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Abstract

Objective: To investigate how body mass index (BMI) and waist circumference (WC) may be asso-

ciated with insulin resistance and type 2 diabetes (T2DM) in Brazilian adolescents.

Methods: Cross-sectional study using data from the Brazilian Study of Cardiovascular Risks in

Adolescents (ERICA) including adolescents aged 12�17 years. The relationship between adiposity

and T2DM was investigated using ordinal logistic regression models. To study the association

between adiposity categories and the occurrence of insulin resistance, linear regression models

were used.

Results: The prevalence of T2DM for the same BMI category did not increase with the presence

of high WC. Regarding insulin resistance, for the same BMI categories, having a high WC resulted

in a higher prevalence of insulin resistance (HOMA-IR). The only groups significantly associated

with prediabetes and T2DM were those with obesity by BMI with elevated WC (POR 1.68, 95 % CI

1.45; 1.94) and obesity with normal WC (POR 1.58, 95 % CI 1.01; 2.46). Similar findings were

observed concerning insulin resistance, where the increased WC had its greatest effect when

associated with obesity by BMI (b Coefficient 2.20, 95 % CI 1.89; 2.50).

Conclusion: The combination of BMI and WC is better for assessing adolescents at risk of devel-

oping T2DM.

© 2024 Sociedade Brasileira de Pediatria. Published by Elsevier Editora Ltda. This is an open

access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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Introduction

Obesity is a chronic and complex disease characterized by
excess adiposity that affects an individual’s overall health.
The increase in obesity prevalence is observed in adults,
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children and adolescents. Obesity is a fundamental patho-
physiological factor in the development of cardiovascular
risk factors, including type 2 diabetes mellitus (T2DM).1

Most patients with T2DM have insulin resistance and insulin
secretion dysfunction, where the increased demand for insu-
lin action caused by resistance is not compensated by insulin
secretion.2 The Homeostasis Model Assessment for Insulin
Resistance (HOMA-IR) is widely used to assess insulin resis-
tance and has been shown to be valid in adolescents com-
pared to the gold standard method.3 Glycated hemoglobin
(HbA1c) is the standard test for assessing glucose control in
diabetes and also for diagnostic purposes.4

Data from the third National Health and Nutrition Exami-
nation Survey (NHANES III) demonstrated that the preva-
lence of diabetes remains high, making it one of the most
common non-communicable diseases with a significant
impact on the population’s health.5 The increase in preva-
lence has also occurred in the pediatric population: recent
data from the United States suggest an incidence of approxi-
mately 5000 new cases of type 2 diabetes per year in adoles-
cents.4 In Brazil, recent studies suggest that 3.3 % of
adolescents aged 12�17 years have type 2 diabetes.6 In
addition, according to another study based on the same
database, 1/5 of adolescents in Brazil have elevated levels
of glycated hemoglobin (Hb1Ac).7 Thus, obesity can lead to
an increased prevalence of cardiovascular risk factors in
children and adolescents, which tend to persist into adult-
hood and continuously accelerate the process of vascular
damage.6

In this context, exploring anthropometric indices that
correlate with obesity, via inexpensive, practical, and safe
tools for cardiovascular risk assessment, can greatly con-
tribute to the prevention and early treatment of obesity
and T2DM.8 The main accepted diagnostic tool and fre-
quently used predictor of morbidity and mortality for vari-
ous chronic diseases, including T2DM, is body mass index
(BMI). However, limitations of BMI, such as the lack of
accuracy in assessing adiposity and the fact that it does
not reflect the regional distribution of body fat, are ques-
tioned.9 A systematic review with meta-analysis showed
that paradoxically, those individuals who were overweight
had lower all-cause mortality than the normal BMI group.10

Thus, individuals within the same BMI range can have dis-
tinct metabolic characteristics, which can be partially
attributed to the presence of central obesity and abdomi-
nal fat deposition.11 In this regard, other anthropometric
measures, such as waist circumference (WC), have gained
importance in clinical research since it has been suggested
as a more accurate indicator of visceral fat than BMI in
adults.8 However, this relationship has not yet been fully
explored in children and adolescents. Recent research has
shown that children who had increased BMI at age 15 were
more likely to have an increased risk of insulin resistance
and waist circumference at age 16. Therefore, incorporat-
ing WC measurements alongside BMI could be a valuable
tool for screening cardiovascular risk factors, such as
T2DM in adolescents, especially in those with a normal
BMI.12,13

This study aims to investigate the association between
the combinations of BMI and WC with insulin resistance and
T2DM, in a representative sample of Brazilian adolescents.

