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Abstract

Few studies have examined the contribution of major dietary patterns to markers of systemic inflammation. This study

was conducted to evaluate the association of major dietary patterns with markers of systemic inflammation among Iranian

women. In a cross-sectional study of 486 healthy women aged 40–60 y, we assessed usual dietary intakes by means of an

FFQ. Dietary patterns were identified by factor analysis. Anthropometric measurements were made and blood samples

from fasting were taken for measuring inflammatory markers. The healthy pattern (high in fruits, vegetables, tomato,

poultry, legumes, tea, fruit juices, and whole grains) was inversely related to plasma concentrations of C-reactive protein

(CRP) (b ¼20.09, P , 0.001), E-selectin (b ¼20.07, P , 0.05), and soluble vascular cell adhesion molecule-1 (sVCAM-1)

(b ¼ 20.08, P , 0.001) after control for potential confounders; with further adjustment for BMI and waist circumference

(WC), the associations remained significant for CRP (b ¼ 20.05, P , 0.05) and sVCAM-1 (b ¼ 20.04, P , 0.05). In

contrast, the western pattern score (high in refined grains, red meat, butter, processed meat, high-fat dairy, sweets and

desserts, pizza, potato, eggs, hydrogenated fats, and soft drinks) was positively related to CRP (b ¼ 0.08, P , 0.001),

serum amyloid A (SAA) (b¼ 0.11, P , 0.05), IL-6 (b¼ 0.09, P , 0.001), soluble intercellular adhesion molecule-1 (b¼ 0.05,

P , 0.05), and sVCAM-1 concentrations (b ¼ 0.07, P , 0.05). However, after additional control for BMI and WC, the

associations remained significant only for SAA (b ¼ 0.06, P , 0.05) and IL-6 (b ¼ 0.07, P , 0.001). The traditional dietary

pattern (high in refined grains, potato, tea, whole grains, hydrogenated fats, legumes, and casserole) was positively

associated with the plasma IL-6 concentration (b¼ 0.04, P , 0.05) when we controlled for confounders including BMI and

WC. The findings suggest an independent association between major dietary patterns and plasma concentrations of

markers of inflammation. J. Nutr. 137: 992–998, 2007.

Introduction

Current evidence suggests elevated plasma levels of inflamma-
tory markers are risk factors for many chronic diseases, includ-
ing obesity (1,2), diabetes (3), metabolic syndrome (4), and
many types of cardiovascular diseases (5,6). Levels of inflam-
matory markers have also been correlated with various cardio-
vascular risk factors, such as smoking (7), hypertension (8), low
HDL-cholesterol (9), and dyslipidemia (10). Factors affecting
systemic inflammation markers are largely unknown. Although
several genetic and environmental determinants have been
established (11–14), few studies have examined the association
of diet with markers of systemic inflammation (15–17); most of
them have focused on foods (18,19) and nutrients (20,21).
Comparatively little emphasis has been placed on the specific
contribution of dietary patterns (22–24) that provide a broad

concept of diet including both food and nutrient composition
(25). Although the dietary pattern approach has received much
attention over recent years in relation to chronic diseases, few
studies have assessed whether its effects are mediated through
changes in plasma concentrations of inflammatory markers. To
our knowledge, no study has assessed this association in an
Asian population whose dietary patterns and plasma levels of
inflammatory markers may be different from those in western
countries. In this study, our main objective was to assess the
association between major dietary patterns and markers of
systemic inflammation in a group of Tehrani female teachers.

Subjects and Methods

Participants. This cross-sectional study was conducted among a rep-

resentative sample of Tehrani female teachers aged 40–60 y selected by a

multistage cluster random sampling method. A random sample of 583

female teachers were invited to participate in this study and 521 women
agreed. Participants with a prior history of cardiovascular disease,

diabetes, cancer, and stroke were excluded because of possible changes in
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diet. We also excluded women who left .70 items blank on the FFQ,

who reported a total daily energy intake outside the range of 800–4200

kcal (3344–17556 kJ), and those taking medications that would affect
plasma lipoproteins, blood pressure, and carbohydrate metabolism.

After these exclusions, 486 women remained for the present analysis.

This study was approved by the research council of the National

Nutrition and Food Technology Research Institute, Shaheed Beheshti
University of Medical Sciences, and informed written consent was

obtained from each participant.

