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Dietary pattern analysis and biomarkers of low-grade
inflammation: a systematic literature review
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The purpose of the present literature review was to investigate and summarize the
current evidence on associations between dietary patterns and biomarkers of
inflammation, as derived from epidemiological studies. A systematic literature
search was conducted using PubMed, Web of Science, and EMBASE, and a total of 46
studies were included in the review. These studies predominantly applied principal
component analysis, factor analysis, reduced rank regression analysis, the Healthy
Eating Index, or the Mediterranean Diet Score. No prospective observational study
was found. Patterns identified by reduced rank regression as being statistically
significantly associated with biomarkers of inflammation were almost all
meat-based or “Western” patterns. Studies using principal component analysis or a
priori-defined diet scores found that meat-based or “Western-like” patterns tended
to be positively associated with biomarkers of inflammation, predominantly
C-reactive protein, while vegetable- and fruit-based or “healthy” patterns tended to
be inversely associated. While results of the studies were inconsistent, interventions
with presumed healthy diets resulted in reductions of almost all investigated
inflammatory biomarkers. In conclusion, prospective studies are warranted to
confirm the reported findings and further analyze associations, particularly by
investigating dietary patterns as risk factors for changes in inflammatory markers

over time.
© 2013 International Life Sciences Institute

INTRODUCTION

Chronic low-grade inflammation has been hypothesized
as an underlying pathophysiological mechanism linking
behavioral factors and obesity to chronic disease risk."
Elevated levels of inflammatory biomarkers such as
C-reactive protein (CRP), interleukin (IL) 6 and 18,
fibrinogen, and adhesion molecules (e.g., E-selectin,
intercellular adhesion molecule 1 [ICAM-1], and
vascular cell adhesion protein 1 [VCAM-1]) have been
shown to predict type 2 diabetes,>* cardiovascular disease
(CVD),’ and cancer.®’ In contrast, concentrations of the

anti-inflammatory hormone adiponectin were inversely
associated with CVD,® type 2 diabetes,” and obesity-
related cancer.'

Dietary intake in relation to low-grade inflammation
has been investigated in a number of studies exploring
nutrients, foods, or dietary patterns.'"'> The latter inte-
grate dietary behaviors and have a number of advantages
over the single-nutrient or food approach. Taking into
account that nutrients or foods are rarely eaten in isola-
tion, dietary patterns consider synergistic or antagonistic
biochemical interactions among nutrients as well as dif-
ferent food sources of the same nutrient.”” To investigate
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dietary patterns, two general approaches have been estab-
lished in nutritional epidemiology."*'* First, the a priori
or hypothesis-oriented approach, which determines diet
scores or indices (e.g., Healthy Eating Index [HEI], Medi-
terranean Diet Score [MDS]) based on a priori assump-
tions, like dietary recommendations, which could also be
applied in interventional studies. Second, the a posteriori
or exploratory approach, which is a data-driven method
identifying dietary patterns through consideration of
dietary behaviors in specific study populations. The most
commonly applied a posteriori approaches are principal
component analysis (PCA) and factor analysis (FA),
both of which generate results by combining foods that
maximally explain the variance in food intake among
participants.”® In contrast, cluster analysis, as a further
exploratory method, identifies dietary patterns by group-
ing individuals according to similarities in their dietary
behavior."” Reduced rank regression (RRR) analysis pre-
sents a statistical data reduction method that combines
the a priori and a posteriori approaches by exploring the
dietary data of the study and applying prior knowledge by
selecting disease-related response variables (e.g., biomar-
kers). The dietary patterns identified explain as much
variance as possible in the distribution of response vari-
ables, e.g., levels of biomarkers."*

The aim of the present systematic literature review
was to investigate and summarize the current evidence on
associations between dietary patterns identified using a
posteriori and a priori approaches and biomarkers of
inflammation, as derived from epidemiological studies.
Particular emphasis is placed on dietary patterns predict-
ing change in physiological biomarker levels.

