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Abstract
Purpose—To determine whether waist circumference (WC) is a better predictor of insulin
resistance (IR) compared with body mass index (BMI) in US adolescents 12-18 years.

Methods—Using data from the National Health and Nutrition Examination Survey (NHANES)
1999-2002, we evaluated an ethnically diverse sample of 1571 adolescents with BMI, WC, and
fasting glucose and insulin levels. Children were classified as having IR if they had a homeostasis
model assessment of insulin resistance (insulin (μU/ml) × glucose (mmol/l))/22.5) greater than
4.39. We created receiver operating characteristic (ROC) curves predicting IR across various
thresholds of WC and BMI, and area under the curve (AUC) was compared.

Results—The prevalence of IR for the population was 11.8%. Measures of test performance
(sensitivity and specificity) for predicting IR were similar for abnormal BMI and WC thresholds;
i.e. thresholds of BMI 85th% and WC 75th%, and thresholds of BMI 95th% and WC 90th% were
quite similar. There were no significant differences in AUC for WC versus BMI 0.85 (95% CI
0.83-0.88) (p=0.84) for the overall population or for specific racial groups.

Conclusions—WC does not appear to provide a distinct advantage over BMI for identifying
adolescents with IR.
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Introduction
Given recent reports of increases in obesity and type 2 diabetes among children and
adolescents in the US,[1] there is increasing interest in early identification of children with
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insulin resistance (IR), which represents one of the critical risk factors for development of
type 2 diabetes. The clinical predictor used most widely in the primary care setting and
recommended by the American Academy of Pediatrics (AAP) is body mass index (BMI).[2]

Although BMI serves as a surrogate measure of total body adiposity, abdominal adiposity,
as measured by waist circumference (WC), is believed to be a more precise predictor of IR
in children and adults.[3] Some authors have therefore suggested that WC be measured in
clinical practice to assess chronic disease risk among children.[3] In this current study we
sought to determine whether WC is a better predictor of IR compared with BMI, in a racially
diverse group of US adolescents.

Materials and Methods
We used the data from National Health and Nutrition Examination Survey (NHANES)
1999-2002. A description of the examination, fasting, and laboratory procedures has been
previously published.[4] WC was measured to the nearest 0.1 cm at the high point of the
iliac crest. Of 4339 adolescents aged 12-18 yrs, the sample consisted of 1571 non-diabetic,
non-pregnant individuals, with fasting glucose/insulin levels and not on medications that
interfere with glucose metabolism. Because NHANES has separate fasting sampling weights
which account for the additional stage of sampling and nonresponse, the subsample
represents a nationally representative sample.

BMI and WC were converted to age and sex-specific percentiles based on CDC growth
charts, or previously published[5] and validated[6] universal WC percentiles. We used a
validated measure of IR, homeostasis model assessment of insulin resistance [7]:HOMA-
IR=(insulin (μU/ml) × glucose (mmol/l))/22.5, and defined adolescents having IR if their
HOMA-IR was greater than 4.39.[4]

Sensitivity, specificity, positive and negative predictive value for identifying adolescents
with IR were calculated for each BMI and WC threshold. Receiver operating characteristic
(ROC) curves predicting IR for WC and BMI were then created. Area under the curve
(AUC) was calculated and statistically compared for the overall population and for racial
substrata (white, black, Mexican-American). Analyses were performed using Stata 10/SE.

Results
Mean age for the population was 15.0 years, and 52.9% were male. The weighted racial
distribution of the population was 63.4% white, 13.8% black, 10.7% Mexican-American,
and 12.1% other race. The prevalence of IR for the population was 11.8%, with higher
prevalence among black (18.6%) and Mexican-American children (16.9%) compared with
white children (9.3%).

The table displays test characteristics at specific BMI and WC thresholds. For both BMI and
WC, there were tradeoffs between sensitivity and specificity across the thresholds. The
figure displays the ROC curves; AUC for both BMI and WC was 0.85 (95% CI 0.83-0.88)
which was not statistically significant (p=0.84). A similar lack of differences was seen for
the race-specific ROC curve comparisons (see appendix figures 2-4), although we do note
that AUC for white children (0.89-0.90) was higher than for black (0.82-0.83) or Mexican
children (0.84).

