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Abstract

Purpose

This study aimed to explore the association between different obesity phenotypes and

health-related quality of life (HRQoL) among Tehranian men and women.

Methods

The participants of this study were 2880 healthy adults (aged>19 years) who participated in

Tehran Lipid and Glucose Study (TLGS). To obtain socio-demographic and HRQoL infor-

mation, participants were interviewed by trained interviewers and were stratified by body

mass index categories and metabolic status. Dysmetabolic status was defined as having

either metabolic syndrome or diabetes according to the Joint Interim Statement definition

and American Diabetes Association. Poor HRQoL was defined as the first quartile of

HRQoL scores and logistic regression analysis was used to compare sex-specific odds

ratios.

Results

Mean age of participants was 47.7±15.6 and 47.8±14.2 years in men and women respec-

tively. The most and the least common obesity phenotypes were overweight-normal meta-

bolic status and normal weight-dysmetabolic status, respectively. Only mean scores for

physical HRQoL were significantly different among obesity phenotypes in both men and

women (p<0.05). In addition, after adjusting for age, marital status, level of education, job

status and physical activity, the odds of reporting poor physical HRQoL was significantly

higher in men (OR: 1.960, 95% CI: 1.037–3.704; p<0.05) and women (OR: 2.887, 95% CI:

1.674–4.977; p<0.001) with obese-dysmetabolic status, compared to their counterparts with

normal weight-normal metabolic status. However, except for overweight-normal metabolic
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women, who were less likely to report poor mental HRQoL (OR: 0.638, 95% CI: 0.415–

0.981; p<0.05), none of the phenotypes were associated with poor mental HRQoL in either

gender.

Conclusions

Compared to those with normal weight normal metabolic status, only obese dysmetabolic

individuals were more likely to report poor physical HRQoL in both genders.

Introduction

Obesity has become a major public health issue over the past few decades and its prevalence is

on the rise worldwide [1]. Along with the increasing worldwide trend of obesity, a considerable

increase in overweight and obesity has also been observed in Iran [2,3]. A recent systematic

review conducted on Iranian adults reports average prevalence ranges of 27.0–38.5% and

12.6–25.9% for overweight and obesity respectively [3]. Although a large body of evidence

shows that obesity could be a trigger point for many chronic diseases such as diabetes, cancer,

cardiovascular diseases (CVD) and all-cause mortality [4–7], there is much data indicating

that beyond body mass index (BMI) status, combining obesity with metabolic health compo-

nents yields a spectrum of obesity phenotypes which can lead to different cardiovascular out-

comes [8–11].

There are controversial data regarding the predisposing role of different obesity pheno-

types, specifically among those recognized as metabolically healthy obese or metabolically

abnormal normal weight individuals in developing CVD and other related objective outcomes

[11–16]. Despite a number of studies reporting metabolically healthy obesity as a relatively

safe condition in regard to developing CVD [12,13,17,18], results of other studies cast doubt

on the concept of benign metabolically healthy obese and suggest that in the long term the risk

of developing CVD in metabolically healthy obese phenotype is on the rise [11,14,19]. In spite

of much data comparing the prognostic impact of different obesity phenotypes on measurable

objective outcomes, there is currently limited data comparing the diagnostic significance of

these phenotypes in detecting poor health-related quality of life (HRQoL) as a subjective

patient-centered outcome.

The association between obesity and HRQoL, defined as the individual’s subjective evalua-

tion of their physical and mental wellbeing is well documented. While most studies report the

adverse associations between overweight and HRQoL mainly in the physical domain [20–22]

there are limited findings available indicating that both the physical and mental aspects of

HRQoL are adversely affected by excessive weight gain in different populations [21,23]. In this

regard a meta-analysis showed that physical HRQoL could be reduced in adults with different

categories of obesity, although mental HRQoL was only affected by severe obesity status [24].

Another recent study from Iran also showed the adverse relation of overweight and obesity

with HRQoL, mainly in physical domain [25].

Despite previous evidence confirming the relation of obesity [20–28] and cardio-metabolic

risk factors [29–33] with different aspects of HRQoL, only few studies have investigated the

cumulative influence of weight and metabolic conditions on the self-evaluated health status of

participants. In this regard the association between metabolic syndrome (a cluster of cardio

metabolic risk factors including central obesity) and HRQoL, has been previously demon-

strated [34–36]; however, there are only three studies that have focused on the relation of
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HRQoL with obesity phenotypes, with different metabolic conditions and levels of general

obesity [37–39]; in this regard, one cross sectional study, conducted on a Scottish population

showed an independent metabolic association between HRQoL and obesity [37]. Contrary to

this finding, two other studies conducted on Spanish and Korean adults suggest that, com-

pared to metabolically abnormal-normal weight individuals, both metabolically healthy-obese

and metabolically unhealthy-obese phenotypes are more likely to report poor physical HRQoL

[38,39]. Although the association between HRQoL and obesity phenotypes has been investi-

gated previously in the above mentioned studies, little is known about subjective health evalua-

tion among different obesity phenotypes in Middle-Eastern populations. Considering the fact

that subjective perceptions of health and wellbeing could be influenced by individuals’ charac-

teristics and also their socio-cultural environment [40], investigating the relation between

HRQoL and obesity phenotypes in these countries could provide a more informative picture

in this regard. In this study we aimed to evaluate the impact of HRQoL on different obesity

phenotypes in Tehranian adults, participating in the Tehran Lipid and Glucose Study (TLGS).

Materials and methods

Participants

The participants of this study were adults (aged >19 years), recruited from the 6th phase of the

TLGS (2014–2016), an ongoing community-based study being conducted to determine the

risk factors and prevent non-communicable diseases among residents of district 13 of Tehran.

District No. 13, one of the 22 districts of Tehran metropolitan city which is located in the East-

ern part of the city covering an area of about 13 sq. kms, is under coverage of Shahid Beheshti

University of Medical Sciences. At baseline a total of 15005 individuals, aged�3 years were

selected using multistage cluster random sampling method and have been followed every 3

years. According to the baseline assessment, age distribution and socioeconomic status of the

population in district No. 13 could be considered as representative of the overall population of

Tehran at the beginning of the study (Iran National Census, 1996). Study details have been

published previously [41].

For the current study, from among individuals who had participated in the TLGS during

2014–2016 (n = 3491), after excluding those with cancer, CVD and history of hospitalization

(n = 415) and those with missing data on obesity phenotypes (n = 208), all adult participants

(>19 years) who had complete data on SF-12 and obesity phenotypes were recruited

(n = 2880). This study was approved by the research ethics committee of the Research Institute

for Endocrine Sciences of the Shahid Beheshti University of Medical Sciences and all partici-

pants signed written informed consent forms, prior to data collection.

