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Aims: To investigate the association of obesity phenotypes with non-obese components of metabolic
syndrome (MetS) by considering the presence of general adiposity and central obesity.
Methods: We analyzed the data of population-based cross-sectional study of 981 adults’ individuals who
were community dwelling in urban population of Babol, the north of Iran. The demographic charac-
teristics and anthropometric measures and hypertension were collected with standard method by
trained nurses. The fasting blood sugar, CHL, TG, HDL-C and LDL-C were measured by enzymatic method.
The presence of cardiometabolic risk factors were analyzed according to the combination of obesity
phenotypes either overweight/obese or central obese. The logistic regression model was used to calculate
the adjusted odds ratio (OR) of obesity phenotypes in compared with normal weight not central obese in
association of presence of metabolic abnormality.
Results: The 394 (40.6%) individuals were both overweight/obese and central obese and 295 (30.1%)
persons were “normal weight not central obese” and the minority 28(2.9%) were normal weight but
central obese and the remainder 260 (26.5%) were “overweight/obese not central obese”. Overweight/
obese not central obese increased significantly the odds of presence of �2 non-obese components of
metabolic abnormality by 2.17 times (95%CI OR: 1.51, 3.13) but the OR was elevated for the joint phe-
notypes of overweight/obese and central obese (OR¼ 4.16 (95%CI: 2.85, 6.06) as compare with normal
weight not central obese.
Conclusions: Overweight/obese alone increased the risk of cardiometabolic abnormality but being
overweight/obese and central obese a further elevated the risk compared with “normal weight not
central obese”.

© 2019 Published by Elsevier Ltd on behalf of Diabetes India.
1. Introduction

Obesity is characterized as abnormal or excessive fat accumu-
lation to an extent that it presents a risk for health. It is a key risk
factor of cardiovascular diseases, diabetes, hypertension and cancer
[1,2]. Comorbidities and disabilities consequent to obesity and
overweight provide predominant negative influence on health-
related quality of life and a significant economic health burden
[3,4]. During the two recent decades, the prevalence of obesity and
metabolic syndrome increased dramatically in both developing and
industrial countries [5e7]. This led to more attention of health
laki).
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authorities to the issue of obesity and its consequences in the
general population [2e4].

The diagnosis of obesity is made by calculation of body mass
index (BMI), but in clinical practice the negative influence of
abnormally accumulated body fat cannot be predicted based on
BMI value alone, because, obesity is a heterogeneous condition, and
the association between metabolic complications and obesity is
partly dependent to the pattern of body fat distribution. While
upper body or visceral fat distribution in obesity is linked with
metabolic complications, but the distribution of fat in lower body is
a predictive for reduced cardiovascular risk. This indicates a role on
the association between metabolic complications and the pattern
of adipose tissue distribution [8,9]. At present, there is no gold
standard method for assessment of excess body fat in particular
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visceral fat accumulation. Application of imaging technic is costly
and is not available to all health centers, hence body adiposity is
estimated by anthropometric measures [10e12]. However, esti-
mation of body fat in obese subjects by using BMI has limitation in
the differentiation of muscle mass from adipose tissues in the
contribution of obesity. Therefore, the diagnosis of obesity based on
BMI has limitations in recognizing high risk individuals from those
who are at a lower risk of future development of metabolic com-
plications [10e12].

On the other hand, indices of central obesity (abdominal
obesity) such as waist circumferences (WC) or waist to height ratio,
and waist to hip ratio are better measures to estimate visceral
adiposity [13e17].Among the several anthropometric measures,the
WCis more important because it is the main measure for screening
abdominal fat distribution as well as for the diagnosis of abdominal
obesity. The WC is the main componentof metabolic syndrome
(MetS) by International Diabetes Federation (IDF), National
Cholesterol Education Program (NCEP) Adult Treatment Panel III
(ATP III), the American Heart Association (AHA)/National Heart,
Lung and Blood Institute, and the Iranian National committee of
obesity (INCO) [13e17].

