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Abstract
Purpose Identification of nutrient patterns (NPs) may be helpful to evaluate the overall quality of diet and its relation to metabolic
syndrome (MetS). We investigated the association of major nutrient patterns with MetS and its components among apparently
healthy adults living in Tehran.
Methods We included 522 adults (24–83 years old) who referred to health centers in Tehran. Fasting blood samples were
collected to measure glycemic indicators and lipid profile. Principal component analysis (PCA) based on the 26 nutrient items
were applied. Metabolic syndrome was defined based on the guidelines of the National Cholesterol Education Program Adult
Treatment Panel III (ATP III).
Results Three major nutrient patterns were identified: “Mono and disaccharides pattern”, “Macronutrient pattern” and
“Antioxidant pattern”. After controlling for potential confounders, serum HDL (p < 0.001) increased across tertiles of
“Antioxidant pattern”. A significant inverse association was observed between adherence to “Antioxidant pattern” and odds
of MetS (OR: 2.36, 95% CI: 1.51, 3.69) in crude model which was disappeared after adjusting for age, sex, education, physical
activity, smoking, marital status, energy and BMI. Moreover, we found that adherence to “Antioxidant pattern” was inversely
related to odds of reduced levels of serum high density lipoprotein (HDL) (OR: 0.09, 95% CI: 0.02, 0.35). No association was
found between “Mono and disaccharides pattern”, “Macronutrient pattern”, MetS and its components.
Conclusions In general, adherence to “Antioxidant pattern “resulted in lower level of HDL concentrations. More studies are
needed to investigate the possible causal relationship of these results.
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Introduction

Metabolic syndrome (MetS) is recognized as the main epi-
demic of the twenty-first century [1]. Metabolic syndrome
(MetS), which has also been referred to as “insulin resistance
syndrome” [2], “syndrome X” [3], “hypertriglyceridemic
waist” [4] and “the deadly quartet” [5], is characterized
through a complex accumulation of metabolic abnormalities

such as hyperinsulinism (impaired glucose tolerance), hyper-
tension, low HDL cholesterol, and hypertriglyceridemia [6].
MetS is one of the most frequent metabolic disorders leading
to several chronic diseases like cardiovascular disease
(CVD), diabetes mellitus, cancer, renal disease and mental
illness [7–9].

Nevertheless, the epidemic of metabolic syndrome occurs
not just in developed countries and the rate of metabolic syn-
drome is also high in underdeveloped countries [10]. In 2015,
71% of deaths worldwide were caused by non-communicable
diseases (NCDs) [11], among which MetS has been a real
problem [12]. An increased prevalence of MetS in Asia has
also been reported. This increase in Asia has been attributed to
the adoption of Western lifestyles in recent decades [13]. The
incidence of MetS in Iranian youths has been reported to be
dramatically high, ranging from 4.8–24.5%. Remarkably, the
prevalence of MetS in the elderly was significantly higher
than in younger people, namely 49.5% compared to 17.5%
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[14, 15]. In Tehran, the capital of Iran, one-third of adults and
one-tenth of the adolescents are affected with MetS [16–18].

Several lifestyle factors such as a high body mass index
(BMI), smoking, consumption of alcohol, exercise as well as
eating habits have been demonstrated to affect metabolic syn-
drome abnormalities. Among the dietary patterns,Mediterranean
diet has been reported to have a protective impact on metabolic
syndrome [19–22]. As a result, emerging evidence has indicated
that dietary factors are also associated with MetS [23, 24].

