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Background: Limited data are available for insulin resistance (IR) in over-weight/obese

children from the Indian subcontinent. Identifying predictors of IR in this population is

important, as they may be used as a screening tool for future metabolic complications.

Materials and Methods: This school-based cross-sectional study was conducted in

an Eastern Indian city. Anthropometry and blood pressure measurements were carried

out as per the published guidelines. Venous blood samples were taken in a fasting state

to measure plasma glucose, insulin, and lipid profile. IR was measured quantitatively by

a homeostatic model of assessment (HOMA-IR).

Results: A total of 545 (28.2%) children who were overweight or obese were included.

The male:female ratio was 1:1.27. The overall prevalence of metabolic syndrome (MS) in

these children was 21.8%. Around 32.3% of children had HOMA-IR of ≥2.5, and 22.2%

had HOMA-IR of ≥3.16. The mean HOMA-IR in children with MS was 5.46 compared

to 2.18 in those without MS. An increased risk of IR with low HDL, high triglyceride,

increased waist circumference, and increased BP (both systolic and diastolic) was found.

This means that insulin resistance was more common in children who were overweight

or obesity and had underlying MS.

Conclusions: The present school-based study found a high prevalence of insulin

resistance among children who were overweight or obese. This could predict an

increased risk of future adverse cardio-vascular events in the studied children. The

findings of this study would help in planning and implementing primary prevention

programs targeting weight management and lifestyle change in schoolchildren.

Keywords: insulin, pediatric, metabolic syndrome, observational study (cross-sectional study), HOMA-IR

INTRODUCTION

There is a steady increase in the prevalence of being overweight and having obesity among children
and adolescents because of faulty dietary habits and lack of exercise (1). The World Health
Organization (WHO) in year 2016 estimated the prevalence to be 41million in children<5 years of
age and >340 million in children and adolescents >5 years of age (1). The prevalence is increasing
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in developing countries, like the Asian sub-continent, due to
dramatic changes in lifestyle and economic growth (1). In a
populous country like India, the prevalence of overweight or
obese citizens has nearly doubled in the last two decades (2, 3).

Childhood obesity is associated with an increased risk of
insulin resistance, type 2 diabetes mellitus (DM), metabolic
syndrome (MS), and cardiovascular diseases (CVD) in young
adulthood (4). Insulin resistance (IR) is a common phenomenon
in South Asian populations and is associated with characteristic
phenotypic features (upper body adiposity, lowmuscle mass, and
increased body fat) (5). In a previously published study from
India, the authors noted a higher prevalence of insulin resistance
in post-pubertal urban Asian adolescents (14–25 years of age)
with overall obesity as well as abdominal and truncal obesity (6).
Insulin resistance may be the physiologic disturbance underlying
the subsequent development of metabolic syndrome (MS)
characterized by hyperglycemia, dyslipidemia, and hypertension
(5). A recent study including schoolchildren of 6–16 years of age
from India found a higher prevalence of MS (21.8%) (3).

In an obesity setting, insulin resistance (IR) has a shared
pathophysiology of dysmetabolic status with several conditions
and is believed to be the main mechanistic underpinning
of obesity (7). Decreased tissue response to insulin-mediated
cellular actions and lipolytic action in adipose tissue with free
fatty acid (FFA) accumulation in the liver contributes to IR
development. The inflammatory cytokines from dysfunctional
adipocytes also mediates the inflammation associated with IR
(8). This IR is more prevalent in obese children, being related to
Beta-cell function resulting from ectopic fat deposition (9). It is
more common in adolescents than adults with a similar degree
of adiposity and glycemic status, moving toward a faster rate of
decline in Beta-cell function. Puberty, a physiological state in this
age group, contributes to IR in children (10). As there is no clear-
cut idea to define IR in children, and Fasting Plasma Insulin is a
poor measure of Insulin sensitivity, IR is an important issue in
children confronting clinicians (11).

Limited data are available for IR and its association with MS
in children from the Indian subcontinent. Identifying predictors
of IR in children who are overweight or obese is important,
as they may be used as a screening tool for future metabolic
complications like Type 2 DM or CVD (5). Therefore, the
present study was designed to measure the prevalence of IR in
overweight/obese schoolchildren.