Assessment of dietary intake. Usual dietary intake was assessed using
a validated 168-item semiquantitative FFQ. A trained dietitian admin-

istered all the questionnaires. The FFQ consisted of a list of foods with

standard serving sizes commonly consumed by Iranians. Participants
were asked to report their frequency of consumption of a given serving of

each food item during the previous year on a daily (e.g. bread), weekly

(e.g. rice, meat), or monthly (e.g. fish) basis. The reported frequency for

each food item was then converted to a daily intake. Portion sizes of
consumed foods were converted to g using household measures (26).

Total energy intake was calculated by summing energy intakes from all

foods. To determine the nutrient compositions of Iranian foods, we used

an Iranian food composition table (27) in conjunction with USDA food
composition data (28). Foods from FFQ were classified into 41 food

groups on the basis of nutrient profiles or culinary usage (Appendix 1).

Foods that did not fit into any of the groups or that may represent
distinctive dietary behaviors were left as individual categories and

entered as separate food groups. A previous validation study (29) of this

FFQ among 132 randomly chosen participants (not included in this

study) revealed correlations between dietary intakes assessed by similar
FFQ and multiple days of 24-h food recalls completed during the year

(r ¼ 0.3-0.8; P , 0.05).

Assessment of biomarkers. A blood sample was drawn between 0700
and 0900 into vacutainer tubes from all study participants after .12 h

overnight fasting. Blood samples, collected into tubes containing 0.1%

EDTA, were taken in a sitting position according to a standard protocol

and centrifuged within 30–45 min of collection. Blood was centrifuged
to separate the plasma from the buffy coat and red blood cells. Plasma

was frozen at 270�C until analysis. C-reactive protein (CRP)8 con-

centrations were measured using an ultrasensitive latex-enhanced
immunoturbidimetric assay (Randox). Concentrations of serum amyloid

A (SAA) and plasma E-selectin, soluble intercellular adhesion molecule-1

(sICAM-1), and soluble vascular cell adhesion molecule-1 (sVCAM-1)

were measured by commercially available ELISA and standards
(Biosource International and Bender MedSystems). Plasma concentra-

tions of TNF-a and IL-6 were assayed by ELISA kits (Bender MedSys-

tems). Five percent of samples were analyzed in duplicate to ensure the

reproducibility of results. The sensitivities of the assays for sICAM-1,
sVCAM-1, and E-selectin were 0.6, 2.3, and 0.3 mg/L, respectively, and

there was no cross-reactivity with other adhesion molecules. The

sensitivities of the assays for TNF-a, IL-6, SAA, and CRP were 1.8,
1.1, 0.9 mg/L, and 0.4 mg/L, respectively. Inter- and intra-assay CV for

all markers were ,10%. Plasma lipid concentrations were measured

using standard methods (30).

Assessment of other variables. Weight was measured using digital

scales and recorded to the nearest 100 g while the participants were

minimally clothed without shoes. Height was measured in a standing

position, without shoes, using a tape measure while the shoulders were in
a normal position. BMI was calculated as weight in kg divided by height

in m2. Waist circumference (WC) was measured at the narrowest level

and that of the hip at the maximum level over light clothing using an
unstretched tape measure, without any pressure to body surface;

measurements were recorded to the nearest 0.1 cm. Data on physical

activity were obtained using participants’ oral responses to an interview-

based International Physical Activity Questionnaire and expressed as

metabolic equivalent h/wk (MET-h/wk)(31). This questionnaire includes

questions in 5 activity domains: job-related physical activity; trans-
portation physical activity; activities for housework and house mainte-

nance; recreation, sport, and leisure-time physical activity; and time

spent sitting. We asked participants to think about all the vigorous and

moderate activities they engaged in during the last 7 d, considering times
spent for these activities. Additional covariate information regarding

age, smoking habits, menopausal status, medical history, and current use

of medications was obtained using questionnaires. Blood pressures were

assessed according to a standard protocol (30).

Statistical methods. To identify major dietary patterns based on the 41

food groups, we used principal component analysis with the factors rotated
by orthogonal transformation. The natural interpretation of the factors in

conjunction with Eigen values (.1) and Scree test (32) determined whether

a factor should be retained. The derived factors (dietary patterns) were

labeled on the basis of our interpretation of the data as well as on prior
literature. The factor score for each pattern was calculated by summing

intakes of food groups weighted by their factor loadings (32) and each

subject received a factor score for each identified pattern.

