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Abstract.
BACKGROUND AND AIM: Obesity is a major risk factor for type 2 diabetes mellitus and cardiovascular disease (CVD).
Little is known about the metabolic profile across categories of body mass index (BMI), particularly within Asian populations.
We assessed the prevalence and distribution of body size phenotypes among Iranian adults from a representative sample from
Mashhad.
METHOD: The Mashhad Stroke Heart Atherosclerosis Disorder (MASHAD) study cohort of 9761 adults (3903 men) aged
35–65 years were cross-categorized by BMI and metabolic status into: normal-weight metabolically healthy (NWMH),
normal-weight metabolically abnormal (NWMA), overweight metabolically healthy (OvMH), overweight metabolically
abnormal (OvMA), obese metabolically healthy (OMH) and obese metabolically abnormal (OMA). Metabolic normal-
ity/abnormality was defined by the presence of any two of the following: 1) elevated blood pressure or known hypertension
on treatment, 2) high serum fasted triglycerides; 3) low serum HDL-cholesterol, 4) high blood glucose or the presence of
diabetes mellitus, 5) serum CRP > 90th percentile.
RESULTS: The distribution of obesity phenotypes was 11.6% (NWMH), 15.6% (NWMA), 10.6% (OvMH), 31.3% (OvMA),
4.9% (OMH), and 25.5% (OMA) overall. Equivalent figures were 13.1%, 24.0%, 7.7% 37.3%, 1.5% and 16.2% in men; 10.7%,
10.2%, 12.5%, 27.4%, 7.2% and 31.8% in women, p < 0.001 for gender differences. Multi variables logistic regression models
comprising age gender and each of the metabolic factors was associated with 3.2% to 5.3% variations in BMI categories.
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CONCLUSION: The present study showed that a considerable proportion normal-weight Iranians display cardiometabolic
abnormalities especially men, while a significant percentage of obese individuals, particularly women are metabolically
healthy.

Keywords: Obesity phenotype, metabolic abnormalities, metabolic normalities

1. Introduction

Obesity is associated with an altered metabolic profile, and is a major risk factor for type 2 diabetes mellitus
and other cardiovascular disease (CVD) risk factors including hypertension, dyslipidemia and pro-inflammatory
states [1]. About 52% of the worldwide adult population is either overweight or obese [2]. Differences are seen
in metabolic and CVD risk factors among individuals of similar body mass index (BMI), and recent studies have
shown that an individuals’ CVD risk may depend both on their body size and metabolic profile [3]. Therefore,
it has been suggested that disease risks associated with obesity may not be consistently found.

One subgroup of obese individuals have been identified who appear to be resistant to the development of
the adiposity-associated metabolic abnormalities (metabolically healthy obesity (MHO)) and might be at lower
risk of CVD or all-cause mortality [4, 5]. A further ‘obesity’ phenotype includes individuals of normal weight,
who have metabolic abnormalities, commonly found in overweight and obese individuals [1, 3]. Concepts such
as “metabolically healthy” and “metabolically abnormal” have been used to characterize individuals across the
distribution of body mass index (BMI) as a function of the underlying burden of metabolic abnormalities.

The prevalence of MHO differs significantly with respect to the obesity definition and the criteria used to
define metabolic health. The lowest prevalence of metabolically healthy obesity (6%) was reported in Americans
aged 18–65 using HOMA-IR and the Adult Treatment Panel-III criteria [10], while the highest (75%) was found
in British people aged ≥ 20 based on blood pressure, total cholesterol and type 2 diabetes [6]. Few studies
have examined the frequencies of various obesity phenotypes by ethnicity, and have reported slightly a higher
prevalence estimates in Asian populations compared with non-Asians [5]. Despite the increasing prevalence of
obesity in Asian populations, an evaluation of the above-mentioned body size phenotypes have not been reported
especially in Middle East countries. Therefore, we studied a representative sample of Iranian adults in order to
asses Distribution of obesity phenotypes.