In recent years, researchers have investigated the impact of
certain foods and dietary patterns on MetS [25–27]. For in-
stance, some findings suggest that consumption of fruits and
vegetables is associated with a lower risk of MetS [28–30].
Vegetables and fruits are important sources of Vitamin A,
Vitamin C, Magnesium and Potassium and can help protect
health and potentially decrease the risk of chronic diseases
[31]. It has also been shown that increasing dietary magne-
sium and zinc intake is related with a lower risk of MetS [32,
33]. In a recent published study from Iran, Khayatzadeh et al.
[34] has reported that a nutrient pattern rich in dietary protein,
carbohydrate, starch, glucose, fructose, sucrose, maltose was
associated with a higher risk of MetS in both genders. In
contrast, a pattern consist of copper, selenium, vitamin A,
riboflavin, vitamin B12 was associated with greater odds of
Mets, in women. Iran is a multi-ethnic country which has
faced nutrition transition in recent years. Moreover, dietary
patterns can vary depending on geographical environment,
food culture, economic habits and dietary habits are substan-
tially different between geographical regions of Iran.
Additionally, recent dietary studies have progressively used
dietary pattern approaches rather than the traditional focus
on individual foods, nutrients or dietary components.
Dietary pattern analysis is useful because it captures the com-
plex nature of dietary intake, explores its correlation with dis-
ease and may be more predictive of chronic disease risk than
the intake of nutrients or foods [35]. Dietary pattern analysis
can assess the overall features of diet composition and help
identify complex relationships, potential interactions, as well
as antagonistic or synergistic relationship between nutrient
intake and disease.

Few studies have been conducted on the association be-
tween dietary nutrients and MetS in Iranian populations. In
this study, the association between adherence to dietary nutri-
ents and the development of MetS was explored in adult pop-
ulation of Tehran.

Methods

Study population

Using two-stage cluster sampling from 25 health centers in
Tehran, a total of 522 eligible individuals were selected for

this cross-sectional study. 522 subjects, including 232 men
and 290 women with a mean age of 52.64 ± 14.09, were even-
tually recruited. Sampling was done by dividing the health
centers of Tehran into five regions: north, south, east, west,
and center. A list of health centers in each area was prepared
and 25 health centers were selected (due to budget and time
constraints) considering the number of centers in each region
with a split ratio and specifying the number of health centers
under survey in each area. After selecting the health centers,
the eligible centers were randomly chosen. Then, the samples
(n = 522) were divided according to total health centers (n =
25), and the number of samples in each health center was
obtained.

The collected data included participants’ demographics
(age, gender, education, income), lifestyle such as smoking
and physical activity, medical history, anthropometric as well
as dietary assessment via face-to-face interview with subjects.
The ethical issues of this project were approved by Tehran
Univers i ty of Medical Sciences (e th ic Number :
IR.TUMS.VCR.REC.1396.2307) and written informed con-
sent was obtained from all the participants.

Anthropometric measurements

The height and weight of subjects were measured by
nutritionists. The weight was recorded to the nearest
100 g with subjects minimally clad and barefoot when
standing on digital scales (Seca, Germany). The height
was measured using a stadiometer and recorded to the
nearest 0.5 cm. By dividing weight in kilograms by
square of height (m2), body mass index was calculated
(kg m−2). Weight circumference (WC) was recorded at
the umbilical site by an outstretched tape meter without
pressure to body surfaces and was recorded to the nearest
0.1 cm. The blood pressure of each participant was twice
measured using a standard mercury sphygmomanometer
after 15 min of rest.

Dietary intake assessment

Dietary intake was collected using a validated semiquantita-
tive FFQ, which contained 147 food items [36]. Nutritional
information was recorded by trained nutritionists through in-
terviews. The participants reported their frequency of con-
sumption for each food item during the previous year on a
daily, weekly, monthly or yearly basis. For our analysis, daily
intake of all food items from FFQ was calculated and portion
sizes of consumed foods reported in household measures were
then converted to grams. Each food and beverage item was
then coded according to the protocol and analyzed for energy
and nutrient content using Nutrition IV Software (First
Database, San Bruno, CA), which was designed for Iranian
foods.
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Dietary pattern assessment

Factor analysis with orthogonal transformation (varimax
method) was conducted to extract nutrient patterns based on
26 nutrients and bioactive compounds. Eigenvalues, the scree
plot test, and interpretability were evaluated to retain factors
(>1.5) for further analysis. Food groups with absolute factor
loading≥0.3 were considered as significantly contributing to
the pattern. We labeled the dietary patterns according to the
food groups positively and negatively correlated to the iden-
tified patterns as well as based on previous studies that found
similar dietary patterns in adults. We calculated the factor
score for each nutrient pattern by summing up the intakes of
nutrients weighted by their factor loadings [37]. Each partici-
pant received a factor score for each identified pattern and the
subjects were grouped based on quintiles of nutrient pattern
scores.

