenc.les in the and refined processed (n=1245)

three clusters at basehnej [mean carbohydrate (n=1472)

values and standard deviation (n=1303)

(SD)]

Mean SD  Mean SD Mean SD

Cooked vegetables, potatoes, beans —0.07° 096 —0.14>* 092 024> 1.07
Fried potatoes, potato croquettes 0.02° 093 027 1.17 —0.35>* 0.67
Raw vegetables —0.40°>*% 070 —0.25° 074 07287 1.12
Fresh fruits without added sugar 0.11°  1.07 —042°* 072 038" 1.01
Fresh fruits with added sugar 0.11%" 1.17  0.06* 1.01 —0.18> 0.73
Water 0.76" 076 —0.52>* 0.89 —0.17° 0.83
Fruit juices -0.17° 076 030" 121 —0.17° 0.83
Sweetened drinks —0.30>*% 039 0464 143 —022° 0.04
Diet drinks —0.15> 037 026 154 —0.15>* 0.36
Breakfast cereals, muesli, sweetened —0.08° 1.01 029" 1.10 —0.26"* 0.74
Porridge, oat meal, gruel, cereals, muesli, unsweetened —0.21°  0.91 —0.30°* 0.54 0.58%7 123
Plain unsweetened milk —0.41%>* 0.83 —0.09° 0.87 0.54" 1.05
Sweetened milk 0.63%" 122 —0.13° 0.78 —0.51>*% 048
Plain unsweetened yogurt or kefir —-0.16° 0.84 —0.18°* 0.68 0.38" 1.31
Sweet yogurt, fermented milk beverages 02747 123 —0.10° 0.81 —0.16"* 0.85
Fresh or frozen fish, not fried 0.53*"  1.15 —-0.50"* 0.63 0.02¢ 0.87
Fried fish, fish fingers 023" 1.16 —0.16"* 0.88 —0.05° 0.89
Cold cuts, preserved, ready to cook meat products -0.12°  0.86 036" 1.07 —0.29>* 0.90
Fresh meat, not fried 031" 1.11 -0.13>* 092 —0.16° 0.87
Fried meat —0.22%% 092  0.14* 1.05 0.05% 0.96
Fried or scramble eggs 0.30%" 1.09 —0.06° 095 —0.24>* 0.85
Boiled or poached eggs —0.19>* 0.86 —0.12> 091 035" 1.13
Mayonnaise, mayonnaise-based products —0.16>  0.74 034" 132 —0.23%% 0.58
Cheese —0.07*  0.95 -0.05>* 096 0.06*" 1.08
Jam-honey —029%*% 074 0.6 1.02 0.11* 1.12
Chocolate or nut based spreads 0.06° 0.87 029 1.20 —0.42>* 0.65
Butter, margarine on bread —0.56>* 034 025 1.04 029" 1.14
Reduced-fat products on bread —0.46> 031  0.07° 097 039" 127
Ketchup —031>* 0.83  0.22% 1.09 0.06° 0.96
White bread, white roll, white crispbread 03457 1.09  0.13¢ 0.97 -0.51>* 0.65
Wholemeal bread, dark roll, dark crispbread —0.50>* 0.61 —0.02¢ 094 0.56" 1.09
Pasta, noodles, rice 026" 123 —030>* 070 0.07° 0.92
Dish of milled cereals —0.27%*% 0.41 -0.01° 088 0.29*" 1.40
Pizza as main dish 035" 134 —0.04° 085 —0.31>* 047
Hamburguers, hot dogs, kebabs, wraps, falafel —0.35"* 0.52 035" 1.28 —0.05° 084
Nuts, seeds, dried fruits —0.06>* 091 —0.06® 090 0.15" 1.16
Crisps, maize (corn) crisps, popcorn 0.16" 1.13  0.07* 1.01 —0.25"* 0.74
Savoury pastries, fritters 0.01° 1.06 0.17%7 1.12 —0.23* 0.66
Chocolate, candy bars —0.12°  0.84 038" 1.24 —0.32>* 059
Candies, loose candies, marshmallows -0.13>  0.83 026 129 —0.17%* 0.62
Biscuits, packaged cakes, pastries, puddings 0.02° 099 0.19%" 120 —0.26>* 0.58
Ice cream, milk- or fruit-based bars —0.30%* 0.76  0.29%" 1.24 —0.02° 0.77

*The lowest mean value within a row

"The highest mean value within a row

abMean values within a row with unlike superscript letters were significantly different (p <0.05)

@ Springer
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Table 2 Z scores of relative
consumption frequencies in
the three clusters at follow-up
[mean values and standard
deviation (SD)]

@ Springer

Food items Animal protein Sweet and Healthy

and refined processed (n=1335)

carbohydrate (n=1306)

(n=1303)

