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Objective: No studies have examined the contribution of major dietary patterns to MUH phenotypes in
obese and overweight people based on Karelis criteria. This study was conducted to evaluate the asso-
ciation of major dietary patterns with MUHOW/O and MHOW/O phenotypes.
Methods: This cross-sectional study was conducted on 290 overweight and obese women aged 18—50
(BMI>25 kg/m?). Anthropometric measurements were assessed in all participants. The MH phenotype
was defined according to the Karelis criteria. Major dietary patterns were determined using factor
analysis of 21 foods groups using a valid and reliable FFQ containing 147 items. Participants' body
composition was assessed by BIA. Serum HDL, LDL, TG, insulin, and hs-CRP levels were quantified by
ELISA.
Results: By the use of factor analysis, 3 major dietary patterns were extracted: healthy dietary pattern
(HDP), western dietary pattern (WDP) and unhealthy dietary pattern (UNHDP). Binary logistic analysis
showed that participants in the in the upper category of WDP had greater odds of MUH phenotype
(OR =2.33, 95%CI = 1.11-4.91, P = 0.02), after confounder factor control. Individuals with high adherence
to the UNHDP score had high odds of MUH phenotype (OR = 1.75, 95%CI = 0.98—3.10, P = 0.05), after
adjustment for BMI, age, and total EI, compared to those with low adherence. A positive relation was
observed between WDP and levels of hs-CRP, HOMA-IR (OR = 1.94, 95%CI =0.91—4.10, P=0.05 and
OR =2.53,95%Cl = 1.26—5.11, P = 0.009) as well as a positive association between UHDP and plasma level
of LDL (OR = 1.90, 95%CI = 1.04—3.47, P = 0.03), but an inverse association between HDP and hs-CRP level
(OR =0.56, 95%CI = 0.29—-0.92, P =0.03).
Conclusions: The present evidence indicates various significant associations among major dietary pat-
terns and MUHOW/O phenotypes.

© 2018 Diabetes India. Published by Elsevier Ltd. All rights reserved.
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1. Introduction

The prevalence of obesity is increasing in most parts of the
world, and the International Obesity Task Force (IOF) estimates that
at least 1.1 billion adults are overweight worldwide, including 312
million who are obese [1]. Obesity often clusters with risk factors of
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cardiovascular disease (CVDs) and type 2 diabetes (T2D) that
comprise metabolic syndrome (MetS), including insulin resistance
(IR), hypertension, dyslipidemia, and low levels of high density
lipoprotein-cholesterol (HDL-C) [2].

Intriguingly, obesity is not synonymous with metabolic dis-
ease, as people who are overweight or obese do not always have
metabolic dysfunction, especially cardio-metabolic dysfunction
[3]. These populations have been termed as having metabolically
healthy obesity (MHO) [4]. MHO describes [5] the absence of any
overt cardio-metabolic disease, along with a favorable metabolic
profile and inflammation profile, characterized by high levels of
insulin sensitivity, a lower proportion of visceral fat, less liver fat,
low prevalence of hypertension and components in an individual
with a body mass index (BMI) >30 kg/m?. The diagnostic criteria
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List of abbreviations

ATPIIl Adult Treatment Panel

BMI Body mass index

BIA Bioelectrical impedance analysis

BP blood pressure

BF % body fat percentage

CVDs cardiovascular diseases

CHOD-PAP cholesterol oxidase Phenol 4-Aminoantipyrine

Peroxidase

ELISA enzyme-linked immunosorbent assay

FBS Fasting Blood Glucose

EI energy intake

FFQ food frequency questionnaire

FPG fasting plasma glucose

FBS fasting blood sugar

FFM Fat Free Mass

FM Fat Mass

GOD-PAP Glucose Oxidase Phenol 4-Aminoantipyrine
Peroxidase

GPO-PAP Glycerol-3-phosphate oxidase Phenol 4-
Aminoantipyrine Peroxidase

hs-CRP  Serum hyper sensitive C-reactive protein

HDP healthy dietary pattern

HOMA-IR Homeostatic model assessment insulin resistance

HDL-C High density lipoprotein cholesterol
IR insulin resistance
IOF International Obesity Task Force

IDF International Diabetes Federation
IPAQ International Physical Activity Questionnaire
IL6 interlukin6

KMO Kaiser-Meyer-Olkin

LDL Low density lipoprotein cholesterol
MetS metabolic syndrome

MH Metabolically healthy

MUH Metabolically unhealthy

MHO Metabolically healthy obesity
MUHO Metabolically unhealthy obesity
NC Neck circumference

NAFLD  Non-alcoholic fatty liver disease
OR odds ratio

PA physical activity

PCA Principal component analysis
PCO Polycystic Ovary Syndrome

T2D type 2 diabetes

TBW Total Body Water

Total-Chol Total cholesterol
TG Triglyceride

TNF a Tumor necrosis factor alpha

TUMS Tehran University of Medical Sciences
UNHDP unhealthy dietary pattern

USDA United States Department of Agriculture

wc waist circumference
WHR waist to hip ratio
wbDP western dietary pattern

for MHO are controversial, therefore the prevalence of MHO is
difficult to quantify, and varies according to the definition used
[6]. The prevalence of MHO has been reported as being 10%—25%
[7]. However, factors such as race, age, physical activity (PA) have
effects on the prevalence of MHO [8]. The underlying mechanisms
which cause the MHO phenotype among obese people are mul-
tiple and complex. This phenotype is the result of complex in-
teractions between genetic, environmental, and behavioral factors
[9]. The absence of genetic traits associated with fat distribution,
reduced visceral fat mass and ectopic fat accumulation in liver,
muscle, and pancreatic beta cells, and low systemic inflammation
all contribute to MHO [10]. Metabolically unhealthy obesity
(MUHO), in contrast to the MHO group, displays the typical
obesity-related  metabolic  disturbances of IR, hyper-
triglyceridemia and possibly elevated risk of developing T2D and
CVDs, which could be due to higher fat mass as well as higher
visceral fat and liver fat content [11].