Biochemical assessment

Blood samples were drawn from each participant after fasting
for at least 12 h in accordance with a standard protocol. Serum
TG, total cholesterol (TC), low-density lipoprotein cholesterol
(LDL-C), high-density lipoprotein cholesterol (HDL-C), glu-
cose and FBG were measured using an automatic analyzer
(Eppendorf, Germany).

Metabolic syndrome

MetS was diagnosed if the patient had three or more of
the following risk factors as established by NCEP-ATP
III: large waist circumference (WC > 102 in men and
WC > 88 in women), high blood pressure (BP > 130/
80), high triglyceride (TG > 150), high glucose (FBG >
110), and low HDL (HDL < 40 in men and HDL < 50 in
women) [38].

Statistical analysis

The subjects were divided based on the quartiles of dietary
patterns. We used one-way ANOVA for quantitative variables
and chi-square test for qualitative variables to compare general
characteristics among quartiles of nutrition pattern scores.
Analysis of covariance (ANCOVA) test was performed to
evaluate the association between major nutrient patterns and
MetS after adjusting for potential confounders. We used bina-
ry logistic regression to determine the association between
nutrient patterns and MetS. Data were analyzed using the sta-
tistical software package SPSS version 22 with a significance
level of 5%.

Results

General characteristics of study participants are shown in
Table 1. The number of participants were 522 that 57.6% of
participants were female and 42.4% were male, also the mean
of ages was (53.62 ± 14.09). Compared to females, men had
higher WC, waist to hip ratio (WHR), height and lower BMI,
and were also older.

The nutrient grouping used in the factor analysis and factor
loading matrix for the identified nutrient patterns were pre-
sented in Table 2. Three major nutrient patterns were identi-
fied (Fig. 1) by factor analysis which explained 34.77% of the
total variance in nutrient intakes amount. The first factor
(NP1) showed the highest factor loadings for glucose, sucrose,
fructose, lactose and galactose so was labeled as the “Mono
and disaccharides pattern”. The second factor (NP2) demon-
strated the highest factor loading for protein, carbohydrate, fat
and saturated fatty acid that was labeled as the “Macronutrient
pattern”. The third one (NP3) showed the highest factor load-
ing for omega3, sodium, potassium and lycopene that labeled
as the “Antioxidant pattern”.

Table 1 Characteristics of participants in the study

Characteristics All Men Women

Mean ± SD

Age(year) 53.62 ± 14.09 50.75 ± 13.95 55.73 ± 13.83

Weight (kg) 74.69 ± 12.65 79.79 ± 11.77 70.94 ± 11.96

Height(cm) 161.70 ± 9.51 169.08 ± 6.31 156.27 ± 7.62

BMI(kg/m2) 28.59 ± 4.43 27.87 ± 3.53 29.12 ± 4.93

WC(cm) 97.21 ± 10.41 98.02 ± 8.85 96.61 ± 11.40

WHR 0.92 ± 0.07 0.94 ± 0.05 0.91 ± 0.08

N(%)

Sex 484 205(42.4%) 279(57.6%)

Smoking

Non smoker 403(86.5%) 159(82.4%) 244(89.4%)

Former smoker 29(6.2%) 11(5.7%) 18(6.6%)

Current smoker 34(7.3%) 23(11.9%) 11(4.0%)

Physical activity

Very low 246(52.8%) 91(47.2%) 155(56.8%)