Cut-points for quintiles of dietary pattern scores were calculated and
participants were categorized based on quintile cut-points. We used 1-way

ANOVA with Tukey post hoc comparisons for quantitative variables and

chi-square tests for qualitative variables to identify significant differences
across quintile categories of dietary pattern scores. We also determined

age- and energy-adjusted means for dietary variables across quintiles and

used analysis of covariance with Bonferroni correction to compare these

means.
The distribution of inflammatory markers was highly skewed. Therefore,

logarithmically transformed values of these markers were used in all

analyses. Geometric means of inflammatory markers were computed using

analysis of covariance in 3 different models. The first model was adjusted for
age (y). We further adjusted for cigarette smoking (yes or no), physical

activity (MET-h/wk), current estrogenuse (yes or no), menopausal status (yes

or no), family history of diabetes and stroke (yes or no), and energy intake

(kcal) in the 2nd model. In a 3rd model, we controlled for BMI and WC.
We used multiple linear regression analysis to determine the asso-

ciation of dietary patterns with inflammatory markers. All models were

adjusted for age (y), physical activity (MET-h/wk), cigarette smoking
(yes or no), menopausal status (yes or no), current estrogen use (yes or

no), family history of diabetes and stroke (yes or no), and energy intake

(continuous). We further adjusted for BMI and WC to examine if the

relation is mediated by obesity. All statistical analyses were performed
using Statistical Package for Social Science (version 9.05).

Results

We identified 3 major dietary patterns using factor analysis
(Appendix 2): the healthy dietary pattern (high in fruits, vegetables,
tomatoes, poultry, legumes, cruciferous and green leafy vegetables,
tea, fruit juices, and whole grains); the western dietarypattern (high
in refined grains, red meat, butter, processed meat, high-fat dairy
products, sweets and desserts, pizza, potatoes, eggs, hydrogenated
fats, and soft drinks and low in other vegetables and low-fat dairy
products); and the traditional dietary pattern (high in refined
grains, potato, tea, whole grains, hydrogenated fats, legumes, and
casserole). These factors explained 24% of the variance.

Characteristics of the study participants across quintile cate-
gories of dietary patterns score are shown in Table 1. Age- and
energy-adjusted means for dietary variables are also presented in
this table. Compared with participants in the lower quintile, those
in the upper quintile of the healthy dietary pattern had lower
BMI, were more physically active, and were less likely to be obese.
Conversely, those in the upper quintile of the western dietary
pattern had higher BMI, were less likely to exercise, and had
higher prevalence of obesity. Individuals in the upper quintile of
traditional dietary pattern were older and slightly more physically

8 Abbreviations used: CRP, C-reactive protein; MET-h/wk, metabolic equivalent

h/wk; SAA, serum amyloid A; sICAM-1, soluble intercellular adhesion mole-

cule-1; sVCAM-1, soluble vascular cell adhesion molecule-1; WC, waist circum-

ference.
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active and less likely to be obese compared with those in the
lowest quintile. Distribution of current smokers and estrogen
users across quintile categories of dietary patterns did not differ.
Those in the upper category of the healthy dietary pattern had
lower intakes of energy and cholesterol and higher intakes of
vitamin B-6, magnesium, and fiber, whereas those in the top
quintile of the western dietary pattern had higher intakes of
energy and cholesterol and lower intake of vitamin B-6, magne-
sium, and fiber. Individuals in the upper quintile of the traditional
dietary pattern had slightly lower energy intake than those in the
lowest category, but their nutrient intakes were not significantly
different in most cases (P . 0.05).

Multivariate-adjusted geometric means for plasma concen-
trations of markers of inflammation across quintiles of dietary
patterns score are presented in Table 2. After controlling for age,
the healthy dietary pattern score was inversely associated with
plasma concentrations of CRP, TNF-a, sVCAM-1, and E-selectin.
These associations remained significant even after additional
control for other confounders. However, adjustment for BMI and
WC attenuated all associations. In contrast to the healthy dietary
pattern score, the western dietary pattern score was positively
related to plasma concentrations of inflammatory markers. The
relations were significant for CRP, sVCAM-1, sICAM-1, IL-6, and
SAA after adjusting for age and other potential confounders. After
additional control for BMI and WC, the associations with
sVCAM-1 and sICAM-1 disappeared and that with CRP became
marginally significant (P ¼ 0.04). The traditional dietary pattern
score was positively associated with TNF-a after controlling for
age and other potential confounders. However, when we further
controlled for BMI and WC, all associations were nonsignificant
except for IL-6 and E-selectin (P , 0.05); those in the top category
of traditional dietary pattern had higher plasma concentrations of
these inflammatory markers.