Mean SD  Mean SD Mean SD
Cooked vegetables, potatoes, beans 0.02° 1.01 —0.15>* 093 0.12%7 1.04
Fried potatoes, potato croquettes —0.07° 094 04287 1.12 —0.33% 0.74
Raw vegetables —025¢  0.78 —0.41°* 0.61 0.66% 1.15
Fresh fruits without added sugar 0.20° 1.07 —0.46* 073 0.24% 0.98
Fresh fruits with added sugar 0.13%" 126 —0.01° 0.85 —0.13>* 0.78
Water 0.69%" 0.81 —0.43%* 094 —029° 0.82
Fruit juices —0.08>* 0.88 0.15*" 1.16 —0.06® 091
Sweetened drinks —0.26*% 041 0494 152 —021° 044
Diet drinks —0.16>* 034 029%" 158 —0.11°> 0.53
Breakfast cereals, muesli, sweetened 0.08® 1.09 0.13*" 1.03 —0.21** 0.81
Porridge, oat meal, gruel, cereals, muesli, unsweetened —026> 0.74 —0.28>* 0.61 0.55" 1.26
Plain unsweetened milk —041>* 076 —0.18° 0.81 0.60>" 1.08
Sweetened milk 0.55%" 1.17 —-0.08° 0.90 —0.49>. 047
Plain unsweetened yogurt or kefir -0.11° 091 —0.17% 072 029" 1.22
Sweet yogurt, fermented milk beverages 0.19%" 1.14 -0.04° 0.92 -0.15>* 0.86
Fresh or frozen fish, not fried 057" 1.08 -047>* 071 -0.12¢ 0.84
Fried fish, fish fingers 0.08%" 1.10 0.02* 1.01 —0.10>* 0.84
Cold cuts, preserved, ready to cook meat products -0.21%% 0.84 028" 1.08 —0.05° 099
Fresh meat, not fried 0.42*"  1.01 -0.16° 098 —0.27>* 0.85
Fried meat —0.23%* 0.86 020> 1.05 0.04° 1.02
Fried or scramble eggs 020%" 1.03  0.05° 1.05 —0.25"* 0.84
Boiled or poached eggs —0.22°*% 0.83 —0.02° 1.01 025" 1.09
Mayonnaise, mayonnaise-based products —0.18> 074 0.46>" 133 —025*% 0.61
Cheese 0.07*"  1.06 —0.08>* 097 0.01° 0.94
Jam-honey —0.25>* 0.82  0.07° 096 0.19*" 1.13
Chocolate or nut based spreads —0.02° 0.81 0.44% 126 —0.40, 0.62
Butter, margarine on bread —0.49>* 047 011> 097 040° 1.18
Reduced-fat products on bread —0.39>* 041 0.03° 091 037> 131
Ketchup —0.30>. 075 037%T 127 —0.05° 0.78
White bread, white roll, white crispbread 0345 113 0.06° 094 —041%>, 0.71
Wholemeal bread, dark roll, dark crispbread —0.49>, 0.58 —0.05¢ 091 057" 1.12
Pasta, noodles, rice 0.19*" 123 —0.18>* 0.81 —0.02° 0.84
Dish of milled cereals —0.28™. 0.37 —0.03° 091 0.32>" 1.36
Pizza as main dish 0.13*  1.06 0.18" 1.21 —0.32° 0.49
Hamburguers, hot dogs, kebabs, wraps, falafel —0.32>, 054 031> 128 0.02° 094
Nuts, seeds, dried fruits -0.07°> 091 -0.08> 087 0.15*" 1.16
Crisps, maize (corn) crisps, popcorn —-0.13°  0.89 038" 1.19 —0.24% 075
Savoury pastries, fritters -0.06° 091 031" 124 —0.24% 0.68
Chocolate, candy bars -022° 077 0508 124 —025* 0.72
Candies, loose candies, marshmallows -026> 072 039" 134 —0.11° 0.68
Biscuits, packaged cakes, pastries, puddings -0.12°  0.87 035" 128 —021%> 0.64
Ice cream, milk- or fruit-based bars —0.25", 0.85 028" 121 —-0.01° 083