METHODS

A systematic literature search was conducted using the
databases PubMed, Web of Science, and EMBASE using
the following search terms: “dietary pattern,” “dietary
patterns,” “food pattern,” “food patterns,” “diet score,”
“diet scores,” “diet index,” “diet indices,” “eating index,’
“eating indices,” “dietary habit,” or “dietary habits” in
combination with “inflammat*” “C-reactive protein,”
“CRP “interleukin,” “IL-6," “tumor necrosis factor,’
“INE’ “adiponectin,” “fibrinogen,” “E-selectin,” “serum
amyloid A, “ICAM-1,” “intercellular adhesion molecule
17 “VCAM-1,” or “vascular cell adhesion protein 1”7 in
all fields.

The titles and abstracts of identified articles were
screened by two authors (J.B. and M.K.) to identify
the studies meeting the following inclusion criteria:
1) studies describing the association between blood
biomarker(s) of chronic inflammation and a priori

or a posteriori dietary pattern(s); 2) observational
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epidemiological studies or intervention studies based on
a priori-defined dietary patterns; 3) studies in humans;
4) publication in scientific journals (conference abstracts
were excluded); and 5) articles published from January
2000 to January 2012. The full-text articles were
retrieved for all eligible studies. The following exclusion
criteria were additionally applied: 1) studies based on
children, adolescents, or pregnant women (examination
of the effects of maternal diet only); 2) studies contain-
ing less than 50 participants or an intervention group of
less than 50 participants; 3) dietary assessment not
based on an FFQ, dietary record, dietary history, or 24-h
recall; 4) repeated publication of the same study. In the
latter case, the study with the larger sample size or the
one providing more information on biomarkers was
included. No limitations on the language of the publica-
tion were applied. The reference lists of the selected
studies were manually reviewed to identify additional
articles meeting the eligibility criteria.

The following details were extracted from each
study: first author and year of publication; study design;
participant characteristics (age, disease status); dietary
assessment method; dietary pattern approach; dietary
patterns identified or diet scores/indices investigated;
associations among dietary patterns; and inflammatory
biomarkers in the fully adjusted model.

Dietary habits differ across cultures, and a posteriori
dietary patterns vary in their compositions and descrip-
tive terms as a result, e.g., “Japanese pattern”'® or “tradi-
tional English pattern”” Thus, the compositions of
dietary patterns are additionally presented in tables.

Studies restricted to participants with CVD, type 2
diabetes, or other chronic diseases are listed separately
because of the generally higher levels of inflammatory
biomarkers in participants.

RESULTS

After duplicates were removed, 647 potentially relevant
articles were identified (Figure 1). Review of the titles and
abstracts revealed 66 publications that met the inclusion
criteria. After reading the full texts of articles, 19 studies
were removed for meeting one or more of the exclusion
criteria. Additionally, three articles used population data
previously presented and provided no additional infor-
mation. From two reports,'"” only additional data were
extracted, which supplemented previously reported
studies. Screening of reference lists led to the inclusion
of two additional studies.”®* In total, 46 studies were
included in the present review.'*™*

None of the studies applied a prospective observa-
tional design to investigate associations between food
patterns and changes in biomarker profiles.
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- reviews (n=23)

- published before 2000 (n=4)

- conference abstracts, no paper available (n=7)
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66 full text articles retrieved

(n=8)

> Articles excluded because of:

- no investigation between dietary pattern and
inflammatory biomarker (n=1)

- age < 18 y or maternal diet (n=7)

- no description of a priori defined pattern (n=2)
- number of participants/intervention group < 50

- studies using the same participant data (n=3)
- one study using only a short dietary
questionnaire (only 8 variables, n=1)

A 4

44 articles meet the inclusion criteria

2 articles identified by reviewing the reference
list of the other relevant articles

v

systematic review

46 articles eligible for inclusion in the

Figure 1 Flow chart illustrating the literature search and study selection process.