Low 134(28.8%) 53(27.5%) 81(29.7%)

Moderate and high 81(17.4%) 44(22.8) 37(13.6%)

Diabetes

Yes 163(33.7%) 69(33.7%) 94(33.7%)

No 321(66.3%) 136(66.3%) 185(66.3%)

CVD

Yes 129(26.7%) 61(29.8%) 68(24.4%)

No 355(73.3%) 144(70.2%) 211(75.6%)

Values are mean and SD or reported percentage

WHR, waist to hip ratio; BMI, body mass index; WC, waist circumfer-
ence; CVD, cardiovascular disease
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Table 3 shows the multivariate adjusted means for TG,
SBP, DBP, FBS, HDL and WC according to tertiles of major
nutrient patterns. Higher adherence to NP1 (“Mono and disac-
charides pattern”) SBP (p < 0.001) and HDL (p < 0.001) sig-
nificantly increased however after controlling for potential
confounders this relationship did not remain statistically sig-
nificant. Moreover, there was a negative significant associa-
tion between tertiles of NP2 (“Macronutrient pattern”) and
HDL (p < 0.01) which disappeared after controlling for con-
founders (p = 0.26). Adherence to NP3 (“Antioxidant pat-
tern”) resulted in a reduction in SBP (p < 0.001), DBP (p <

0.001), FBS (p < 0.001) and WC (p < 0.01) and an increase in
HDL (p < 0.001). After adjusting for confounders significant
association remained for HDL (p < 0.001).

Multivariate adjusted ORs and corresponding 95% confi-
dence intervals (CI) for MetS and its components across tertiles
of NPs are presented in Table 4. There was no significant asso-
ciation between higher adherence of NP1 and MetS (p = 0.76),
hyper DBP (p = 0.38), hyper FBS (p = 0.99) in the crude model
even after adjusting for confounders. However, significant as-
sociations between higher adherence of NP1 and hyper TG
(p = 0.76), hyper SBP (p < 0.001), hyper HDL (p < 0.001) and
high WC (p < 0.01) was found in the crude model which were
disappeared after controlling the confounders. There was also
no significant relationship between adherence to NP2 andMetS
(p = 0.48), hyper DBP (p = 0.77), hyper FBS (p = 0.30) hyper
TG (p = 0.52), hyper SBP (p < 0.10), hyper HDL (p < 0.28) and
high WC (p < 0.58). The odds of MetS (p < 0.001), hyper DBP
(p < 0.001), hyper SBP (p < 0.001), and high WC (p < 0.001)
was different across tertiles of NP3. However, controlling for
resulted in no significant association between adherence to NP3
and MetS (p = 0.13), hyper DBP (p = 0.93), hyper SBP (p =
0.43), and high WC (p = 0.72).

Discussion

In this cross-sectional study, there was no significant relation-
ship between any of three nutrient patterns and metabolic syn-
drome and its components after controlling for potential con-
founders, but a significant positive association between the
third dietary nutrient pattern and HDL levels was found.

The NP1 which representative of glucose, sucrose, fructose,
lactose, and galactose is likely found in sugars, sweets, and
sugary/fruit beverages. Some publications have reported that
high consumption of sweets and also beverages rich in simple
sugar is correlated with increased insulin resistance and central
obesity [39, 40]. Further, the role of sugary beverages intake in
weight gain and increasing the risk of having metabolic syn-
drome and type 2 diabetes have been observed [41].