Subjects, materials, and methods

Study design and sample

This study used data from the Study of Cardiovascular Risks
in Adolescents (ERICA), which was held between 2013 and
2014. ERICA is a national, cross-sectional, school-based
study that aimed to estimate the prevalence of cardiovascu-
lar risk factors that are part of metabolic syndrome in a
representative sample of Brazilian adolescents aged
12�17 years.

Adolescents attending the seventh, eighth, and ninth
grades of primary education and the first, second, and third
years of secondary education in public or private schools, in
Brazilian capitals and municipalities with more than 100,000
inhabitants, were selected. The choice of these grade levels
aimed to include as many adolescents aged 12�17 as possi-
ble since there was no information based on individual data
for sample selection. All students in the selected classes
were invited to participate. A more detailed description of
the study design and sampling procedure is available in other
publications.14

Participants

For this analysis, data from students who underwent fasting
blood collection for 10�12 h (those attending morning clas-
ses) were used. The data were collected from 124 municipal-
ities, including 925 public and private schools.
Approximately 52 % of the total sample of adolescents had
all proposed measurements collected, including blood col-
lection. These measurements include demographic and
anthropometric variables, blood pressure measurements,
fasting glucose, insulin and glycated hemoglobin (HbA1c).14

Adolescents who were pregnant, had type 1 diabetes, and
those with physical or mental disabilities that prevented
their participation in the study were excluded from the anal-
yses. A complete description of the response rate of ERICA is
available in another publication.15

All adolescents who agreed to participate in the blood
collection provided written informed consent, and informed
consent signed by parents or legal guardians. ERICA was
approved by the Research Ethics Committees of all 27 Brazil-
ian Federative Units. Specific approval from the Ethics Com-
mittee of the Hospital de Clínicas de Porto Alegre was also
obtained (protocol number 2009-0098).

Data collection

Assessment of socioeconomic, demographic, and

psychosocial data

Data regarding macroregions of origin (North, Northeast,
Midwest, Southeast, and South), gender, age, self-reported
skin color, type of school (public or private), socioeconomic
status (SES), and psychosocial information, such as smoking,
alcohol consumption, and weekly physical activity duration
(in minutes) were obtained through a self-administered
questionnaire using an electronic data collector completed
by the adolescents.

To determine the weekly amount of time spent in physical
activity, the authors multiplied the self-reported duration
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and frequency for each listed activity and then dichotomized
it into < 420 or � 420 min/week.

Assessment of end points

Prior to blood collection, participants were instructed to
fast for 12 h overnight, and all blood samples were analyzed
in a single laboratory following a standardized protocol. For
the outcome assessment, fasting blood glucose, fasting insu-
lin levels, and HbA1c were measured. Additionally, previous
medical diagnoses and medication use for diabetes were
evaluated through a questionnaire. The diagnostic criteria
of the American Diabetes Association (ADA) were employed
to define prediabetes and diabetes.4 Prediabetes was
defined as fasting glucose levels between 100 and 125 mg/
dL (5.6�6.9 mmol/L) or HbA1c between 5.7 % and 6.4 %
(39�47 mmol/mol). New cases of T2DM were identified by
fasting glucose levels �126 mg/dL or HbA1c �6.5 %. Partici-
pants who reported insulin use were classified as having type
1 diabetes mellitus (n = 33) and were excluded from subse-
quent analyses in this study.

To calculate the homeostatic model assessment of insulin
resistance (HOMA-IR), the formula: fasting insulin£ fasting
glucose/22.5 was used. The cutoff points used to indicate
insulin resistance were 2.32 for girls and 2.87 for boys. These
cutoff points were determined based on the largest areas
under the receiver operating characteristic (ROC) curves
when analyzing the association of HOMA-IR with metabolic
syndrome in Brazilian adolescents.16

Assessment of anthropometric data

The following anthropometric variables were measured by
trained researchers: waist circumference (WC), weight, and
height. These measurements were monitored throughout
the data collection process using quality control procedures
to ensure accuracy and consistency.