Measurements

To obtain information about socio-demographic factors, smoking status, physical activity and

HRQoL, participants were interviewed by trained interviewers, using validated questionnaires.

Socio-demographic data and smoking habits were assessed, using a pretested questionnaire.

Physical activity and HRQoL were assessed using the validated Iranian version of the Modifi-

able Activity Questionnaire (MAQ) [42] and the Short-Form 12-Item Health Survey version 2

(SF-12v2) respectively [43]. Levels of physical activity were calculated and reported as MET/

Week and were categorized in three groups including: 1) Low physical activity:� 600 MET/

Week, 2) Moderate physical activity: >600 and�3000 MET/Week, 3) High physical activity:

> 3000 MET/Week. Weight of participants was measured while they wore minimum clothing

and without shoes, using a digital scale and recorded to the nearest 100 g. Height was mea-

sured in a standing position, without shoes and with shoulders in normal alignment. Waist
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circumference was measured using an unstretched tape meter and recorded to the nearest 0.1

cm. After a 15-minute rest, systolic and diastolic blood pressure were measured twice by a

trained physician, using a standard mercury sphygmomanometer while participants were

seated. After 12–14 hours of overnight fasting, blood samples were taken from all participants

and the blood analyses were conducted on the day of blood collection. Further details on

assessment of fasting blood sugar (FBS) and serum lipids (total cholesterol (TC), high density

lipoprotein cholesterol (HDL-C) and triglycerides (TG)) have been provided previously [41].

Definitions

Obesity phenotypes were determined by the weight and metabolic status of participants. To

determine overweight and obesity, body mass index (BMI) were calculated, overweight and

obesity were defined as having BMI between�25 and <30 kg/m2 and BMI of� 30 kg/m2,

respectively. Dysmetabolic status was defined as having either metabolic syndrome or diabetes

according to the definition of the Joint Interim Statement (JIS) and the American Diabetes

association (ADA) respectively. Based on the JIS definition, metabolic syndrome is defined as

the presence of any three of the following five risk factors: 1) abdominal obesity, defined as

waist circumference (WC)�90 cm for both genders in Iran [44,45]; 2) reduced HDL-C <50

mg/dl in women,<40 in men or on drug treatment for reduced HDL-C; 3) elevated triglycer-

ides (TG) levels� 150 mg/dl or on drug treatment for elevated TG; 4) elevated blood pressure

(�130 mmHg systolic blood pressure or� 85 mmHg diastolic blood pressure) or on antihy-

pertensive drug treatment for hypertension and 5) elevated fasting blood glucose (FBG)�100

mg/dl or on drug treatment for elevated glucose levels [46]. Diabetes was defined as having

fasting blood sugar�126 mg/dl or 2 hour post glucose�200 mg/dl or on medication for diag-

nosed diabetes. Six obesity phenotypes were defined, which included: 1) normal weight and

normal metabolic status; 2) overweight and normal metabolic status; 3) obese and normal met-

abolic status; 4) normal weight and dysmetabolic status; 5) overweight and dysmetablic status;

and 6) obese and dysmetabolic status.

Statistical analysis

For continuous variables, means, standard deviation (SD) and for categorical ones, frequencies

(percentage) are reported. For TG, median (Q1-Q3) are reported. Continuous and categorical

variables were compared between men and women using t-test (Mann-Whitney test for TG)

and Chi-square test respectively. To compare continuous and categorical variables among obe-

sity phenotypes, ANOVA and chi-square test respectively were used. HRQoL mean scores

were compared among obesity phenotypes using ANCOVA analysis and variables which sig-

nificantly differed among obesity phenotypes were adjusted in the model.

Poor HRQoL was defined as the first quartile of physical component summary (PCS) and

the mental component summary (MCS). To compute the odds ratios (ORs), logistic regression

analysis was used. Sex specific ORs with 95% confidence intervals were computed and

reported for men and women separately; model 1 was unadjusted, while model 2 was adjusted

for age, marital status (Ref.: Married), education (Ref.: Higher), job status (Ref.: Employed)

and physical activity (Ref: High). Statistical analysis was performed using SPSS software ver-

sion 15 (SPSS Inc., Chicago, IL, USA), with significance set at p<0.05.

Results

Mean age and BMI of participants were 47.8±14.8 years and 28.0±4.9 kg/m2 respectively.

Descriptive statistics of participants are illustrated in Table 1. Most participants were married

and had completed secondary education. In terms of job status, majority of men and women
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Table 1. Descriptive statistics of study participants.

Total

(n = 2880)

Men

(n = 1158)

Women

(n = 1722)

��P value

Age (years) 47.8±14.8� 47.7±15.6 47.8±14.2 0.866

Marital status n(%)

-Single 404(14.1) 210(18.2) 194(11.3) <0.001

-Married 2244(78.1) 925(80.0) 1319(76.8)

-Divorced/Widowed 225(7.8) 21(1.8) 204(11.9)

Level of education n(%)

-Primary 854(29.7) 282(24.4) 572(33.2) <0.001

-Secondary 1111(38.7) 458(39.7) 653(38.0)

-Higher 909(31.6) 414(35.9) 495(28.8)

Job status n(%)

- Unemployed/student/housewife 1334(46.4) 88(7.6) 1246(72.4) <0.001

- Unemployed, but had other sources of income 410(14.3) 227(19.7) 183(10.6)

- Employed 1130(39.3) 837(72.7) 293(17.0)

Smoking status

-Never 2346(81.7) 722(62.4) 1624(94.6) <0.001

-Ex-smoker 250(8.7) 211(18.3) 39(2.3)

-Smoker 277(9.6) 223(19.3) 54(3.1)

Physical activity

-High 513(18.5) 290(25.9) 223(13.5) <0.001

-Moderate 1140(41.1) 402(35.9) 738(44.7)

-Light 1119(40.4) 429(38.2) 690(41.8)

BMI (Kg/m2) 28.0±4.9� 27.4±4.5 28.5±5.1 <0.001

Body weight status

-Normal weight 792(27.5) 339(29.3) 453(26.3) <0.001

-Overweight 1210(42.0) 545(47.1) 665(38.6)

-Obese 878(30.5) 274(23.7) 604(35.1)