Dietary patterns identified by reduced rank
regression analysis

Seven studies'®** used RRR analysis to identify food
patterns predictive for individual sets of biomarkers;
some of these included inflammatory markers only and
some additionally examined metabolic markers like high-
density lipoprotein or blood glucose (Table 1). CRP, as the
most frequently investigated marker of chronic inflam-
mation, was included in six of these studies.'®****%
Explained variation for single biomarkers (where pro-
vided) ranged from below 1% (IL-18)** to 15% (plasmi-
nogen activator inhibitor 1)*; for combined markers, the
range was from 5.01%% to 8%.>* All but one of the food
patterns were positively associated with the biomarkers,
and almost all of the associations were statistically signifi-
cant. These patterns collectively included meat (red meat

Nutrition Reviews® Vol. 71(8):511-527

or processed meat), low-fiber foods (e.g., refined grains),
and often alcohol.'#*>7*?%%” The pattern inversely associ-
ated with biomarkers also fit this picture, since it included
negative loadings of red meat, beer, and bread, with the
exception of whole-grain bread”; levels of the anti-
inflammatory biomarker adiponectin were positively
associated with this food pattern, but CRP was not.”

Dietary patterns identified by principal component
analysis or factor analysis

Seventeen studies (Table 2) investigated a posteriori-
defined dietary patterns using PCA or factor
analysis.'®!72022223% Qne study additionally applied
partial least square analysis.”> Fourteen of these studies,
reported statistically significant findings for at least one
pattern,!®!72223:28353839 Nogt of the associations were
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linked with CRP. Positive factor loadings revealed food
groups that were positively associated with the identified
pattern. Dietary patterns positively associated with biom-
arker levels were largely characterized by positive load-
ings of red meat, processed meat, and beer*>*>***; one of
these patterns also showed negative loadings of fruit, veg-
etables, and whole-grain products.” Patterns inversely
associated with CRP concentrations were characterized
by high loadings of fruit and vegetables, whole grains, or
fish. 2293133353839 However, one study” performed in
Japan found a pattern characterized by high loadings of
fish and fish products that was positively associated with
CRP levels in men. Two other studies, by Eilat-Adar
etal”? and Nanri etal.,”” found that high loadings of
sweets, desserts, and refined grains were inversely associ-
ated with CRP. Four studies additionally reported on
IL-6*>%%%% or IL-18, and two of these found positive
associations with patterns high in red and processed meat
and low in vegetables and fruits.”>** No inverse associa-
tions were observed. Fibrinogen®***** and adhesion mol-
ecules (such as E-selectin, ICAM-1, or VCAM-1)3>38%
were rarely investigated, but when they were, patterns
high in vegetables, fruits, and whole grains showed
inverse associations*®** and no positive associations were
found. Regarding the anti-inflammatory biomarker adi-
ponectin, positive associations were found for vegetable-,
fruit-, and fish-based patterns,'® low-sugar and low-fat
dairy diets,”” and whole-grain-based diets.” Inverse asso-
ciations were reported for patterns somewhat more meat/
processed meat- and (fried) fish-based.'®"

Of three analyses applying cluster analysis***! or the
similar multivariate finite mixture model*? (Table 2), two
found positive associations between “sweet and dessert”
dietary patterns, a “high-fat dairy product” pattern, and a
“red meat and alcohol” pattern and IL-6* or CRP levels.*

40,41

Dietary indices and scores

Studies of the associations between a priori dietary
patterns and inflammatory biomarkers are summarized
in Table 3. Three intervention studies applied the
Mediterranean diet,”>*** and almost all biomarkers of
inflammation, especially CRP, were lower and adiponec-
tin concentrations were higher after those interventions.

Among the cross-sectional studies investigating a
priori dietary patterns (Table 3),"*¢' 10 used the Medi-
terranean Diet Score (MDS),!%4>46:4849.53.57.59-61 gne ysed an
alternative to the original MDS score,” seven investigated
the Healthy Eating Index (HEI)**>*%% or an alternative
HEL>*” and five used other indices. Seventeen studies
reported statistically significant associations with biom-
arkers of low-grade chronic inflammation. Positive asso-
ciations were reported between the different healthy a
priori patterns and the anti-inflammatory markers adi-
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ponectin'®® and IL-10.* Ten studies reported inverse
associations for CRP levels and dietary indices that were
almost all MDS/alternative MDS or HEI/alternative
HEL*>%°:3-% [nverse associations were also reported
for several interleukins,****"*>5% fibrinogen,**°"*>*%*
E-selectin,”®® ICAM-1 and VCAM-1,” and TNF-o.*