*The lowest mean value within a row

"The highest mean value within a row

abMean values within a row with unlike superscript letters were significantly different (p <0.05)
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Table 3 Description of the included study population by cluster membership at baseline (T0) and follow-up (T1)
Animal protein and refined carbo-  Sweet and processed Healthy Total TO
hydrate
TO T1 TO Tl TO T1
n % n % n % n % n % n % n %
Total 1303 1379 1472 1306 1245 1335 4020
Gender
Boys 666 51.1 708 51.3 766  52.0 683 52.3 605 48.6 646 484 2037 50.7
Girls 637 489 671 48.7 706  48.0 623 47.7 640 514 689 51.6 1983 49.3
Age
<6 years 522 40.1 220 16.0 566 38.5 148 11.3 526 422 202 15.1 1614  40.1
>6 years 781 59.9 1159 84.0 906  61.5 1158 88.7 719 57.8 1133 84.9 2406 59.9
BMI status
Underweight 97 74 90 6.5 212 14.4 179 13.7 160 12.9 157 11.7 469 11.8
Normal weight 833 63.9 859 62.3 1074 73 879 673 933 74.9 964 722 2840  70.6
Overweight 234 18.0 295 214 117 7.9 179 13.7 113 9.1 161 12.1 464 11.5
Obese 139 10.7 135 9.8 69 4.7 69 5.3 39 3.1 53 4.0 247 6.1
Country
Italy 497 38.1 458 332 91 6.2 133 10.2 30 2.4 27 2.0 618 15.4
Estonia 10 0.8 15 1.1 280 19 208 15.9 218 17.5 285 21.4 508 12.6
Cyprus 4 0.3 7 0.5 30 2.0 26 2.0 15 1.2 16 1.2 49 1.2
Belgium 54 4.1 58 4.2 339 23.1 324 248 100 8.1 111 8.3 493 12.3
Sweden 5 0.4 17 1.2 30 2.0 45 34 537  43.1 510 38.2 572 14.2
Germany 11 0.8 13 1.0 176 12 140 10.7 99 8.0 133 10.0 286 7.1
Hungary 49 3.8 133 9.6 472 322 364 279 196 15.7 222 16.6 719 17.9
Spain 673 51.7 678 49.2 52 3.5 66 5.1 50 4.0 31 2.3 775 19.3
Table 4 Cross tabulation Cluster membership at T1 Cluster membership at TO
between the cluster
memberships of children at Animal protein and  Sweet and pro- Healthy Total, n
baseline (T0) and follow-up refined carbohydrate cessed
(T1). (Number of participants
and percentages) n % n % n %
Animal protein and refined 1056 76.6 187 13.6 136 9.9 1379
carbohydrate
Sweet and processed 183 14.0 964 73.8 159 12.2 1306
Healthy 64 4.8 321 24 950 71.2 1335
Total 1303 324 1472 36.6 1245 31.0 4020

Table 4 summarizes the percentages of children allo-
cated to the same, or different, clusters at baseline and
follow-up. The cluster presenting the highest stability
was the ‘animal protein and refined carbohydrate’ pat-
tern with 76% of the children being allocated there both in
TO and T1. 73.8% of the children remained in the ‘sweet
and processed’ cluster over time while 71.2% remained in
the ‘healthy’ cluster from TO to T1. Table 5 summarizes
the percentages of children allocated in the different cat-
egories of hs-CRP over time. Most of the children, 79.9%,
remained in the lowest category of the hs-CRP at both time
points, i.e., were in the first or second tertile of the hs-CRP.

Table 5 Cross tabulation between the high sensitivity C-reactive pro-
tein (hs-CRP) categories at baseline (T0) and follow-up (T1). (Num-
ber of participants and percentages)

hs-CRP catego- hs-CRP categories at TO

ries at T1
Category 1 Category 11 Total, n
n % n %
Category 1 2618 79.9 658 20.1 3276
Category II 540 72.6 204 27.8 744
Total 3158 78.6 862 21.4 4020

Category I being in the first or second tertile of hs-CRP by gender
Category Il being in the highest tertile of hs-CRP by gender
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In contrast, 27.8% remained in the highest tertile of hs-CRP
over time.

Finally, Table 6 shows the OR and 95% CI for the asso-
ciations between the hs-CRP categories and the identified
dietary patterns.

In the cross-sectional analyses, there were no associa-
tions of diet with CRP at TO. When diet assessed at T1
was compared to hs-CRP at T1, children allocated to the
‘sweet and processed’ cluster had a 28% higher probability
of being in the upper category of hs-CRP compared with
those allocated in the ‘healthy’ cluster (OR=1.28; 95%
CI 1.03, 1.61) in the full-adjusted model. In the analysis
of the cluster combinations, children allocated to the ‘ani-
mal protein and refined carbohydrate’ or to the ‘sweet and
processed’ cluster at both times presented, respectively, a
47% (OR=1.47;95% CI 1.03, 2.09) and a 44% (OR =1.44;
95% CI 1.08, 1.92) higher probability of being in the upper
hs-CRP category compared with those allocated to the

‘healthy’ cluster both times in the unadjusted model. When
all the co-variables were included in the analyses, those
allocated in the ‘sweet and processed’ cluster still presented
significantly higher odds of being in the highest hs-CRP
category (OR=1.39; 95% CI 1.05, 1.84) compared to those
in the ‘healthy cluster’.

The z scores of the relative frequency of the food items
that defined the clusters, i.e., the highest or lowest z value
from Tables 1 and 2 in comparison with the other patterns
over time, are presented as radar plots in the supplementary
material (Supplementary Figs. 1-12).