Although diet is a modifiable risk factor, controversy remains
surrounding the relation between diet and obesity, particularly
regarding the role of fat intake [12]. Due to the possibility of many
undiscovered compounds in foods, the enormity of interactions
among nutrients and foods, and the collinearity among food and
nutrient intakes, using a multivariate approach like dietary patterns
has the potential to resolve concerns about confounding factors and
interactions of foods and nutrients [13]. Furthermore, a dietary
pattern approach reflects individuals' dietary behaviors and
therefore can provide more detailed information about the nutri-
tional etiology of chronic disease [14]. Several studies have re-
ported the associations of major dietary patterns with obesity and
central adiposity [15,16].

However, no study is currently available evaluating major di-
etary patterns in metabolic healthy (MH)/metabolic unhealthy
(MUH) individual based on Karelis criteria. It was therefore decided

to test whether differences in major dietary patterns in MUHOW/O
and MHOW/O phenotypes can lead to differences in metabolic
status.

2. Methods and materials
2.1. Participants

This cross-sectional study was conducted among a representa-
tive sample of Tehrani overweight/obese females aged 18—50,
selected by a multistage cluster random sampling method. Regis-
tered patients in the health center were enrolled in the study, ac-
cording to inclusion and exclusion criteria. Individuals were
included if they met following criteria: age 18—50 years; no current
weight loss program; no use of weight loss supplements. Partici-
pants with a history of T2D, CVDs, polycystic ovary syndrome (PCO),
stroke, non-alcoholic fatty liver disease (NAFLD), inflammatory
disease, hypertension, cancer, thyroid diseases, or who were
currently pregnant were excluded because of possible changes in
diet. Women were also excluded who did not respond to more than
70 food items in the food frequency questionnaire (FFQ), or who
reported a total daily energy intake (EI) outside the range of
800—4200 kcal (3344—17556k]), as well as those taking medica-
tion that could affect plasma lipoproteins (Atorvastatin, Chole-
styramine, etc.), blood pressure (Captopril, etc.) and carbohydrate
metabolism (Metformin, etc.). After these exclusions, 290 women
remained in the current analysis. Each participant was informed
completely regarding the study protocol and provided a written
and informed consent form before taking part in the study. The
study protocol was approved by the ethics committee of Tehran
University of Medical Sciences (TUMS) with the following identi-
fication IRTUMS.VCR.REC.1395.1234.
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2.2. Measurement of biochemical parameters

All samples were collected, after 10—12 h fast, at the Nutrition
and Biochemistry laboratory of School of Nutritional Sciences and
Dietetics, TUMS. Blood samples, collected in tubes containing 0.1%
EDTA, were taken in a sitting position according to standard pro-
tocol. To collect serums, serum samples were centrifuged for
10 min at 3000 rpm, aliquoted into 1 ml tubes and stored at —70 °C
until analysis. Samples were analyzed by using an Auto-analyzer BT
1500 (Selectra 2; Vital Scientific, Spankeren, Netherlands). Fasting
plasma glucose (FPG) was measured on the day of blood collection
by Glucose Oxidase Phenol 4-Aminoantipyrine Peroxidase (GOD/
PAP) method. Serum triglycerides (TG) concentrations were
assayed with triacylglycerol kits (Pars Azmoon Inc, Tehran, Iran) by
using enzymatic colorimetric tests with Glycerol-3-phosphate ox-
idase Phenol 4-Aminoantipyrine Peroxidase (GPO-PAP). Total
cholesterol (total-chol) levels were measured by the cholesterol
oxidase Phenol 4-Aminoantipyrine Peroxidase (CHOD-PAP), and
low-density lipoprotein (LDL) and HDL was measured by the direct
method and immunoinhibition. Serum hyper sensitive C-reactive
protein (hs-CRP) was measured by an immunoturbidimetric assay.
All kits were from Pars Azmoon (Pars Azmoon Inc. Tehran, Iran).
Serum insulin concentrations were analyzed through the enzyme-
linked immunosorbent assay (ELISA) method (Human insulin ELISA
kit, DRG Pharmaceuticals, GmbH, USA), and the minimum detect-
able concentration was 1.76 mlU/ml, Intra CV was 2.19% and Inter
CV was 4.4%.

2.3. Assessment of anthropometric measures

Weight was measured with digital scales and recorded to the
nearest 100 g while the subjects were minimally clothed and not
wearing shoes. Height was measured using a tape measure while
the subjects were standing, were not wearing shoes and had
shoulders in a normal position. BMI was calculated by dividing the
weight (kg) by the square of the height (cm). Neck circumference
(NC) was measured below the laryngeal prominence and perpen-
dicular to the long axis of the neck [17], and the minimal circum-
ference was recorded to the nearest 0.1 cm. To reduce error, all
measurements were taken by the same technician.

2.4. Assessment of other variables

Data on PA were obtained using participants' oral responses to
an interview-based International Physical Activity Questionnaire
(IPAQ) and expressed as metabolic equivalent h/wk (MET-h/wk)
[31]. This questionnaire included questions in 5 activity domains:
job-related physical activity; transportation physical activity; ac-
tivities for housework and house maintenance; recreation, sport
and leisure-time physical activity; and time spent sitting. Partici-
pants were asked to think about all the vigorous and moderate
activities they had engaged in during the last 7 days, considering
times spent for these activities. The PA of the participants was
classified as follows: low <600 (MET-h/wk), moderate = 600—3500
(MET-h/wk) and severe >3500 (MET-h/wk) [18]. A demographic
questionnaire (information on age, marital status and family his-
tory of obesity) was collected by researchers.

2.5. Assessment of blood pressure

For blood pressure (BP) measurements, participants were first
asked to rest for 15 min. Then, a trained physician measured BP
using a standardized sphygmomanometer (Omron, Germany,
European).

2.6. The HOMA-IR calculation

IR was calculated by the homeostatic model assessment
(HOMA) according to the following equation: HOMA-IR = [fasting
plasma glucose (mmol/l) x fasting plasma insulin (mIU/1)]/22.5
[19].

2.7. Definition of metabolic health and its components

Karelis criteria were used, since they examine both inflamma-
tory profiles and insulin-sensitization to other indicators. The MH
was defined as the presence of four or more of the following five
components, according to Karelis criteria: TG < 1.7 mmol/l, HDL
>1.3 mmol/l and no treatment, LDL <2.6 mmol/l and no treatment,
hs-CRP< 3.0 mg/l, and HOMA-IR <2.7 [4].