2. Materials and methods

The Mashhad Stroke Heart Atherosclerosis Disorder (MASHAD) is an ongoing urban population-based,
observational cohort study that was initiated by investigators of Mashhad University of Medical Sciences, using
a stratified-cluster random sampling method [7]. This cross-sectional study involved 8105 adults (3142 being
men) aged 35–65 years. The age range of participants was 35 and 64 years and none had a history of car-
diovascular event, heart failure, peripheral vascular disease including transient ischemic attack or amaurosis
fugax, or a history of any previous cardiovascular intervention or surgery. Individuals with any major comorbid-
ity such as cancer, autoimmune, infectious and inflammatory diseases were excluded. The study protocol was
approved by the Ethical Committee in Research of Mashhad University of Medical Sciences and conformed
to the principles outlined in the declaration of Helsinki, and all study participants provided a written informed
consent [8].

2.1. Measurement of anthropometric and cardiometabolic components

For all individuals, anthropometric parameters including weight, height, and waist circumference were mea-
sured using standard protocols [9]. Fasting blood samples (after an overnight fast) were collected from each
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subject, then centrifuged for 15 minutes to obtain serum. Sera were kept at –80◦C until they were analysed.
Blood pressure was measured using a mercury sphygmomanometer calibrated by the Iranian Institute of Stan-
dards and Industrial Research; with Korotkoff phase 1 and phase 5 sounds characterising the systolic (SBP)
and diastolic blood pressure (DBP) respectively. Fasting blood glucose and lipid profile were measured using
an auto-analyzer (Ependorf, Germany). Biochemical analysis comprising serum total cholesterol (TC), triglyc-
erides (TGs) and HDL-C, were determined using enzymatic based methods (Pars Azmon Inc., Iran). Low-density
lipoprotein cholesterol (LDL-C) was calculated from the serum total cholesterol (TC), triglycerides (TGs), and
high density lipoprotein cholesterol (HDL-C) concentrations expressed in mg/dl using the Friedewald formula.
hs-CRP was measured by using an auto-analyzer (Eppendorf, Germany) [10]. A current smoker was defined
as smoking cigarettes at least once a day. A non-smoker was defined as an individual who had never smoked
previously.

2.2. Body size phenotype definitions

Body mass index (BMI) was calculated as weight (kg)/height*height (m2). BMI was used to classify partici-
pants into three categories: normal weight (BMI < 25 kg/m2), overweight (BMI ≥ 25 kg/m2 and BMI < 30 kg/m2)
and obese (BMI ≥ 30 kg/m2). There is no consensus on the definition and number of cardio-metabolic abnor-
malities to use when characterizing obesity phenotypes [5]. In the current study, we considered the following
four abnormalities: 1) elevated BP determined using the average of the 2nd and 3rd BP measurements (sys-
tolic BP ≥ 130 mmHg or diastolic BP ≥ 85 mmHg or known hypertension on treatment), 2) high triglycerides
(≥1.69 mmol/L); 3) low high-density lipoprotein cholesterol (HDL-c C ≤ 1.0 mmol/L in men; ≤1.3 mmol/L in
women), 4) high blood glucose [fasting plasma glucose (FPG) ≥5.6 mmol/L or known diabetes mellitus], 5)
CRP > 0.1 mg/L (ie, the 90th percentile) [3].

Participants were then classified for metabolic status as “metabolically healthy” if they had none or one
metabolic abnormality, and as “metabolically abnormal” if they had two or more metabolic abnormalities. Cross-
classification of participants by BMI and metabolic status led to the following six phenotypes: 1) normal weight
and metabolically healthy (NWMH), 2) normal weight and metabolically abnormal (NWMA), 3) overweight and
metabolically healthy (OvMH), 4) overweight and metabolically abnormal (OvMA), 5) obese and metabolically
healthy (OMH), and 6) obese and metabolically abnormal (OMA).