Discussion

This study in European children identified three dietary
patterns at two time points (TO and T1) using cluster anal-
ysis. The so-labeled ‘animal protein and refined carbohy-
drate’ pattern was characterized for having a relatively

Table 6 Associations between high sensitivity C-reactive protein (hs-CRP) in each time point and cluster membership in each time point (TO

and T1)* and the combinations of clusters over time

hs-CRP hs-CRP
Model 1 Model 2
OR** 95% C1 OR** 95% CI
TO
Healthy cluster 1 1
Animal protein and refined carbohydrate 1.21 0.96, 1.52 1.19 0.95, 1.50
Sweet and processed 1.11 0.90, 1.35 1.10 0.90, 1.35
Animal protein and refined carbohydrate or sweet and processed 1.14 0.95, 1.38 1.14 0.94,1.37
T1
Healthy cluster 1 1
Animal protein and refined carbohydrate 1.25 0.93, 1.67 1.22 0.95, 1.56
Sweet and processed 1.28 1.02, 1.61 1.28 1.03, 1.61
Animal protein and refined carbohydrate or sweet and processed 1.27 1.02, 1.59 1.26 1.02, 1.54
Cluster combinations over time’
Healthy at two time points (n=950) 1 1
Animal protein and refined carbohydrate cluster at two time points (n = 1056) 1.47 1.03,2.09 1.13 0.97, 1.76
Sweet and processed cluster at two time points (n = 964) 1.44 1.08, 1.92 1.39 1.05, 1.84
Animal protein and refined carbohydrate or sweet/processed to healthy cluster, (n=385) 1.25 0.88, 1.79 1.12 0.78, 1.60
Healthy cluster to sweet/processed and animal protein and refined carbohydrate (n=295) 1.19 0.82,1.73 1.12 0.76-1.63
Animal protein and refined carbohydrate or sweet/processed to animal protein and refined 1.42 0.98, 2.04 1.28 0.90, 1.81

carbohydrate or sweet/processed, (n=2370)

All models of the multilevel logistic regression include random effects (country, school) to account for the study design

Model 1: unadjusted multilevel logistic regression

Model 2: multilevel logistic regression adjusted for age, gender, study region (intervention vs. control), parental education level, BMI and medi-

cation

Bold value indicates p < 0.005

*TO: baseline, T1: follow

**Qdds for being allocated to the highest hs-CRP tertile

"Model 1 and Model 2 for the cluster combination included hs-CRP of T1 as dependent variable. Model 1 was unadjusted, while Model 2 was
adjusted for age at T1, sex, study region (intervention vs. control), parental education level at T1, BMI at T1, hs-CRP at TO and medication
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high frequency of protein foods, water and some carbohy-
drate foods; the ‘sweet and processed’ pattern showed a
high relative frequency of both sweet products and sweet
drinks and a low relative frequency of fruit and vegetables,
whereas the named ‘healthy’ pattern showed high relative
frequency of fruits and vegetables, whole grain foods and
low consumption of sweet products. These patterns were
consistently similar at both time points, which allowed us
to explore the associations of persistency/changes of die-
tary patterns in children and hs-CRP.

Although dietary patterns are dependent on the specific
study group sample and not comparable between studies,
it should be mentioned that a previous dietary patterns
analysis in the IDEFICS cohort was performed; similar
patterns were found using PCA [30]. In the previous study,
similar ‘animal protein and refined carbohydrate’, ‘healthy’
and ‘sweet and processed’ patterns were found but were
allocated to different names. In addition, they identified a
fourth pattern named ‘snacking’ which was not identified
in our analysis and this could be due to the different sta-
tistical approach or the different sub-sample. Neverthe-
less, other studies have obtained similar dietary patterns
using different assessment methods in the same sample of
adults [31, 32], and even in children [33]. Also, another
study performed with IDEFICS data [28] found a similar
‘healthy’ dietary pattern using cluster analysis. This study
also obtained a ‘processed’ cluster and a ‘sweet’ cluster,
with similar characteristics as the ‘sweet and processed’
pattern found in this study, whereas no pattern related with
protein intake was found. This could be due to the differ-
ences in sample size and characteristics: 9301 children
were included in that analysis compared with 4020 children
included in the present study. Importantly, these studies
found persistent patterns in both time points.

In the current study, lower percentages of obese chil-
dren were included in the ‘healthy’ pattern in comparison
with the proportion of children in the other two patterns.
In contrast, higher percentages of overweight and obese
children were observed in the ‘animal protein and refined
carbohydrate’ pattern when compared to both ‘sweet and
processed’ and ‘healthy’ patterns.