2.8. Complete body composition analysis

Body composition was assessed through multi-frequency
bioelectrical impedance analyzer (BIA): InBody 770 Scanner
(Inbody Co., Seoul, Korea). This electrical impedance analyzer cal-
culates the resistance of body tissues to the flow of an electrical
signal sent through both hands and feet. The amount and propor-
tion of body fat percentage (BF %), fat free mass (FFM) and fat mass
(FM), waist circumference (WC) and waist-to-hip ratio (WHR) is
measured as the current flows more efficiently through certain
parts of the body. Participants were asked not to exercise vigor-
ously, carry any electric devices, consume excessive fluid or food;
the measurements were performed in the morning in a fasting
condition, with participants urinating just before the body
composition analysis to get a more accurate result. According to the
manufacturer's instructions, after shoes, coats, and sweaters had
been removed, subjects were required to stand on the balance scale
in bare feet and hold the handles of the machine. The measure-
ments took approximately 20 s, and the output was printed.

2.9. Assessment of dietary intake

Usual dietary intake was assessed using a validated 147-item
semi-quantitative FFQ. A trained dietitian administered 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 into a daily intake.
Portion sizes of consumed foods were converted to grams by using
household measures [20]. Total EI was calculated by summing up
Els from all foods. To determine the nutrient compositions of Ira-
nian foods, an Iranian food composition table was used [21] in
conjunction with United States Department of Agriculture (USDA)
food composition data [22]. A previous validation study of this FFQ
among 132 randomly chosen participants (not included in this
study) revealed correlations between dietary intakes assessed by
similar FFQs, and multiple-day 24-h food recalls completed during
the year (P < 0.05) [23]. To identify major dietary patterns, 147 food
items were first categorized into 21 predefined food groups. This
classification was based on the similarity of their nutrients and
according to previous studies [24].

2.10. Statistical analyses
Normality distribution was tested by applying Kolmogorov-

Smirnov's test; data that was not normally distributed and could
not be transformed appropriately for normal distribution were
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used for z-scores. Data on quantitative characteristics were re-
ported as the mean +SD and data on qualitative characteristics
were expressed as a percentage. To identify major dietary patterns
based on the 21 food groups, principal component analysis (PCA)
we used. The Scree plot is a plot of the eigenvalues >1.5 of derived
factors. To achieve a simple matrix with a better ability to interpret
and derive dominant dietary patterns, varimax rotation was used.
The number of meaningful components retained from the total
number of extracted patterns depended mainly on the assessment
of scree plots and the components' interpretability. According to
previous studies, and because of the nature of the data and corre-
lations, values with a load factor greater than 0.3 were considered
to determine the items of each food pattern. Factor loadings are
correlation coefficients between food groups and dietary patterns;
a positive loading in a factor indicates a direct association with the
factor, whereas a negative loading indicates that the food is
inversely associated with the factor. The dietary patterns were
labeled on the basis of the researchers' interpretation of the data, as
well as on prior literature. Participants were categorized by the
median of healthy, unhealthy, and western dietary pattern scores,
which were converted into low first quartile and other groups.
Independent t-test was performed to evaluate significant differ-
ences in general characteristics (e.g. age, anthropometry, and
physical activity) across categories of dietary pattern scores and
metabolic phenotypes; the distribution of qualitative variables
across quintiles was evaluated by using chi-square tests. To deter-
mine the associations of major dietary patterns (independent var-
iable) with the MUH (dependent variable) and metabolic
components (dependent variable), logistic binary regression was
used in crude model and adjusted models. Confounding factors
were determined from a best-fit model and the change in -2 log
likelihood ratio test. Adjustments were made for age, PA, BMI and
total EL In all multivariate models, the low adherence of dietary
patterns score was considered as a reference. SPSS software was
used (version 23; SPSS Inc, Chicago IL) for all statistical analyses.

3. Results

After data analysis using the PCA method and based on data
related to food intake, the suitability of the data collected for PCA
analysis was examined by studying a review of the Anti-Image ta-
ble, the results of the Kaiser-Meyer-Olkin (KMO) measure of sam-
pling adequacy test, and Bartlett's Test of Sphericity. Then,
according to the Scree Plot chart review, three major dietary pat-
terns were identified (Fig. 1). Three major dietary patterns were
determined: the healthy dietary pattern (HDP), with high intake of
vegetables, fruits, legume and nuts, starchy vegetables, low-fat
dairy, meat, and olives; the western dietary pattern (WDP), asso-
ciated with a higher intake of fast food, high-energy drinks and
beverages, snacks, mayonnaise, sweets, cereals, and condiments;
and the unhealthy dietary pattern (UNHDP), with higher intake of
solid oil, high-fat dairy, red meat, liver, brain and kidney, tea and
coffee, and a lower consumption of liquid oil. In order to identify
the dietary patterns, factors were selected which had a load factor
greater than 0.3 and were discarded if the load factor was lower
than 0.3. The factor-loading matrices for these dietary patterns are
shown in Table 1. The HDP, the WDP and the UNHDP, explained
13.33%, 11.90% and 7.80% of total variance, respectively. Some food
groups have positive and some have negative load factors. A posi-
tive load factor means it is positively associated with a dietary
pattern and a negative load factor means an inverse relationship
with that food pattern. A total of 290 subjects, including 79 MHOW/
0 (27.3%) and 211 MUHOW/O individuals (72.7%), were included in
this study. It was found that 5.2% met 5/5 criteria, 22.1% met 4/5
criteria, 27.9% met 3/5 criteria; 28.6% met 2/5 criteria, 12.4% met 1/5

