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Context: US Hispanic/Latino youth are disproportionally affected by the obesity and diabetes.

Objective: We examined associations of adiposity measures with insulin resistance (IR) and hy-
perglycemia and the influences of sex and pubertal development on these associations.

Design, Setting, and Participants:We performed a cross-sectional analysis of 1223 8- to 16-year-old
Hispanic/Latino youth from a community-based study in the United States (SOL Youth).

Main Outcome Measures: We measured IR ($75th percentile of sex-specific Homeostatic Model
Assessment of Insulin Resistance) and hyperglycemia (fasting glucose $100 mg/dL or hemoglobin
a1c $5.7%).

Results: In boys, body mass index (BMI) showed the strongest association with IR [prevalence ratio
(PR), 2.10; 95%confidence interval (CI), 1.87 to 2.36per standarddeviation],whichwas not statistically
different compared with body fat percentage (%BF) (PR, 2.03; 95% CI, 1.81 to 2.29) and waist cir-
cumference (WC) (PR, 1.89; 95%CI, 1.67 to2.13) butwas significantly stronger comparedwith fatmass
index (FMI) (PR, 1.79; 95%CI, 1.63 to1.96),waist-to-hip ratio (WHR) (PR, 1.32; 95%CI, 1.21 to1.44), and
waist-to-height ratio (WHtR) (PR, 1.76; 95%CI, 1.54 to 2.01) (P for difference,,0.05). In girls,%BF (PR,
2.73; 95% CI, 2.34 to 3.20) showed a significantly stronger association with IR comparedwith BMI (PR,
1.48; 95%CI, 1.29 to 1.70), FMI (PR, 1.71; 95%CI, 1.49 to 1.95),WC (PR, 1.96; 95%CI, 1.70 to 2.27),WHR
(PR, 1.95; 95% CI, 1.70 to 2.23), and WHtR (PR, 1.79; 95% CI, 1.53 to 2.09) (P for difference, ,0.003).
Associations between adiposity measures and IR were generally stronger among children in puberty
versus those who had completed puberty, with significant interactions for WC andWHtR in boys and
for BMI in girls (P for interaction, ,0.01). Adiposity measures were modestly associated with
hyperglycemia (PR, 1.14 to 1.25), with no interactions with sex or pubertal status.

Conclusions: Sex and puberty may influence associations between adiposity measures and IR in US
Hispanic/Latino youth.Multiple adiposity measures are needed to better assess IR risk between boys
and girls according to pubertal status. (J Clin Endocrinol Metab 102: 185–194, 2017)
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Childhood obesity has become a major public health
problem in the United States (1). Hispanic/Latino

youth are disproportionally affected by the obesity epi-
demic. Recent National Health and Nutrition Exami-
nation Survey [NHANES, 2010–2011 (1)] data showed
that Hispanic/Latino boys and girls aged 2 to 19 years
have a higher prevalence of overweight andobesity [38.9%,
body mass index (BMI) $85th percentile], compared with
non-Hispanic white (28.5%), black (35.2%), and Asian
(19.5%) youth. Moreover, the prevalence of abdominal
obesity was also much higher in Hispanic/Latino youth
[24.2%, defined by waist circumference (WC) $90th
percentile] compared with non-Hispanic white (18.4%)
and black (17.1%) youth (2).

Concurrent with the childhood obesity epidemic has
been the increasing prevalence of hyperglycemia and
diabetes among youth in recent years (3). It has been well
established that childhood obesity is associated with
insulin resistance (IR) and diabetes (4–7). However,
childhood obesity is typically measured by BMI, which
has limitations as a measure of adiposity, particularly in
children, whose BMI increases can reflect lean mass in-
creases more than fat mass increases (8, 9). A number of
studies have compared the relationships of IR and other
cardiometabolic risk factors with different adiposity
measures, including BMI, WC, waist-to-hip ratio (WHR),
waist-to-height-ratio (WHtR), body fat percentage (%BF),
and body fat mass index (FMI) (10–18). However, pre-
vious studies in different setting have demonstrated the
relevance of different obesity indexes. For instance, in an
African study, WHR as an index of central obesity was
shown to overestimate the prevalence of central obesity
both in the general population and when considering sex,
compared with WC, which might be a better predictor
(19), whereas in an European study, WHR was suggested
to be the best predictor of cardiovascular events and
mortality based on strengths of associations and dis-
crimination statistics in patients with type 2 diabetes (20).
However, the superiority of any 1 adiposity measure over
others as a surrogate measure of metabolic risk remains
unclear.