The results of multiple linear regression models, which
included major dietary pattern scores as independent and log-
transformed values of inflammatory markers as dependent
variables, are shown in Table 3. The healthy pattern score was
inversely related to plasma concentrations of CRP, E-selectin,
and sVCAM-1 after controlling for potential confounders ex-
cept BMI and WC; with further adjustment for BMI and WC,
the associations remained significant for CRP and sVCAM-1.
The western pattern score was positively related to CRP, SAA,
IL-6, sICAM-1, and sVCAM-1 levels; however, after additional
control for BMI and WC, the associations remained significant
only for SAA and IL-6. The traditional dietary pattern was
positively associated with plasma levels of IL-6 when we
controlled for confounders including BMI and WC.

Discussion

We observed an inverse relation between the healthy dietary
pattern and plasma concentrations of CRP, E-selectin, and
sVCAM-1 and a positive relation between the western dietary
pattern and levels of CRP, SAA, IL-6, sICAM-1, and sVCAM-1.
After additional control for BMI and WC, the associations
remained significant between the healthy dietary pattern and
CRP and sVCAM-1 levels and between the western dietary
pattern and SAA and IL-6 levels. This adjustment also revealed a
significant association between traditional dietary pattern and
IL-6. However, all b coefficients we found were low due to the
use of log-transformed values of inflammatory markers.

A growing body of evidence supports a pivotal role for
inflammation in atherosclerosis, whereas little information is
available about the effects of diet, particularly dietary patterns,
on inflammation. CRP, IL-6, and cell adhesion molecules
like sICAM-1, sVCAM-1, and E-selectin are all important

TABLE 1 Characteristics and dietary intakes of study participants by quintile categories of dietary patterns scores1

Quintiles of healthy pattern score Quintiles of western pattern score Quintiles of traditional pattern score

1 (lowest) 3 5 (highest) P2 1 (lowest) 3 5 (highest) P2 1 (lowest) 3 5 (highest) P2

n 97 97 97 97 97 97 97 97 97

Age, y 49 6 6 50 6 7 48 6 6 0.18 47 6 7 51 6 7b 48 6 6 ,0.05 45 6 8 53 6 66 51 6 76 ,0.01

BMI, kg/m2 30.4 6 3.4 27.8 6 3.9a 25.7 6 3.8a ,0.01 26.3 6 3.7 27.9 6 4.1a 29.6 6 3.6a ,0.01 28.3 6 3.4 27.1 6 3.8c 27.9 6 3.6 ,0.05

Waist/hip ratio 0.91 6 0.08 0.89 6 0.08 0.85 6 0.05a ,0.01 0.87 6 0.08 0.90 6 0.05 0.93 6 0.08a ,0.01 0.89 6 0.08 0.87 6 0.08 0.88 6 0.08 0.19

Physical activity, MET-h/wk 10.3 6 9.1 14.7 6 11.2a 17.3 6 10.8a ,0.01 16.6 6 11.1 14.8 6 9.7a 11.1 6 10.2a ,0.01 13.9 6 10.4 14.7 6 11.1 15.6 6 10.3c ,0.05

Family history of diabetes, % 9 11 11 ,0.05 10 9 10 0.11 8 11 10 ,0.05

Family history of stroke, % 1 1 2 0.74 1 1 1 0.89 1 0 1 0.83

Current daily smokers, % 1 1 0 0.81 0 0 1 0.73 1 1 0 0.85

Obese,3 % 47 35 20 ,0.01 23 37 44 ,0.01 35 32 31 ,0.05

Current estrogen use, % 24 26 26 0.09 23 27 25 ,0.05 27 27 24 0.07

Dietary intakes

Total energy, kcal/d 2675 2341a 2052a ,0.01 2133 2512a 2735a ,0.01 2519 2672 2239b ,0.05