DISCUSSION

This is believed to be the first systematic review of the
associations between dietary patterns and biomarkers of
inflammation. While numerous studies were identified,
no prospective observational study investigating dietary
patterns and changes in biomarkers of inflammation was
found. Overall, the dietary patterns identified by RRR
were almost all meat-based patterns and nearly all of
them were statistically significantly associated with bio-
markers such as CRP, IL-6, and fibrinogen. After taking
into account the inconsistencies of results, which were
generated using different methods of identifying dietary
patterns, the current work showed some evidence to
support the hypothesis that Western-like or meat-based
patterns are positively associated with low-grade inflam-
mation. Additionally, vegetable- and fruit-based patterns
and a priori healthy dietary patterns appeared to be
inversely related to inflammatory biomarkers; this was
particularly well supported by intervention studies inves-
tigating the Mediterranean diet.

A posteriori dietary patterns analysis

The inconsistency of the statistically significant associa-
tions across studies could be due to the data-driven
nature of a posteriori dietary pattern analysis, which
depends strongly on the dietary behavior and the culture
of the study population.” Thus, dietary patterns across
populations differ in their compositions and in the
weightings of food groups. In addition, the method used
to identify the dietary patterns may affect the magnitude
of outcomes. For example, RRR analysis creates combi-
nations of food groups that maximize the variance in the
selected biomarkers."* Consequently, the dietary patterns
generated with RRR were statistically significantly asso-
ciated with almost all biomarkers of inflammation.'®**-
In one study that did not report statistically significant
associations, the authors chose hemoglobin Alc, high-
density lipoprotein cholesterol, CRP, and adiponectin as
response variables, which resulted in a pattern that did
not explain much variance in CRP concentrations
(1.1%).” This could explain the lack of statistical signifi-
cance in that study.

Where provided, the Pearson correlation coefficients
for CRP were 0.228" and 0.23,° and the Spearman
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correlation coefficient was 0.33.” The mean differences
between the highest and lowest quintiles of dietary pat-
terns ranged from 0.09 mg/L in a large study population
of 7,646 to 1.31 mg/L in a study sample of 5,089 partici-
pants.'® Although not statistically significant, Heidemann
et al.® found a meaningful difference of 0.96 mg/L in a
smaller study population of 574 participants.

In contrast to RRR, PCA identifies dietary patterns
that explain as much variance as possible in the food
groups.” Nevertheless, PCA has some limitations related
to subjectivity at several steps of the analysis, which may
influence the structure of the dietary patterns identified.®
For example, the choice and the number of food groups
may affect the composition of the generated patterns.”
This was demonstrated by McCann et al.,* who investi-
gated the effect of food classification on PCA-generated
dietary patterns and ascertained that the misclassification
of participants between patterns generated on the basis of
36 and 168 food groups was relatively high (41% of par-
ticipants were misclassified as having a healthy pattern
score). Thus, as the number of food items included in an
analysis decreases, the explained variance in food intake
increases, and the estimation of disease risk may decrease
as well. Therefore, the number of food groups should not
be set too low. The method of food grouping may also
influence the dietary patterns identified for a popula-
tion," so reducing the number of food items and limiting
the other food groups included in the analysis may result
in less differentiated dietary patterns. For example, if
white bread, pasta, rice, cold cereal, and bread are catego-
rized as one broad food group, it will be unclear which of
those foods mainly contributes to an identified dietary
pattern.”

The rarely applied cluster analysis (or multivariate
finite mixture model) was found to identify dietary pat-
terns that predominantly showed no associations with
higher or lower CRP levels.*** These methods group
individuals according to similarities in their dietary
behavior. Within each cluster, intake levels of all investi-
gated food groups and biomarker levels are reported as
arithmetic means.” These results probably have less
power to ascertain associations with health outcomes
compared to continuous score variables, as calculated
with PCA and RRR."