Relationships between adiposity measures and IR are
further complicated by influences of race/ethnicity, sex,
and pubertal development (21–25). For example, a
multiethnic study of 4633 children ages 9 to 10 years
from the United Kingdom reported that %BF was more
strongly associated with IR in children of South Asian
origin compared with those of white European origin,
and some associations of adiposity measures (e.g., BMI)
and IR were stronger in boys than in girls (21). Another
recent study of 1278European children aged 11 to18 years
reported that associations between adiposity measures

(i.e., BMI, WC, and WHtR) and IR were dependent on
pubertal development, with the strongest associations
during puberty (23). However, despite a high prevalence
of obesity (1, 2) and IR and hyperglycemia (7, 26, 27) in
US Hispanic/Latino youth, existing studies relating
obesity to IR and hyperglycemia in this population have
been of narrow scope, have been mainly limited to
Mexican American subjects, and have ignored potential
influences of sex and pubertal development on these
associations (22, 28–30).

Therefore, in this study, we aimed to examine asso-
ciations of multiple adiposity measures (i.e., BMI, WC,
WHR, WHtR, %BF, and FMI) with IR, hyperglycemia,
and related glycemic traits among 1223 children and
adolescents, aged 8 to 16 years, of diverse Hispanic/
Latino backgrounds from the Hispanic Community
Children’s Health Study (HCHS)/Study of Latino Youth
(SOL Youth).

Methods

Study population
The SOLYouth, launched inApril 2011, is an ancillary study

to the Hispanic Community Health Study/Study of Latinos
(HCHS/SOL) (31). The HCHS/SOL is a prospective cohort
study that aims to determine the role of acculturation and risk
factors in the prevalence and development of disease in
Hispanic/Latino populations. A total of 16,415 self-identified
Hispanic/Latino participants aged 18 to 74 years at the time of
screening were recruited from 4 communities in the United
States (Bronx, NY; Chicago, IL;Miami, FL; and SanDiego, CA)
sampled during 2008 to 2011 using a 2-stage area household
probability sampling design (32, 33).

Eligible for SOLYouth were 8- to 16-year-old children living
with at least 1 parent or legal guardian who enrolled in the
HCHS/SOL. They were brought, accompanied by their parent,
to the study clinic for interview and clinical examination, which
included anthropometry, laboratory, lifestyle behaviors, ac-
culturation, medical history, and so on (31). Out of 1466 en-
rolled SOL Youth participants, 37 who were underweight, 32
non-Hispanic/Latinos, and 174 subjects who were missing
exposures, outcomes, or covariates were excluded from our
study population, resulting in 602 boys and 621 girls in the final
sample. The study was approved by institutional review boards
in each field center and the data coordinating center. Written
informed consent was obtained from parent(s) and children.

Assessment of IR and hyperglycemia
IR was defined with a cut-off at the 75th percentile of

homeostaticmodel assessment of insulin resistance (HOMA-IR)
values (4.36 in boys and 4.52 in girls) for each sex in the current
study. HOMA-IR was derived from fasting glucose and fasting
insulin using an established formula: HOMA-IR = fasting
glucose 3 (fasting insulin/6)/405 (34). Hyperglycemia was
defined as fasting glucose $100 mg/dL or hemoglobin a1c
(HbA1c)$5.7%. Before the clinic visit, parents were instructed
to keep their children fasting for at least 10 hours (31). A fasting
blood sample was taken from each participant and processed
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in a central laboratory at the University of Minnesota. Plasma
glucose was measured on a Modular P Chemistry Analyzer
(Roche Diagnostics Corp., Indianapolis, IN) using a hexokinase
enzymatic method (Roche Diagnostics Corp.). Serum insulin
level was measured on an Elecsys 2010 Analyzer (Roche Di-
agnostics Corp.) using a sandwich immunoassay method
(Roche Diagnostics Corp.). HbA1c was measured with a G7
Automated HPLC Analyzer (Tosoh Bioscience, Inc., South San
Francisco, CA) (35).