kJ/d 11182 9785 8577 8916 10500 11432 10529 11169 9359

Carbohydrate,

% total energy

59 58 56c ,0.05 57 59 58 ,0.07 58 59 59 0.13

Protein, % total energy 10 13a 14a ,0.01 15 11c 13 ,0.05 13 14 14 0.09

Fat, % total energy 31 29c 28c ,0.05 28 30c 31c ,0.05 29 27b 27b ,0.05

Cholesterol, mg/d 191 179b 150b ,0.05 142 165b 198b ,0.05 183 174 180 0.38

Dietary fiber, g/d 12 15b 19b ,0.01 18 13a 9a ,0.01 14 12b 16 ,0.05

Vitamin B-6, mg/d 0.7 0.7 1.1a ,0.01 1.2a 0.8 0.7 ,0.01 1.0 0.9 1.2 0.06

Magnesium, mg/d 124 149a 171a ,0.01 182 139a 108a ,0.01 131 126 137 0.10

1 Values are means 6 SD unless indicated. Reported means for nutrients intake are adjusted for age and energy intake. Letters indicate differences within a pattern: a vs. other

quintiles, P , 0.01, b vs. other quintiles, P , 0.05, c vs. quintile 1, P , 0.05.
2 ANOVA for quantitative variables and chi-square for qualitative variables.
3 Obese: BMI $ 30 kg/m2.
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markers for inflammatory processes involved in atherosclerosis
(33). Investigators from the Nurses’ Health Study reported an
inverse relation between a prudent dietary pattern and plasma
concentrations of CRP and E-selectin, and positive relations
between a western dietary pattern and concentrations of CRP,
IL-6, E-selectin, sICAM-1, and sVCAM-1 (22). Plasma concen-
trations of CRP were also positively related to a western dietary
pattern in a subgroup of participants in the Health Professional
Follow-Up Study (34). Such associations have also recently been
reported from the Multi-Ethnic Study of Atherosclerosis (24).
Using reduced rank regression for obtaining dietary patterns,
Schulze et al. (23) identified a dietary pattern (high in sugar-
sweetened soft drinks, refined grains, diet soft drinks, and
processed meat but low in wine, coffee, cruciferous vegetables,
and yellow vegetables) that was strongly related to inflammatory
markers in a nested case-control study, even after control for BMI.
Associations of dietary patterns with inflammatory markers were
also shown for some priori dietary patterns, such as the Mediter-
ranean dietary pattern; adherence to this traditional dietary
pattern in a Greek population was associated with lower concen-
trations of markers of vascular inflammation (35). Although taken
from a very different population, our findings for the healthy and

western patterns were similar to those of earlier studies. Besides
epidemiologic studies, an effect of dietary patterns on inflamma-
tory markers was also demonstrated by clinical trials. In a well-
designed study by Esposito et al. (16) among patients with the
metabolic syndrome, consumption of a Mediterranean-style diet
for 2 y improved inflammatory markers and endothelial function
more than that did a cardiac-healthy diet (fat intake ,30%), even
after controlling for weight loss. However, such findings have not
been confirmed in patients with coronary artery disease (36); the
results may be obscured by pharmacological treatment of these
patients.

In line with other epidemiologic studies, we also found that a
healthy dietary pattern was associated with lower plasma
concentrations of some inflammatory markers (CRP, E-selectin,
and sVCAM-1). However, the association with E-selectin levels
may be mediated in part by BMI and WC. The major
contributing foods to our healthy dietary pattern were fruits
and vegetables, which have been shown to be inversely related to
markers of inflammation or endothelial function (37,38). Higher
content of vitamin C (38) and fiber (39) of these foods may
mediate their beneficial effects on the risk markers. However, the
inverse relation of the healthy pattern to inflammatory markers

TABLE 2 Multivariate-adjusted geometric means of circulating inflammatory marker concentrations across quintile categories of dietary

patterns score in Tehrani women1

Inflammatory
markers

Quintiles of healthy pattern score Quintiles of western pattern score Quintiles of traditional pattern score

1 (lowest) 3 5 (highest) P2 1 (lowest) 3 5 (highest) P2 1 (lowest) 3 5 (highest) P2

n 97 97 97 97 97 97 97 97 97
CRP, mg/L

Model I3 2.6 6 2.1 2.1 6 3.4 1.5 6 2.2 ,0.01 1.7 6 2.6 2.1 6 2.9 2.8 6 2.5 ,0.01 2.2 6 2.7 2.4 6 2.4 2.1 6 2.2 0.47

Model II4 2.4 6 1.5 2.0 6 2.3 1.7 6 1.8 ,0.01 1.8 6 2.3 2.1 6 2.6 2.6 6 2.2 ,0.01 2.1 6 2.5 2.2 6 2.2 2.3 6 2.1 0.81