The relationship of our second nutrient pattern which
named as macronutrient pattern with MetS is previously eval-
uated in Paniagua et al. [42] study. In that study patients were
randomly assigned to four groups: two high fat diets, one high
in saturated fatty acid (HSFA) and the other high in monoun-
saturated fatty acid (HMUFA), and two low fat diets, one high
in complex carbohydrates (LFHCC) supplemented with
1.24 g/day of long-chain n-3 polyunsaturated fatty acids
(LFHCC n-3) and the other LFHCC diet with placebo
(LFHCC). They resulted the reduced chance of increased
waist circumference, high blood pressure and hypertriglyc-
eridemia thorough following the LFHCC n-3 diet. Thus, the
prevalence of MetS lowered by 20.5% after LFHCC n-3 diet
compared with the HSFA (10.6%), HMUFA (12%) diet or

Table 2 Factor loadings matrix for three nutrient pattern(NP)s
identified from the food frequency questionnaire

Nutrients Dietary Nutrient Patterns

“Mono and
disaccharides
pattern”

“Macronutrient
pattern”

“Antioxidant
pattern”

SFA .812

USFA .759

Omega3 .855

Na .934

Potassium .957

Vitamin A .713

Iron
.576

.381 −.559

Vitamin C
.380

.420 −.329

Calcium .409 −.567
Vitamin D .443 −.849
Vitamin E .608 −.446
Vitamin B family

.875
.388

Vitamin K
.596

.587

Zn .457 −.844
Other Minerals .493 .356

Fiber
.990

Glucose and
Sucrose .968

Fructose
.990

Lactose and
galactose .981

Maltose
.982

Caffeine
.800

.477

Lycopen .690

Protein .883

Carbohydrate .847

Total fat .871

Cholesterol .706

Food groups with absolute values <0.30 are not shown for simplicity
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LFHCC (10.4%) diets. In contrast, in some publications that
compared high-carbohydrate with high-MUFA diets, no

changes in the blood pressure response or even concerned
with MUFA diets was demonstrated [43, 44].

Table 3 The multivariate adjusted means for the components of MetS according to tertiles of major nutrient patterns in Teheranese adults

All Mean ± SD Tertiles of nutrient patterns P 1 P 2 P3

Tertile1 Tertile2 Tertile3

NP1

TG (mg/dL) 171.49 ± 79.98 179.03 ± 77.70 165.38 ± 77.70 170.09 ± 84.65 0.30 0.31 0.27

SBP (mmHg) 127.66 ± 23.08 120.98 ± 20.70 128.56 ± 22.71 133.44 ± 24.10 <0.001 <0.001 0.86

DBP
(mmHg)

79.98 ± 13.27 78.73 ± 11.55 80.02 ± 12.31 81.18 ± 15.59 0.25 0.1 0.24

FBS (mg/dL) 103.34 ± 31.06 101.15 ± 24.69 103.43 ± 35.23 105.41 ± 32.30 0.48 0.22 0.80

HDL (mg/dL) 80.86 ± 47.61 60.60 ± 38.55 83.70 ± 48.71 98.26 ± 47.36 <0.001 <0.001 0.90

WC (cm) 97.21 ± 10.41 96.08 ± 9.54 97.35 ± 10.36 98.19 ± 11.23 0.19 0.07 0.50

NP2

TG (mg/dL) 171.49 ± 79.98 165.24 ± 72.68 175.85 ± 86.40 173.34 ± 80.33 0.46 0.36 0.60

SBP (mmHg) 127.66 ± 23.08 129.17 ± 22.85 129.66 ± 23.07 124.14 ± 23.04 0.06 0.05 0.74

DBP (mmHg) 79.98 ± 13.27 78.91 ± 11.95 81.64 ± 15.57 79.38 ± 11.87 0.14 0.75 0.10

FBS (mg/dL) 103.34 ± 31.06 101.71 ± 28.89 103.49 ± 34.44 104.81 ± 29.69 0.67 0.37 0.70

HDL (mg/dL) 80.86 ± 47.61 87.17 ± 49.86 86.07 ± 51.67 69.31 ± 38.32 <0.01 <0.01 0.26

WC (cm) 97.21 ± 10.41 96.16 ± 10.63 98.15 ± 10.49 97.31 ± 10.08 0.22 0.32 0.33

NP3

TG (mg/dL) 171.49 ± 79.98 166.25 ± 71.72 166.32 ± 72.86 181.93 ± 93.05 0.13 0.08 0.43