2.3. Statistical analysis

Data are expressed as mean ± SD for normally distributed variables and median and 25th-75th percentiles for
skewed variables. Comparison of baseline characteristics across BMI categories, by metabolic status were done
using chi-square tests, fisher-exact test, t-tests or Kruskal-wallis tests or Analysis of Variance test (ANOVA)
where appropriate. The linear trends across BMI categories overall and separately for metabolically healthy
and metabolically abnormal participants were tested via Cochran-Artmitage trend tests, and Brown-Forsythe
Levene procedures. Two-ways interactions between BMI categories and metabolic status and metabolic sta-
tus were tested, BMI categories, and metabolic status. To assess the association between each continuous
metabolic trait and BMI categories, multinomial logistic regressions models (age and sex adjusted) were used
to derive the odds ratio (OR) and 95% confidence interval for a unit higher level of each metabolic trait in
relation with overweight and obesity risk, always using normal weight are reference category. The McFadden’s
R2 [11] was then used as a measure of the overall performance of models containing age, gender, and each
metabolic trait of interest. A two-sided p-value <0.05 was used to define statistical significance. All analy-
ses were conducted using the Statistical Package for Social Sciences (SSPS Inc., Chicago, IL) version 17.0
software.
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3. Results

3.1. Socio-demographic characteristics

The mean ± standard deviation of age was 48.10 ± 8.24 years overall, 48.83 ± 8.43 years in men, and
47.60 ± 8.08 years in women (p < 0.001). As shown in Table 1, 36.6% of participants were employed with a
lower proportion in women (12.1%) than in men (73.4%) (p < 0.001). Most of the participants (93.1%) were
married with similar rates in men and women (98.7% vs. 89.4%, p = 0.065). Current smoking was more prevalent
in men than in women (28.7% vs. 18%, p < 0.001).

Table 1

Clinical, anthropometrical and socio-economical characteristics of population

Measurements Overall (n = 9761) Men (n = 3903) Women (n = 5858) p-value

Age (years) 48.10 ± 8.24 48.83 ± 8.43 47.60 ± 8.08 <0.001

Body mass index (kg/m2)

Median (P25-P75) 24.69 (27.63–30.81) 26.34 (23.54–28.93) 28.72 (25.63–31.93) <0.001

<25, n (%) 2667 (27.4) 1447 (37.2) 1220 (20.9) <0.001

25.0–29.9, n (%) 4096 (42.1) 1754 (45.1) 2342 (40.1)

≥30, n (%) 2972 (30.5) 688 (17.7) 2284 (39.1)

Demi span (cm) 76.73 ± 5.82 81.14 ± 4.88 73.81 ± 4.38 <0.001

Waist circumference (cm) 94.98 ± 12.71 93.34 ± 12.17 96.07 ± 12.95 <0.001

Hip circumference (cm) 103.62 ± 9.40 100.94 ± 8.07 105.39 ± 9.80 <0.001

Mid arm circumference (cm) 30.43 ± 4.91 30.10 ± 5.01 30.65 ± 4.84 <0.001

Fasting blood glucose (mg/dl) 92.73 ± 39.41 91.11 ± 38.32 93.65 ± 40.36 <0.001

Serum Total cholesterol (mg/dl) 191.40 ± 39.16 186.79 ± 37.81 194.44 ± 39.74 <0.001

Serum triglyceride (mg/dl) 120.9 (85.0–172.1) 124.7 (86.8–129.9) 117.2 (83.8–167.6) <0.001

Serum HDL-cholesterol (mg/dl) 42.87 ± 9.39 39.86 ± 9.27 44.86 ± 9.86 <0.001

Serum LDL-cholesterol (mg/dl) 116.30 ± 35.87 113.20 ± 35.15 118.35 ± 36.20 <0.001

Serum Hs-C-reactive protein (mg/l) 4.34 ± 9.69 3.77 ± 9.29 4.72 ± 9.92 <0.001

Systolic blood pressure Systolic (mmHg) 121.80 ± 18.56 122.38 ± 17.21 121.41 ± 19.40 <0.001

