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Insulin resistance (IR) is the corner stone of metabolic obesity. This cross-sectional analytical study was
aimed to find out the frequency of IR in non-diabetic adult individuals of different obesity phenotypes
that would help to implement preventive measures to avoid the cardiometabolic catastrophes.
Methods: Total 955 nondiabetic adult individuals were selected and categorized into six metabolic
phenotypes by metabolic syndrome criteria in each BMI group (18.5—24.9-normal weight, 25-29.9-
overweight, >30-obese). From them, metabolically obese normal weight, metabolically obese over-
weight, metabolically healthy obese and metabolically unhealthy obese were selected as Obesity phe-
notypes (N = 616).
Results: The frequency of IR was found to be very high (60.2%) in total nondiabetic adult obese in-
dividuals (N = 616). Highest frequency of IR was found in MUO phenotype (76.3%), lowest frequency of IR
was found in MONW phenotype (37.1%) and frequency of IR in MOOW and MHO phenotypes found to be
identical but significantly (p <0.0001) less than MUO and significantly (p <0.0001) more than MONW
phenotype. Among the obesity phenotypes, females were more insulin resistant than males (67.5% vs
48.1% respectively, p < 0.05). Frequency of IR found significantly (p < 0.05) more in female than male in
all obesity phenotypes except in MUO phenotype where males found to show significantly (p < 0.05)
higher frequency than females. Frequency of IR was significantly higher in younger (20—39yrs) age
group than 40—60 yrs age group (63.2% vs 53.5% respectively, p < 0.05).
Conclusion: IR is alarmingly high (60.2%) in nondiabetic adult obese individuals. Among different obesity
phenotypes, it is highest (76.3%) in MUO and lowest (37.1%) in MONW.

© 2018 Diabetes India. Published by Elsevier Ltd. All rights reserved.
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1. Introduction morbidity (like diabetes, cardiovascular disease etc.) and mortality

[1,2]. BMI based classification is simple but do not adequately

Worldwide prevalence of overweight and obesity is increasing
day by day which are frequently associated with increased risk of
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reflect adiposity [3,4]. Overweight and obese individuals may have
no cardiometabolic risk, whereas normal weight individuals may
present with cardiometabolic risk [5,6].

The term “Metabolic Obesity” has been floated to resolve this
issue [7]. Metabolic obesity stands for the individual with un-
healthy metabolic health (metabolic profile). Unhealthy metabolic
health is featured by metabolic syndrome (MetS) irrespective of
BMI. On the other hand, healthy metabolic health indicates absence
of MetS irrespective of BMI [7,8].

Different studies [8,9] brought out the metabolically unhealthy
and healthy phenotypes in different BMI groups (18.5—24.9-normal
weight, 25-29.9-overweight, >30-obese) [10] on the basis of
presence or absence of MetS respectively. Individuals having 0—2
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components of MetS and >3 components of MetS were considered
‘metabolically healthy & metabolically unhealthy’ respectively.
Metabolic obesity represents the metabolically unhealthy status of
an individual irrespective of their BMI. Therefore, in different BMI
groups finally they addressed six metabolic phenotypes; metabol-
ically healthy normal weight (MHNW), metabolically obese normal
weight (MONW), metabolically healthy overweight (MHOW),
metabolically obese overweight (MOOW), metabolically healthy
obese (MHO) and metabolically unhealthy obese (MUO). Out of
these six metabolic phenotypes, MONW, MOOW, MHO and MUO
are regarded as ‘Obesity phenotypes’ [8,9].

Although, many different definitions are used for metabolic
health, insulin resistance (IR) is the focal point of metabolic
obesity [11] and adipose tissue dysfunction is the corner stone of
IR [12,13]. In obese individuals, adipose tissue releases increased
amounts of non-esterified fatty acids, glycerol, hormones, pro-
inflammatory cytokines and other factors that are involved in
the development of IR. When IR is accompanied by dysfunction of
pancreatic islet B-cells, it results in poor glycemic control and
ultimately leads to development of type 2 diabetes [ 14]. Therefore,
the burdens of IR in different obesity phenotypes of different BMI
groups need to be explored to identify individuals at high risk of
developing diabetes. However, to the best of our knowledge, no
study has previously done on Bangladeshi population regarding
this issue.