Model III5 2.2 6 1.2 1.8 6 1.8 1.9 6 1.3 ,0.05 2.0 6 2.2 2.0 6 2.3 2.3 6 2.0 ,0.05 2.1 6 2.4 2.3 6 2.2 2.2 6 2.2 0.79

TNF-a, ng/L

Model I 5.3 6 2.6 4.7 6 2.3 4.1 6 1.8 ,0.01 4.7 6 2.1 4.8 6 2.9 4.6 6 2.8 0.23 5.1 6 2.5 4.5 6 2.3 4.8 6 2.6 ,0.05

Model II 5.0 6 2.5 4.8 6 2.1 4.4 6 1.7 ,0.01 4.8 6 2.0 4.8 6 2.9 4.7 6 2.7 0.16 5.0 6 2.4 4.5 6 2.2 4.9 6 2.4 ,0.05

Model III 4.7 6 2.5 4.7 6 2.0 4.6 6 1.7 0.08 5.0 6 1.8 4.7 6 2.8 4.3 6 2.5 ,0.05 4.9 6 2.3 4.7 6 2.0 5.0 6 2.2 0.09

SAA, mg/L

Model I 4.7 6 3.3 4.9 6 3.2 4.8 6 2.9 0.45 4.0 6 3.0 4.8 6 2.7 5.6 6 3.2 ,0.01 5.1 6 3.2 4.8 6 3.3 4.5 6 2.8 ,0.05

Model II 4.6 6 3.0 4.8 6 3.0 4.8 6 2.8 0.23 4.0 6 2.9 4.7 6 2.7 5.6 6 3.0 ,0.01 4.9 6 3.0 4.6 6 3.1 4.7 6 3.0 0.29

Model III 4.5 6 2.9 4.7 6 2.8 4.7 6 2.7 0.18 4.2 6 3.0 4.7 6 2.6 5.5 6 3.0 ,0.01 4.8 6 3.1 4.7 6 3.0 4.8 6 2.9 0.56

IL-6, ng/L

Model I 1.8 6 1.9 1.8 6 1.6 1.7 6 2.1 0.27 1.4 6 1.9 1.9 6 2.3 2.4 6 2.1 ,0.01 1.9 6 2.0 2.1 6 2.5 2.0 6 1.8 0.47

Model II 1.8 6 1.8 1.7 6 1.5 1.7 6 1.9 0.19 1.4 6 1.8 1.8 6 2.1 2.3 6 2.0 ,0.01 1.8 6 1.9 2.0 6 2.3 2.1 6 1.8 0.21

Model III 1.6 6 1.7 1.8 6 1.5 1.8 6 1.8 0.16 1.4 6 1.8 1.8 6 2.0 2.2 6 2.0 ,0.01 1.7 6 1.9 2.2 6 2.1 2.3 6 1.7 ,0.05

E-selectin, ng/L

Model I 54.1 6 19.7 49.8 6 15.9 43.3 6 17.2 ,0.01 48.5 6 16.7 49.3 6 17.3 49.9 6 14.8 0.75 47.8 6 18.3 49.4 6 15.9 48.9 6 16.5 0.55

Model II 52.4 6 18.1 48.7 6 15.3 44.9 6 16.8 ,0.01 49.1 6 16.1 49.0 6 16.9 49.2 6 15.3 0.70 47.1 6 18.9 49.0 6 15.5 49.3 6 15.9 0.51

Model III 49.7 6 18.5 46.9 6 15.0 46.8 6 16.5 ,0.05 50.3 6 15.8 48.6 6 16.8 47.9 6 15.1 0.29 46.5 6 18.5 49.9 6 15.3 52.9 6 15.8 ,0.05

sICAM-1, mg/L

Model I 249 6 58 248 6 44 244 6 51 0.23 237 6 55 249 6 63 254 6 56 ,0.05 248 6 59 251 6 61 250 6 49 0.73

Model II 245 6 56 249 6 44 246 6 50 0.29 239 6 54 248 6 65 251 6 54 ,0.05 248 6 55 249 6 58 250 6 48 0.81

Model III 241 6 55 247 6 43 250 6 50 0.10 245 6 57 243 6 61 244 6 55 0.59 245 6 55 249 6 58 253 6 48 0.26

sVCAM-1, mg/L

Model I 546 6 134 533 6 127 510 6 113 ,0.01 518 6 119 527 6 129 540 6 126 ,0.01 532 6 130 534 6 124 531 6 119 0.68

Model II 540 6 128 532 6 127 514 6 111 ,0.05 524 6 125 529 6 127 537 6 125 ,0.05 529 6 132 530 6 122 533 6 121 0.57

Model III 531 6 127 528 6 126 520 6 110 ,0.05 530 6 122 533 6 126 532 6 121 0.41 526 6 129 531 6 122 534 6 120 0.19

1 Values are geometric means 6 SD.
2 P-values are based on log-transformed values (analysis of covariance).
3 Model I, Adjusted for age.
4 Model II, Further adjusted for smoking, physical activity, current estrogen use, menopausal status, family history of diabetes and stroke, and energy intake.
5 Additionally adjusted for BMI and WC.