criteria and 3.8% met 0/5 criteria. The percentage of MH partici-
pants in the following BMI categories: 25—30 (kg/m?), 30—35 (kg/
m?) and >35 (kg/m?) was 77.2%, 20.3% and 2.5%, respectively. The
clinical and anthropometric characteristics of the study population
according to MH and MUH status are shown in Table 2. In com-
parison with MHOW/O participants, MUHOW/O subjects had 3.77
fold higher serum levels of hs-CRP. MH subjects showed more
favorable lipid profiles, specifically mean serum TG, total-chol and
LDL, (P <0.05). Mean serum insulin in the MH phenotype was
about ¥ of those suffering from MUH (P <0.0001). Also, MUH
subjects had 1.49 fold higher HOMA-IR levels, compared to MH
subjects (P < 0.001). However, there was no significant difference in
PA among the two groups (P> 0.05). It should be noted, though,
that 73.7% of MUHOW/O participants had low level PA (<600 MET
min/week) and only 30% had high-level PA (>3500 MET min/week).
Furthermore, as far as body composition is concerned, these results
demonstrated that there was a statistically significant difference,
even after controlling for confounder factors, in terms of BMI
(P <0.0001), WC (P <0.0001), WHR (P <0.0001), NC (P <0.0001),
BF% (P = 0.004), body fat mass (BFM) (P < 0.0001), FFM (P = 0.005),
between the two groups. In particular, MUHOW/O subjects had
1.04, 1.14 and 1.05 fold higher BF%, BFM and FFM in comparison
with MH participants, respectively. Characteristics of the study
participants across adherence categories of the dietary patterns
scores are shown in Table 3. After controlling for confounder fac-
tors, those with the highest adherence of the HDP had significantly
lower serum hs-CRP (P =0.03), compared with participants with
low adherence. Conversely, in comparison with participants with
the lowest adherence, those with the highest adherence to the
WDP had significantly higher FBS (P =0.06), NC (P =0.009), and
lower serum level HDL (P =0.05), as well as having significantly
higher MUH prevalence (P=0.03). Also, participants with the
highest adherence to the UNHDP had significantly higher weight
compared to those with low adherence (P = 0.02). Dietary intakes
of the study participants across adherence categories of the dietary
pattern scores are shown in Table 4. Those with the highest
adherence to the HDP had significantly lower intakes of energy, fat,
carbohydrate and cholesterol (P < 0.0001), and significantly higher
intakes of vitamin B-6, B-2, B9, magnesium, calcium, copper and
fiber (P < 0.0001), whereas those in the highest categorical of the
WODP had statistically significant higher intakes of energy, fat, trans
fatty acid and cholesterol, and statistically significant lower intakes
of vitamin B-6, B-9, magnesium and fiber. Also, participants with
the highest intake of the UNHDP had statistically significantly
higher intakes of energy, fat, saturated fatty acid, trans fatty acid
and cholesterol (P <0.0001), after adjustment for confounder fac-
tors. No significant overall associations were seen between the HDP
score and the MUH (P> 0.05). Odds ratio (OR) for the MUH
phenotype across adherence categories of UNHDP and WDP scores
in the crude and adjusted models are presented in Table 5. In the
crude model, participants with the highest adherence to the
UNHDP were marginally positively associated with greater odds of
MUH, and the WDP score had greater odds of this phenotype (OR:
158, 95%C1=0.93-2.69, P=0.08 and OR=186, 95%
Cl=1.04—3.32, P=0.03) than those with the lowest adherence,
respectively. Also, after controlling for BMI, subjects with the
highest adherence of UNHDP had 79% higher likely odds for MUH
phenotype, compared to those with the lowest adherence
(OR =1.79,95%CI = 1.02—3.13, P = 0.04). Even after additional con-
trol for age and total EI, the positive association of the UNHDP score
with higher odds for the MUH phenotype remained significant
(OR =1.75,95%CI = 0.98—3.10,P = 0.05). However, after adjustment
for BM], total EI, age, and PA, the positive association of the UNHDP
with MUH disappeared (OR = 1.34, 95%CI = 0.69—2.57, P =0.37),
but individuals with the highest adherence to the WDP had 2.33
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Fig. 1. Scree plot chart for extracting major dietary patterns from principal component analysis.

Table 1
Factor-loading matrix for major dietary patterns.”

Dietary Patterns

Food Groups Healthy
Vegetables 0.74
Fruits 0.58
Legume and nuts 0.57
Starchy vegetables 0.56
Low fat dairy 0.56
Withe meat 0.52
Olive 0.40
Condiment -
Salt -
Fast food —
High-energy drinks and beverages -
Snacks -
Mayonnaise -
Sweets —
Cereals -
Liquid oil —
Solid oil -
High fat dairy -
Red meat -
Tea and coffee -
Liver, brain and kidney -
Percentage of variance Explained (%) 13.33%

Western Unhealthy
0.34 -
0.68 -
0.64 —
0.63 —
0.57 -
0.52 —
0.36 -

— -0.54
- 0.60
— 0.41
— 0.36
- 0.32
— 0.40
11.90% 7.80%

2 Values are factor loadings of dietary patterns measured by factor analysis (n=265). Factor loadings below <0.30 were excluded for simplicity. 1 Eigenvalues>1.5, (KMO)

index: 0.71.

fold greater odds for the MUH phenotype, compared to those with
the lowest adherence (OR=2.33, 95%Cl=1.11=4.91, P=0.02).
Associations between dietary patterns and metabolic status, based
on the Karelis criteria, are shown in Table 6. In the full model,
participants with the highest adherence to the HDP score had 46%
reduced odds of serum level of hs-CRP (OR=0.56, 95%
Cl=0.29—-0.92, P =0.03), whereas those with the highest adher-
ence to the UNHDP had greater odds of serum level of LDL
(OR =1.90, 95%CI = 1.04—1.65, P = 0.03). Also, higher adherence to
the WDP led to 1.94 fold and 2.53 fold increased serum levels of

hs-CRP and HOMA-IR (95%Cl=0.91—-4.10, P=0.05 and 95%
Cl=1.26—5.11, P = 0.009) respectively.