Assessment of adiposity measures
In the current study, we examined 6 adiposity measures:

BMI, %BF, FMI, WC, WHR, and WHtR. Weight and %BF
were obtained from Body Composition Analyzer TBF-300A
(Tanita Corporation, Arlington Heights, IL), which applied a
bioelectrical impedance method. Height, WC, and hip cir-
cumference were measured 3 times per participant and
rounded to the nearest centimeter according to a standard
protocol. An average of 3 measurements was used in the study
for each participant (36). BMI was calculated as weight (kg)
divided by height squared (m2). FMI was calculated as fat mass
(kg) divided by height squared (m2). WHR was calculated as
the ratio ofWC (in centimeters) to hip circumference (cm), and
WHtR was calculated as the ratio of WC (cm) to height (cm).
General obesity is defined as BMI $95th percentile of the sex-
specific age-standardized BMI of study population using CDC
Growth Charts (37). Abdominal obesity is defined as
WC $90th percentile for a child’s sex and age (38).

Covariates
Information on age, sex, Hispanic/Latino background,

nativity (whether born in mainland United States), pubertal
status, and physical activity level were collected from children
with questionnaires administered in English or Spanish.
Household income and parent education level were reported
by parents. Pubertal development was assessed with the Pu-
bertal Development Scale (PDS), which contains questions
regarding occurrence of growth spurt, body hair, and skin
change in both boys and girls; facial hair development and
voice change in boys; and breast development and menstru-
ation in girls (39). Except for menstruation (No versus Yes),
the response categories for each item were: (1) not yet begun,
(2) barely started, (3) definitely started, or (4) seemed com-
plete. A mapping algorithmwas used to generate a sex-specific
composite score that is equivalent to Tanner staging from the
preceding items (40). In the current analysis, 849 participants
(70%) had data on pubertal development with all reported
PDS items. Consistent with previous reported data, younger
participants were more likely to have missing responses to PDS
items (41).

Statistical analysis
All analyses accounted for the complex survey sampling

design features, including stratification and cluster sampling,
and were adjusted for nonresponse. Weighted statistics were
used to describe the distribution of sociodemographic variables
and clinical characteristics. For continuous variables with
nonnormal distributions, weighted median and quartiles were
presented. For categorical variables, unweighted frequencies
and weighted proportions were used. Correlations among ad-
iposity measures and glycemic traits were assessed using

weighted Pearson correlation coefficients. In addition, we used
survey linear regression to examine correlations of adiposity
measures with fasting glucose, fasting insulin, HbA1c, and
HOMA-IR and tested for potential interaction by sex. Adiposity
measures were age standardized and transformed to sex-specific
z scores [mean, 0; standard deviation (SD), 1] in regression
models. Fasting insulin and HOMA-IR were log transformed
before analysis. To examine associations of adiposity measures
with IR and hyperglycemia, prevalence ratios (PRs) were esti-
mated from survey Poisson regression models with robust var-
iance estimates. Sex, Hispanic/Latino background, field center,
nativity, pubertal status, and physical activity level were adjusted
when appropriate. Missing pubertal status was grouped as 1
category andwas included in themodel. Differences in PRs for IR
and hyperglycemia between adiposity measures were examined
by x2 test to compare magnitudes of associations. The analyses
were performed for overall study population, by sex, by puberty
status (during puberty versus after puberty), by Hispanic/Latino
background (Mexican versus non-Mexican background; Ca-
ribbean versus non-Caribbean), and by annual family income
(#$20,000 versus .$20,000). Potential effect modification was
assessed by incorporating an interaction terms between each
adiposity measure and these covariates in the regression models.
All P values were 2-sided, with a significance level at 0.05. All
analyses were performed using SAS version 9.4 (SAS Institute
Inc., Cary, NC) and SUDAAN release 11.0 (RTI International,
Research Triangle Park, NC).