Furthermore, Bangladeshi peoples are at high risk of developing
type 2 diabetes because of some facts like more propensity to
abdominal obesity, higher visceral or subcutaneous fat despite
lower waist circumference or BMI. The present study was aimed to
find out the frequency of insulin resistance among nondiabetic
adult individuals of different obesity phenotypes and to give a
comprehensive view of IR among nondiabetics which would raise
awareness about IR to them and help to implement preventive
measures on insulin resistant populations to avoid their shift to
overt diabetes mellitus.

2. Materials and methods
2.1. Study subjects

With approval of protocol by Institutional Review Board of
Bangabandhu Sheikh Mujib Medical University (BSMMU), a
population based cross sectional analytical study was performed
from March 2016 to February 2017. Both male and female sub-
jects aged 20—60 years with BMI >18.5 were included and sub-
jects with diabetes mellitus, stroke, cancer, chronic diseases &
pregnancy were excluded. By convenient and purposive sam-
pling, total 1000 adult individuals with their healthy attendants
were selected from BSMMU outpatient department (OPD) ac-
cording to inclusion and exclusion criteria. Finally we enrolled
955 nondiabetic adult individuals. 45 individuals with fasting
blood glucose >7.0 mmol/L, triglyceride levels >400 mg/dL were
excluded.

The study subjects were divided into different body mass index
(BMI) groups and then categorized into metabolically healthy and
unhealthy phenotypes by metabolic syndrome (MetS) criteria in
each BMI group (18.5—24.9-normal weight, 25-29.9-overweight,
>30-obese). So, ultimately all the study subjects were categorized
into six metabolic phenotypes: metabolically healthy normal
weight (MHNW), metabolically obese normal weight (MONW),
metabolically healthy overweight (MHOW), metabolically obese
overweight (MOOW), metabolically healthy obese (MHO) &
metabolically unhealthy obese (MUO). From them metabolically
obese normal weight (MONW), metabolically obese overweight
(MOOW), metabolically healthy obese (MHO) & metabolically

unhealthy obese (MUO) were selected as Obesity phenotypes
(N =616).

2.2. Measurements

All subjects were briefed about the study properly & after taking
written informed consents, their demographic profile and BP,
anthropometric parameters including height, weight, waist
circumference and hip circumference were measured & recorded in
a preformed data sheet. Weight and height were measured with
the subjects in the standing position, in light clothing and without
shoes using a fixed scale with stadiometer. Waist circumference
was measured in centimeter by a measuring tape while the subjects
were in a standing position. The anatomical landmarks used for this
measurement were midway between the lowest portion of the rib
cage and iliac crest laterally and the umbilicus anteriorly. BMI was
calculated as weight (kg) divided by height (m?).

2.3. Laboratory assays

With full aseptic precaution, fasting blood samples were
collected after an overnight fasting of >12 h from all subjects and
measured in the Department of Biochemistry & Molecular Biology,
BSMMU. Fasting glucose was measured by hexokinase method
(ARCHITECT ci4100, USA) whereas, fasting serum insulin was
measured by microparticle enzyme immunoassay (MEIA) (AR-
CHITECT ci4100, USA). Fasting serum HDL-C was measured by
enzymatic color test and serum triglyceride was measured by
enzymatic glycerol phosphate oxidase method (Beckman Coulter
Inc., USA).

2.4. Operational definitions

HOMA-IR: Fasting insulin (pU/mL) x FPG (mmol/L)/22.5 [15].

Insulin resistance: HOMA-IR >2.8 was considered on the basis
of previous studies which is the value that better predicts the
developing of diabetes and correlates with the gold standard
diagnostic method of IR: hyperglycemic—hyperinsulinemic clamp
test [16—20] as there is no well-agreed recommended cutoff value
as yet in Bangladesh.