SBP (mmHg) 127.66 ± 23.08 114.64 ± 15.67 127.15 ± 23.11 141.19 ± 21.66 <0.001 <0.001 0.12

DBP
(mmHg)

79.98 ± 13.27 76.00 ± 10.65 78.70 ± 11.57 85.24 ± 15.43 <0.001 <0.001 0.24

FBS (mg/dL) 103.34 ± 31.06 97.41 ± 13.04 101.67 ± 26.88 111.31 ± 44.29 <0.001 <0.001 0.36

HDL (mg/dL) 80.86 ± 47.61 47.25 ± 17.11 79.21 ± 49.90 116.14 ± 40.67 <0.001 <0.001 <0.001

WC (cm) 97.21 ± 10.41 95.64 ± 10.69 96.48 ± 9.80 99.50 ± 10.41 <0.01 <0.001 0.45

Values are mean and SD; p < 0.05 as significance level

P1 = PANOVA test; P2 = p trend; P3 = ANCOVA test adjusted for age, sex, education, physical activity, smoking, marital status, job, energy and BMI

NP, Nutrient Pattern; TG, Triglyceride; SBP, Systolic Blood Pressure; DBP, Diastolic Blood Pressure; FBS, Fasting Blood Sugar; HDL, High Density
Lipoprotein; WC, Waist Circumference

Fig. 1 Scree plot of 26 nutrients
groups according to its
eigenvalues
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The NP3 labeled as antioxidant pattern is somehow similar
to Mediterranean dietary pattern. Mediterranean diet may
have some beneficial influences to reduce the development
of the metabolic syndrome via its antioxidant and anti- inflam-
matory effects [45–47]. In the Nureta PREDIMED [48] cross-
sectional study, subjects with the highest adherence vs. the
lowest adherence to the Mediterranean diet had 56% lower
chance of having the metabolic syndrome. In contrast to
Nureta PREDIMED study and also in agreement with our
result, in a cross-sectional study conducted by Leon et al.
[49], there was no significant association between adherence
to theMediterranean diet and odds of the metabolic syndrome.

The results of the ZINCAGE project (n = 957 healthy sub-
jects from 5 European countries) were in line with our study.
There exists a positive association between higher adherence
to the Mediterranean diet and higher HDL concentrations in
women [50]. Besides, in the Catalan Nutritional Survey [51]
in Spain, the higher HDL levels was observed in the highest
adherences to the Mediterranean diet compared with the low-
est one. In addition, in a randomized clinical trial in Scotland
with a 6-month intervention period and a 3-month follow-up
duration, patients under Mediterranean diet in intervention
group had an increased HDL concentrations in comparison
to control group [52]. In contrast, no significant associations
between adherence to the Mediterranean diet and HDL levels
in the ATTICA Study was seen [53]. A randomized trial that
assigned 60 subjects to either a high saturated fat diet, a high
MUFA diet or a Mediterranean diet for 8 week did not found
significant rise in HDL concentrations after theMediterranean
diet intervention [54].

one of the important component of factor 3 nutrient pattern,
theω-3 andω-6 FA (PUFAs), were inversely associated with

Table 4 Multivariate adjusted odds ratios and 95% confidence intervals
for MetS and its components across tertiles of major nutrient patterns in
Teheranese adults