Accumulation of adipose tissues in patients with general or
abdominal obesity is associated with higher prevalence of car-
diometabolic risk factors including non-obese components of MetS
and increased risk of cardiovascular diseases, diabetes in which
obesity and insulin resistance are the two major underlying risk
factors for the development of MetS [18]. Abdominal obesity and
other components of metabolic MetS alone or in combination are
associated with increased risk of disability and functional depen-
dence in the elderly. In one study the risk of disability was pro-
portional to the number of MetS components [19]. In a study of
8233 adults aged 18e98 in the 2009 nationwide China Health and
Nutrition Survey, over 75% of the sample had elevated levels of at
least one cardiometabolic risk factor, and only half of young adults
were metabolically healthy [20]. In another study of 5248 persons
aged �15 years old, a significant proportion of non-obese people
had abdominal obesity and the presence of abdominal obesity in
both overweight and normal weight individuals was significantly
associated with high prevalence of cardiometabolic risk factors and
diseases [21].In an observational cohort study of approximately 1.3
million adults (aged�20 years) with overweight or obesity, 32%e
60% of the cohort had 4 commonly cardiac risk factors. However,
depending on the category of overweight or obesity, the prevalence
varied from 27% to 72% and only 14% of the cohort had none of
these risk factors. In this study overweight or obesity was associ-
ated with greater cardiometabolic risk, but the number and type of
cardiac risk factors varied substantially by age, even among par-
ticipants with life-threatening obesity [22].

The prevalence and distribution of cardiometabolic risk factors
or MetS components varies across various population and can be
partly attributed to the pattern of obesity or body fat distribution.
Identification of high risk individuals particularly among the non-
obese population is important for preventive measures since the
presence of metabolic abnormalities in normal weight individuals
are usually ignored.The capability of anthropometric measures for
identification of metabolic abnormalities and high risk individuals
varies by obesity phenotypes. The link between metabolic abnor-
malities, cardiovascular disease and mortality with abdominal
obesity is stronger than link with general obesity. This indicates
greater capability of WC than BMI [23]. However, superiority of
waist circumference (WC), waist to hip ratio and waist/height ratio
(WHtR) to BMI have not been observed in other studies [24,25].
Recent studies have suggested that a combination of general
obesity and abdominal obesity provide more information in pre-
dicting obesity-related outcomes than each of them alone
[12,26e30], Depending on the weight, and the presence or absence
of abdominal obesity a study population can be classified at least to
4 subgroups including 1)normal weight without central obesity
(normal WC), 2)normal weight with central obesity (abnormal
WC), 3) overweight/obese without central obesity,4) overweight/
obese with central obesity (abnormal WC).

In spite of high prevalence of obesity, abdominal obesity and
MetS in the general population as well as in Iranian population
especially Iranian women, and its increasing trend in recent de-
cades [6,22e24], the prevalence of cardiometabolic risk factors in
particular distribution of non-obese components of MetS across
various obesity phenotypes has not been investigated yet. We
therefore conducted the present study to determine the prevalence
of obesity according to weight and obesity phenotypes, as well as to
specify the number, type, and distribution of non-obese compo-
nents of MetS across various obesity phenotypes.

2. Methods

2.1. Study design and subjects

The data of this study were extracted from a population-based
cross-sectional study of lipids, glucose and MetS in Babol, a city
located in the southern geographic region of the Caspian sea.The
study population wascomprised of 1000adults who were recruited
among the community dwelling adults' population aged 20e70
years. Nineteen participants were excluded because of under-
weight (BMI<18.5 kg/m2) and missed data on anthropometric
measures and the remaining 981 participants were analysed. The
details of patients’ selection have been described elsewhere [5]. In
brief 25 clusters were selected randomly using the cumulative
population size under the coverage of urban health centers. Within
the center of each cluster about 40 adults were recruited in the
study consecutively. All selected subjects had given an informed
consent prior participation and the study protocol was authorized
by the Ethical Committee of Babol University of Medical Sciences.

2.2. Measurements and dada collection

The data of demographic characteristics (e.g. age, sex, educa-
tional level and marital status) and individual lifestyle (e.g. smok-
ing) were collected ineperson interview in a household survey and
the anthropometric indexes of weight, height and waist circum-
ferences were measured using a standard method. Weight was
measured with a portable scale to the nearest 0.1 kg with light
clothes without shoes. Height was measured to the nearest 0.1 cm
using a portable stadiometer without shoes as well. Then, we
calculated BMI by dividing weight in kg to the square of height in
meter. Waist circumference was measured at the end of usual
experation, at the level of midpoint between the iliac crest and the
lower border of tenth rib with a non-elastic tape to the nearest
0.1 cm. After 10min resting, the systolic and diastolic blood pres-
sure (SBP and DBP respectively) of the right arm were measured
three times, with standard method by a trained nurse at sitting
position, and the mean value of three times measurements were
considered for analysis. Mean arterial pressure (MAP) was calcu-
lated with the equation of. MAP ¼ DBPþ 1