MATERIALS AND METHODS

This cross-sectional study included schoolchildren of aged 6–
16 from Bhubaneswar, an Eastern Indian city, from April
2017 to March 2018. Children with serious underlying diseases,
diabetes mellitus, or who were taking drugs that could cause
overweight/obesity/metabolic syndrome were excluded.

Children were enrolled in the study after getting permission
from the dean/principal, and after obtaining consent from the
parents. Clinical and demographic details were recorded in case
record forms, and physical examination was done to look for any
abnormality. Weight, height, and waist and hip circumference

were measured by trained research staff. Weight measurement
was taken in a tarred weight machine (to nearest 100 g), and
height measurement was taken by a stadiometer [to nearest
centimeter (cm)]. The hip circumference (cm) measurement was
taken at the prominence of the buttocks. The waist circumference
(cm) measurement was taken while the child was standing, with
the help of a non-stretchable (plastic) measuring tape in the
mid-axillary line at the end of expiration, at midpoint between
the costal margin and iliac crest. Hip and Waist circumference
cut-offs used the data of Indian children (12). A standardized
sphygmomanometer with appropriately sized cuffs was used
for blood pressure (BP) measurement (an average of readings
was taken). The American Academy of Pediatrics guideline
was used to define hypertension (13). Body mass index (BMI)
was calculated (in kg/m2) and interpreted as per the method
described for Indian children (14). As per the revised IAP
(Indian Academy of Pediatrics) classification, overweight and
obesity were defined as an adult equivalent of 23 and 27 cut-
offs, respectively.

Physical examination was done for the presence of acanthosis
nigricans (on the neck, axillae, and skin folds). Liver span was
measured by the distance between upper border (percussion)
and lower border (palpation method) to note any hepatomegaly.
Fasting venous blood samples were collected from children
classified as overweight or obese for the measurement of
following parameters: blood glucose, lipid profile (triglyceride,
HDL, and LDL cholesterol), and insulin. Any deviation in the
measured value was defined as per the Indian data (15, 16).
Plasma glucose was measured by Glucose oxidase technique,
and a Beckman Coulter (AU5800 Clinical Chemistry Analyzer,
Danaher Corporation, California, USA) analyzed the lipid
profile. Fasting insulin level (FPI) was measured by a Beckman
Coulter (Access 2 Immunoassay System, Danaher Corporation,
California, USA).

We followed The International Diabetic Federation (IDF)
criteria to define MS (17). The IDF criteria has not defined
MS in children aged 6–10, though it defines central obesity
(WC ≥90th centile) in this age group. Various publications
have suggested that MS definition by IDF can be extrapolated
to children of 6–10 years of age for calculation of MS
prevalence, though limitations are there for defining cut-
offs for other MS components (18, 19). We extended the
IDF criteria to this age group in our study population. We
applied IDF obesity criteria in overweight children (BMI
≥85th centile) if central obesity (WC ≥90th centile) was
present. We determined insulin resistance (IR) by HOMA-IR,
a homeostatic model assessment (12). HOMA-IR is calculated
by the following formula: fasting plasma insulin (mIU/L)
multiplied by fasting plasma glucose (mmol/L), divided by
22.5 (20). We defined IR as a HOMA-IR score of ≥2.5 as
defined previously in urban Indian adolescents (21). We also
used another HOMA-IR score of ≥3.16 to define IR, and
hyperinsulinemia as a fasting insulin level of > 17 mIU/L as
described from studies outside India to note the difference in
the prevalence for these cut-offs in Indian children (22, 23).
The study was approved by the Institute Ethics Committee of
AIIMS Bhubaneswar.
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Statistical Analysis
We used cluster random sampling method (cluster being
schools) for sample size calculation. A previous study from
Bhubaneswar estimated the mean prevalence of overweight/
obesity in schoolchildren to be of 28% (24). Considering the
prevalence of MS to be 20% in overweight/ obese children, the
prevalence of MS in normal weight children would be 5.6%
(25). To arrive at this, a final sample size was calculated as
2,235 (keeping an absolute error of 2%, multiplying by 4 because
of cluster design method, and accounting for an attrition rate
of 10%).