Waist circumference was measured using an inelastic
tape measure of the brand Sanny, with a precision of 0.1 cm,
at the midpoint between the lower curvature of the last
fixed rib and the upper curvature of the iliac crest, with the
adolescent standing, arms at the sides, feet together, and
relaxed abdomen. Abdominal obesity was defined according
to cutoff points recommended by the International Diabetes
Federation based on the metabolic syndrome criteria for
this age group (under 16 years: � 90th percentile for sex and
specific age; 16 years and older: � 90 cm for boys and �

80 cm for girls).17

Weight was measured using an electronic scale of the
brand Líder (model P200M) with a capacity of up to 200 kg
and an accuracy of 50 g. Height was measured twice using
an Altura Exata portable stadiometer, with an accuracy of
0.1 cm, and the average of the two values was used. Weight
and height measurements were used to calculate body mass
index (BMI) (weight/height2) for the classification of nutri-
tional status. The BMI-for-age and sex curves proposed by
the World Health Organization (2007) were used for the clas-
sification. Adolescents were considered to have adequate
nutritional status if their z-score was > �2 and � +1, over-
weight if their z-score was > +1 and � +2, and obese if their
z-score was > +2.18

For analysis purposes, participants were classified into
the following groups based on the combinations of their
anthropometric measurements: 1. Normal BMI with normal

WC; 2. Normal BMI with increased WC; 3. Overweight BMI
with normal WC; 4. Overweight BMI with increased WC; 5.
Obese BMI with normal WC; 6. Obese BMI with increased WC.

Statistical analysis

To obtain representative results for the studied population,
all analyses were conducted using sample weights calculated
for ERICA, considering the complex survey design. Continu-
ous variables followed a normal distribution and were
described by their mean and 95 % confidence intervals (95 %
CI). Categorical variables were presented as proportions,
followed by their respective 95 % CI.

The relationship between adiposity and prediabetes or
diabetes was investigated using ordinal logistic regression
models. The proportional odds ratio (POR) estimates the
cumulative odds of being in a higher category compared to
all lower categories, assuming that the distance between
each category is equivalent. The parallel lines assumption,
assessed by the Brant’s test, was not violated. The Wald’s
test was used to investigate the linear trend between expo-
sure categories and the outcomes of interest. Furthermore,
the authors provide an estimation of Cohen's d based on the
ORs, as suggested by Chen et al., to quantify the effect
size.19

To study the association between BMI and WC groups with
HOMA-IR values, linear regression models were employed,
and the results were expressed as b coefficient and 95 % CI.
Unweighted eta-squared and their 95 %CI were calculated to
estimate the effect size in this association.

Both models were adjusted for region, sex, age, self-
reported skin color, type of school, and socioeconomic level.
The variables included in the model were selected based on
the literature and were retained in the model after inclu-
sion. The overall fit of the model was evaluated, and no evi-
dence of multicollinearity was found in the models.

The authors calculated the multiplicative interaction
between BMI and WC for the outcomes analyzed. Significant
interaction terms were observed for prediabetes and type 2
diabetes (p = 0.038) as well and for HOMA-IR (p < 0.001).

All tests were two-tailed, and the significance level was
set at 5 %. The analyses were performed using Stata version
14 (StataCorp, College Station, TX, USA).

Results

Table 1 demonstrates the main characteristics of the study
population. Among the participants, over half were female,
with a mean age of 14.6 (§ 14.6; 14.7) years. The Northeast
region had the highest number of participants. Most partici-
pants reported having mixed skin color and attended public
schools. In terms of the total number of participants, 73.3 %
were classified with a normal BMI, 17.5 % and 9.2 % with
overweight and obesity, respectively. Regarding WC, 12.6 %
had an increased WC. The prevalence of T2DM was 3.3 %,
with most of the adolescents already having a prior diagnosis
before the data collection (90 %, 1136 out of 1250), and 25 %
of adolescents had insulin resistance.

Table 2 shows the prevalence of prediabetes, T2DM, and
elevated HOMA-IR according to combinations of BMI and WC.
There was no difference in T2DM prevalence between the
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groups. However, adolescents with obesity showed a higher
prevalence of prediabetes, regardless of WC categories.
Regarding insulin resistance, the group with the highest
prevalence was the obesity and increased WC group (69.9 %;
95 %CI: 65.4; 74.1).