3 ðSBP� DBPÞ:
All recruited subjects were invited for 10e12 h overnight fasting

for blood venous sample in the central lab of Ayatollah Rohani
hospital in the next morning. The total cholesterol (CHL), Triglyc-
eride concentration (TG), high density lipoprotein cholesterol
(HDL-C) and low density lipoprotein cholesterol (LDL-C), fasting
blood sugar (FBS) were measured using enzymatic methods by an
auto-analyzer. In addition, TG to HDL-C ratio and LDL to HDL-C ratio
were calculated.
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2.3. Definition of obesity phenotypes and non-obese components of
MetS

The subjects were categorized into four groups based on the
joint combination of general adiposity and central obesity. The
general obesity defined based on the BMI scale: 18.5� BM< 25 as
normal weight and BMI�25 as overweight/obese. The ATP III
criteria was used to define the central obesity (WC> 102 cm for
men and WC> 88 cm for women). The different phenotypes of
obesity were defined as.

1) normal weight (18.5� BMI<25 kg/m2) without central obesity
(normal WC) (NWt & NWC)

2) overweight/obesewithout central obesity (Over/Obese&NWC);
3) normal weight with central obesity (abnormal WC) (NWt &

AWC);
4) overweight/obese with central obesity (abnormal WC) (Over/

obese & AWC).

Other components of the MetS including abnormal blood
pressure (SBP>130 and DBP>85mmHg systolic), TG� 150mg/dl,
HDL<40mg/dl in men and <50mg/dl in women and also
FBS�110mg/dl. The presence of at least 2 of 4 components other
than abdominal obesity was categorized as non-obese components
of MetS.

2.4. Statistical analysis

The data analysis was performed using SPSS software version
18. The descriptive statistics of continuous cardiometabolic risk
factors were presented by mean± SD and categorical data were
presented as proportion according to obesity phenotypes and sex.
The prevalence of cardiometabolic risk factors were alsoestimated
based on the ATP- III cut-off values by obesity phenotype and sex.
The analysis of variance was used to test the mean of normally
distributed cardiometabolic risk factors between different pheno-
types of obesity and the Kruscal-Walis test in bivariate analysis was
used for data without normal distribution The logistic regression
model was applied to estimate the unadjusted odds ratio (OR) and
adjusted OR of different phenotypes of obesity and their 95% con-
fidence interval (95%CI) as compared to the reference phenotype of
normal weight and normal WC. We also adjusted the effect of age,
sex and educational level in multiple logistic regression models.
The p-value <0.05 was considered as significant level.

3. Results

The respective mean age of participants was 42.8 ± 13.4 years.
The demographic characteristics of study population were pre-
sented in Table 1. Among individuals with phenotype of over-
weight/obese and central obese, a higher proportion were women,
older age and lower level of education as compared with normal
weight without abdominal obesity (p¼ 0.001). The obesity phe-
notypes of majority of subjects about 394 (398)(40.6%) were joint
combination of overweight/obese and central obese and 295
(30.1%) individuals were both normal weight and non-central
obese and the minority 28(2.9%) persons were normal weight but
central obese and the remainder 260 (26.5%) subjects were over-
weight/obese and central obese. The joint combination phenotype
of normal weight and not central obeseweremore common inmen
but the joint overweight/obese and central obese were the most
prevalent in women (p¼ 0.001). Table 2 shows the mean of car-
diometabolic characteristics of study samples according to obesity
phenotype and sex. Except for HDL and FBS in men and HDL-C and
LDL-C to HDL-C ratio, the higher level of other cardiometabolic risk
factors were found in the phenotypes of overweight/obese and
central obese (p¼ 0.001). Table 3 presented the prevalence of non-
obese components of metabolic syndrome. Except for HDL-C, all
other components were significantly more frequent in the joint
combination of overweight/obese and central obese (p¼ 0.001) in
both sexes. However, the frequency of data for phenotype of
overweight/obese but normal waist was sparse. Table 4 indicated
the results of logistic regression analysis of unadjusted and
adjusted odds ratio of different phenotypes of combination of
obesity and abdominal obesity as compared with normal weight
and normal waist circumference. The adjusted odds ratio by age,
sex and educational level shows that overweight/obese but normal
WC increased the odds of presence of� 2 non-obese components of
MetS by 2.17 times (95%CI OR: 1.51, 3.13) but the odds ratio was
elevated for the joint phenotype of overweight/obese and central
obese (OR¼ 4.16 (95%CI 2.85, 6.06).