Waist circumference (cm) 94.6±12.5� 95.2±11.7 94.2±12.9 0.031

FBS (mg/dl) 96.0±25.0 97.6±26.9 94.9±23.7 0.006

2 hour blood sugar 117±40.6� 117±43.7 116±38.2 0.712

Diabetes (Yes) 376(13.3) 135(11.8) 241(14.3) 0.062

Total cholesterol (mg/dl) 186±39.2� 184±38.3 188±39.8 0.023

HDL (mg/dl) 47.3±11.2� 42.3±9.5 50.6±11.0 <0.001

TG (mg/dl) 119(84.0–173.0) 132(94.8–194.3) 112(78.0–158.0) <0.001

SBP (mm Hg) 115±16.8� 118±15.5 113±17.3 <0.001

DBP (mm Hg) 76.7±9.9� 78.8±9.8 75.3±9.7 <0.001

Hypertension (Yes) 636(22.2) 255(22.1) 381(22.2) 0.927

MetS (Yes) 1180 (41.0) 494 (42.7) 686 (39.9) 0.142

Obesity phenotypes

-Normal weight & normal metabolic status 672(23.3) 275(23.7) 397(23.1) <0.001

-Overweight & normal metabolic status 697(24.2) 279(24.1) 418(24.3)

-Obese & normal metabolic status 296(10.3) 95(8.2) 201(11.7)

-Normal weight and dysmetabolic status 120(4.2) 64(5.5) 56(3.3)

-Overweight and dysmetabolic status 513(17.8) 266(23.0) 247(14.3)

-Obese and dysmetabolic status 582(20.2) 179(15.5) 403(23.4)

�Mean±SD; BMI: Body mass index; FBS: Fasting blood sugar; HDL: High-density lipoprotein; TG: Triglycerides; SBP: Systolic blood pressure; DBP; Diastolic blood

pressure.

��P values refer to the difference between males and females

https://doi.org/10.1371/journal.pone.0203028.t001
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were employed and housewives respectively. Only 3.1% of women were smokers versus 19.3%

of men. The prevalence of dysmetabolic status in men and women was 43.9% and 41.0%

respectively. In men the prevalence of overweight and obesity were 47.1% and 23.7% and in

women they were 38.6% and 35.1% respectively. The most and the least common obesity phe-

notypes were overweight-normal metabolic status (24.1% in men and 24.3% in women) and

normal weight-dysmetabolic status (5.5% in men and 3.3% in women) respectively. The distri-

bution of socio-demographic factors is shown in Table 2, indicating, significant differences in

both genders in mean age and distribution of marital status, level of education, job status and

physical activity among different obesity phenotypes.

Mean HRQoL scores were compared among different obesity phenotypes after adjusting

for age, marital status, level of education, job status and leisure time physical activity (Table 3).

Results showed that in both men and women, mean HRQoL scores were significantly different

among obesity phenotypes in physical subscales, including physical functioning, role physical,

general health and physical component summary (PCS) scores (p<0.05), although no signifi-

cant differences were observed in mental subscales or the mental component summary (MCS)

scores.

Table 4 shows the odds of reporting poor physical and mental HRQoL for metabolic status,

weight status and different obesity phenotypes in men and women separately. Considering

metabolic status, after adjusting for confounding variables, the odds of reporting poor physical

HRQoL were significantly higher in both men (OR: 2.135, 95% CI:1.450–3.143; p<0.001) and

women (OR: 1.826, 95% CI:1.282–2.600; p = 0.001) with dysmetabolic status, compared to

their counterparts with normal metabolic status. For weight status, only obese women were

more likely to report poor physical HRQoL, compared to their normal weight counterparts

(OR: 2.092, 95% CI: 1.318–3.321; p = 0.002); overweight women were less likely to report poor

mental HRQoL, compared to their normal weight counterparts (OR: 0.656, 95% CI: 0.448–

0.962; p<0.05). In terms of obesity phenotypes, after adjusting for confounding variables,

the odds of reporting poor physical HRQoL was significantly higher in men (OR:1.960, 95%

CI:1.037–3.704; p<0.05) and women (OR: 2.887, 95% CI:1.674–4.977; p<0.001) with obese-

dysmetabolic status, compared to their counterparts with normal weight-normal metabolic

status. In addition, in women the odds of reporting poor mental HRQoL was significantly

lower in women with the overweight-normal metabolic status phenotype (OR:0.638, 95%CI:

(0.415–0.981); p<0.05) compared to their counterparts with a normal weight-normal meta-

bolic phenotype.

Discussion

This study showed that among different obesity phenotypes, only the obese-dysmetabolic phe-

notype is associated with poor physical HRQoL in both men and women. However, except

for overweight-normal metabolic women, who were less likely to report poor mental HRQoL,

none of the phenotypes were associated with mental HRQoL in either gender. Furthermore, a

comparison of total and subscale scores of HRQoL indicated that in both men and women,

except for bodily pain, other physical subscales as well as PCS scores differed significantly

among obesity phenotype groups.

Our findings regarding significant associations between obesity phenotypes and physical

HRQoL, are consistent with results of previous studies conducted among other populations,

confirming that HRQoL among different obesity phenotypes is negatively affected only in

the physical but not the mental domains; in this regard a prospective cohort study in Spain

revealed that obese individuals with metabolic abnormalities are more likely to report poor

physical HRQoL, compared to their normal weight-normal metabolic counterparts. However,
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Table 2. Distribution of socio-demographic factors, smoking status and physical activity among obesity phenotypes in men and women.

Normal metabolic status Dysmetabolic status P

Normala Overweightb Obesec Normald Overweighte Obesef

Men

Age (years)�� 44.3±17.2� 45.8±14.9 43.8±13.9 56.2±14.5 52.1±14.6 48.3±13.8 <0.001

Marital status n(%)

-Single 89(32.5) 57(20.4) 12(12.6) 8(12.5) 23(8.7) 21(11.7) <0.001

-Married 180(65.7) 215(77.1) 80(84.2) 56(87.5) 237(89.4) 157(87.7)

-Divorced/Widowed 5(1.8) 7(2.5) 3(3.2) 0(0) 5(1.9) 1(0.6)

Level of education n(%)

-Primary 64(23.4) 60(21.6) 21(22.3) 17(26.6) 70(26.3) 50(28.1) 0.010

-Secondary 92(33.6) 102(36.7) 43(45.7) 24(37.5) 117(44.0) 80(44.9)

-Higher 118(43.1) 116(41.7) 30(31.9) 23(35.9) 79(29.7) 48(27.0)

Job status n(%)

-Unemployed/housewife 34(12.5) 24(8.6) 6(6.4) 2(3.1) 13(4.9) 9(5.1) <0.001

- Unemployed, but had other sources of income 50(18.4) 47(16.8) 7(7.4) 19(29.7) 72(27.1) 32(18.1)