Metabolic syndrome (MetS): It was defined as the presence of
>3 of the following 5 components according to NCEP-ATP III, 2005
revision [21]

a. Waist circumference (>102 cm in men, >88 cm in women).

b. Plasma triglyceride >150 mg% or on drug treatment.

c. Plasma HDL-C <40 mg% in men, <50 mg% in women or on drug
treatment.

d. Hypertension (systolic >130 mmHg &/or diastolic >85 mmHg
or on antihypertensive drug treatment.

e. Fasting blood glucose >100 mg% or on drug treatment.

2.5. Statistical analysis

Collected data were entered, checked, edited and then pro-
cessed with the help of the software Statistical Package for Social
Sciences (SPSS) version 22.0. Results were expressed as mean + SD
for quantitative data and as absolute or relative frequencies for
qualitative data. Differences between the groups were analyzed by
one-way ANOVA followed by Bonferroni post-hoc test. Frequency
of obesity phenotypes, IR were determined at 95% confidence in-
terval (CI) and compared among different obesity phenotypes by
Chi-square test and two sample proportion test as adequate. A
value of p < 0.05 was considered as statistically significant.
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3. Results

Initially, we recruited 955 nondiabetic adult individuals
attending BSMMU OPD. Among them, MOOW, MUO & MHOW
phenotypes found to predominate (supplementary Table I). Finally,
we enrolled 616 nondiabetic adult obese individuals in our study.
Among them, MOOW & MUO phenotypes found to predominate
with lowest frequency in MONW phenotype (Table 1).

As shown in Table 2, frequency of insulin resistance was found
significantly very high (60.2%) in 616 metabolically obese nondia-
betic adult individuals compared to metabolically nonobese group
(n=339).

In Table 3, observing the frequency of IR among different obesity
phenotypes of nondiabetic adult obese individuals, we found
highest frequency of IR (76.3%) in MUO phenotype & lowest fre-
quency of IR (37.1%) in MONW phenotype with statistical signifi-
cance. Frequency of IR in MOOW & MHO phenotypes found to be
identical but significantly less than MUO and significantly more
than MONW phenotype.

However, as shown in Table 4, frequency of IR between different
age groups of 616 nondiabetic adult obese individuals were
compared and found significantly high in younger (20—39y) age
group which was 63.2%. Moreover, females were more insulin
resistant than males (67.5% vs 48.1%, p<0.05) among the total
obesity phenotypes (n = 616). (Table 4).

Furthermore, frequency of IR found significantly (p < 0.05) more
in female than male in all obesity phenotypes except in MUO
phenotype where males found to show significantly (p <0.05)
higher frequency than females (Table 5).

4. Discussion

In this study, we used NCEP-ATP III criteria of MetS [21] to
identify metabolically healthy and unhealthy phenotypes. From the
initial recruitment of 955 nondiabetic adults, finally we enrolled
616 individuals of different obesity phenotypes in our study.
Among them, MOOW & MUO phenotypes were found to predom-
inate (41.4% and 35.6% respectively) with lowest frequency in
MONW phenotype (10.1%). This data is supported by different
studies [8,22]. A Finland study [8] on general population aged
45—74 years found the prevalence of obesity phenotypes as fol-
lows; MOOW (47.2%), MUO (35.4%), MONW (11.9%), MHO (5.5%) by

Table 1
Baseline characteristics of different obesity phenotypes (N = 616).

using Harmonization definition of MetS [22]. Another study found
this prevalence among US population as follows; MUO (37.5%),
MOOW (30.5%), MHO (17.4%) & MONW (14.5%) by defining meta-
bolic health using six cardiometabolic components [23].