4. Discussion

The findings of this study indicate variations in distribution of
non-obese components of MetS across various obesity phenotypes.
Discrepancies are related to the pattern of obesity and BMI status.
There is an association of overweight/obesity alone or in combi-
nation with abdominal obesity with non-obese components. In
men these components are prevalent in subjects with both
abdominal and general obesity whereas in women they are more
frequent only in subjects with coexistence of both abdominal and
general obesity. In multiple regression analysis after adjustment for
other potential confounders such as age, sex, and the level of ed-
ucation, the presence of overweight/obesity was significantly
associated with higher prevalence of non-obese components of
MetS, and the presence of abdominal obesity combined with
overweight/obesity increased the odds of association nearlyfour
times.

Association of cardiometabolic risk factor with obesity and
overweight as observed in this study has been also reported in
other investigations that addressed the relationship of car-
dionmetabolic risk factors and mortality with obesity phenotypes
[21,31e33]. The findings of current study are consistent with the
results of a cross-sectional study of 1275 rural residents aged �35
years thatrevealed a higher prevalence of hypertension in subjects
with coexistent general and abdominal obesity than in those with
obesity alone [33]. A systematic review of 18 studies comprised
689 465 participants and 48421 deaths revealed significant asso-
ciation of both general and abdominal obesity with mortality dur-
ing a follow-up period of 5e24 years. In this study, independent
association ofWC andWHR asmeasures of abdominal obesity were
also observed with obesity-related mortality in adults [3]. A similar
association between combined abdominal and general obesity with
cardiometabolic risk factors has been reported in a large study of
Iranian children and adults 10e18 years [34]. In one study of pa-
tients with coronary artery disease, central obesity was directly
associated with mortality, but there was an inverse association of
mortality with BMI, in particular subjects with normal BMI were at
greater risk of mortality [35].

In a population-based cohort study of 3 632674 people, there
was a J-shaped association between BMI and overall mortality. In
this study after a mean follow-up duration of 12.2 years lower BMI
was associated with increased risk of mortality [36]. In the present
study the prevalence of normal weight subjects with abdominal
obesity was 2.8% which is lower than other studies which varied
from 9.1% in Latin American people aged 23e25 years, to 36% of
men and 29% of Korean women aged >20 years. Low prevalence of
normal weight obesity in this study may be attributed to small
sample size of this subgroup or difference in ethnicity [37]. Excess



Table 1
The distribution of characteristics of study samples according to combination of obesity and central obesity.

Characteristics NWT&
NWC n (%)

Over/Obese &
NWC n (%)

NWT &
AWC n (%)

Over/Obese &
AWC n (%)

P-value

Gender 0.001
Male 177(60.0) 160(61.5) 8(28.6) 98(24.6)
Female 118(40.0) 100(38.5) 20(71.4) 300(74.4)
Age (year) 0.001
<40 160(54.2) 116(44.6) 15(53.6) 129(32.4)
40e59 99(33.6) 118(45.4) 10(35.3) 199(50.0)
�60 36(12.2) 26(10.0) 3(10.7) 70(17.6)
Educational level 0.001
<High School 104(35.3) 93(35.8) 8(28.6) 219(55.0)
High School � 191(64.7) 167(64.2) 20(71.4) 179(45.0)
Smoking status 0.11
Not at all 250(84.7) 222(85.4) 26(92.9) 364(91.5)
Current smoker 33(11.2) 27(10.4) 2(7.1) 26(6.5)
Ex-smoker 12(4.1) 11(4.2) -(�) 8(2.0)
Marital status 0.001
Single 59(20.0) 21(8.11) 3(10.7) 20(5.0)
Married 228(77.3) 235(90.4) 25(89.3) 357(89.7)
Divorced 1(0.3) 2(0.8) (�)- 3(0.8)
Widow 7(2.4) 2(0.8) (�)- 18(4.5)

NWt: Normal weight; Over/Obese: Overweight/Obese; NWC: Normal waist circumference; AWC: Abnormal waist circumference.