Data were entered into a Microsoft Excel spreadsheet, and
analyzed using STATA 16.0 software. Means were compared
using independent t-test, and proportions were compared using
chi-square test. Median values of various parameters were
compared between the groups with a presence or absence of IR.
Univariate analysis was done using variables that could influence
HOMA-IR. A p < 0.05 was considered as statistically significant.
Correlation between various parameters (anthropometric and
metabolic) and HOMA-IR score, as well as between FPI and IR,
was calculated using Spearman’s rank correlation coefficient (ρ).

RESULTS

A total of 1,930 children were included and 305 (13.6%) were
excluded (due to either not giving consent for blood sampling or
for unwillingness to participate) from the study (Figure 1). About
545 children were found to be overweight or obese (overweight=
383, obese= 162). The age distribution was as follows:< 10 years
age (n = 244) and > 10 years age (n = 301). The children from
private schools (n= 1,328) outnumbered those from government
schools (n= 602). The overall prevalence of metabolic syndrome
(MS) in children who were overweight or obese in the study
population was 21.8% (119/545). The physical marker of insulin
resistance (acanthosis nigricans) was present in 46.4% of children
who were overweight or obese. A family history of diabetes and
cardio-vascular diseases was present in 42.7%. Around 68.1%
children were exclusively breast fed for 6 months. Hepatomegaly
was present in 8.1%.

The serum insulin level (Mean ± SD) was significantly
different between those with (22.06 ± 6.95) and without MS
(10.47 ± 4.34). Similarly, HOMA-IR was also significantly
different between those with (5.46 ± 1.84) and without (2.18
± 1.0) MS. Around 32.3% of children who were overweight or
obese (176/545) had HOMA-IR of ≥2.5, and 22.2% (121/545)
had HOMA-IR of ≥3.16. In those with MS, 93% had HOMA-
IR of≥2.5 compared to 18% without MS. All the anthropometric
and biochemical parameters were significantly increased/elevated
(except HDL cholesterol, exclusive breast feeding for 6 months,
and age<10 years) in children with insulin resistance (P <0.001)
(Table 1). In the sub-group analysis, HOMA-IR values (mean
± SD) were found to increase with an increase in the body
weight in both sexes as follows: boys (normal weight 1.81 ±

1.37 vs. overweight 2.84 ± 1.46 vs. obese 4.57 ± 2.28) and
girls (normal weight 1.53 ± 1.15 vs. overweight 2.91 ± 1.92
vs. obese 4.46 ± 2.39). The risk of insulin resistance (IR) with

various anthropometric and metabolic parameters in the study
population was studied. The variables that were found to be
associated with an increased risk of IR were: obesity [RR 1.38
(95% CI 1.14–1.66)], high TG [RR 3.12 (95% CI 2.68–3.62)],
increased WC [RR 2.01 (95% CI 1.79– 2.43)], high BP [RR
1.37 (95% CI 1.13–1.66)], and family history of cardio-vascular
diseases [RR 1.61 (95% CI 1.33–1.94)]. However, age <10 years,
exclusive breast feeding for 6 months, and normal HDL level
was associated with a decreased risk of IR (Table 2). Except HDL
level, all other metabolic and anthropometric parameters had a
significant positive correlation with HOMA-IR (Table 3).

DISCUSSION

The present school-based cross-sectional study from a city in
Eastern India found a higher prevalence of insulin resistance
in children who were overweight or obese. Around 32.3% of
children who were overweight or obese had HOMA-IR of
≥2.5 (Indian cut-off data), and 22.2% had HOMA-IR of ≥3.16
(Western cut-off data). The present study is unique in that it
is the first Indian study to evaluate the prevalence of insulin
resistance in a cohort of urban schoolchildren of 6–16 years of
age who are overweight or obese. There is a concern regarding the
increased prevalence of childhood obesity in Indian children and
adolescents as this may indirectly influence the rising prevalence
of type 2 DM and cardio-vascular diseases (CVD) not only in
adults but also in young adults (21). Insulin resistance (IR) is
a common feature of obesity, and the metabolic abnormalities
associated with IR can compound the complications of obesity,
including the development of metabolic syndrome (MS), type
2 DM, and CVD. Different tools are available to measure both
insulin sensitivity and resistance (20, 21). HOMA-IR validation
for measuring insulin resistance in children and adolescents has
already been done previously (26, 27). In a previously published
study from India, HOMA-IR values (mean ± SD) increased
proportionately with an increase in the body weight in both sexes
as follows: boys (normal weight 1.70± 1.44 vs. overweight 2.67±
1.41 vs. obese 4.39 ± 2.14) and girls (normal weight 1.21 ± 1.10
vs. overweight 3.19 ± 2.02 vs. obese 4.19 ± 2.52) (21). This was
similar to the findings in the present study, even though children
of a younger age (<10 years) were included. In a study from
Sri Lanka, the mean HOMA-IR was 1.1 and 0.94 for girls and
boys, respectively; in obese children it was 2.26 (28). This lower
level could be explained by a lower prevalence of overweight
(11.3%) and obesity (4.2%) in the study population in contrast
to the present study (28.2% overall) (28). This is supported by a
study fromAustralia, which found the prevalence of IR in normal
weight and obese children to be of 7.1 and 68.4%, respectively
(29). Another finding in the present study was that children in
the IR group included more adolescents or pubertal age groups
as compared to those in the no IR group. As puberty is a state of
insulin resistance, it is not surprising that metabolic parameters
were different between the two groups.