In our study, the frequency of insulin resistance (IR) was found
to be very high (60.2%) in total nondiabetic adult obese individuals
(N=616). A cross sectional study on nondiabetic Chinese adults
(median BMI=24.4) found the frequency of IR in nondiabetics
36.7% [24]. Another study on 511 nondiabetic Taiwanese adults
(median BMI = 26.5) found this frequency 20.7% [25]. In addition,
previous studies also revealed that Asian Indians are more insulin
resistant than Caucasians, independent of their generalized or
truncal adiposity [26,27].

However, to our knowledge, previous studies were done on
apparently healthy nondiabetic individuals. But, our study subjects
were nondiabetic adult obese individuals; who were obese either
metabolically or phenotypically. In obese individual, adipose tissue
releases increased amounts of non-esterified fatty acids, glycerol,
hormones, pro-inflammatory cytokines and other factors that are
involved in the development of IR [12]. As IR is associated with
obesity, therefore, we found frequency of insulin resistance signif-
icantly high in metabolically obese nondiabetic adult individuals
than metabolically nonobese individuals.

Comparing the frequency of insulin resistance among different
obesity phenotypes, we found highest frequency in MUO pheno-
type (76.3%), lowest frequency in MONW phenotype (37.1%) &
frequency of IR in MOOW & MHO phenotypes found to be identical
but significantly less than MUO and significantly more than MONW
phenotype. Our results showed progressively increasing IR in
higher BMI groups. This finding is consistent with finding of a
previous study that conducted on 314 nondiabetic, normotensive
healthy individuals and found BMI and insulin resistance positively
correlated (r=0.456, p<0.001) and finally, concluded that the
greater the BMI, the more the insulin resistant individual [28].

However, frequency of IR in MOOW & MHO phenotypes found
to be identical possibly because of high adiponectin level in MHO
phenotype. Adiponectin concentrations usually remain high in
metabolically healthy phenotype (e.g. MHNW, MHO etc.) than
metabolically unhealthy phenotype (e.g. MOOW) [29]. Adipo-
nectin is an insulin sensitizing, antiatherogenic and anti-
inflammatory agent [30]. Hence, frequency of IR in MHO found
low to be identical with that of MOOW phenotype. A recent study

Variables Metabolically obese normal weight Metabolically obese overweight Metabolically healthy obese Metabolically unhealthy obese
(MONW) (MOOW) (MHO) (MUO)

n (%) 62 (10.1) 255 (41.4) 80 (13) 219 (35.6)

Male/female (n) 44/18¢ 117/138¢ 21/59¢ 49/170¢

Age (years) 38.3+89 385+79 33.7+7.4° 35.9+8.3%

BMI (Kg/m?) 236+12 27.7+1.3° 333+2.6% 33.7£3.3%

Waist circumference  87.6 +4.9 943 +5.5° 101 +7.4% 102.8 + 9%
(cm)

Serum HDL-C (mg%) 39.9+7.2 373+7.1°% 40.8 + 8.5 36.3+7.9%

Serum triglyceride 227.7+120.8 201.1+87.6 117.9 + 44.4%° 180.9 +83.7°
(mg%)

Fasting glucose 53+0.7 53+0.6 4.8 +0.5%¢ 5.3+0.6
(mmol/L)

Fasting insulin 11.1+49 14.2 +6.7¢ 157 +7.4% 16.8 + 6.8
(nU/mL)

HOMA-IR 27+14 33+1.8? 33+1.5¢ 35+1.8%

Continuous variables are reported as mean + SD and one-way ANOVA followed by Bonferroni post-hoc test was done to find out the level of significance. Categorical variables

are reported as absolute or relative frequencies and analyzed by Chi-Square test.
?p < 0.05 between MONW & others (MOOW, MHO, MUO).

by < 0.05 between MOOW & others (MHO, MUO).

p <0.05 between MHO & MUO.

4p <0.05 between male & female.
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Table 2

Comparison of frequency of insulin resistance between metabolically obese and metabolically nonobese nondiabetic adult individuals (N = 955).