Tertiles of nutrient patterns P value

NP1 Tertile1 Tertile2 Tertile3

MetS
Model 1 1.00 1.01 (0.65, 1.56) 1.16 (0.75, 1.79) 0.76
Model 2 1.00 0.68 (0.40, 1.14) 0.56 (0.32, 0.99) 0.12
Increased serum TG (mg/dL)
Model 1 1.00 0.59 (0.38, 0.92) 0.60 (0.38, 0.93) 0.03
Model 2 1.00 0.67 (0.40, 1.10) 0.66 (0.39, 1.12) 0.21
Elevated SBP (mmHg)
Model 1 1.00 1.91 (1.20, 3.04) 3.03 (1.90, 4.81) <0.001
Model 2 1.00 0.79 (0.43, 1.46) 0.80 (0.43, 1.48) 0.72
Elevated DBP (mmHg)
Model 1 1.00 1.26 (0.77, 2.06) 1.39 (0.86, 2.26) 0.38
Model 2 1.00 0.87 (0.49, 1.54) 0.61 (0.34, 1.11) 0.23
Elevated FBS (mg/dL)
Model 1 1.00 0.99 (0.63, 1.55) 0.97 (0.61, 1.53) 0.99
Model 2 1.00 1.01 (0.60, 1.67) 0.89 (0.52, 1.53) 0.88
Reduced serum HDL (mg/dL)
Model 1 1.00 0.37 (0.23, 0.59) 0.14 (0.08, 0.25) <0.001
Model 2 1.00 0.65 (0.36, 1.15) 0.43 (0.21, 0.88) 0.054
Abdominal obesity(cm)
Model 1 1.00 1.66 (1.07, 2.58) 2.19 (1.40, 3.43) <0.001
Model 2 1.00 1.01 (0.48, 2.10) 0.85 (0.37, 1.93) 0.89
NP2
MetS
Model 1 1.00 1.23 (0.79, 1.91) 1.28 (0.82, 1.98) 0.48
Model 2 1.00 1.38 (0.80, 2.37) 2.10 (1.02, 4.32) 0.12
Increased serum TG (mg/dL)
Model 1 1.00 1.17 (0.75, 1.81) 1.28 (0.82, 1.99) 0.52
Model 2 1.00 0.99 (0.59, 1.66) 1.03 (0.51, 2.06) 0.99
Elevated SBP (mmHg)
Model 1 1.00 0.96 (0.62, 1.49) 0.64 (0.41, 1.01) 0.10
Model 2 1.00 1.08 (0.60, 1.97) 1.16 (0.52, 2.56) 0.93
Elevated DBP (mmHg)
Model 1 1.00 1.18 (0.73, 1.92) 1.13 (0.69, 1.83) 0.77
Model 2 1.00 1.17 (0.66, 2.07) 1.40 (0.66, 3.00) 0.67
Elevated FBS (mg/dL)
Model 1 1.00 1.30 (0.82, 2.05) 1.41 (0.89, 2.24) 0.30
Model 2 1.00 1.33 (0.78, 2.27) 1.70 (0.84, 3.45) 0.32
Reduced serum HDL (mg/dL)
Model 1 1.00 0.99 (0.60, 1.63) 1.39 (0.85, 2.25) 0.28
Model 2 1.00 0.63 (0.31, 1.28) 0.70 (0.28, 1.70) 0.45
Abdominal obesity(cm)
Model 1 1.00 0.93 (0.60, 1.45) 0.80 (0.51, 1.23) 0.58
Model 2 1.00 1.41 (0.61, 3.24) 1.94 (0.67, 5.58) 0.46
NP3
MetS
Model 1 1.00 1.06 (0.68, 1.66) 2.36 (1.51, 3.69) <0.001
Model 2 1.00 0.55 (0.31, 0.98) 0.61 (0.28, 1.28) 0.13
Increased serum TG (mg/dL)
Model 1 1.00 0.89 (0.57, 1.38) 0.92 (0.60, 1.43) 0.87
Model 2 1.00 0.92 (0.53, 1.58) 0.86 (0.42,1.75) 0.92
Elevated SBP (mmHg)
Model 1 1.00 2.86 (1.71, 4.81) 10.85 (6.40, 18.40) <0.001
Model 2 1.00 0.98 (0.50, 1.93) 1.48 (0.64, 3.39) 0.43
Elevated DBP (mmHg)
Model 1 1.00 1.60 (0.93, 2.71) 3.60 (2.16, 5.96) <0.001

Table 4 (continued)