Dietary patterns and inflammation 995

D
ow

nloaded from
 https://academ

ic.oup.com
/jn/article/137/4/992/4664746 by guest on 20 August 2022



may not be confined to its fruit and vegetable content; other
foods such as tea (19), fish (40), and whole grains (18) in this
pattern may contribute to the associations. With respect to the
western dietary pattern, we observed a positive association with
CRP, SAA, IL-6, sICAM-1, and sVCAM-1 levels; most of them
were accounted for by BMI and WC, except for SAA and IL-6,
which were not fully mediated through obesity measures. This
finding is not surprising, because the western dietary pattern
includes a collection of unhealthy foods such as high-fat dairy,
butter, red meat, and other sources of cholesterol and saturated
and trans fatty acids, the nutrients well known for their harmful
effects on cardiovascular health (17,20,41). Our traditional
dietary pattern, characterized by high intake of refined grains
and hydrogenated fats, was significantly associated with plasma
levels of IL-6 in the full model including BMI and WC. Although
the complex nature of this dietary pattern makes interpretation
difficult, interaction between foods in this pattern may explain
such finding to some extent. High loading factors of refined
grains and hydrogenated fats in this dietary pattern is not
surprising, because dependence on bread and rice as major
energy sources is characteristic of the Iranian diet and hydro-
genated cooking fats are the major sources of fat in the Iranian
diet, as previous studies showed (42).

Accumulating body fat is associated with insulin resistance,
which in turn is the underlying cause of the metabolic syndrome.
A large volume of evidence has shown elevated levels of
inflammatory markers in obese individuals. Adipose tissue
expresses cytokines such as TNF-a and IL-6 (43), which stimulate
the production of acute-phase proteins such as CRP by the liver
(43). Elevated plasma levels of CRP, TNF- a, and IL-6 are
associated with the risk of insulin resistance and atherosclerosis
(44). On the other hand, endothelial cells are upregulated in
response to inflammatory stimuli and express cellular adhesion
molecules (45). Increased levels of these adhesion molecules were
reported in diabetic patients and in nondiabetics with insulin

resistance (46). Therefore, it seems that obesity can promote
inflammation and endothelial dysfunction and in this way can
result in atherosclerosis. In this study, we did not control for
obesity measures (BMI and WC) in our main analysis, because
these measures may mediate the effect of dietary patterns on
inflammatory markers. However, as reflected in our secondary
analysis, the associations were not fully mediated by these
measures in some cases, suggesting an independent-of-obesity
association between diet and cardiovascular disease.

This study has several limitations. First, as we did not
consider participants’ dietary behaviors in our dietary pattern
analysis, one cannot exclude the possibility of residual con-
founding in the associations we observed. Second, we cannot
infer causality because of the cross-sectional design of the study.
Third, like any other measurements, dietary assessment also has its
own measurement errors. Fourth, limitations of factor analysis
that originate from several subjective or arbitrary decisions should
also be taken into account (47). Fifth, we cannot generalize about
dietary patterns throughout the country, because dietary intakes
and other lifestyle measures in Tehran are somewhat different from
those in otherparts of the country. Moreover, these dietary patterns
are confined to women. In addition, inflammatory markers,
especially CRP, fluctuate over time and during illnesses (48). This
may be problematic for risk stratification and treatment monitor-
ing. So, repeated measurement of these markers could help to
discriminate those at high risk. This study also has several
strengths. We measured known potential confounding factors
and controlled them in our analysis. Furthermore, the uniform
background of the study participants in terms of occupation, sex,
and education made it unlikely that the results were biased by any
unknown confounding factor; however, this uniformity limits the
extent to which we may generalize our findings. Another strength
of our study was that participants were selected from 4 large
socioeconomically diverse districts of Tehran, covering a broad
range of dietary habits.