Total nondiabetic adult individuals N =955 Insulin resistance (HOMA-IR >2.8) N =500 Percent 95%CI P value
Metabolically obese (n=616) 371 60.2 56.2—64 <0.05
Metabolically nonobese (n =339) 129 39.8 34.5-45.1

HOMA-IR=Homeostatic model assessment of insulin resistance.

Two sample proportion test was done to find out the level of significance.

Table 3

Comparison of frequency of insulin resistance among different obesity phenotypes of nondiabetic adult obese individuals.
Obesity phenotypes n =616 IR present (HOMA-IR >2.8) n=371 IR absent (HOMA-IR <2.8) n =245 p value
MONW (n=62) 23 (37.1%) 39 (62.9%) 0.000
MOOW (n = 255) 138 (54.1%) 117 (45.9%)
MHO (n=80) 43 (53.8%) 37 (46.3%)
MUO (n=219) 167 (76.3%) 52 (23.7%)
Chi-Square test was done to find out the level of significance. MONW = Metabolically obese normal weight, MOOW = Metabolically obese overweight,

MHO = Metabolically healthy obese and MUO = Metabolically unhealthy obese.

Obesity phenotypes p value
MONW vs MOOW <0.05
MONW vs MHO <0.05
MONW vs MUO <0.05
MOOW vs MHO >0.05
MOOW vs MUO <0.05
MHO vs MUO <0.05

Two sample proportion test was done to find out the level of significance.

MONW = Metabolically obese normal weight, MOOW = Metabolically obese overweight.

MHO = Metabolically healthy obese and MUO = Metabolically unhealthy obese.

Table 4

Comparison of frequency of insulin resistance between gender & different age groups of nondiabetic adult obese individuals (N = 616).
Total subjects (N=616) Insulin resistance N =371 % p value
Age group® (20—39yrs/40—60 yrs; n =429/187) 271/100 63.2/53.5 <0.05
Male/female (n =231/385) 111/260 48.1/67.5 <0.05

Two sample proportion test was done to find out the level of significance.

2 Age grouping was done based on a conventional concept that type 2 DM is commonly seen in subjects with age 40 yrs or more who have high propensity to develop IR.

Table 5

Comparison of frequency of insulin resistance (IR) between male and female in different obesity phenotypes.

Obesity phenotypes Male n =231 Female n =385 value
n=616 Phenotype total IRn=111 % Phenotype total IR n =260 % b
MONW 44 14 31.8 18 9 50 <0.05
(n=62)

MOOW 117 49 419 138 89 64.5 <0.05
(n=255)

MHO 21 9 429 59 34 57.6 <0.05
(n=380)

MUO 49 39 79.6 170 128 75.3 <0.05
(n=219)

Two sample proportion test was done to find out the level of significance.

MONW = Metabolically obese normal weight, MOOW = Metabolically obese overweight, MHO = Metabolically healthy obese and MUO = Metabolically unhealthy obese.

revealed that, the fasting Respiratory Quotient (an index of
nutrient utilization) is usually low (i.e., high fat utilization) in
individuals who are metabolically healthy overweight/obese (e.g.
MHO) than those who are metabolically unhealthy (e.g. MOOW)
[31]. They also showed positive association between Respiratory
Quotient and HOMA-IR; Therefore, in metabolically healthy in-
dividuals, IR tends to be low.

Moreover, our study revealed that frequency of IR was signifi-
cantly high (63.2%) at younger (20—39 years) age group. This
finding is in agreement with a recent Chinese study [32] that
explored the aging-related changes of insulin secretion and insulin
sensitivity among normal glucose tolerant (NGT) individuals. They

found HOMA-IR negatively correlated with age among men and
women even after adjusted for BMI and waist circumference in
both univariate & multivariate linear regression and concluded that
the basal postchallenge insulin secretion and postchallenge islet
compensatory function decreases with aging, while insulin sensi-
tivity does not deteriorate with aging and its related change of body
composition and weight gain [32].