Tertiles of nutrient patterns P value

NP1 Tertile1 Tertile2 Tertile3

Model 2 1.00 0.94 (0.48, 1.84) 1.05 (0.47, 2.34) 0.93
Elevated FBS (mg/dL)
Model 1 1.00 0.99 (0.62, 1.56) 1.14 (0.72, 1.79) 0.78
Model 2 1.00 0.77 (0.44, 1.37) 0.55 (0.26, 1.16) 0.29
Reduced serum HDL (mg/dL)
Model 1 1.00 0.45 (0.29, 0.71) 0.02 (0.01, 0.06) <0.001
Model 2 1.00 0.80 (0.46, 1.40) 0.09 (0.02, 0.35) <0.01
Abdominal obesity(cm)
Model 1 1.00 1.58 (1.02, 2.46) 3.22 (2.03, 5.10) <0.001
Model 2 1.00 0.75 (0.34, 1.62) 0.94 (0.30, 2.86) 0.72

Values are Odds Ratio and Confidence Interval; p < 0.05 as significance
level; significant P values are shown bold; Model 1 = Crude; Model 2 =
adjusted for age, sex, education, physical activity, smoking, marital status,
energy and BMI

MetS, Metabolic Syndrome; TG, Triglyceride; SBP, Systolic Blood
Pressure; DBP, Diastolic Blood Pressure; FBS, Fasting Blood Sugar;
HDL, High Density Lipoprotein
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MetS prevalence in females [55]. The more, in a systematic
review [56], total PUFA and its types (LA or ALA) intake
were negatively associated with hypertension and positively
associated with abdominal obesity. Some evidence from ob-
servational and intervention studies is in agreement with our
results that states the benefits of both ω-3 and ω-6 PUFA in
decreasing the odds of MetS [57–60]. However, the contro-
vers ies also are documented [61–63]. Increased
eicosapentaenoic acid (EPA) intake can significantly decrease
IL-6 and other adipokine levels. The nuclear factor-κB
(NF-κB), a pro-inflammatory transcription factor, can be sup-
pressed by EPA in compared to control. Besides, EPA dimin-
ished TNF-α and further reduced its secretion in the existence
of an NF-κB inhibitor. This feature expresses anti-
inflammatory influences ofω-3 PUFAs and beneficial effects
in adipocyte inflammation and metabolic disorders, such as
metabolic syndrome [64].

Lycopene, as one of the carotenes, is another component of
our third NP3. In a study [65], intakes of dietary α-carotene,
β-carotene, and lycopene can have favorable effects on glu-
cose metabolism in individuals at high risk for type 2 diabetes
mellitus. Because of its impression on glucose metabolism, it
presumed that lycopene would be inversely associated with
odds of MetS.

One of the strengths of our study is the application of a
validated FFQ and controlling for possible confounders in
the analyses. We used a semi quantitative food frequency
questionnaire (FFQ) validated for Iranian foods while, in sim-
ilar studies such as khayyatzadeh study [34], the data was
collected by a 24-h recall questionnaire. We believe that
FFQ is suitable for our work because it can properly reflect
the long-term and usual intake. Another one is the enrollment
of trained dieticians for the interviews to gather the food fre-
quency data; it could be expected this tactic (as compared with
self-administration) decreased any possible misclassification
error. The third is that in our manuscript metabolic syndrome
was defined based on the guidelines of the ATP III which its
validity is proved by numerous previous studies before [66,
67]. fHowever, some limitations exist. The cross-sectional de-
sign; thereby, the causal inferences cannot be concluded.
Although the factor analysis method is identified to represent
real-world dietary behaviors [68], this method is founded on
some subjective judgments such as naming nutrient patterns,
method of rotation and selection of food groups which can
resulting in an overall evaluation error.

Conclusion

In general, a significant positive association between the NP3
and HDL concentrations was observed among adults living in
Tehran, Iran. More studies are needed to investigate the pos-
sible causal relationship of this finding.
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