In conclusion, our findings suggest an independent associa-
tion between major dietary patterns and plasma concentrations
of markers of inflammation and lend further support to the
notion that the effects of major dietary patterns on risk of
chronic diseases might be mediated through their effects on
plasma concentrations of inflammatory markers.
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APPENDIX

Appendix 1. Food grouping used in the dietary

pattern analyses

Food groups Food items

Processed meats Sausages

Red meats Beef, hamburger, lamb

Organ meats Beef liver

Fish Canned tuna fish, other fish

Poultry Chicken with or without skin

Eggs Eggs

Butter Butter

Margarine Margarine

Low-fat dairy products Skim or low-fat milk, low-fat yoghurt

High-fat dairy products High-fat milk, whole milk, chocolate milk, cream, high-fat

yoghurt, cream yoghurt, cream cheese, other cheeses,

ice cream

Tea Tea

Coffee Coffee

Fruits Pears, apricots, cherries, apples, raisins or grapes,

bananas, cantaloupe, watermelon, oranges, grapefruit,

kiwi, grapefruits, strawberries, peaches, nectarines,

tangerines, mulberries, plums, persimmons,

pomegranates, lemons, pineapples, fresh figs, dates

Fruit juices Apple juice, orange juice, grapefruit juice, other fruit juices

Cruciferous vegetables Cabbage, cauliflower, Brussels sprouts, kale

Yellow vegetables Carrots

Tomatoes Tomatoes, tomato sauce, tomato pasta

Green leafy vegetables Spinach, lettuce

Other vegetables Cucumbers, mixed vegetables, eggplant, celery, green peas,

green beans, green peppers, turnips, corn, squash,

mushrooms, onions

Legumes Beans, peas, lima beans, broad beans, lentils, soy

Garlic Garlic

Potatoes Potatoes

French fries French fries

Whole grains Dark breads (Sangak, Barbari, Taftoon), barley bread,

popcorn, cornflakes, wheat germ, bulgur

Refined grains White breads (Lavash, baguette), noodles, pasta, rice,

toasted bread, milled barley, sweet bread, white flour,

starch, biscuits

Pizza Pizza

Snacks Potato chips, puffs, crackers, popcorn

Nuts Peanuts, almonds, pistachios, hazelnuts, roasted seeds,

walnuts

Mayonnaise Mayonnaise

Dried fruits Dried figs, dried dates, dried mulberries, other dried fruits

Olive Olives, olive oils

Sweets and desserts Chocolates, cookies, cakes, confections

Hydrogenated fats Hydrogenated fats, animal fats

Vegetable oils Vegetable oils (except for olive oil)

Sugars Sugars, candies, tamarisk (kind of confectionery)

Condiments Jam, jelly, honey

Soft drinks Soft drinks

Dough Dough

Broth Broth

Salt Salt

Pickles Pickles

Appendix 2. Factor-loading matrix for major dietary patterns1

Dietary patterns

Food groups Healthy Western Traditional

Fruits 0.74 20.29 —

Other vegetables 0.71 20.31 —

Tomatoes 0.63 — —

Poultry 0.53 — —

Legumes 0.52 — 0.26

Cruciferous vegetables 0.47 — —

Green leafy vegetables 0.41 — —

Tea 0.39 — 0.42

Fruit juices 0.37 0.21 —

Whole grains 0.34 — 0.40

Butter 20.31 0.43 —

Potatoes 0.29 0.35 0.46

Low-fat dairy products 0.26 20.37 —

High-fat dairy products 20.23 0.39 —

Fish 0.22 20.29 —

Yellow vegetables 0.21 — —

Hydrogenated fats 20.20 0.34 0.28

Refined grains — 0.66 0.51

Red meats — 0.56 —

Processed meats — 0.39 —

Sweets and desserts — 0.37 —

Pizza — 0.36 —

Eggs — 0.35 —

Soft drinks — 0.33 —

Snacks — 0.29 —

French fries — 0.24 —

Coffee — 0.23 —

Mayonnaise — 0.22 —

Casserole — — 0.23

Nuts — — —

Olive — — —

Sugars — — —

Condiments — — —

Vegetable oils — 0.20 —

Dough — — —

Organ meats — — —

Margarine — — —

Dried fruits — — —

Salt — — —

Garlic — — —

Pickles — — —

Variance explained, % 0.103 0.086 0.052

1 Values ,0.20 were excluded for simplicity.
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