In a systematic review on the epidemiology of insulin
resistance in children (30), the lowest prevalence of IR (3.1%) was
reported by a study from Greece in children of 10–12 years of
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FIGURE 1 | Flow of study participants.

TABLE 1 | Anthropometric and metabolic parameters in groups with and without insulin resistance in the study population.

Parameters IR present

Median (IQR)

[HOMA-IR> =2.5]

[n = 242]

IR absent

Median (IQR)

[HOMA-IR<2.5]

[n = 303]

Sig. (2-tailed)

[Mann-Whitney

U Test]

Age (in years) 11 (9.5–13.5) 8 (6–10) <0.001

Anthropometric parameters Male sex

Weight Z-score 1.41 (1.22–2.4) 0.91 (0.74–1.38) <0.01

Height Z-score 0.97 (0.66–1.01) 0.89 (0.68–1.03) 0.07*

BMI Z-score 1.43 (1.29–2.3) 0.88 (0.79–1.56) <0.01

WC Z-score 1.36 (1.02–2.01) 0.89 (0.63–1.15) <0.001

Female sex

Weight Z-score 1.34 (1.19–2.1) 0.86 (0.74–1.58) <0.01

Height Z-score 0.78 (0.62–1.01) 0.75 (0.61–1.03) 0.09*

BMI Z-score 1.41 (1.24–2.1) 0.89 (0.77–1.55) <0.01

WC Z-score 1.36 (1.02–2.01) 0.89 (0.63–1.15) <0.01

Hypertension** Present 69 (28.5%) 54 (17.8%) 0.003

Absent 173 (71.5%) 249 (82.2%)

Metabolic profile FBS (mg/dL) 92 (77.5–106.5) 61 (56.5–74.5) <0.01

TG (mg/dL) 145 (96–194) 82 (77.5–86.5) <0.01

HDL (mg/dL) 40 (32–48) 100 (81–119) <0.01

LDL (mg/dL) 89 (70–108) 44 (42.5–45.5) <0.01

FPI (mIU/mL) 16.95 (9.78–24.12) 7.7 (7.0–8.4) <0.01

*P >0.05.

**Expressed in proportions and analyzed by Chi-square test.

BMI, Body mass index; WC, Waist circumference; HC, Head circumference; BP, Blood pressure; SBP, Systolic BP; DBP, Diastolic BP; FPG, Fasting plasma glucose (normal range:

70–110 mg/dl; coefficient of variation [CV]: 15%), TG, Triglyceride (normal range: 27–185 mg/dl; CV: 19%), HDL, High-density lipoprotein (normal range: 12–86 mg/dl; CV: 19%), LDL,

Low-density lipoprotein (normal range: 32–202 mg/dl; CV: 19%), FPI, Fasting plasma insulin (normal range: 3–8 mIU/mL; CV: 21%).

age (31), and the highest (44%) was in New Zealand in children
of 15–18 years of age (32). In the present study, the prevalence
was high with two different cut-offs, as mentioned above, and

is consistent with the fact that Asian populations have a higher
prevalence of insulin resistance. Of the 13 studies included in the
systematic review, seven showed the IR prevalence to be higher
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TABLE 2 | Univariate analysis of IR with anthropometric & metabolic parameters.