Diastolic blood pressure (mmHg) 79.12 ± 11.35 80.03 ± 10.76 78.51 ± 11.70 <0.001

Current Smoking (%) 2173(22.2) 1120(28.7) 1053 (18.0) <0.001

Hypertension n (%) 2313 (23.6) 953 (24.2) 1360 (23.2) 0.090

Diabetes mellitus n (%) 898 (9.2) 348 (8.9) 550 (9.4) 0.225

Marital Status n (%) <0.001

Single 59 (0.6) 19 (0.5) 40 (0.7)

Married 9082 (93.1) 3847 (98.7) 5235 (89.4)

Widowed 474 (4.9) 14 (0.4) 460 (7.9)

Divorced 135 (1.4) 17 (0.4) 118 (2.0)

Employment Status n (%) <0.001

Student 22 (0.2) 10 (0.3) 12 (0.2)

Employed 3572 (36.6) 2866 (73.4) 706 (12.1)

Un Employed 5201 (53.3) 320 (8.2) 4881 (83.3)

Retired 951 (9.7) 700 (17.9) 251 (4.3)

Values expressed as mean ± standard deviation for normally distributed data, and median and 25th–75th percentiles for skewed variables.

Between groups comparisons were assessed by parametric statistical analysis for normal distributed data and nonparametric test for data not

following a normal distribution.
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3.2. Profile of cardio-metabolic abnormalities

The Median of BMI was 24.69 kg/m2 overall with significantly lower levels in men compared with women
(26.34 kg/m2 vs. 28.72 kg/m2, p < 0.001). Overall, 27.4% of participants had normal BMI levels while 42.1%
were overweight and 30.5% obese with significant differences by gender (p < 0.001). Women compared to men
had larger Waist circumference (96.07 cm vs. 93.34 cm, p < 0.001), higher Hip circumference (105.39 cm vs.
100.94 cm, p < 0.001), serum total cholesterol levels (194.44 vs. 186.79 mg/dl, p = 0.009), fasting blood glucose
(93.65vs. 91.11 mg/dl, p < 0.001) and serum Hs-C-reactive protein (4.72 vs. 3.77 mg/l, p < 0.001). However, they
had lower levels of serum triglycerides (117.2 vs. 124.7 mg/dl, p < 0.001), systolic BP (121.41 vs. 122.38 mmHg,
p < 0.001) and diastolic BP (78.51 vs. 80.03 mmHg, p < 0.001). Furthermore, HDL-cholesterol level (44.86 vs.
39.86 mg/dl, p < 0.001) was higher in women than men. The prevalence of hypertension and diabetes were similar
in men and women (both p > 0.090), Table 1.

3.3. Distribution of body size phenotypes

The distribution of obesity phenotypes was 11.6% (NWMH), 15.6% (NWMA), 10.6% (OvMH), 31.3%
(OvMA), 4.9% (OMH), and 25.5% (OMA). In men, the majority (37.3%) were OvMA, over a quarter (24.0%)
were NWMA, while others fell into the other categories: 13.1% (NWMH), 7.7% (OvMH), 1.5% (OMH), and
16.2% (OMA). Moreover, the distribution of body size phenotype in women was as follows: 10.7% (NWMH),
10.2% (NWMA), 12.5% (OvMH), 27.4% (OvMA), 7.2% (OMH), and 31.8% (OMA). There was statistically
significant interaction by gender in the distribution of body size phenotypes (p-interaction < 0.001) (Fig. 1).