4. Discussion

This is the first investigation in which major dietary patterns
identified by factor analysis have been associated directly with
MUH/MH phenotypes based on Karelis criteria. It was observed
that the UHDP and WDP were associated with higher odds of the
MUH phenotype in overweight and obese women, whereas no
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Table 2
Characteristics metabolic feature MH and MUH subjects.
MHOW/O MUHOW/O 0.95 CI of the difference P value P value*
Mean + SD Mean + SD
(n=79) (n=211)
Quantitative variables Demography
Age (years) 36.26 +8.29 36.22 +8.45 —2.1to -2.23 0.96 0.94
Height (cm) 161.50 +5.20 160.75 + 12.41 —1.29 to 2.79 0.47 0.66
Weight (kg) 74.96 + 8.38 79.44 +12.10 —7.83 to-1.55 0.003 0.001
Body Composition
BMI(kg/m2) 28.65 +2.81 30.64 +3.56 —2.68 to —1.10 <0.001 <0.001
Fat percentage % 39.51+4.82 4146 +5.18 —3.36 to —0.53 0.007 0.004
BFM (Kg) 29.76 + 5.96 34.03 +7.34 —6.27 to —2.27 0.001 <0.001
FFM (Kg) 44.84 +4.68 47.10+5.75 —3.67 to —0.83 0.002 0.005
TBW (L) 32.93+343 34.58 +4.08 —2.68 to —0.60 0.002 0.005
VFL 14.04 + 8.89 16.80 +14.92 —5.08 to —0.42 0.02 0.13
BMR 1338.67 +101.40 1444.23 +773.78 —222.30to —122.13 0.07 0.28
FFMI 17.26 £ 1.21 18.75+9.88 —2.98 to 0.1 0.05 0.25
FMI 11.65+2.62 13.06 +2.78 —2.18 to —0.63 <0.001 <0.001
NC (cm) 35.18 +2.13 37.36+2.35 —2.94 to —1.42 <0.001 <0.001
WC (cm) 93.38 +7.01 99.61+9.29 —8.7to —3.7 <0.001 <0.001
WHR 0.91 +0.04 0.93 +0.05 —0.04 to 0.01 <0.001 <0.001
Blood Parameters
FBS(mmol/L) 86.51 +15.05 88.75+9.79 —5.8 to 1.37 0.22 0.03
TG (mmol/L) 82.41+27.25 131.69 + 70.65 —65.30 to —15.01 <0.001 <0.001
Insulin (mIU/mL) 11.88 +£3.67 17.01 £6.26 —6.75 to —3.50 <0.001 <0.001
LDL-C (mmol/L) 88.64 +25.52 99.54 +26.93 —17.97 to —4.18 0.002 0.001
HDL-C (mmol/L) 52.63 +9.60 45.24 +10.55 4.81 to 9.96 <0.001 <0.001
Total- chol (mmo/I) 173.00 + 34.93 190.00 +39.10 —26.41 to —7.59 <0.001 0.001
HOMA 244 +0.97 3.65+1.56 —1.58 to —0.84 <0.001 <0.001
Blood pressure
Systolic (mmHg) 92.48 +38.35 96.99 + 38.74 —14.77 to 5.74 0.38 0.15
Diastolic (mmHg) 62.48 +26.07 68.28 +27.53 —12.85 to 1.26 0.10 <0.001
Inflammatory Cytokine
hs-CRP (mg/L) 1.38+1.15 5.21+4.92 —4.93 to 2.72 <0.001 <0.001
Qualitative variables "
Education
Bachelor 29 (24.2) 91 (75.8 0.22-0.24 0.33 0.77
Master 35(29.7) 83 (70.3
Martial
Married 47 (25) 141 (75) 0.28—-0.30 0.20 0.37
Single 17 (34.0) 33 (66)
Family history of obesity
Yes 48 (25.4) 141 (76.4) 0.33 0.87
No 14 (32.6) 29 (67.4)
Physical activity
Low 35(26.3) 98 (73.7) 0.44-0.46 0.96 0.90
Moderate 27 (27.0) 73 (73.0)
High 7 (70.0) 3(30.0)

BMI: body mass index; BFM: body fat mass; FM: fat free mass; TBW: total body water; VFL: visceral fat level; BMR: basal metabolic rate; FMI; fat mass index; FFMI: fat free
mass index; WHR: waist to hip ratio; WC: waist circumference; NC; neck circumference; FBS: fasting blood sugar; TG: triglyceride; Total-Chol: total cholesterol; HDL-C: high
density lipoprotein cholesterol; LDL-C: low density lipoprotein cholesterol; HOMA; homeostatic model assessment; hs-CRP: high-sensitivity C-reactive protein; MHOW:
metabolic healthy overweight/obesity; MUHOW/O: metabolic unhealthy overweight/obesity.

*After adjustment for age, BMI, total Energy intake and physical activity.
**Put out the collinear variable from the GLM as confounders.

2 Mean +SD.

b n (%)

¢ Physical activity of the participants was classified to low <600 MET-h/wk., moderate =600-3500 MET-h/wk. and sever >3500 MET-h/wk. levels.

significant association was found between the HDP with lower
odds of this phenotype.

The prevalence of MHO has been reported to be 10%—30%
worldwide [25]. The prevalence of MHO has been reported by
different criteria, such as the Adult Treatment Panel (ATPIII),
Kaleris, Wildman, the International Diabetes Federation (IDF) and
HOMA criteria [26]. In fact, many variables, including FBS, TG, HDL,
LDL, HOMA-IR, hs-CRP and WC, have been used to identify MH. In
the current study, the percentage of MHOW/O phenotype was
27.0% according to the Kaleris criteria. Moreover, a high percentage
of this phenotype was observed in overweight individuals. Another
important point is that the prevalence of the MUHO phenotype was
2.32-fold as large as the MHO phenotype.