- Employed 188(69.1) 208(74.6) 81(86.2) 43(67.2) 181(68.0) 136(76.8)

Smoking status

-Never 172(62.5) 178(63.8) 65(69.1) 38(59.4) 161(60.5) 108(60.7) 0.909

-Ex-smoker 49(17.8) 48(17.2) 17(18.1) 14(21.9) 48(18.0) 35(19.7)

-Smoker 54(19.6) 53(19.0) 12(12.8) 12(18.8) 57(21.4) 35(19.7)

Physical activity

-High 84(31.5) 82(30.5) 28(29.5) 10(16.1) 53(20.5) 33(19.4) <0.001

-Moderate 100(37.5) 102(37.9) 33(34.7) 18(29.0) 99(38.4) 50(29.4)

-Light 83(31.1) 85(31.6) 34(35.8) 34(54.8) 106(41.1) 87(51.2)

Women

Age (years) 36.9±11.6� 44.2±12.3 47.9±11.9 59.7±15.2 55.5±12.8 55.8±10.9 <0.001

Marital status n(%)

-Single 125(31.5) 39(9.4) 8(4.0) 2(3.6) 10(4.1) 10(2.5) <0.001

-Married 251(63.2) 347(83.6) 168(83.6) 42(76.4) 184(74.8) 327(81.1)

-Divorced/Widowed 21(5.3) 29(7.0) 25(12.4) 11(20.0) 52(21.1) 66(16.4)

Level of education n(%)

-Primary 32(8.1) 79(18.9) 92(45.8) 31(55.4) 120(48.6) 218(54.2) <0.001

-Secondary 143(36.0) 189(45.3) 70(34.8) 17(30.4) 95(38.5) 139(34.6)

-Higher 222(55.9) 149(35.7) 39(19.4) 8(14.3) 32(13.0) 45(11.2)

Job status n(%)

-Unemployed/housewife 251(63.2) 308(73.7) 157(78.1) 38(67.9) 174(70.4) 318(78.9) <0.001

- Unemployed, but had other sources of income 14(3.5) 27(6.5) 16(8.0) 16(28.6) 49(19.8) 61(15.1)

- Employed 132(33.2) 83(19.9) 28(13.9) 2(3.6) 24(9.7) 24(6.0)

Smoking status

-Never 365(91.9) 392(94.0) 190(95.0) 55(98.2) 235(95.9) 387(96.3) 0.145

-Ex-smoker 11(2.8) 9(2.2) 6(3.0) 0(0) 4(1.6) 9(2.2)

-Smoker 21(5.3) 16(3.8) 4(2.0) 1(1.8) 6(2.4) 6(1.5)

Physical activity

-High 55(14.3) 72(17.7) 25(13.0) 8(15.1) 32(13.7) 31(8.1) 0.001

-Moderate 176(45.8) 193(47.4) 94(49.0) 22(41.5) 92(39.3) 161(42.3)

-Light 153(39.8) 142(34.9) 73(38.0) 23(43.4) 110(47.0) 189(49.6)

�Mean±SD

�� Post hoc test for age; in women: a<b&c&d&f; b<d&e&f; c<d&e&f, in men: d>a&b&c&f, d>a&b&c

https://doi.org/10.1371/journal.pone.0203028.t002
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the same results have been observed for healthy obese individuals in the mentioned popula-

tion, emphasizing the role of weight rather than metabolic status in Spanish adults [38]. In an

obese Scottish population, results revealed that overall utility score was diminished in individ-

uals regardless of their metabolic comorbidities [37]. In addition, another study from Korea

indicated that, while mobility and physical functioning are severely affected in obese women,

regardless of their metabolic status, only metabolically abnormal and normal weight men are

more likely to report poor HRQoL in these physical domains [39].

The aforementioned studies considered weight status to be a more significant factor associ-

ated with impaired HRQoL, especially in women [37–39], results consistent with our findings

highlighting the importance of obesity in predicting poor self-assessment of health in Iranian

women. However, in men, regardless of weight status, metabolic status plays a significant role

to predict physical wellbeing, a result in accordance with our previous findings, which revealed

higher prognostic values for metabolic abnormalities in predicting CVD events in comparison

with weight status per se in the TLGS population [47]. In the current study, the significant

effect of co-incidence of the obesity and dysmetabolic status on poor physical HRQoL was

observed in both genders; it seems that, in comparison to the separate effects of weight and

metabolic status on PCS, the co-incidence would have stronger effect in women.

Based on the current results, except for overweight-normal metabolic women, who reported

better mental HRQoL than their normal weight-normal metabolic counterparts, none of the

obesity phenotypes studied showed significant associations with mental domains of HRQoL in

Table 3. SF-12 scores in different obesity phenotypes in men and women.

Normal metabolic status Dysmetabolic status P

Normal Overweight Obese Normal Overweight Obese

Men

-Physical Function 90.9±30.8 91.3±31.7 91.4±24.2 92.9±23.4 87.3±31.7 84.8±28.5 0.001

-Role Physical 84.9±32.5 88.0±33.4 85.8±25.5 86.4±24.6 83.9±33.5 81.3±30.1 0.030

-Bodily pain 85.9±32.3 88.5±33.3 86.9±25.4 86.3±24.5 84.7±33.3 87.3±29.9 0.392

-General Health 54.5±34.4 55.3±35.4 57.2±26.9 48.2±26.1 51.3±35.4 45.9±31.8 <0.001

PCS 51.7±10.7 52.6±11.0 52.7±8.4 51.7±8.1 50.8±11.1 49.9±9.9 <0.001

-Vitality 64.3±38.5 67.0±39.7 67.3±30.2 64.6±29.2 63.4±39.7 62.9±35.7 0.381

-Social Function 77.5±38.5 77.5±39.6 77.7±30.2 79.9±29.2 75.5±39.7 76.1±35.7 0.774

-Role Emotional 78.7±33.9 77.6±34.9 73.9±26.6 76.9±25.7 75.3±34.9 77.2±31.4 0.376

-Mental Health 67.8±32.0 68.2±32.9 67.8±25.1 67.5±24.3 68.0±32.9 65.9±29.7 0.919

MCS 47.0±15.7 46.9±16.1 46.3±12.3 46.8±11.9 46.6±16.1 46.7±14.5 0.988

Women

-Physical Function 85.2±31.5 83.7±31.9 80.5±29.3 82.8±26.8 83.4±29.5 73.3±33.4 <0.001