3.4. Distribution of Metabolic Phenotypes within and Across BMI Categories

Within BMI categories, in addition to the expected differences in the levels of cardio-metabolic risk factors,
participants with metabolically abnormal phenotypes tended to be older (all p < 0.001) and retired. Furthermore,
metabolically abnormal participants were likely to be men (all p < 0.001). Age across BMI categories increased
linearly overall (p < 0.001 for linear trend), but not in metabolically healthy and metabolically abnormal partici-
pants taken separately (both linear trend p > 0.536), with evidence of statistical interaction (both BMI categories
and metabolic status (B*M), and metabolic status and gender (M*G) interaction, p < 0.001). The proportion of
current smokers decreased linearly overall across increasing BMI categories (p < 0.001 for linear trend), and
within both metabolic phenotype groups (both p-trend ≤ 0.036), with statistical interaction (both B*M and M*G
interactions p < 0.001), Table 2. Mean waist and hip circumference, TG, Hs-C-reactive protein, SBP, DBP and
LDL-C levels across BMI categories increased significantly overall and within the metabolic phenotype groups
(all p-trend < 0.001), with evidence of statistical interaction (all p-interaction < 0.001).

3.5. Prediction of body mass index categories by the continuous metabolic traits

In multinomial logistic regression models, mutually adjusted for each other and using normal weight as a
reference, male sex was associated with 52% (95% confidence interval: 45–59%) lower odds of being overweight
and 80% (75–83%) lower odds of obesity; while each year of increase in age was associated with 1% (0–3%)
higher odds of obesity and a non-significant effect on overweight. The McFadden R2 for the overall performance
of this basic model was 0.031. In the presence of age and sex, all metabolic traits for both overweight and obesity
were significantly associated with odds of overweight and obesity (Table 3). The direction of the effect with
increasing metabolic traits levels was always positive, except for HDL-cholesterol where increasing levels were
associated with decreasing odds of overweight and obesity. The R2 for the resulting models ranged from 0.032
for the model containing HDL-c to 0.053 for the model containing diastolic blood pressure.
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Fig. 1. Distribution of metabolic phenotypes across body mass index categories (overall, male and female). Each vertical bar represents the

proportion of participants in the total sample, male and female with the corresponding combination of body size (normal-weight, overweight,

or obese) and metabolic phenotype (healthy or abnormal).

4. Discussion

The main findings of present study are the following:

1) Over half of normal weight adults in this population (representing nearly 16% of the total sample) were
metabolically abnormal, while one in six obese participants (representing 5% of the total sample) was
metabolically healthy;

2) Metabolically abnormal normal weight people were more likely to be men, while metabolically health obese
participants were more likely to be women, resulting in significant gender differences in the distribution of
body size phenotypes;

3) Within BMI categories, in addition to the expected differences in the levels of cardio-metabolic risk factors,
participants with metabolically abnormal phenotypes tended to be older and retired;

4) Lastly, multivariable logistic regression models containing age, gender and each of the metabolic factors
explained between 3–5% of variations in BMI categories.

Swati Bhardwaj et al. have evaluated he features of obesity metabolic syndrome among South Asian people
[12]. They reported that several phenotypic features contribute to metabolic syndrome in South Asians: despite
lower average BMI values, South Asians had a higher percent of body fat compared to Caucasians or Blacks.
Moreover, morbidities related to higher body fat including diabetes, hypertension and dyslipidemia are found
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Table 3

Odds ratios (OR) and 95% confidence intervals (95% CI) from multinomial age and sex adjusted multinomial logistic regression models,

showing the association of metabolic traits with body mass index categories

Predictors Normal Weight Overweight Obese

Reference OR (95% CI) p-Value OR (95% CI) p-Value R2

Age 1.00 1.00 (0.99–1.01) 0.257 1.01 (1.00–1.03) 0.002 0.031

Sex, men 1.00 0.48 (0.41–0.55) <0.001 0.20 (0.17–0.25) <0.001

Waist circumference (cm) 1.00 1.14 (1.13–1.15) <0.001 1.30 (1.29–1.31) <0.001 0.284

Hip circumference (cm) 1.00 1.28 (1.26–1.30) <0.001 1.65 (1.62–1.68) <0.001 0.371