Table 2
The mean± SD of cardiometabolic characteristics of participants according to obesity phenotypes and sex.

Cardiometabolic risk factors NWt & NWC Over/Obese & NWC NWt & AWC Over/Obese &AWC P-value

Men
DBP(mm Hg) 79.1± 12.6 84.5± 13.8 82.6± 7.0 82.5± 13.01 0.001
SBP(mm Hg) 123.6± 15.2 129.6± 15.4 128.0± 9.1 134.4± 15.1 0.001
CHL(mg/dl) 182.8± 67.2 198.9± 49.1 207.7± 72.1 194.8± 43.9 0.04
TG(mg/dl) 150.8± 110.1 214.1± 136.4 247.2± 176.0 220.6± 171.8 0.001
LDL(mg/dl) 113.5± 38.7 122.7± 48.4 126.6± 66.9 117.2± 40.3 0.25
HDL(mg/dl) 36.9± 10.6 34.8± 9.1 32.0± 5.7 36.4± 9.5 0.14
FBS(mg/dl) 104.1± 36.1 109.6± 34.5 115.7± 27.6 113.6± 32.8 0.12
MAP (mm Hg) 93.9± 12.3 99.5± 13.2 97.7± 6.8 101.8± 10.9 0.001
TG/HDL 4.4± 3.6 6.5± 4.5 8.4± 6.6 6.8± 6.7 0.001
LDL/HDL 3.2± 1.3 3.7± 1.7 3.9± 1.6 3.4± 1.3 0.03

Women
DBP(mm Hg) 76.3± 13.2 77.8± 13.0 78.0± 10.6 84.8± 16.2 0.001
SBP(mm Hg) 118.8± 16.8 118.3± 14.6 118.4± 13.7 129.0± 20.4 0.001
CHL(mg/dl) 185.7± 41.2 187.3± 36.4 189.9± 47.1 209.1± 44.3 0.001
TG(mg/dl) 127.4± 103.5 122.1± 57.6 108.2± 44.2 184.7± 130.5 0.001
LDL(mg/dl) 122.3± 38.4 126.6± 31.1 127.4± 46.5 134.0± 41.2 0.001
HDL(mg/dl) 38.4± 13.8 37.5± 7.4 41.1± 11.7 38.8± 12.2 0.59
FBS(mg/dl) 102.1± 33.7 100.5± 22.4 95.0± 9.4 116.4± 51.7 0.001
MAP (mm Hg) 90.5± 13.0 91.3± 12.0 91.5± 11.1 99.6± 15.8 <0.001
TG/HDL 3.7± 4.2 3.4± 1.9 2.8± 1.4 5.1± 4.4 <0.001
LDL/HDL 3.3± 1.3 3.5± 1.1 3.3± 1.4 3.6± 1.2 0.1

NWt: Normal weight; Over/Obese: Overweight/Obese; NWC: Normal waist circumference; AWC: Abnormal waist circumference.

Table 3
The prevalence of non-obese components of MetS based on ATP III criteria according to obesity phenotypes and sex.

Cardiometabolic risk factors ALL
n(%)

NWt &
NWC n(%)

Over/Obese &
NWC n(%)

NWT &
AWC n(%)

Over/Obese &
AWC n(%)

P-value

Men 443(100) 177(40.0) 260(36.1) 8 (1.8) 98 (22.0) e

BP > 130/85mmHg 138(31.2) 38(21.5) 55(34.4) 2(25.0) 43(43.9) 0.001
TG� 150mg/dl 235(53.0) 62(35.0) 102(63.8) 5(62.5) 66(67.3) 0.001
FBS�110mg/dl 134(30.2) 36(20.3) 50(31.3) 4(50.0) 44(44.9) 0.001
FBS�126mg/dl 65 (14.7) 16(9.0) 24(15.0) 2(25.0) 23(23.5) 0.001
HDL<40mg/dl 335(75.6) 129(72.9) 129(80.6) 6(75.0) 71(72.4) 0.33
Non-obese components of MetS�2 315(71.1) 98(55.4) 129(80.6) 7(87.5) 81(82.7) 0.001
Women 538 (100) 118 (21.9) 100 (18.6) 20 (3.7) 300 (55.7) e