Parameters RR 95% CI P

Age (<10 vs. ≥10) 0.49 0.39–0.61 <0.001

Sex (Male vs. Female) 0.98 0.81–1.18 0.8*

BMI (Obese vs. Overweight)** 1.38 1.14–1.66 <0.001

Hypertension (Presence vs. absence) 1.37 1.13 – 1.66 0.003

Waist Circumference (>90th centile)*** 2.01 1.79–2.43 0.012

EBF till 6 months (Yes vs. No) 0.68 0.56–0.81 <0.001

Family History of cardio-vascular diseases 1.61 1.33–1.94 <0.001

Fasting Glucose (>100 mg/dL) 2.63 2.33–2.96 <0.001

TG (≥150 mg/dL) 3.12 2.68–3.62 <0.001

HDL (≥40 mg/dL) 0.33 0.28–0.39 <0.001

Insulin (>17 mIU/L) 3.5 3.01–4.07 <0.001

*P ≥0.05; IR, Insulin resistance; EBF, Exclusive breast feeding.

**Overweight and obesity were defined as per revised IAP 2015 classification (14).

*** Waist circumference was taken from data published in Indian children (12).

TABLE 3 | Correlation between various anthropometric and metabolic parameters

and HOMA-IR score in the study population by Spearman’s Rho (ρ).

Parameters Spearman’s Rho (ρ) Sig. (2-tailed)

Age (Years) 0.42 0.039

Weight (Z-score > +2) 0.59 <0.01

Height (Z-score > +2) 0.52 0.012

WC (Z-score > +2) 0.64 <0.01

HC (Z-score > +2) 0.46 0.028

BMI (Z-score > +2) 0.57 <0.01

SBP (>95th centile) 0.42 0.039

DBP (>95th centile) 0.48 0.022

FBS (mg/dL) 0.69 <0.01

TG (mg/dL) 0.68 <0.01

HDL (mg/dL) −0.56 <0.01

LDL (mg/dL) 0.58 <0.01

Insulin (mIU/mL) 0.98 <0.01

in girls, three in boys, and one did not find any gender specific
difference (30). In the present study, we also did not find any
gender specific difference in the prevalence of IR, as supported
by other studies from India (4, 21).

We found an increased risk of IR with low HDL, high TG,
increased WC, and increased BP (both systolic and diastolic).
These alterations represent a pro-atherosclerotic profile in the
study children. This was similar to findings in previous studies
published within (21) as well as from outside India (9, 33).
Though we found an inverse correlation between HDL and IR,
another study from India found no correlation between the
two (21). One study compared risk factors for IR in children
and adolescents (9). This study found obesity as the common
risk factor with preterm birth and Tanner stage as additional
risk factors in children, and WC as an additional risk factor
in adolescents.

In a previous study, increased fasting plasma insulin (FPI)
in the light of normal fasting plasma glucose (FPG) indicated
that blood glucose levels are not suitable for predicting CVD
early (28). IR always precedes abnormal glucose homeostasis in
overweight or obese children and adolescents; as a result FPI
or HOMA-IR has been suggested as a screening tool for early
detection of IR (with or without measurement of fasting serum
lipids) (34). Another study has suggested screening children with
obesity with FPI and FPG (35). Whether an early intervention
in children who are overweight or obese and have underlying
IR but no metabolic abnormality can prevent the development
of future MS needs to be studied and validated in prospective
studies. However, the recent Endocrine Society Clinical Practice
Guideline does not recommend measuring insulin values in
children who were overweight or obese in predicting the future
cardio-vascular risk (36).

Though the present study is one of the largest of its kind
conducted in Indian children, including both young children
and adolescents, there are some limitations. First, oral glucose
tolerance test (OGTT) was not performed to define dysglycemia
or diabetes mellitus. Second, data on pubertal changes, physical
activity, and dietary pattern were not collected.

CONCLUSIONS

The present school-based study found a high prevalence of
insulin resistance (32.3%) among children who were overweight
or obese. This could predict an increased risk of future adverse
cardio-vascular events in the study children. The findings of
this study would help in planning and implementing primary
prevention programs targeting weight management and lifestyle
change in schoolchildren.
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