Fasting blood glucose (mg/dl) 1.00 1.00 (1.00-1.00) <0.001 1.00 (1.00-1.00) <0.001 0.033

Serum Total cholesterol (mg/dl) 1.00 1.02 (1.01-1.02) <0.001 1.03 (1.02-1.03) <0.001 0.036

Serum triglyceride (mg/dl) 1.00 1.00 (1.00-1.00) <0.001 1.00 (1.00-1.00) <0.001 0.053

Serum HDL-cholesterol (mg/dl) 1.00 0.97 (0.96-0.97) <0.001 0.96 (0.95-0.96) <0.001 0.039

Serum LDL-cholesterol (mg/dl) 1.00 1.05 (1.04–1.06) <0.001 1.08 (1.06-1.09) <0.001 0.032

Serum Hs-C-reactive protein (mg/l) 1.00 1.01 (1.00–1.02) <0.001 1.03 (1.02–1.04) <0.001 0.037

Systolic blood pressure(mmHg) 1.00 1.02 (1.01-1.02) <0.001 1.03 (1.03-1.03) <0.001 0.051

Diastolic blood pressure (mmHg) 1.00 1.03 (1.03-1.04) <0.001 1.05 (1.05-1.06) <0.001 0.053

more commonly at lower BMI levels in Asians than in Caucasians. Mbanya et al. have reported that a total
of 25.2% of Cameroonian participants were overweight yet metabolically healthy and 10.1% were obese but
metabolically healthy, whereas 1.4% were normal weight but metabolically abnormal [1]. They also reported
that metabolically abnormal participants increase linearly across BMI categories. Geetha etal. investigated the
prevalence of obesity phenotypes in Asian Indians [13] and reported that the prevalence of the MHO subtype
was 13.3%, which was higher than was reported for a Caucasian study (8.1%) [14]. Furthermore, 47.3% of their
obese subjects had a healthy metabolic status, which is similar to that reported for a Korean population cohort
[13, 15].

There is increasing evidence to suggest that subclinical inflammation may be the underlying mechanism that
determines whether or not an individual is MHO [17, 18]. CRP was measured in this study, and used as one
of the criteria for defining metabolic normality. In adults, a MHO phenotype is associated with low levels of
CRP, supporting the view that these individuals have an inflammatory profile that is more likely to be normal
compared to non-MHO subjects [17, 20, 21]. We found higher BMI, waist circumference, hip circumference
and and Hs-C-reactive protein in women as well as higher percentages of metabolically healthy obesity in this
gender [1, 22]. However it has been reported that the relationship between gender and the distribution of obesity
phenotypes remains unclear [23–25].

5. Limitations

Our study has some limitations. Whilst the population sample was representative of the population in Mashhad
it may not be representative of the entire Iranian population. The definition of obesity phenotypes has not been
standardized, hence the prevalence estimates are subject to alteration depending on the number of metabolic
abnormalities considered and the specific cut points of those abnormalities. This would need to be related to
clinical outcomes, such as CVD endpoints and the incidence of diabetes mellitus. This may be addressed in the
future by the MASHAD study cohort. The use of BMI as a measure of obesity has its limitations because it cannot
distinguish between fat tissue and lean tissue. Waist circumference may be better marker for visceral adipose
tissue mass, or using body analyzer data to distinguish between fat and lean tissue. Another limitation was the
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cross-sectional design of our study, which precludes appropriate investigation and causal attribution. Despite the
aforementioned limitations, our study is the first of its kind in Iranian populations on obesity phenotypes, with
a large number subjects, and a range of metabolic measures.

In conclusion, the present study shows that a considerable proportion of adult Iranians with normal-weight
display cardiometabolic abnormality especially in men, while significant percentage of obese individuals and
particularly women are also metabolically healthy. Larger and longitudinal studies, including behavioral, hor-
monal or biochemical assessments can be helpful to improve health screening while incorporating the possible
role of subtype of obesity phenotype in conferring risks of cardiovascular diseases.
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