Discussion
We found that the sensitivity and specificity of the current abnormal BMI thresholds (85th%
and 95th%) for predicting IR are similar to previously proposed abnormal waist
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circumference thresholds (75th% and 90th%)(Table 1).[6] This is reflected by the lack of
significant differences in AUC, which would seem to indicate that WC percentiles do not
appear to offer valuable additional information beyond that of BMI percentiles for
identifying children with IR.

Our findings are consistent with previously published studies. Messiah et al. reported that
BMI and WC appeared to have similar predictive capacity for identifying US adolescent
children with ≥ 3 cardiovascular risk factors,[8] and investigators from other countries have
demonstrated that BMI and WC display similar correlations with insulin levels and IR
indices.[9]

In contrast, one previous study compared the relationship of BMI percentiles and WC with
IR, as measured by the hyperinsulinemic-euglycemic clamp,[3] and found that WC
remained a significant correlate of IR even after controlling for BMI percentile in multiple
regression analyses. The authors therefore suggested that WC, in addition to BMI, might be
a useful screening tool for detecting children with increased metabolic risk. The use of
clamp studies, a more sensitive measure of IR, and the smaller sample of adolescents (56
black and 89 white youths) with a slightly lower age range (starting at 8 years) may account
for some of the differences seen with our findings. Furthermore, the method of analysis may
also be a factor; although WC is a statistically significant independent predictor of IR within
a linear regression model, statistical significance may not translate to clinical significance.

There is increasing interest in measures of abdominal adiposity to assess for chronic disease
risk in children, and providers may be unsure of whether they should be measuring BMI,
WC, or both. Our findings suggest that further studies are needed before WC is included as
part of routine pediatric primary care screening. Currently, the AAP recommends that
primary care providers use BMI as a screening tool for identifying overweight and obese
children, yet only a minority routinely follow this recommendation.[10] Given the poor
adherence of providers and the additional training and time required for accurate
measurement of WC in clinical practice, national organizations that issue screening
guidelines should continue to encourage providers to focus on solely on BMI measurement
for now.

Limitations of our study include the fact that HOMA-IR is not as sensitive as other gold
standard methods such as hyperinsulinemic-euglycemic clamp. However, it would be
impossible from a practical standpoint to use the above mentioned methods in large
population based studies. Strengths of our study include the large representative nature of
the NHANES surveys as well as the racial and ethnic diversity of our sample, which allowed
us to perform separate analyses for race strata, yielding similar findings.

Conclusions
WC does not appear to provide a distinct advantage over BMI for identifying adolescents
with IR in the clinical setting, although further studies are needed to confirm this finding.
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Appendix

Appendix Figure 2.
Comparison of receiver operator characteristic curves for predicting insulin resistance using
body mass index (AUC 0.90, 95% CI 0.86-0.94) versus waist circumference percentiles
(AUC 0.89 (95%CI, 0.85-0.94) for White children (n=428). Dark circles, solid line=body
mass index; open circles, dotted line=waist circumference.
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Appendix Figure 3.
Comparison of receiver operator characteristic curves for predicting insulin resistance using
body mass index (AUC 0.82, 95% CI 0.77-0.87) versus waist circumference percentiles
(AUC 0.83, 95%CI 0.78-0.88) for Black children (n=439). Dark circles, solid line=body
mass index; open circles, dotted line=waist circumference.

Appendix Figure 4.
Comparison of receiver operator characteristic curves for predicting insulin resistance using
body mass index (AUC 0.84, 95% CI 0.79-0.88) versus waist circumference percentiles
(AUC 0.84 (95%CI, 0.80-0.88) for Mexican-American children (n=590). Dark circles, solid
line=body mass index; open circles, dotted line=waist circumference.
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Figure 1.
Comparison of receiver operator characteristic curves for predicting insulin resistance using
body mass index versus waist circumference percentiles (AUC, 95% CI 0.83-0.88 for both)
(p=0.84) (n=1571). Dark circles, solid line=body mass index; open circles, dotted line=waist
circumference.
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