BP > 130/85mmHg 148(27.5) 20(16.9) 12(12.0) 3(15.0) 113(37.7) 0.001
TG� 150mg/dl 226(42.0) 31(26.3) 27(27.0) 3(15.0) 165(55.0) 0.001
FBS�110mg/dl 143(26.6) 21(17.8) 18(18.0) 1(5.0) 103(34.3) 0.001
HDL<50mg/dl 469(87.2) 107(90.7) 90(90.0) 17(85.0) 255(85.0) 0.34
Non-obese components of MetS�2 365(67.8) 57(48.3) 55(55.0) 8(40.0) 245(81.7) 0.001

NWt: Normal weight; Over/Obese: Overweight/Obese; NWC: Normal waist circumference; AWC: Abnormal waist circumference.
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Table 4
The unadjusted and adjusted odds ratio of obesity phenotypes in association with presence of the number ofnon-obese components of MetS�2.

Obesity phenotypes Unadjusted OR (95% CI) P-value Adjusted OR~ (95% CI) p-value

NWt & NWC (ref) 1 (�) e 1 (�) e

Over/Obese & NWC 2.18 (1.54,3.11) 0.001 2.17 (1.51,3.13) 0.001
NWt & AWC 1.04 (0.48,2.26) 0.92 1.23 (0.55,2.78) 0.61
Over/Obese & AWC 4.09 (2.90,5.76) 0.001 4.16 (2.85,6.06) 0.001

NWt: Normal weight; Over/Obese: Overweight/Obese; NWC: Normal waist circumference; AWC: Abnormal waist circumference; ~The odds ratio was adjusted by age, sex
and education level.
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body fat accumulation in subjects with normal BMI is associated
with increased risk of cardiovascular morbidity and mortality. High
mortality rate of normal weight obese patients with coronary ar-
tery disease has been reported also in a systematic review [38]. The
lack of association of normal weight central obese in the present
study may be attributed to the sample size of this subgroup in our
study sample.

Accumulation of adipose tissue around the intra-abdominal
organs is distinctly linked to several pathological conditions.
Visceral fat as a hormonally active tissue, releases different bioac-
tive molecules and hormones such as adiponectin, leptin, tumour
necrosis factor, resistin and interleukin 6. Among these hormones,
the adiponectin which has an antiatherogenic activity correlates
negatively with visceral adiposity and its circulation level is lower
in subjects with abdominal obesity [39]. A systematic review and
meta-analysis of 89 relevant studies revealed association of both
overweight and obesity phenotypes with the incidence of multiple
co-morbidities including type II diabetes, cancer and cardiovascular
diseases [40].

Amongst the measures of obesity such as BMI, WC, WHR, and
WHtR which are used in epidemiological studies WC and WHR as
measures of abdominal obesity is more useful than BMI and show
closer association with metabolic risk factors than BMI, hence
measurement of WC should become a standard component of
cardiovascular risk evaluation in routine clinical practice
[31,41e43].

Application of BMI at commonly used cut-off level exhibits high
specificity but lower sensitivity in identification of adiposity, as half
of the people with excess body fat cannot be diagnosed by using
BMI. This issuewas shown in a systematic review of 25 studies [44].
In another study of 1345 patients with coronary heart disease, WC
was positively and BMI was negatively associated with mortality.
After combiningWCwith BMI, subjects with WC� 102 cm and BMI
<25 kg/m2 had highest rates of both total and cardiovascular
mortality of all coronary heart disease [45]. The impact of BMI and
WC on the incidence of cardiovascular events and all-cause mor-
tality was also determined during a 148-month follow-up period. In
this study, after adjustment for confounders, only baseline BMI
remained an independent predictor cardiovascular mortality [46].

This study has some limitations including study design which is
cross-sectional and thus the association does not indicate causality.
Furthermore, lack of association between normal weight but
abnormalWC andmetaboloic abnormalities in this study should be
attributed to inadequate sample size in this subgroup. However,
classification of study population according to pattern of obesity
should be considered as a strength, because, these findings are
helpful in recognizing high-risk individuals based on their pattern
of obesity.

In conclusion, this study indicates an association between the
prevalence of non-obese components of MetS and obesity pheno-
types. Overweight/obese subjects in particular individuals with
coexistent abdominal and general obesity are at greater risk of
these cardiometabolic abnormalities. Further longitudinal studies
are required to determine the outcomes of subjects with different
obesity phenotypes.
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