The present study also found positive associations
between the ‘sweet and processed’ pattern and inflamma-
tion at T1 as compared to the ‘healthy’ pattern. In the lit-
erature, a review identified the western-type diet, character-
ized by a high consumption of meat, as the dietary pattern
more related with inflammation, while the ‘healthy’ pat-
tern with high consumption of fruits and vegetables was
inversely related with inflammation [10]. However, this
review included only cross-sectional observational stud-
ies. It seems that westernized dietary patterns characterized
by higher intakes of red and processed meats, sweets, des-
serts, fried foods, and refined grains are positively related

to an increase of inflammation molecules, endothelial adhe-
sion molecules and atherogenic promoters [34, 35]. Also
another review found similar results regarding the western
dietary pattern comparing studies using different ways to
obtain the dietary patterns [36]. Another study [37] found
that the ‘eggs and sweets’ pattern was associated with high
levels of CRP, as well as the ‘pasta and meat’ pattern, while
the ‘olive oil and vegetables’ pattern was negatively asso-
ciated with CRP. Therefore, results from literature suggest
that the relationship between unhealthy dietary patterns
and inflammation is not as consistent as for the ‘healthy’
pattern. This could be explained because the statisti-
cal approach is a posteriori method, meaning that differ-
ent clusters could appear in different samples. In addition,
the definition of an unhealthy pattern is wider than for the
‘healthy’ pattern, often characterized for a high consump-
tion of vegetables and fruits. The beneficial combination
of antioxidant vitamins or compounds, fiber and other anti-
inflammatory phytochemicals, which are contained in veg-
etal foods, may underlie the inverse association with CRP,
or inflammation [38].

Results from the present study regarding the ‘sweet and
processed’ pattern, in comparison with other studies, could
be explained by the population sample, as children are
more likely to eat sweet products than adults in a regular
basis. Also, soft drinks or sugar-rich foods are associated
with glycemic spikes that may contribute to oxidative stress
and both to acute and chronic inflammation even in lean
subjects [39]. Also the ‘animal protein and refined carbo-
hydrate’ cluster included foods with high glycemic index,
which also have been related with inflammation. However,
the ‘sweet and processed’ pattern was also characterized by
a low relative frequency of vegetables and fruits. Therefore,
the combination of these frequencies of consumption of
these specific foods could explain the relationship between
this pattern and inflammation, measured by the hs-CRP.

The present study is subject to a number of limita-
tions. The CEHQ-FFQ was not designed to capture total
food intake but to record information on parent-supervised
meals. However, the CEHQ-FFQ has previously been
shown to give reproducible estimates of the frequency of
food group consumption in European children [23, 24].
Also, the number of meals under parental control varied
between countries, which could partially explain the dif-
ferences observed in dietary patterns between countries.
In addition, hs-CRP was the only inflammatory marker
measured in the IDEFICS study; more markers could have
provided a better insight of their effect in the inflammatory
process. Moreover, recent Mendelian randomization stud-
ies with genetic CRP marker data do not support a causal
role for CRP in the etiology coronary heart disease [40].
Also, in cluster analysis, clusters are not exactly the same
at different time points, although in the present study we
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found high similarities at both time points for each cluster.
Finally, the FFQ covered the 4 previous weeks; therefore,
potential differences due to seasonality could not be con-
sidered in our analysis. However, the measurements of the
subjects were performed in the same period over time. On
the other hand, this study also presents some strengths:
Firstly, the use of standardized and harmonized informa-
tion from eight European countries and the use of a vali-
dated dietary instrument, providing reproducible estimates
of food frequency consumptions. Secondly, the multilevel
design, which takes into account differences by country
and schools adjusting for a set of relevant confounders
such as BMI. Finally, the prospective design of the analy-
sis is a strength as it gives a better insight of a long-term
behavior such as diet consumption and its relation with
inflammation.

To our knowledge, this is the first prospective study to
assess the association between dietary patterns and inflam-
mation, measured by hs-CRP, in a sample of European
children. In conclusion, this study shows that a ‘sweet and
processed’ pattern was associated with hs-CRP cross-sec-
tionally and over time. It seems that a long-term pattern
characterized by a high relative consumption frequency of
sugar and processed products and a low relative consump-
tion frequency of vegetables and fruits is independently
related with inflammation already in childhood. Efforts to
reduce the frequency of sugar and processed products con-
sumption and to increase the frequency of fruits and veg-
etables consumption should be undertaken in children, to
avoid potential future diseases related with chronic inflam-
mation. These results provide further insight to better
understand the association between dietary patterns and
inflammation.

Acknowledgements This work was done as part of the IDEFICS
Study and was published on behalf of its European Consortium
(http://www.idefics.eu). The information in this document reflects the
author’s view and is provided as is. We gratefully acknowledge the
financial support of the European Community within the Sixth RTD
Framework Programme Contract No. 016181 (FOOD).

Compliance with ethical standards

Conflict of interest
of interest.