-Role Physical 78.3±28.9 77.6±29.2 75.3±26.9 73.2±24.7 75.6±27.1 71.8±30.6 0.018

-Bodily pain 76.4±29.9 78.1±30.2 77.3±27.7 79.3±25.4 76.9±27.9 74.4±31.6 0.401

-General Health 49.9±25.5 50.8±25.8 46.9±23.7 41.1±21.7 45.5±23.9 43.1±26.9 <0.001

PCS 49.3±10.0 48.9±10.1 48.1±9.3 48.1±8.5 48.2±9.4 45.8±10.6 <0.001

-Vitality 61.6±32.5 65.5±32.8 62.5±30.2 56.5±27.7 64.3±30.4 61.5±34.4 0.103

-Social Function 78.3±32.5 80.6±32.8 75.9±30.1 78.2±27.7 76.6±30.4 78.9±34.4 0.352

-Role Emotional 68.9±29.4 71.5±29.7 67.6±27.3 69.6±25.1 70.1±27.5 69.0±31.1 0.518

-Mental Health 65.9±27.1 67.6±27.4 66.3±25.2 60.5±23.1 65.3±25.4 64.9±28.7 0.344

MCS 45.7±13.4 47.3±13.5 45.9±12.4 44.4±11.4 46.1±12.5 46.9±14.1 0.218

Data are presented as Mean±SD; SF-12 scores are adjusted for age, marital status, level of education, job status and leisure time physical activity.

PCS: Physical component summary; MCS: Mental component summary.

https://doi.org/10.1371/journal.pone.0203028.t003
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Table 4. Odds ratios and 95% confidence intervals for poor HRQoL among men and women.

Phenotype PCS P value MCS P value

OR (95%CI) OR (95%CI)

Men

Model 1 - Normal metabolic status (Ref.) (Ref.)

- Dysmetabolic status 2.753(1.960–3.867) <0.001 0.850(0.612–1.181) 0.332

Model 2 - Normal metabolic status (Ref.) (Ref.)

- Dysmetabolic status 2.135(1.450–3.143) <0.001 1.108(0.761–1.614) 0.593

Model 1 -Normal weight (Ref.) (Ref.)

-Overweight 1.151(0.781–1.697) 0.476 0.874(0.593–1.287) 0.494

-Obese 1.421(0.908–2.222) 0.124 0.995(0.638–1.552) 0.982

Model 2 -Normal weight (Ref.) (Ref.)

-Overweight 0.999(0.635–1.572) 0.997 1.053(0.682–1.624) 0.816

-Obese 1.135(0.672–1.918) 0.636 1.113(0.674–1.837) 0.676

Model 1 -Normal weight & normal metabolic status (Ref.) (Ref.)

-Overweight & normal metabolic status 0.827(0.509–1.344) 0.443 0.892(0.558–1.425) 0.632

-Obese & normal metabolic status 0.681(0.347–1.336) 0.264 1.014(0.523–1.965) 0.968

-Normal weight & dysmetabolic status 2.353(1.040–5.322) 0.040 0.714(0.312–1.634) 0.425

-Overweight & dysmetabolic status 2.207(1.353–3.598) 0.002 0.761(0.470–1.233) 0.267

-Obese & dysmetabolic status 2.724(1.574–4.714) <0.001 0.910(0.544–1.523) 0.720

Model 2 -Normal weight & normal metabolic status (Ref.) (Ref.)

-Overweight & normal metabolic status 0.754(0.430–1.322) 0.324 0.952(0.563–1.608) 0.854

-Obese & normal metabolic status 0.570(0.267–1.218) 0.147 1.202(0.587–2.458) 0.615

-Normal weight & dysmetabolic status 1.522(0.610–3.799) 0.368 0.841(0.334–2.117) 0.713

-Overweight & dysmetabolic status 1.599(0.906–2.824) 0.105 1.154(0.672–1.981) 0.604

-Obese & dysmetabolic status 1.960(1.037–3.704) 0.038 1.116(0.624–1.998) 0.711

Women

Model 1 - Normal metabolic status (Ref.) (Ref.)

- Dysmetabolic status 4.246(3.179–5.669) <0.001 0.875(0.668–1.147) 0.334

Model 2 - Normal metabolic status (Ref.) (Ref.)

- Dysmetabolic status 1.826(1.282–2.600) 0.001 1.046(0.756–1.446) 0.788

Model 1 -Normal weight (Ref.) (Ref.)

-Overweight 2.082(1.439–3.011) <0.001 0.590(0.415–0.838) 0.003

-Obese 5.252(3.597–7.670) <0.001 0.725(0.508–1.035) 0.076

Model 2 -Normal weight (Ref.) (Ref.)

-Overweight 1.187(0.763–1.847) 0.446 0.656(0.448–0.962) 0.031

-Obese 2.092(1.318–3.321) 0.002 0.766(0.511–1.149) 0.197

Model 1 -Normal weight & normal metabolic status (Ref.) (Ref.)

-Overweight & normal metabolic status 1.957(1.259–3.041) 0.003 0.588(0.393–0.879) 0.010

-Obese & normal metabolic status 3.429(2.040–5.764) <0.001 0.954(0.589–1.546) 0.850

-Normal weight & dysmetabolic status 6.858(2.772–16.966) <0.001 1.402(0.566–3.473) 0.466

-Overweight & dysmetabolic status 4.742(2.887–7.788) <0.001 0.653(0.416–1.025) 0.064

-Obese & dysmetabolic status 9.917(6.292–15.629) <0.001 0.666(0.446–1.025) 0.047

Model 2 -Normal weight & normal metabolic status (Ref.) (Ref.)