Table 3 shows the association of combinations of BMI and
WC with prediabetes and T2DM. When evaluating the
results, the authors observed that the only groups with a sig-
nificant association with prediabetes and T2DM were those
with obesity defined by BMI � obesity with normal WC and
obesity with elevated WC. The results remained similar after
adjusting for covariates (region, sex, age, self-reported skin
color, type of school, and socioeconomic level). Coefficients
for the covariates included in the adjusted model are shown
in Supplementary Table 1.

Table 4 shows the association between combinations of
BMI and WC with HOMA-IR as a continuous variable. Except
for the group with normal BMI and increased WC, all other
combinations showed a significant association compared to
the reference group, with the highest association observed
in the adolescents with obesity and with increased WC, even
after adjusting for covariates. The coefficients for the cova-
riates included in the adjusted model are presented in
Supplementary Table 2.

Discussion

This study demonstrates that in a representative sample of
Brazilian adolescents, increased WC without being combined
with obesity diagnosed by high BMI is not associated with the
likelihood of an adolescent having prediabetes or T2DM.
However, WC provided additional information on BMI, partic-
ularly in the obesity range, ensuring greater accuracy in
assessing obesity as a risk factor. Furthermore, when analyz-
ing the relationship of the same anthropometric measures
with insulin resistance assessed by HOMA-IR, a similar pat-
tern was observed.

Different findings have been described in the literature
regarding the relationship between WC and cardiovascular
risk factors. In adults, WC is a reliable marker of abdominal
obesity as demonstrated by direct measurement methods
such as magnetic resonance imaging.20 Abdominal fat is con-
sidered a complex and highly active endocrine organ, which,
through the release of hormones and cytokines, plays an
important role in the inflammatory and metabolic processes.
Thus, visceral obesity is usually considered a risk factor for
T2DM, metabolic syndrome, and atherosclerosis, being asso-
ciated with overall and cardiovascular mortality,

Table 1 Demographic and clinical characteristics of partic-

ipants. ERICA 2013�2014.

Characteristics Total sample (n = 37,892)

% or mean (95 % CI)

Sex assigned at birth

Female 60.0 (59.5; 60.5)

Male 40.0 (39.5; 40.5)

Age (years) 14.6 (14.6; 14.7)

Region

North 19.3 (18.9; 19.7)

Northeast 31.1 (30.6; 31.5)

Southeast 22.7 (22.3; 23.1)

South 12.5 (12.1; 12.8)

Midwest 14.5 (14.1; 14.9)

Skin color

White 40.5 (38.6; 42.4)

Black 7.8 (7.0; 8.7)

Mixed (brown) 49.1 (47.3; 50.9)

Yellow 2.6 (2.2; 3.0)

Type of school

Public 77.8 (72.5; 82.3)

Private 22.2 (17.7; 27.5)

SES (quintile)

1° 22.9 (21.4; 24.6)

2° 19.9 (18.5; 21.4)

3° 20.5 (19.4; 21.6)

4° 18.5 (17.4; 19.8)

5° 18.1 (16.3; 20.1)

Smoking

Yes 2.0 (1.7; 2.3)

No 98.0 (97.7; 98.3)

Alcohol consumption

No 70.2 (68.6; 71.8)

Yes 29.8 (28.2; 31.4)

Physical activity (min/

wk)

< 420 62.7 (61.6; 63.7)

� 420 37.3 (36.3; 38.4)

Weight (kg) 57.6 (57.2; 58.1)

Height (cm) 163.5 (163.3; 163.7)

BMI (kg/m2) 21.4 (21.3; 21.5)

BMI categories

Normal weight 73.3 (71.8; 74.7)

Overweight 17.5 (16.4; 18.7)

Obesity 9.2 (8.4; 10.0)

WC (cm) 72.2 (71.8; 72.6)

WC categories

Normal 87.4 (86.3; 88.4)

Increased 12.6 (11.6; 13.7)

Fasting glucose (mg/dl) 86.4 (85.9; 86.8)

HbA1c (%) 5.3 (5.3; 5.40)

HOMA-IR (mean) 2.0 (1.9; 2.11)

High HOMA-IR 25.0 (23.4; 26.6)

Previous diagnosis of

T2DM

3.0 (2.7; 3.4)