In the present study, the MH phenotype had significantly lower
GOT, GPT, insulin, HOMA, TG, LDL, hs-CRP and total-chol, compared
to the MUH group. Interestingly, no differences between the MH
and MUH phenotypes were noted for age, weight and PA. These
findings are in line with other studies reporting that MH in-
dividuals had lower BMI, FBS, TG and higher HDL concentrations,
and reduced HOMA-IR, in comparison with MUH participants [27].
The study also demonstrated that significant differences were seen
regarding WC, BMI, BF%, FM, and BFM between the two groups.
Therefore, it seems that the MUH phenotype can increase inflam-
mation, and in this way can lead to atherosclerosis. Accumulating
FM is associated with IR, which in turn is an underlying cause of
MetS. A large volume of studies have shown elevated levels of
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Table 3
Characteristics of the study participants across adherence categories of dietary patterns score.
Healthy Unhealthy Western
Low adherence  High adherence P value* Low adherence High adherence P value* Low adherence  High adherence P value*
Mean + SD Mean + SD Mean + SD Mean + SD Mean + SD Mean + SD
Demography
Age (years) 35.95 + 8.80 36.42 +8.36 0.10 36.17 +8.93 36.36 + 8.07 0.03 38.18+7.94 35.62 +8.60 0.24
Height (cm) 158.78 +17.31 161.86 +5.73 0.31 160.13 +14.58  161.55+5.67 0.87 161.13 +5.47 160.74 +12.43 0.70
Weight (kg) 73.86 +10.80 80.12+10.72 0.04 77.82 +11.66 78.25 +10.60 0.02 76.78 +9.26 78.45 +11.67 0.21
Body Composition
BMI(kg/m?) 29.20+3.21 30.56 +3.54 0.28 30.22+3.32 30.01 +3.66 0.67 29.62 +3.12 30.28 +3.6 0.62
Fat percentage % 40.87 +5.08 40.96 +5.30 0.56 41.00 +5.02 40.86 +5.47 0.93 40.79 +5.41 41.42 +4.56 0.42
Fat Mass (kg) 31.58 +6.72 33.39+7.37 0.62 32.73+£6.85 33.04+7.46 0.92 32.56+6.26 32.98 +£7.50 0.82
FFM(kg) 44.76 +3.82 47.14 +5.69 0.02 46.41+5.40 46.52 +5.28 0.61 45.68 +5.35 46.70 +£5.32 0.60
VFL 17.69 +24.21 15.44 +3.31 0.22 15.17 +3.10 17.07 £18.72 0.30 15.41+2.91 16.27 + 14.86 0.78
BMR 13336.89+82.7 1448.53 +79.6 0.07 1455.38+93.0 1375.02+1140 043 1356.84+11.58 1435.06+76.32 0.32
WC(cm) 95.93+7.79 98.68 +9.44 0.18 97.55+8.54 98.29+9.7 0.83 97.35+8.15 98.07 +9.40 0.94
WHR 0.92 +0.04 0.93 +0.05 0.25 0.92+0.04 0.93 +0.05 0.39 0.93 +0.05 0.92 +0.05 0.47
NC(cm) 36.58 +2.56 36.84+2.49 0.58 36.62 +2.21 36.93 +2.82 0.76 35.54+1.98 37.09 +2.53 0.009
FFMI 17.45+1.26 18.76 +10.21 0.14 18.96 +11.93 17.78 +1.49 0.24 20.06 +17.93 17.89+1.42 0.14
FMI 1234+2.34 12.84+2.86 0.99 12.74 +2.77 12.65 +2.90 0.69 12.76 +2.73 12.68 +2.87 0.70
Blood Parameters
FBS(mmol/L) 88.95+10.90 87.82+11.91 0.46 88.56 + 13.97 87.84+8.54 0.97 87.56 +8.57 88.41+12.42 0.06
TG (mmol/L) 109.35 +53.74 122.51+72.10 0.33 116.89+74.88  119.40 + 57.66 0.87 119.46 +73.12 117.71 + 64.68 091
T-chol (mmol/L) 191.13 +46.26 181.70 +34.74 0.77 183.32+39.39  186.35+38.92 0.26 190.08 +45.03 183.09 +36.90 0.86
HDL-C (mg/dL) 48.78 +10.99 46.65 +10.56 0.95 47.42 +10.61 47.29+10.89 0.95 49.98 + 12.46 46.49 +9.97 0.05
LDL-C (mg/dL) 100.44 + 33.68 93.90 +22.81 0.86 94.61 + 26.26 97.55 +27.80 0.22 99.94 +32.13 94.79 + 25.06 0.61
HOMA-IR 323+131 3.33+1.65 0.11 320+1.27 3.39+1.77 0.24 3.01+1.37 3.39+1.59 0.14
Insulin (IU/mL) 15.45+4.97 15.57 +6.61 0.17 15.18 +4.99 15.93 +7.28 0.17 1439+5.75 15.89+6.28 0.20
Inflammation
hs-CRP (mg/1) 4.15+4.84 4.14 +4.50 0.03 3.95+4.36 4.35+4.84 0.22 3.45+433 4.38 +4.68 0.32
Blood pressure
Systolic (mmHg) 83.59 +45.77 101.65 +33.19 0.71 99.11 +35.28 91.80 +41.95 0.95 88.50 +43.44 97.86 +36.94 0.84
Diastolic (mmHg)  59.08 +32.69 70.23 +23.27 0.10 36.62 +2.21 36.93 +2.82 0.83 60.96 + 30.34 68.27 + 26.02 0.38

BMI: body mass index; BFM: body fat mass; FM: fat free mass; VFL: visceral fat level; BMR: basal metabolic rate; FMI; fat mass index FFMI; fat free mass index WHR: waist to
hip ratio; WC: waist circumference; NC: neck circumference; FBS: fasting blood sugar; TG: triglyceride; Total-Chol: total cholesterol; HDL-C: high density lipoprotein
cholesterol; LDL-C: low density lipoprotein cholesterol; HOMA; homeostatic model assessment; hs-CRP: high-sensitivity C-reactive protein; MH: metabolic healthy; MUH:

metabolic unhealthy.
* After adjustment for age, BMI, total Energy intake and physical activity.
** Put out the collinear variable from the GLM as confounders.

inflammatory markers in obese subjects. Adipose tissue expresses
cytokines such as interleukin-6 (IL-6) and tumor necrosis factor o
(TNF a) [28], which stimulate the production of acute-phase pro-
teins, such as hs-CRP, by the liver [28]. Elevated plasma levels of hs-
CRP, TNF- a, and IL-6 are associated with the risk of IR and CVDs
[29].