-Overweight & normal metabolic status 1.185(0.720–1.949) 0.505 0.638(0.415–0.981) 0.041

-Obese & normal metabolic status 1.721(0.951–3.113) 0.073 0.984(0.582–1.664) 0.952

-Normal weight & dysmetabolic status 1.838(0.629–5.371) 0.266 1.795(0.654–4.930) 0.256

-Overweight & dysmetabolic status 1.650(0.911–2.988) 0.099 0.866(0.512–1.462) 0.589

-Obese & dysmetabolic status 2.887(1.674–4.977) <0.001 0.782(0.485–1.261) 0.313

Model 1: Unadjusted. Model 2: Adjusted for age, marital status (ref = married), level of education (ref = higher), job status (ref = employed) and physical activity

(ref = high). PCS: Physical component summary; MCS: Mental component summary.

https://doi.org/10.1371/journal.pone.0203028.t004
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either gender, a finding in agreement with several previous studies suggesting that overweight

individuals compared to their normal weight counterparts, perceived better mental HRQoL

[22,24,28,48]. Although there is no clear-cut explanation for the positive associations observed

between overweight and mental HRQoL in the current and other previous studies; there are

data in women on the effect of ideal body weight on their physical, psychological, and social

wellbeing that may be influenced by their socio-demographic status [49], economic conditions

[48,50], preferences of significant others [51,52] and other cultural factors and media exposures

[53,54]. In this regard, a recent international study conducted in 26 countries demonstrated

that compared to countries with high socio-economic status (SES), heavier body weight was

preferred more in lower socio-economic societies [50]; body fat in these populations is some-

times considered as a symbol of security and wealth among these populations, which could

possibly explain such findings [48,50]. It has also been suggested that in populations with low

SES, women who were older, heavier and less exposed to Western media are preferred and are

hence more satisfied with their heavier appearance [50]. On the other hand, other data available

emphasize weight misperception as another contributor to this high mental HRQoL in over-

weight women [55,56]; these women hence overestimate their height and underestimate their

weight which results in inaccurate estimation of data on their excessive weight [57,58], as a

result of which overweight women consider themselves as normal weight and are probably sat-

isfied with their weight status, and hence not interested in joining weight-loss programs [59].

This study has both strengths and limitations. Among the former, to the best of our knowl-

edge, this is one of the first efforts to investigate the association between HRQoL as a subjective

patient-centered outcome among different obesity phenotypes in a large Middle-Eastern adult

population. Current data reveals the probability of CVD events in adult TLGS participants with

different obesity phenotypes, and our subjective results provide a comprehensive understand-

ing of the effects of obesity and its related cardio-metabolic risk factors on the individual’s

health. However, this study does have some limitations; first, the cross-sectional design of this

study limits our ability to draw conclusions regarding the causal effect of obesity phenotypes on

HRQoL; second, our results are limited to a specific urban population in Tehran and cannot be

generalized to all Tehranian adults or to those adults residing in rural sites and other cities; last

but not least, there were many confounders that could affect HRQoL, and the observed associa-

tions between obesity phenotypes and HRQoL might be a result of unmeasured variables.

In conclusion, while metabolic status was associated with poor physical HRQoL in both gen-

ders, weight status only influenced physical wellbeing in women. However, among different obe-

sity phenotypes, only obese dysmetabolic individuals were more likely to report poor physical

HRQoL, findings indicating a similar pattern in both genders, indicating that despite the high

risk for developing cardiovascular outcomes, normal/overweight individuals with dysmetabolic

status may not feel the urgent need for preventive measures. These findings could be valuable in

identifying vulnerable groups and prioritizing strategies in related health promotion programs.
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20. Korhonen PE, Seppälä T, Järvenpää S, Kautiainen H (2014) Body mass index and health-related qual-

ity of life in apparently healthy individuals. Quality of life research 23: 67–74. https://doi.org/10.1007/

s11136-013-0433-6 PMID: 23686578

21. Renzaho A, Wooden M, Houng B (2010) Associations between body mass index and health-related

quality of life among Australian adults. Quality of life research 19: 515–520. https://doi.org/10.1007/

s11136-010-9610-z PMID: 20182918

22. Zhu Y, Wang Q, Pang G, Lin L, Origasa H, Wang Y, et al. (2015) Association between body mass index

and health-related quality of life: The" obesity paradox" in 21,218 adults of the Chinese general popula-

tion. PloS one 10: e0130613. https://doi.org/10.1371/journal.pone.0130613 PMID: 26087128

23. Thorbjørnsen GH, Riise T,Øyen J (2014) Bodyweight changes are associated with reduced health

related quality of life: The Hordaland Health Study. PloS one 9: e110173. https://doi.org/10.1371/

journal.pone.0110173 PMID: 25303082

24. Ul-Haq Z, Mackay DF, Fenwick E, Pell JP (2013) Meta-analysis of the association between body mass

index and health-related quality of life among adults, assessed by the SF-36. Obesity 21: E322–E327.

https://doi.org/10.1002/oby.20107 PMID: 23592685

25. Ghorbani A, Ziaee A, Oveisi S, Afaghi A (2013) A Comparison of Health-Related Quality of Life among

Normal-Weight, Overweight and Obese Adults in Qazvin Metabolic Diseases Study (QMDS), Iran:

Health-Related Quality of Life among Obese Adults. Global journal of health science 5: 156.

26. Forhan M, Gill SV (2013) Obesity, functional mobility and quality of life. Best Practice & Research Clini-

cal Endocrinology & Metabolism 27: 129–137.

27. Huang I, Frangakis C, Wu A (2006) The relationship of excess body weight and health-related quality of

life: evidence from a population study in Taiwan. International journal of obesity 30: 1250–1259. https://

doi.org/10.1038/sj.ijo.0803250 PMID: 16520814

28. Bentley TG, Palta M, Paulsen AJ, Cherepanov D, Dunham NC, Feeny D, et al. (2011) Race and gender

associations between obesity and nine health-related quality-of-life measures. Quality of Life Research

20: 665–674. https://doi.org/10.1007/s11136-011-9878-7 PMID: 21547358

29. Khosravi A, Ramezani MA, Toghianifar N, Rabiei K, Jahandideh M, Yousofi A (2010) Association

between hypertension and quality of life in a sample of Iranian adults. Acta cardiologica 65: 425–430.

https://doi.org/10.2143/AC.65.4.2053901 PMID: 20821935

30. Trevisol DJ, Moreira LB, Kerkhoff A, Fuchs SC, Fuchs FD (2011) Health-related quality of life and

hypertension: a systematic review and meta-analysis of observational studies. Journal of hypertension

29: 179–188. https://doi.org/10.1097/HJH.0b013e328340d76f PMID: 21045726

31. Javanbakht M, Abolhasani F, Mashayekhi A, Baradaran HR (2012) Health related quality of life in

patients with type 2 diabetes mellitus in Iran: a national survey. PLoS One 7: e44526. https://doi.org/10.