The authors declare that they have no conflict

References

1. Hotamisligil GS (2006) Inflammation and metabolic disorders.
Nature 444(7121):860-867. doi:10.1038/nature05485

2. Ross R (1999) Atherosclerosis—an inflammatory disease. N Engl
J Med 340(2):115-126. doi: 10.1056/NEJM 199901 143400207

3. Landgraf K, Rockstroh D, Wagner 1V, Weise S, Tauscher R,
Schwartze JT, Loffler D, Buhligen U, Wojan M, Till H, Kratzsch
J, Kiess W, Bluher M, Korner A (2015) Evidence of early

@ Springer

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

alterations in adipose tissue biology and function and its associa-
tion with obesity-related inflammation and insulin resistance in
children. Diabetes 64(4):1249-1261. doi:10.2337/db14-0744
Murdolo G, Smith U (2006) The dysregulated adipose tissue: a
connecting link between insulin resistance, type 2 diabetes mel-
litus and atherosclerosis. Nutr Metab Cardiovasc Dis 16(Suppl
1):S35-S38. doi:10.1016/j.numecd.2005.10.016

Cook DG, Mendall MA, Whincup PH, Carey IM, Ballam L,
Morris JE, Miller GJ, Strachan DP (2000) C-reactive protein
concentration in children: relationship to adiposity and other car-
diovascular risk factors. Atherosclerosis 149(1):139-150 pii]
Ford ES (2003) C-reactive protein concentration and cardiovas-
cular disease risk factors in children: findings from the National
Health and Nutrition Examination Survey 1999-2000. Circula-
tion 108(9):1053-1058. doi:10.1161/01.CIR.0000080913.81393.
BS

Dowd JB, Zajacova A, Aiello AE (2010) Predictors of inflamma-
tion in US children aged 3-16 years. Am J Prev Med 39(4):314—
320. doi:10.1016/j.amepre.2010.05.014

Calder PC, Ahluwalia N, Brouns F, Buetler T, Clement K, Cun-
ningham K, Esposito K, Jonsson LS, Kolb H, Lansink M, Mar-
cos A, Margioris A, Matusheski N, Nordmann H, O’Brien J,
Pugliese G, Rizkalla S, Schalkwijk C, Tuomilehto J, Warnberg J,
Watzl B, Winklhofer-Roob BM (2011) Dietary factors and low-
grade inflammation in relation to overweight and obesity. Br J
Nutr 106(Suppl 3):S5-S78. doi:10.1017/S0007114511005460
Galland L (2010) Diet and inflammation. Nutr Clin Pract
25(6):634-640. doi:10.1177/0884533610385703

Barbaresko J, Koch M, Schulze MB, Nothlings U (2013) Die-
tary pattern analysis and biomarkers of low-grade inflamma-
tion: a systematic literature review. Nutr Rev 71(8):511-527.
doi:10.1111/nure.12035

Gonzalez-Gil EM, Santabarbara J, Siani A, Ahrens W, Sioen I,
Eiben G, Gunther K, Iacoviello L, Molnar D, Rise P, Russo P,
Tornaritis M, Veidebaum T, Galli C, Moreno LA (2016) Whole-
blood fatty acids and inflammation in European children: the
IDEFICS Study. Eur J Clin Nutr 70(7):819-823. doi:10.1038/
ejen.2015.219

Gonzalez-Gil EM, Santabarbara J, Russo P, Ahrens W, Claessens
M, Lissner L, Bornhorst C, Krogh V, Iacoviello L, Molnar D,
Siani A, Tornaritis M, Veidebaum T, Moreno LA (2015) Food
intake and inflammation in European children: the IDEFICS
study. Eur J Nutr. doi:10.1007/s00394-015-1054-3

Hu FB (2002) Dietary pattern analysis: a new direction in nutri-
tional epidemiology. Curr Opin Lipidol 13(1):3-9

Wirfalt E, Drake I, Wallstrom P (2013) What do review papers
conclude about food and dietary patterns? Food Nutr Res.
doi:10.3402/fnr.v57i0.20523

Lee Y, Kang D, Lee SA (2014) Effect of dietary patterns on
serum C-reactive protein level. Nutr Metab Cardiovasc Dis
24(9):1004-1011. doi:10.1016/j.numecd.2014.05.001
Smidowicz A, Regula J (2015) Effect of nutritional status and
dietary patterns on human serum C-reactive protein and inter-
leukin-6 concentrations. Adv Nutr 6(6):738-747. doi:10.3945/
an.115.009415

Cao Y, Wittert G, Taylor AW, Adams R, Appleton S, Shi Z
(2016) Nutrient patterns and chronic inflammation in a cohort of
community dwelling middle-aged men. Clin Nutr. doi:10.1016/j.
¢lnu.2016.06.018

Defago MD, Elorriaga N, Irazola VE, Rubinstein AL (2014)
Influence of food patterns on endothelial biomarkers: a sys-
tematic review. J Clin Hypertens (Greenwich) 16(12):907-913.
doi:10.1111/jch.12431