Prevalence of prediabe-

tes and T2DM

Healthy 74.8 (73.2; 76.2)

Prediabetes 22.0 (20.6; 23.4)

Table 1 (Continued)

Characteristics Total sample (n = 37,892)

% or mean (95 % CI)

T2DM 3.3 (2.9; 3.7)

SES, socioeconomic status; BMI, body mass index; WC, waist cir-

cumference; HbA1c, glycated hemoglobin; HOMA-IR, homeosta-
sis model assessment for insulin resistance; T2DM, type 2

diabetes mellitus.
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independent of BMI. Among children and adolescents there
is divergence on the most accurate anthropometric measure
to determine central obesity and its association with cardio-
vascular risk factors3 One study in Iranian adolescents (CAS-
PIAN III) reported that the association between
combinations of overall and abdominal obesity differs
depending on the evaluated outcome or risk factor.21 Pazin
et al., demonstrated that increased WC is associated with
high blood pressure in children with normal BMI.22 Another
study was conducted using data from The Bogalusa Heart
Study, including children aged 4�18 years, also found an
association between abdominal obesity, assessed according
to waist-to-hip ratio, and some cardiovascular risk factors
(increased LDL cholesterol and triglycerides, decreased HDL
cholesterol, and higher prevalence of metabolic syndrome).
Among participants with central obesity but normal weight,
5.88 % had metabolic syndrome, while only 0.26 % of those
with normal weight but without central obesity had meta-
bolic syndrome.23 This was also observed among Chinese
children and adolescents, where the presence of abdominal
obesity was more strongly associated with metabolic syn-
drome than BMI.24

The present results, consistent with other studies, dem-
onstrate that increased WC is related to HOMA-IR when over-
weight or obesity is present according to BMI.3 These findings
support the pathophysiological role of abdominal fat in
determining outcomes related to higher cardiovascular risk
(collectively recognized as metabolic syndrome). However,
the results presented here demonstrate that having only an
increased WC, without this alteration being combined with
high BMI, does not increase the likelihood of an adolescent
having prediabetes or T2DM. One explanation for this result
is the latency period between the onset of obesity and the
development of T2DM. Obesity and increased WC are deter-
minants of insulin resistance, but due to the disease’s patho-
genesis involving compensatory beta-cell function and
subsequent increased insulin secretion, the time until beta-
cell failure and the consequent development of T2DM may
be delayed. As hypothesized by Lee, the increase in obesity
during adolescence probably leads to a higher prevalence of
T2DM in young adults.25

Another point to consider is the pathophysiology of youth
T2DM. Although it shares characteristics with T2DM in
adults, some unique features have been identified. As dem-
onstrated by studies such as TODAY (The Treatment Options
for Type 2 Diabetes in Adolescents and Youth) and RISE
(Restoring Insulin Secretion), there is a relatively rapid dete-
rioration of beta-cell function in adolescents compared to
the slower decline described in adults with T2DM. In these
studies, deficient beta-cell function, rather than insulin sen-
sitivity, was a determining factor for loss of glycemic con-
trol.26 As puberty is associated with physiological changes
and a consequent increase in insulin resistance, regardless
of changes in body composition, the demand on the pancreas
may be higher during adolescence.27 Alternatively, a higher
degree of obesity and insulin resistance may be required to
develop T2DM in this age group, when compared to adults,
where the pancreas may be less healthy.27 Although the
authors did not stratify the present sample by pubertal sta-
tus, another study using the same database reported that
few adolescents (only 0.5 % of the sample) self-classified
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themselves as prepubertal (Tanner stage 1), so it is possible
to infer that most of this sample were in puberty.7

The use of WC may be limited due to changes in body
composition caused by growth and pronounced development
during this period of life. When comparing anthropometric
measures and assessment of abdominal fat using imaging
methods in adolescents, WC showed a better correlation
with visceral adiposity than other anthropometric parame-
ters.20 On the other hand, in Mexican adolescents with obe-
sity, the waist-to-hip ratio was superior to WC in identifying
cardiovascular risk factors.28 The same was suggested by
Robert Ross and colleagues, stating that in children and ado-
lescents in the growth phase, the waist-to-height ratio may
be more useful for classifying abdominal obesity than just