1371/journal.pone.0044526 PMID: 22952989

32. Kiadaliri AA, Gerdtham U-G, Eliasson B, Gudbjörnsdottir S, Svensson A-M, Carlsson KS (2014) Health

utilities of type 2 diabetes-related complications: a cross-sectional study in Sweden. International jour-

nal of environmental research and public health 11: 4939–4952. https://doi.org/10.3390/

ijerph110504939 PMID: 24810579

Obesity phenotypes & health-related quality of life

PLOS ONE | https://doi.org/10.1371/journal.pone.0203028 September 12, 2018 12 / 14

https://doi.org/10.1097/HJH.0b013e32834a50f3
http://www.ncbi.nlm.nih.gov/pubmed/21826021
https://doi.org/10.1016/j.atherosclerosis.2014.02.033
https://doi.org/10.1016/j.atherosclerosis.2014.02.033
http://www.ncbi.nlm.nih.gov/pubmed/24681911
https://doi.org/10.1093/eurheartj/ehs174
http://www.ncbi.nlm.nih.gov/pubmed/22947612
https://doi.org/10.1016/j.jacc.2011.04.047
https://doi.org/10.1016/j.jacc.2011.04.047
http://www.ncbi.nlm.nih.gov/pubmed/21920263
https://doi.org/10.1016/j.jacc.2013.11.035
https://doi.org/10.1016/j.jacc.2013.11.035
http://www.ncbi.nlm.nih.gov/pubmed/24345592
https://doi.org/10.1007/s11136-013-0433-6
https://doi.org/10.1007/s11136-013-0433-6
http://www.ncbi.nlm.nih.gov/pubmed/23686578
https://doi.org/10.1007/s11136-010-9610-z
https://doi.org/10.1007/s11136-010-9610-z
http://www.ncbi.nlm.nih.gov/pubmed/20182918
https://doi.org/10.1371/journal.pone.0130613
http://www.ncbi.nlm.nih.gov/pubmed/26087128
https://doi.org/10.1371/journal.pone.0110173
https://doi.org/10.1371/journal.pone.0110173
http://www.ncbi.nlm.nih.gov/pubmed/25303082
https://doi.org/10.1002/oby.20107
http://www.ncbi.nlm.nih.gov/pubmed/23592685
https://doi.org/10.1038/sj.ijo.0803250
https://doi.org/10.1038/sj.ijo.0803250
http://www.ncbi.nlm.nih.gov/pubmed/16520814
https://doi.org/10.1007/s11136-011-9878-7
http://www.ncbi.nlm.nih.gov/pubmed/21547358
https://doi.org/10.2143/AC.65.4.2053901
http://www.ncbi.nlm.nih.gov/pubmed/20821935
https://doi.org/10.1097/HJH.0b013e328340d76f
http://www.ncbi.nlm.nih.gov/pubmed/21045726
https://doi.org/10.1371/journal.pone.0044526
https://doi.org/10.1371/journal.pone.0044526
http://www.ncbi.nlm.nih.gov/pubmed/22952989
https://doi.org/10.3390/ijerph110504939
https://doi.org/10.3390/ijerph110504939
http://www.ncbi.nlm.nih.gov/pubmed/24810579
https://doi.org/10.1371/journal.pone.0203028


33. Luk AO, Zhang Y, Ko GT, Brown N, Ozaki R, Tong PC, et al. (2014) Health-related quality of life in Chi-

nese patients with type 2 diabetes: An analysis of the Joint Asia Diabetes Evaluation (JADE) Program.

Journal of Diabetes & Metabolism 2014.

34. Ford ES, Li C (2008) Metabolic syndrome and health-related quality of life among US adults. Annals of

epidemiology 18: 165–171. https://doi.org/10.1016/j.annepidem.2007.10.009 PMID: 18280918

35. Okosun IS, Annor F, Esuneh F, Okoegwale EE (2013) Metabolic syndrome and impaired health-related

quality of life and in non-Hispanic White, non-Hispanic Blacks and Mexican-American Adults. Diabetes

& Metabolic Syndrome: Clinical Research & Reviews 7: 154–160.

36. Amiri P, Hosseinpanah F, Rambod M, Montazeri A, Azizi F (2010) Metabolic syndrome predicts poor

health-related quality of life in women but not in men: Tehran Lipid and Glucose Study. Journal of wom-

en’s health 19: 1201–1207. https://doi.org/10.1089/jwh.2009.1710 PMID: 20482255

37. Ul-Haq Z, Mackay DF, Fenwick E, Pell JP (2012) Impact of metabolic comorbidity on the association

between body mass index and health-related quality of life: a Scotland-wide cross-sectional study of

5,608 participants. BMC Public Health 12: 1.

38. Lopez-Garcia E, Guallar-Castillón P, Garcia-Esquinas E, Rodrı́guez-Artalejo F (2016) Metabolically

healthy obesity and health-related quality of life: A prospective cohort study. Clinical Nutrition.

39. Yang Y, Herting JR, Choi J (2016) Obesity, metabolic abnormality, and health-related quality of life by

gender: A cross-sectional study in Korean adults. Quality of Life Research 25: 1537–1548. https://doi.

org/10.1007/s11136-015-1193-2 PMID: 26615614

40. Jalali-Farahani S, Amiri P, Bakht S, Shayeghian Z, Cheraghi L, Azizi F (2017) Socio-Demographic

Determinants of Health-Related Quality of Life in Tehran Lipid and Glucose Study (TLGS). International

journal of endocrinology and metabolism 15.

41. Azizi F, Ghanbarian A, Momenan AA, Hadaegh F, Mirmiran P, Hedayati M, et al. (2009) Prevention of

non-communicable disease in a population in nutrition transition: Tehran Lipid and Glucose Study

phase II. Trials 10: 5. https://doi.org/10.1186/1745-6215-10-5 PMID: 19166627

42. Kriska AM, Knowler WC, LaPorte RE, Drash AL, Wing RR, Blair SN, et al. (1990) Development of ques-

tionnaire to examine relationship of physical activity and diabetes in Pima Indians. Diabetes care 13:

401–411. PMID: 2318100

43. Montazeri A, Vahdaninia M, Mousavi SJ, Asadi-Lari M, Omidvari S, Tavousi M (2011) The 12-item med-

ical outcomes study short form health survey version 2.0 (SF-12v2): a population-based validation

study from Tehran, Iran. Health and Quality of Life Outcomes 9: 12. https://doi.org/10.1186/1477-7525-

9-12 PMID: 21385359

44. Delavari A, Forouzanfar MH, Alikhani S, Sharifian A, Kelishadi R (2009) First nationwide study of the

prevalence of the metabolic syndrome and optimal cutoff points of waist circumference in the Middle

East. Diabetes care 32: 1092–1097. https://doi.org/10.2337/dc08-1800 PMID: 19279302

45. Azizi F, Hadaegh F, Khalili D, Esteghamati A, Hosseinpanah F, Delavari A, et al. (2010) Appropriate

definition of metabolic syndrome among Iranian adults: report of the Iranian National Committee of Obe-

sity. Archives of Iranian medicine 13: 426.