Furthermore, insulin resistance in young adults is often
accompanied by a dyslipidemic profile [33,34]. Prevailing theories
for the pathogenesis of insulin resistance focus on lipid-mediated
mechanisms [35]; however, the etiology also involves obesity-
induced metabolic by-products and inflammatory signaling [36].
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On the contrary to our finding, a study found that insulin resis-
tance and impaired glucose tolerance are commonly observed
phenomena among elderly adults [37]. Aging is associated with
detrimental changes in body composition, which persists even when
elderly adults are matched to younger adults for BMI [38]. Adiposity,
in particular abdominal adiposity, is well accepted determinant of
insulin resistance and therefore may be a key mediator for the
development of age-related insulin resistance. Despite an inverse
relationship between age and insulin sensitivity [38,39], it remains
contentious whether chronological age is a primary determinant of
insulin resistance or age-related elevations in adiposity and/or
physical inactivity are the primary causes of age-related insulin
resistance [39,40]. So, there is a debate whether IR is higher in
younger age or in older age which is yet to be resolved.

Our study also revealed that among the obesity phenotypes,
females (67.5%) were more insulin resistant than males (48.1%). We
also compared the gender-based frequency of insulin resistance in
each obesity phenotypes. Frequency of insulin resistance found
more in female than male in all obesity phenotypes except in MUO
phenotype where males found to be more insulin resistant than
females. This finding is in agreement with the finding of a cross
sectional study on healthy young adults (mean age 19.2 years) that
found IR more in female (15.9%) than male (9.1%) [41].

A recent study showed that adiposity indices including BMI,
waist circumstance (WC), waist height ratio (WHtR) and waist hip
ratio (WHR) are associated with IR [42]. Moreover, a systematic re-
view and meta-analysis of observational studies showed a positive
correlation between insulin resistance and obesity indices (BMI, WC,
WHR) [43]. Waist circumference is linearly related to insulin resis-
tance, and waist circumference, 85 cm is an optimal cutoff in pre-
dicting insulin resistance in middle-aged Japanese men [44].

Obesity, especially central obesity, has been demonstrated to be
a risk factor for developing insulin resistance. One mechanism is
that the excess visceral adipose tissue releases large amount of free
fatty acids, which significantly impairs the insulin-signaling path-
ways in the main target organs [45]. Another mechanism is that
inflammatory events inherent to obesity decrease the sensitivity to
insulin in obese patients [45,46].

In our study, we used NCEP-ATP III criteria of metabolic syn-
drome for identifying obesity phenotypes in both sex. One of the
components of these criteria is waist circumference. According to
NCEP-ATP III criteria, men and women are centrally obese when
waist circumference >102 cm and >88 cm respectively. Mean + SD
of WC for men and women were 96.5 + 10.3 & 98.2 + 7.6 respec-
tively in our study. So, according to NCEP-ATP III criteria of meta-
bolic syndrome, females of our study were more centrally obese
than males. As central obesity has been demonstrated to be a risk
factor for developing IR [45—47] and there is a positive correlation
between WC and insulin resistance; so probably for this reason, we
found more insulin resistance in our female subjects.

Nevertheless, according to a Spanish study; compared to
women, men generally have more visceral adipose tissue (VAT) and
less subcutaneous adipose tissue (SAT) [48]. Another study re-
ported that greater amounts of visceral and hepatic adipose tissue,
in conjunction with the lack of a possible protective effect of es-
trogen & lower adiponectin (insulin sensitizing hormone) levels,
may be related to higher insulin resistance in men compared to
women [49]. So, there is a debate in this area which needs to be
explored in future.

5. Conclusion
Frequency of insulin resistance is alarmingly high (60.2%) in

nondiabetic adult obese individuals. Among different obesity
phenotypes, highest frequency of insulin resistance (76.3%) found

in MUO phenotype and lowest frequency of IR (37.1%) found in
MONW phenotype. Frequency of IR in MOOW and MHO pheno-
types found 54.1 and 53.8% respectively.
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