Stricker MD, Onland-Moret NC, Boer JM, van der Schouw YT,
Verschuren WM, May AM, Peeters PH, Beulens JW (2013)
Dietary patterns derived from principal component- and k-means


http://www.idefics.eu
https://doi.org/10.1038/nature05485
https://doi.org/10.1056/NEJM199901143400207
https://doi.org/10.2337/db14-0744
https://doi.org/10.1016/j.numecd.2005.10.016
https://doi.org/10.1161/01.CIR.0000080913.81393.B8
https://doi.org/10.1161/01.CIR.0000080913.81393.B8
https://doi.org/10.1016/j.amepre.2010.05.014
https://doi.org/10.1017/S0007114511005460
https://doi.org/10.1177/0884533610385703
https://doi.org/10.1111/nure.12035
https://doi.org/10.1038/ejcn.2015.219
https://doi.org/10.1038/ejcn.2015.219
https://doi.org/10.1007/s00394-015-1054-3
https://doi.org/10.3402/fnr.v57i0.20523
https://doi.org/10.1016/j.numecd.2014.05.001
https://doi.org/10.3945/an.115.009415
https://doi.org/10.3945/an.115.009415
https://doi.org/10.1016/j.clnu.2016.06.018
https://doi.org/10.1016/j.clnu.2016.06.018
https://doi.org/10.1111/jch.12431

Eur J Nutr (2018) 57:1397-1407

1407

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

cluster analysis: long-term association with coronary heart dis-
ease and stroke. Nutr Metab Cardiovasc Dis 23(3):250-256.
doi:10.1016/j.numecd.2012.02.006

Wirfalt AK, Jeffery RW (1997) Using cluster analysis to examine
dietary patterns: nutrient intakes, gender, and weight status differ
across food pattern clusters. J] Am Diet Assoc 97(3):272-279
Brunner EJ, Mosdol A, Witte DR, Martikainen P, Stafford M,
Shipley MJ, Marmot MG (2008) Dietary patterns and 15-y risks
of major coronary events, diabetes, and mortality. Am J Clin
Nutr 87(5):1414-1421 pii]

Ahrens W, Bammann K, Siani A, Buchecker K, De Henauw S,
Tacoviello L, Hebestreit A, Krogh V, Lissner L, Marild S, Mol-
nar D, Moreno LA, Pitsiladis YP, Reisch L, Tornaritis M, Vei-
debaum T, Pigeot I, Consortium I (2011) The IDEFICS cohort:
design, characteristics and participation in the baseline survey.
Int J Obes (Lond) 35(Suppl 1):S3-15. doi:10.1038/ij0.2011.30
Huybrechts I, Bornhorst C, Pala V, Moreno LA, Barba G, Liss-
ner L, Fraterman A, Veidebaum T, Hebestreit A, Sieri S, Otte-
vaere C, Tornaritis M, Molnar D, Ahrens W, De Henauw S,
Consortium I (2011) Evaluation of the Children’s Eating Hab-
its Questionnaire used in the IDEFICS study by relating urinary
calcium and potassium to milk consumption frequencies among
European children. Int J Obes (Lond) 35(Suppl 1):S69-78.
doi:10.1038/ijo.2011.37

Lanfer A, Hebestreit A, Ahrens W, Krogh V, Sieri S, Lissner L,
Eiben G, Siani A, Huybrechts I, Loit HM, Papoutsou S, Kovacs
E, Pala V, Consortium I (2011) Reproducibility of food con-
sumption frequencies derived from the Children’s Eating Hab-
its Questionnaire used in the IDEFICS study. Int J Obes (Lond)
35(Suppl 1):S61-68. doi:10.1038/ijo.2011.36

Peplies J, Fraterman A, Scott R, Russo P, Bammann K (2010)
Quality management for the collection of biological sam-
ples in multicentre studies. Eur J Epidemiol 25(9):607-617.
doi:10.1007/s10654-010-9481-1

UNESCO (2007) United Nations Educational Scientific and Cul-
tural Organization. International Standard Classification of Edu-
cation (ISCED). http://www.uis.unesco.org/Library/Documents/
isced97-en.pdf. Accessed 15 March 2017

Newby PK, Tucker KL (2004) Empirically derived eating
patterns using factor or cluster analysis: a review. Nutr Rev
62(5):177-203

Fernandez-Alvira JM, Bornhorst C, Bammann K, Gwozdz W,
Krogh V, Hebestreit A, Barba G, Reisch L, Eiben G, Iglesia I,
Veidebaum T, Kourides YA, Kovacs E, Huybrechts I, Pigeot I,
Moreno LA (2015) Prospective associations between socio-
economic status and dietary patterns in European children: the
Identification and Prevention of Dietary- and Lifestyle-induced
Health Effects in Children and Infants (IDEFICS) Study. Br J
Nutr 113(3):517-525. doi:10.1017/S0007114514003663

Everitt B, Landau S, Leese M et al (2011) Cluster analysis,
5th edn. Wiley, London