Dietary indices and scores

Following this review’s initial assumption that a posteriori
patterns are difficult to compare, using indices or scores
should be advantageous. Regarding CRP, nearly three-
quarters of the studies using healthy dietary indices or
scores found inverse associations and the MDS seemed to
be more strongly inversely associated with CRP levels
than the HEIL The latter is based on the Dietary Guide-

Nutrition Reviews® Vol. 71(8):511-527

lines for Americans and the Food Guide Pyramid, which
both recommend high consumption of fruits, vegetables,
dairy, and grains but also meat.* In contrast, the MDS
includes high intakes of whole grains, fruits, vegetables,
olive oil, low-fat dairy products, fish, poultry, pulses, and
nuts. Red meat consumption is assessed as negative
within the MDS, but this is not the case with the HEL.®

When using diet indices or scores, investigators must
additionally pay attention to the food intake levels of the
study population and should, thus, define cut-off values to
allow discrimination among individuals.®®

Intervention studies with the Mediterranean diet
found statistically significant inverse associations with
almost all inflammatory biomarkers, thus providing more
evidence that this dietary pattern may help lower low-
grade inflammation.

General methodological aspects

The heterogeneity of results across studies can be
explained by the use of different inflammatory markers in
the investigations. As metabolite markers, some have pre-
viously been associated with disease risks; for example,
CRP was found to be a strong predictor of type 2 diabe-
tes® or cancer’ after adjustment for potential confound-
ers, whereas IL-6 showed weaker associations with
disease risks, which were not statistically significant.’’
Different pathological mechanisms may also explain, to
some extent, the heterogeneity among the reported asso-
ciations with diet, while different physiological pathways
involving the biomarkers may account for differences
among the dietary patterns associated with inflammatory
markers. On the other hand, since inflammatory markers
are largely correlated, e.g., IL-6 and CRP, similarities are
also possible. For example, while IL-6 induces the produc-
tion of CRP, at certain concentrations, CRP may stimulate
the production of adhesion molecules.®®

Most of the studies adjusted their analysis for
potential confounders such as age, body mass index,
total energy intake, physical activity, and medications,
but whether the associations in the unadjusted analyses
of some studies could be explained by adiposity or
other confounders remains uncertain,'®*"?»24230434
While many studies found statistically significant
associations between some dietary patterns and levels of
inflammatory biomarkers after adjustment for potential
Confounders’16,17,19,23,26,29,31—35,38,39,46,48—50,54—59 the prOCeSS by
which potential confounders were selected was not
reported. No evidence was found to indicate that those
analyses adjusting for fewer potential confounders
showed different results than those investigating more.

The results of this review indicate that the dietary
assessment method applied may influence the dietary pat-
terns identified and the classification of individuals on the
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pattern score. Using a simple 24-h dietary recall, for
example, disregards the day-to-day variation in dietary
choices and may result in the identification of dietary
patterns that are not typical for the study population.”” As
an example, Kant etal.®® found statistically significant
associations between diet scores or indices and CRP by
applying single 24-h recalls in a large population; in con-
trast, a study utilizing PCA and 48-h recalls in a smaller
population found no associations with inflammatory
markers.*® This review shows that the study characteris-
tics and the types of analyses applied, including adjust-
ment factors, differ across studies, making it difficult to
draw further conclusions.

All of the observational studies published to date
used cross-sectional designs to elucidate associations
between dietary patterns and markers of chronic inflam-
mation. Using a prospective design would allow dietary
factors to be analyzed as predictors of change in inflam-
matory markers. While intervention studies provide some
information in this respect, in the current context, they
are limited to a priori dietary patterns and, thus, do not
necessarily reflect usual dietary intake. Prospective obser-
vational studies are consequently warranted.

CONCLUSION

The present systematic literature review investigated
whether specific dietary patterns are associated with
biomarkers of low-grade inflammation. The results show
that only observational studies have been reported on to
date, and they all examined the association in a cross-
sectional manner. The presently available findings
support the notion that a positive association exists
between Western-type and meat-based diets and low-
grade chronic inflammation while an inverse association
exists for vegetable- and fruit-based patterns. In order to
confirm these associations, it is suggested that prospective
studies are strongly needed to investigate dietary patterns
as risk factors for changes in biomarkers of inflammation
over time.
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