WC.29 Nevertheless, although measuring WC is relatively
simple, limitations such as the absence of a consensus on
the best method of measurement and the existence of dif-
ferent cutoff points varying by sex, age, and ethnicity under-
mine the utility of this measure.29

The present study has some limitations. The relatively
small number of individuals in the normal BMI/increased WC
and obesity BMI/normal WC categories (0.7 % and 1.5 % of
the sample, respectively) may have led to inaccuracies in
the analysis. Another point to consider is the possibility of
different types of diabetes, such as Maturity-Onset Diabetes
of the Young (MODY) and Type 1 Diabetes (T1DM), being pres-
ent in the sample. Although the study controlled for this bias
by excluding patients using insulin, it is possible that some

Table 3 Association of BMI-WC categories with ordinal outcomes of prediabetes and T2DM. ERICA 2013�2014.

POR (95 % CI) p-value

Crude Association

Normal BMI & normal WC Reference <0.001

Normal BMI & increased WC 0.77 (0.35; 1.69)

BMI overweight & normal WC 1.05 (0.89; 1.24)

BMI overweight & increased WC 0.97 (0.76; 1.25)

BMI obesity & normal WC 1.96 (1.31; 2.95)

BMI obesity & increased WC 1.61 (1.37; 1.88)

Adjusted modela

Normal BMI with normal WC Reference <0.001

Normal BMI with increased WC 0.97 (0.37; 2.56)

BMI overweight with normal WC 0.98 (0.83; 1.16)

BMI overweight with increased WC 1.22 (0.94; 1.58)

BMI obesity with normal WC 1.58 (1.01; 2.46)

BMI obesity with increased WC 1.68 (1.45; 1.94)

BMI, body mass index; WC, waist circumference; T2DM, type 2 diabetes mellitus; POR, proportional odds ratio.

Ordinal logistic regression was used to test the associations.
a Adjusted by region, sex, age, skin color, school type, and socioeconomic status.

The equivalent Cohen's d for significant OR in the adjusted model is approximately 0.2, which represents a small effect size.

Table 4 Association of BMI-WC categories with HOMA-IR as a continuous variable. ERICA 2013�2014.

b Coefficient (95 % CI) p-value

Crude association

Normal BMI & normal WC Reference <0.001

Normal BMI & increased WC 0.39 (�0.19; 0.99)

BMI overweight & normal WC 0.57 (0.49; 0.65)

BMI overweight & increased WC 1.00 (0.85; 1.15)

BMI obesity & normal WC 0.98 (0.73; 1.23)

BMI obesity & increased WC 2.19 (1.90; 2.48)

Adjusted Modela

Normal BMI & normal WC Reference <0.001

Normal BMI & increased WC 0.40 (�0.06; 0.87)

BMI overweight & normal WC 0.58 (0.50; 0.66)

BMI overweight & increased WC 0.94 (0.80; 1.08)

BMI obesity & normal WC 0.96 (0.71; 1.21)

BMI obesity & increased WC 2.20 (1.89; 2.50)

BMI, body mass index; WC, waist circumference; HOMA-IR, homeostasis model assessment for insulin resistance.
Linear regression was used to test the associations.
a Adjusted by region, sex, age, skin color, school type, and socioeconomic status.

Unweighted Eta-squared and 95%CI for BMI-WC term: crude = 0.120 (0.114�0.126); adjusted =0.117 (0.111�0.123).
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participants without prior knowledge of the disease and
diagnosed through laboratory measurements are individuals
with type 1 diabetes. Distinguishing MODY from T2DM can be
difficult and often requires additional information and tests
that are not typically included in large-scale population
studies. However, its prevalence is low (2�5 % of diabetes),
and, therefore, likely did not interfere with the results.30

The main strength of the present study lies in the large,
nationally representative multiethnic sample of adolescents
in a developing country. Additionally, data collection,
anthropometric measurements, and biochemical analyses
were standardized and followed specific protocols.

In conclusion, increased WC without association with
obesity diagnosed by high BMI is not related to the likelihood
of an adolescent having insulin resistance or T2DM. However,
when used in conjunction with BMI, particularly in the over-
weight and obesity range, increased WC ensures greater
accuracy in the associations found. Therefore, the combina-
tion of BMI and WC is better for evaluating adolescents at
higher risk of developing T2DM and should be used together
in clinical practice.
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