Although the MUH phenotype underlies many causes of major
chronic diseases and mortality [30,31], no studies have previously
assessed the relation of major dietary patterns with this phenotype.
To the researchers' knowledge, this is the first investigation to
report the association of major dietary patterns with MUH
phenotype. Studies that have identified major dietary patterns in
developing countries are rare. The current study's western dietary
pattern was positively associated with increasing MUH odds before
and after controlling for confounder factors. Before adjustment, a
high adherence to the WDP had 1.86 fold higher odds for MUH
phenotype, compared to low adherence. Also, in the full model
(including BMI, age, total EI and PA), compared to low adherence, a
high adherence to the WDP increased the odds for MUH phenotype
2.33 fold. The positive association between the WDP and the MUH
phenotype could be attributed to the lower amounts of useful foods
and nutrients that this pattern contains. In the present study, a
positive relationship was observed between the WDP and levels of
hs-CRP and HOMA-IR. Higher intakes of fast food, snacks, high-
energy drinks and beverages, sweets, refined grains [32], trans
fatty acid and cholesterol [33] in this dietary pattern could also
explain part of this association. Also, Slattery et al. [34] reported a
positive association between the WDP and obesity. Schulz et al. [35]

reported that the adoption of a WDP is associated with greater
weight gain. Studies reported positive relations between a WDP
and concentrations of hs-CRP [36]. In the Health Professional
Follow-Up Study, plasma concentrations of hs-CRP were positively
related to a WDP in a subgroup of participants. Schulze et al. [37]
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 controlling for confounder factors.
Furthermore, in epidemiologic studies, the effect of dietary pat-
terns on inflammatory markers has also been shown in clinical
trials [38]. On the other hand, the consumption of high-
carbohydrate foods with high glycemic indices increases levels of
glucose, HOMA and insulin levels. It also causes: increased carbo-
hydrate oxidation and decreased lipids oxidation; increased
expression of enzymes involved in the synthesis of lipids; re-
ductions in the expression of enzymes effective in lipolysis;
increased liver glycogen stores; musculo-skeletal disorders due to
rapid digestion and intensive insulin response; reductions in
satiety; and increases in the synthesis and accumulation of body fat
[39]. Statistically significant associations were found between high
adherence to the western dietary pattern and increased NC. How-
ever, the current analysis showed that, with a higher adherence to
the WDP, no statistically significant associations were found with
high FM and BF%, after adjusting for confounder factors.

In the present study, the UNHDP was marginally positively
associated with greater odds of MUH, before adjustment. When
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Table 4
Dietary intake of the study participants across adherence categories of the dietary patterns scores.
Healthy Unhealthy Western
Low adherence High adherence P value* Low adherence High adherence P value* Low adherence High adherence P value*
Mean + SD Mean + SD Mean + SD Mean + SD Mean + SD Mean + SD
Energy (kcal/d) 2883.68+701.33 2151.03+591.76 0.001 2370.1246 +641.14 2668.32+811.42 <0.001 2134.52+674.5 2646.12 +724.04 <0.001
Cho 42027 +112.30  300.49 + 85.75 0.002 341.34+102.56 380.00 + 126.33 0.20 309.03 +107.35 377.71 £114.49 0.46
Pro 71.11 +20.59 101.87 +25.13 <0.001 83.52+24.84 89.60 + 29.96 0.04 79.03 +27.15 89.04 +27.40 0.008
Fat 99.02 +31.33 79.47 +31.02 <0.001 82.59+27.80 96.03 +35.70 0.09 72.70 +27.92 94.79 +32.27 0.02
S fat 29.78 + 11.69 24.20 +10.09 <0.001 23.82+8.55 30.21+12.69 <0.001 0.0006 + 0.00 0.0009 + 0.00 0.22
Trans 0.0004 + 0.00 0.0012 +0.00 0.12 0.0005 + 0.00 0.0011 +0.00 0.06 21.76 +9.50 28.74+11.27 0.03
Cholesterol 284.79 + 98.60 204.06 + 74.23 0.003 217.86 +75.48 271.52+113.50  0.006 218.85+90.30 253.10+101.57 0.05
B2 1.72+£0.52 2.56 +0.62 <0.001 2.10+0.74 2.18+0.85 0.02 1.92 +0.66 222+083 0.28
B6 1.60 + 0.40 2.54+0.62 <0.001 1.99+0.63 2.16+0.76 0.29 2.12+0.69 1.95+0.73 0.05
B9 489.20+128.86  686.27 + 152.66 <0.001 566.08 +155.20 610.27 + 185.61 0.51 599.43 + 167.31 553.94 +182.98 0.06
B12 3.52+1.60 4.99 +2.47 0.07 391+1.75 4.61+2.54 0.44 3.67 +1.62 4.45+2.34 0.90
C 111.52 +63.28 247.17 +136.98 <0.001 168.98 +129.45 190.28 +122.87  0.88 162.98 +110.22 185.10 + 131.60 0.20
A + +
D 1.37+1.03 236+1.76 0.001 2.01+1.47 1.72+1.57 0.01 1.81+1.41 1.80+1.56 0.14
E 14.37 +£8.56 17.38 £8.09 0.09 17.73 +9.89 14.02 +£6.20 <0.001 13.88+6.25 16.54 £ 8.97 0.50
K 142.41 +91.03 275.36 +247.28 <0.001 182.03 +125.63 236.44 +247.84  0.06 237.41+182.60 199.76 +202.13 0.01
Mg 359.60 + 114.01 536.01+124.48  0.001 433.77 +144.48 462.58 +151.27  0.10 454.47 +143.10  428.99 + 162.73 0.006
Ca 905.93 +305.43 1352.40 +403.91 0.001 1127.96 + 387.81 1132.04 +454.82 0.006 1034.75+397.56 1161.58 +425.74  0.11
Copper 1.57+£0.45 231+0.71 <0.001 1.83 +0.60 2.05+0.77 0.77 1.83 +£0.69 1.98+0.70 <0.001
Mn 6.19+2.56 7.90 +2.88 0.38 6.73 +2.65 737 +3.02 0.75 6.94 +3.59 7.08 +£2.57 0.04
Se 107.72 +41.23 131.77 +40.51 0.81 118.13 +42.54 121.45 +42.63 0.009 106.75 +43.25 124.11 +41.51 0.93
Zinc 10.68 + 3.50 14.95 +3.83 <0.001 12.28 +4.00 13.37£4.42 0.05 11.66 +4.34 13.21+4.14 0.01
Fe 1523 +4.36 21.32+544 <0.001 17.37+5.35 19.21 +6.10 0.22 16.67 +5.85 18.82+5.69 0.002
Na 4669.92 + 1336.20 3723.84+1325.30 0.19 4034.67 +1284.29  4363.69 + 1544.14 0.62 372224 +1263.49 4356.61 + 1424.069 0.85
K 2992.75+877.33 5222.85+1321.85 0.001 395542 +1473.36  4269.35 +1668.05 0.24 3956.44 +1706.44 4163.36 +1534.57 0.001
Total Fiber 35.86 +14.36 5223 +17.64 <0.001 41.83+15.75 46.33 +19.87 0.38 44.30 + 18.66 44.00 +17.87 <0.001
*After adjustment for age, BMJ, total Energy intake and physical activity.
Table 5
Association of adherence of major dietary patterns and odds of MUH phenotype in crude and adjusted models.
MUH phenotype ¢ Unhealthy Pattern Score Western pattern Score
Low adherence High adherence P value Low adherence High adherence P value
OR (95%Cl) OR (95%Cl) OR (95%CI) OR (95%CI)
Model I 1 1.58 (0.93—-2.69) 0.08 1 1.86 (1.04—3.32) 0.03
Model II 1 1.79 (1.02—-3.13) 0.04 1 1.79 (0.98—3.28) 0.05
Model I‘ 1 1.78 (1.01-3.14) 0.04 1 1.81 (0.96—3.54) 0.06
Model IV* 1 1.75 (0.98—-3.10) 0.05 1 1.85 (0.97—3.54) 0.06
Model V' 1 1.34 (0.69—-2.57) 0.37 1 2.33(1.11-4.91) 0.02