Pala V, Lissner L, Hebestreit A, Lanfer A, Sieri S, Siani A, Huy-
brechts I, Kambek L, Molnar D, Tornaritis M, Moreno L, Ahrens

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

W, Krogh V (2013) Dietary patterns and longitudinal change
in body mass in European children: a follow-up study on the
IDEFICS multicenter cohort. Eur J Clin Nutr 67(10):1042—-1049.
doi:10.1038/ejcn.2013.145

Reedy J, Wirfalt E, Flood A, Mitrou PN, Krebs-Smith SM, Kip-
nis V, Midthune D, Leitzmann M, Hollenbeck A, Schatzkin A,
Subar AF (2010) Comparing 3 dietary pattern methods—cluster
analysis, factor analysis, and index analysis—with colorectal
cancer risk: the NIH-AARP Diet and Health Study. Am J Epide-
miol 171(4):479-487. doi:10.1093/aje/kwp393

Crozier SR, Robinson SM, Borland SE, Inskip HM, Group
SWSS (2006) Dietary patterns in the Southampton Wom-
en’s Survey. Eur J Clin Nutr 60(12):1391-1399. doi:10.1038/
sj.ejen. 1602469

Smith AD, Emmett PM, Newby PK, Northstone K (2011) A
comparison of dietary patterns derived by cluster and principal
components analysis in a UK cohort of children. Eur J Clin Nutr
65(10):1102-1109. doi:10.1038/ejcn.2011.96

Nettleton JA, Steffen LM, Mayer-Davis EJ, Jenny NS, Jiang R,
Herrington DM, Jacobs DR Jr (2006) Dietary patterns are asso-
ciated with biochemical markers of inflammation and endothelial
activation in the Multi-Ethnic Study of Atherosclerosis (MESA).
Am J Clin Nutr 83(6):1369-1379 pii]

Lopez-Garcia E, Schulze MB, Fung TT, Meigs JB, Rifai N,
Manson JE, Hu FB (2004) Major dietary patterns are related to
plasma concentrations of markers of inflammation and endothe-
lial dysfunction. Am J Clin Nutr 80(4):1029-1035

Oude Griep LM, Wang H, Chan Q (2013) Empirically-derived
dietary patterns, diet quality scores, and markers of inflamma-
tion and endothelial dysfunction. Curr Nutr Rep 2(2):97-104.
doi:10.1007/s13668-013-0045-3

Centritto F, Iacoviello L, di Giuseppe R, De Curtis A, Cos-
tanzo S, Zito F, Grioni S, Sieri S, Donati MB, de Gaetano G, Di
Castelnuovo A, Moli-sani I (2009) Dietary patterns, cardiovascu-
lar risk factors and C-reactive protein in a healthy Italian popula-
tion. Nutr Metab Cardiovasc Dis 19 (10):697-706. doi:10.1016/;.
numecd.2008.11.009

Bullo M, Casas-Agustench P, Amigo-Correig P, Aranceta J,
Salas-Salvado J (2007) Inflammation, obesity and comorbidi-
ties: the role of diet. Public Health Nutr 10(10A):1164-1172.
doi:10.1017/S1368980007000663

Dickinson S, Hancock DP, Petocz P, Ceriello A, Brand-Miller
J (2008) High-glycemic index carbohydrate increases nuclear
factor-kappaB activation in mononuclear cells of young, lean
healthy subjects. Am J Clin Nutr 87(5):1188-1193 pii]
Collaboration CRPCHDG, Wensley F, Gao P, Burgess S, Kap-
toge S, Di Angelantonio E et al (2011) Association between C
reactive protein and coronary heart disease: mendelian ran-
domisation analysis based on individual participant data. BMJ
342:d548

@ Springer


https://doi.org/10.1016/j.numecd.2012.02.006
https://doi.org/10.1038/ijo.2011.30
https://doi.org/10.1038/ijo.2011.37
https://doi.org/10.1038/ijo.2011.36
https://doi.org/10.1007/s10654-010-9481-1
http://www.uis.unesco.org/Library/Documents/isced97-en.pdf
http://www.uis.unesco.org/Library/Documents/isced97-en.pdf
https://doi.org/10.1017/S0007114514003663
https://doi.org/10.1038/ejcn.2013.145
https://doi.org/10.1093/aje/kwp393
https://doi.org/10.1038/sj.ejcn.1602469
https://doi.org/10.1038/sj.ejcn.1602469
https://doi.org/10.1038/ejcn.2011.96
https://doi.org/10.1007/s13668-013-0045-3
https://doi.org/10.1016/j.numecd.2008.11.009
https://doi.org/10.1016/j.numecd.2008.11.009
https://doi.org/10.1017/S1368980007000663

	Prospective associations between dietary patterns and high sensitivity C-reactive protein in European children: the IDEFICS study
	Abstract 
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Study design
	Study sample
	Measurements
	Statistical analyses
	Results
	Discussion

	Acknowledgements 
	References