46. Alberti K, Eckel RH, Grundy SM, Zimmet PZ, Cleeman JI, Donato KA, et al. (2009) Harmonizing the

metabolic syndrome. Circulation 120: 1640–1645. https://doi.org/10.1161/CIRCULATIONAHA.109.

192644 PMID: 19805654

47. Mirzaei B, Abdi H, Serahati S, Barzin M, Niroomand M, Azizi F, et al. (2017) Cardiovascular risk in differ-

ent obesity phenotypes over a decade follow-up: Tehran Lipid and Glucose Study. Atherosclerosis

258: 65–71. https://doi.org/10.1016/j.atherosclerosis.2017.02.002 PMID: 28213199

48. Bargain O, Zeidan J (2014) The direct effect of obesity on emotional well-being: Evidence from Mexico.

49. Silva DAS, Nahas MV, de Sousa TF, Del Duca GF, Peres KG (2011) Prevalence and associated factors

with body image dissatisfaction among adults in southern Brazil: a population-based study. Body Image

8: 427–431. https://doi.org/10.1016/j.bodyim.2011.05.009 PMID: 21768003

50. Swami V, Frederick DA, Aavik T, Alcalay L, Allik J, Anderson D, et al. (2010) The attractive female body

weight and female body dissatisfaction in 26 countries across 10 world regions: Results of the Interna-

tional Body Project I. Personality and Social Psychology Bulletin 36: 309–325. https://doi.org/10.1177/

0146167209359702 PMID: 20179313

51. Eisenberg ME, Berge JM, Fulkerson JA, Neumark-Sztainer D (2012) Associations between hurtful

weight-related comments by family and significant other and the development of disordered eating

behaviors in young adults. Journal of behavioral medicine 35: 500–508. https://doi.org/10.1007/

s10865-011-9378-9 PMID: 21898148

52. Bergstrom RL, Neighbors C, Lewis MA (2004) Do men find “bony” women attractive?:: Consequences

of misperceiving opposite sex perceptions of attractive body image. Body Image 1: 183–191. https://

doi.org/10.1016/S1740-1445(03)00025-1 PMID: 18089150

Obesity phenotypes & health-related quality of life

PLOS ONE | https://doi.org/10.1371/journal.pone.0203028 September 12, 2018 13 / 14

https://doi.org/10.1016/j.annepidem.2007.10.009
http://www.ncbi.nlm.nih.gov/pubmed/18280918
https://doi.org/10.1089/jwh.2009.1710
http://www.ncbi.nlm.nih.gov/pubmed/20482255
https://doi.org/10.1007/s11136-015-1193-2
https://doi.org/10.1007/s11136-015-1193-2
http://www.ncbi.nlm.nih.gov/pubmed/26615614
https://doi.org/10.1186/1745-6215-10-5
http://www.ncbi.nlm.nih.gov/pubmed/19166627
http://www.ncbi.nlm.nih.gov/pubmed/2318100
https://doi.org/10.1186/1477-7525-9-12
https://doi.org/10.1186/1477-7525-9-12
http://www.ncbi.nlm.nih.gov/pubmed/21385359
https://doi.org/10.2337/dc08-1800
http://www.ncbi.nlm.nih.gov/pubmed/19279302
https://doi.org/10.1161/CIRCULATIONAHA.109.192644
https://doi.org/10.1161/CIRCULATIONAHA.109.192644
http://www.ncbi.nlm.nih.gov/pubmed/19805654
https://doi.org/10.1016/j.atherosclerosis.2017.02.002
http://www.ncbi.nlm.nih.gov/pubmed/28213199
https://doi.org/10.1016/j.bodyim.2011.05.009
http://www.ncbi.nlm.nih.gov/pubmed/21768003
https://doi.org/10.1177/0146167209359702
https://doi.org/10.1177/0146167209359702
http://www.ncbi.nlm.nih.gov/pubmed/20179313
https://doi.org/10.1007/s10865-011-9378-9
https://doi.org/10.1007/s10865-011-9378-9
http://www.ncbi.nlm.nih.gov/pubmed/21898148
https://doi.org/10.1016/S1740-1445(03)00025-1
https://doi.org/10.1016/S1740-1445(03)00025-1
http://www.ncbi.nlm.nih.gov/pubmed/18089150
https://doi.org/10.1371/journal.pone.0203028


53. Karsli Y, Karsli TA (2015) Media Effects on Body Image and Eating Attitudes of the Women Living in

Metropolitan and Rural Areas in a Turkish Population. Procedia-Social and Behavioral Sciences 205:

99–102.

54. Swami V, Kannan K, Furnham A (2012) Positive body image: Inter-ethnic and rural–urban differences

among an indigenous sample from Malaysian Borneo. International Journal of Social Psychiatry 58:

568–576. https://doi.org/10.1177/0020764011415208 PMID: 21821633

55. Ikeda N (2016) Validity of self-reports of height and weight among the general adult population in

Japan: findings from National Household Surveys, 1986. PloS one 11: e0148297. https://doi.org/10.

1371/journal.pone.0148297 PMID: 26862762

56. Boo S (2014) Misperception of body weight and associated factors. Nursing & health sciences 16:

468–475.

57. Roudsari AH, Vedadhir A, Kalantari N, Amiri P, Omidvar N, Eini-Zinab H, et al. (2016) Concordance

between self-reported body mass index with weight perception, self-rated health and appearance satis-

faction in people living in Tehran. Journal of Diabetes & Metabolic Disorders 15: 22.

58. Dijkshoorn H, Ujcic-Voortman JK, Viet L, Verhoeff AP, Uitenbroek DG (2011) Ethnic variation in validity

of the estimated obesity prevalence using self-reported weight and height measurements. BMC Public

Health 11: 1.

59. Duncan DT, Wolin KY, Scharoun-Lee M, Ding EL, Warner ET, Bennett GG (2011) Does perception

equal reality? Weight misperception in relation to weight-related attitudes and behaviors among over-

weight and obese US adults. International Journal of Behavioral Nutrition and Physical Activity 8: 1.

Obesity phenotypes & health-related quality of life

PLOS ONE | https://doi.org/10.1371/journal.pone.0203028 September 12, 2018 14 / 14

https://doi.org/10.1177/0020764011415208
http://www.ncbi.nlm.nih.gov/pubmed/21821633
https://doi.org/10.1371/journal.pone.0148297
https://doi.org/10.1371/journal.pone.0148297
http://www.ncbi.nlm.nih.gov/pubmed/26862762
https://doi.org/10.1371/journal.pone.0203028