MUH: metabolic unhealthy; OR: odds ratio; CI: confidence interval. P for trend was equal with P value because dietary patterns categorize to two groups.
2 Defined as the absence of <2 of the following components: 1) TG < 1.7 mmol/1,2) HDL-C > 1.3 mmol/land no treatment,3) LDL-C < 2.6 mmol/l and no treatment, 4)hs-CRP<
3.0mg/l, 5) HOMA-IR <2.7.

> Unadjusted.

¢ Adjusted for BMI.
4 Adjusted for BMI and Total Energy Intake.
€ Additionally adjusted for age.
f Additionally adjusted for physical activity.

Table 6

Investigation association between major dietary patterns and possibility of abnormal metabolic status.

Components of Karlelis criteria®

Healthy dietary Pattern

Unhealthy dietary Pattern

Western dietary Pattern

OR (95%CI) P value OR (95%CI) P value OR (95%CI) P value
TG (mmol/L) 0.66 (0.32—1.36) 026 1.67 (0.86—3.25) 0.12 0.86 (0.40—1.85) 0.86
LDL (mmol/L) 0.77 (0.40—1.47) 043 1.90 (1.04—3.47) 0.03 0.88 (0.43—1.79) 0.73
HDL (mmol/L) 1.25 (0.66—2.37) 0.48 1.06 (0.59-1.91) 0.84 1.24 (0.61-2.50) 0.53
HOMA 0.71 (0.37—1.38) 0.32 1.32 (0.74—2.42) 0.35 2.53 (1.26-5.11) 0.009
hs-CRP (mg/L) 0.56 (0.29—0.92) 0.03 0.90 (0.49—1.65) 0.74 1.94 (0.91-4.10) 0.05

MUH: metabolic unhealthy; OR: odds ratio; CI: confidence interval.

FBS: fasting blood sugar; TG: triglyceride; Total-Chol: total cholesterol; HDL-C: high density lipoprotein cholesterol; LDL-C: low density lipoprotein cholesterol; HOMA;
homeostatic model assessment; hs-CRP: high-sensitivity C-reactive protein.
Adjusted for BMI, age, Total Energy intake, physical activity.
In all multivariate models, the low adherence of dietary patterns score was considered as a reference.

2 MUH components were: TG > 1.7 mmol/l, HDL-C < 1.3 mmol/land no treatment, LDL-C > 2.6 mmol/l and no treatment, hs-CRP> 3.0 mg/l, and HOMA-IR >2.7.
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adjusted for BMI, age and total El, a high adherence to the un-
healthy dietary pattern increased the odds for the MUH phenotype
1.75-fold, in comparison to low adherence. However, after adjust-
ment in the full model, the significance was lost. However, this
study was not limited by controlling for PA, which tends to be
associated with dietary patterns. Also, the analysis showed a direct
relationship between high adherence to the UNHDP and increased
levels of LDL, in line with other studies [40,41]. The unhealthy di-
etary pattern is highly loaded with hydrogenated fats, high-fat
dairy and liver, brain and kidney. With these components, one
would expect to find a positive association between this dietary
pattern and the odds of the MUH phenotype and LDL levels.

The present results indicated that a high adherence to the HDP
reduced the odds of high-level hs-CRP by 46%, after adjusting for
confounder factors. The major foods contributing to the HDP were
vegetables and fruits, which have been shown to be inversely
related to inflammation markers, such as hs-CRP [42]. Overall,
studies have indicated that a diet rich in fruits, vegetables, and low
in saturated fatty acid and total fat may reduce markers of
inflammation such as hs-CRP. The higher fiber and vitamin C con-
tent [43] of these foods may mediate their advantageous effects on
hs-CRP levels. However, the cause of the inverse relation of the HDP
to hs-CRP may not be confined to its fruit and vegetable content;
other foods such as olives [44] and fish [45] in this pattern may
contribute to the associations. Several studies have shown that
intake of fish and seafood-based long-chain n-3 PUFAs are inversely
associated with serum hs-CRP concentrations [46]. The Nurses'
Health Study reported an inverse relation between a prudent di-
etary pattern and plasma concentrations of hs-CRP. The current
analysis showed that participants who had high adherence to the
HDP consequently had statistically significant high intakes of
magnesium, calcium and total fiber, and low intakes of total fat and
cholesterol. These components of HDP have been linked to lower
levels of hs-CRP [47,48].

This study has several limitations; first, causality cannot be
inferred because of its cross-sectional design. Second, like any other
measurement, dietary evaluation has its own measurement errors.
Third, it is not possible to generalize about dietary patterns
throughout the country, because dietary intakes in Tehran are
somewhat different from those in other parts of the country. In
addition, these dietary patterns were confined to women.

This study also has several strengths. It was the first study to
evaluate the associations between major dietary patterns and the
MUH phenotype, and it was a community-based study. Known
potential confounding factors were measured and controlled for in
the analysis. Since metabolic status is affected by sexual hormones,
the study only focused on adult women.

5. Conclusion

Overall, these findings underscore the importance of the west-
ernized diet and nutrition transition in the alarming prevalence of
the MUH phenotype in developing countries. Identifying the as-
sociations between major dietary patterns and the MUH phenotype
is new. In this study, a positive relationship was found between a
WDP and UNHDP, and odds of the MUH phenotype.
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