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Identifying adolescents with increased cardiometabolic

risk—Simple, but challengingI
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The prevalence of increased cardiometabolic risk, such as
insulin resistance and type 2 diabetes, has increased world-
wide in adolescents.1 Insulin resistance and type 2 diabetes in
childhood and adolescence predict insulin resistance, type 2
diabetes, and preclinical atherosclerosis2,3 as well as retinal
and kidney disease4 in adulthood. In addition to the individ-
ual-level burden of these diseases, the economic costs of type
2 diabetes are measured in billions of US dollars.5,6 Therefore,
to counteract these adverse effects and increased economic
burden, the early identification of children and adolescents
with increased risk of insulin resistance and type 2 diabetes is
essential. However, objective methods, such as fasting blood
samples or glucose tolerance tests, may not be commonly
available or feasible at, for example, school healthcare cen-
ters due to the costs and the lack of appropriately trained lab-
oratory staff. Therefore, indirect, affordable, and feasible
indicators helping to identify youth with increased risk of car-
diometabolic diseases are warranted.

Body composition, particularly body fat mass, and body
fat percentage, is a well-recognized factor that influences
the development of insulin resistance and subsequent risk
of type 2 diabetes mellitus in children and adolescents.7

However, although dual-energy X-ray absorptiometry (DXA)
is considered the reference method to assess body fat
mass and body fat percentage in children and adoles-
cents,8 body mass index and associated metrics, such as
percentiles or standard deviation scores, remain the meth-
ods of choice for assessing overweight and obesity in
youth.9 Even though the results of some studies suggest
that body mass index is a feasible and as accurate method

as DXA-derived body fat percentage in the prediction of
cardiovascular mortality in adults10 and cardiometabolic
risk in children,11 the use of the body mass index is widely
criticized as it does not separate lean and fat mass or pro-
vide information about central obesity and may, therefore,
misclassify children and adolescents with increased cardio-
metabolic risk.12 Therefore, body mass index alone may
not provide the best available information and accuracy
for the identification of individuals with increased cardio-
metabolic risk.

As body mass index alone may misclassify individuals with
increased cardiometabolic risk, it is suggested that it should
be used together with a measure of central adiposity to
improve classification accuracy.13 The evidence suggests
that waist circumference may have either independent or
additive predictive value in identifying those with increased
cardiometabolic risk in adults.13 In addition, the roles of
body mass index and waist circumference in cardiometabolic
health may also be paradoxical, as previous studies in adults
suggest that at a given waist circumference, body mass
index is associated with reduced cardiometabolic risk.13

While the exact mechanism for those observations is
unknown, adipose tissue distribution, central vs. gluteal-
femoral region, may explain these paradoxical findings.13

Moreover, body mass index may also be inadequate for moni-
toring the prevalence and development of overweight and
obesity. There is some evidence that the positive news about
the decelerated increase in the prevalence of overweight
and obesity is shadowed by the increases in waist circumfer-
ence.14 Therefore, it is necessary to better understand
whether combining information from body mass index and
waist circumference better identifies children and adoles-
cents with increased cardiometabolic risk than either of
these methods alone.
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To fill the knowledge gap in adolescents, the article pub-
lished in the Jornal de Pediatria by Bandeira et al.15 inves-
tigated the prevalence of insulin resistance and type 2
diabetes mellitus across different body mass index and
waist circumference categories in 37,000 Brazilian adoles-
cents. They found that the prevalence of increased insulin
resistance was 53 % of adolescents in the overweight cate-
gory defined by body mass index who also had high waist
circumference and 70 % among those in the obesity cate-
gory who had high waist circumference. In contrast, the
prevalence of insulin resistance was substantially lower
(32 % and 37 %, respectively) among adolescents with the
same weight category but normal waist circumference.
However, for type 2 diabetes mellitus, the prevalence
increased with increasing body mass index category, almost
irrespective of waist circumference. Furthermore, they
also reported that increased insulin resistance was associ-
ated only with the obesity category and high waist circum-
ference. In addition, the obesity category, irrespective of
the waist circumference, was associated with an increased
risk of pre-diabetes and type 2 diabetes mellitus. Con-
versely, adolescents with high waist circumference but nor-
mal body mass index did not have increased insulin
resistance or higher prevalence of type 2 diabetes. These
findings suggest that using the body mass index and waist
circumference together improves the accuracy of discrimi-
nating against adolescents with increased cardiometabolic
risk from other adolescents.

The results by Bandeira et al.15 among adolescents agree
with the results from studies conducted in adults, suggest-
ing that combining information from body mass index and
waist circumference can improve the identification of indi-
viduals with increased risk of cardiometabolic diseases.13

As such, those results provide important information for
clinicians to prevent and treat insulin resistance and type 2
diabetes mellitus in adolescents. Waist circumference,
while providing additive information for identifying risk
groups, may also be a feasible treatment target. Waist cir-
cumference is more responsive to treatment, such as physi-
cal activity or diet interventions, than body mass
index.16,17 Therefore, reducing waist circumference may
provide significant cardiometabolic benefits, even without
changes in body mass index. However, Bandeira and co-
workers15 also observed that high waist circumference
without increased body mass index was not associated with
insulin resistance or type 2 diabetes. Therefore, a single
measure of body adiposity may be insufficient to identify
cardiometabolic risk accurately.

The next step in improving the identification of children
and adolescents at increased risk of cardiometabolic dis-
eases may include combining other measures than those
related to body composition into the risk prediction models.
For example, some evidence in children suggests that physi-
cal activity and sedentary time modify the ability of body
adiposity to predict insulin resistance.18 Similarly, diet qual-
ity may modify the associations between body composition
and insulin resistance.19 Therefore, to improve early identi-
fication beyond body composition and anthropometric meas-
urements, holistic algorithms combining different measures
of body composition and lifestyle factors could be developed
and tested. Before such advancements, the results by Ban-
deira et al.15 provide important evidence that combining

body mass index and waist circumference improves the
accuracy of identifying adolescents at increased risk of car-
diometabolic diseases.

In summary, the growing prevalence of insulin resis-
tance and type 2 diabetes among adolescents represents
a public health crisis with long-lasting consequences for
both individuals and society. The limitations of existing
screening tools, such as body mass index, highlight the
need for better, more accurate methods of identifying
adolescents at increased risk of cardiometabolic diseases.
The study by Bandeira et al.15 has provided valuable evi-
dence, suggesting that a combination of body mass index
and waist circumference can improve the identification
of adolescents with increased cardiometabolic risk. How-
ever, more research is needed to develop comprehensive
algorithms for more accurate assessments.
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