Results

Study characteristics
Characteristics of the study target population are

shown inTable 1. Themedian age of our target population
was 13 years for boys and 12 years for girls. The largest
group was of Mexican background (48.8% of boys;
49.5% of girls), followed by those of Dominican (14.0%
of boys; 13.7% of girls) and Puerto Rican (10.6% of boys;
10.1% of girls) backgrounds. Among those who reported
information on pubertal development, 36.3% of boys and
53.7% of girls completed pubertal development. Overall,
29.4% of boys and 26.3% girls had general obesity,
13.0% of boys and 13.4% of girls had abdominal obesity,
and 21.0% of boys and 11.7% of girls had hyperglycemia
(3 subjects had diabetes, with fasting glucose.126 mg/dL
and/or HbA1c .6.5%). Adiposity measures were similar
between boys and girls except for %BF, which was 9.3%
higher in girls. Fasting glucose level was higher in boys
than in girls, whereas fasting insulin was lower in boys
than in girls.

Adiposity measures and diabetes related traits
Table 2 shows weighted correlation coefficients be-

tween adiposity measures and diabetes-related traits by
sex. There were high correlations among all adiposity
measures in boys (r$ 0.84) and girls (r$ 0.76), except for
WHR, which showed moderate correlations with BMI,
%BF, andFMI (r=0.48 to0.56).All adipositymeasureswere
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positively correlated with fasting insulin andHOMA-IR in
boys and girls, and correlation coefficients were generally
similar (r = 0.59 to 0.65 in boys; r = 0.48 to 0.58 in girls),
except for WHR, which showed slightly weaker correla-
tions with fasting insulin (r = 0.47 in boys; r = 0.40 in girls)
and HOMA-IR (r = 0.45 in boys; r = 0.39 in girls) com-
pared with other adiposity measures. We found relatively
weak correlations between adiposity measures andHbA1c
in girls but not in boys, and no significant correlations

between adiposity measures and fasting glucose were
observed in boys or girls.

Multivariable linear regression analyses led to a sim-
ilar conclusion that adiposity measures were strongly
associated with fasting insulin and HOMA-IR (Fig. 1).
Overall, a 1 SD increase in %BF, FMI, WC, and WHtR
was associated with;42% to 50% (b = 0.35 to 0.40 log-
units) higher fasting insulin and HOMA-IR levels,
whereas a 1 SD increase in WHR was associated with

Table 1. Characteristics of Study Target Population

All (N = 1223) Boys (n = 602) Girls (n = 621)

Age, y, median (IQR) 12.0 (10.0–14.1) 13.0 (10.1–14.9) 12.0 (10.0–14.1)
Hispanic/Latino background, n (%)
Dominican 151 (13.9) 76 (14.0) 75 (13.7)
Cuban 93 (5.7) 47 (5.0) 46 (6.4)
Mexican 577 (49.1) 276 (48.8) 301 (49.5)
Puerto Rican 116 (10.4) 59 (10.6) 57 (10.1)
Central American 95 (5.8) 39 (4.8) 56 (6.7)
South American 60 (4.3) 34 (4.8) 26 (3.7)
Mixed or other Hispanic 131 (10.8) 71 (12.0) 60 (9.9)

Nativity (within 50 states and DC), n (%) 943 (77.8) 464 (78.8) 479 (76.8)
Parental education level , high school, n (%) 475 (38.9) 229 (37.4) 246 (40.5)
Annual family income, n (%)
,$20,000 638 (52.3) 309 (51.4) 329 (53.2)
$20,000–$50,000 398 (31.6) 196 (31.7) 202 (31.4)
.$50,000 187 (16.1) 97 (16.8) 90 (15.4)

Moderate to vigorous physical activity, times/day 7 (5–11) 8 (5–11) 7 (4–11)
Pubertal status, n (%)a

Prepuberty (Tanner stage 1) 30 (3.5) 20 (4.8) 10 (2.3)
Puberty (Tanner stage 2–4) 436 (51.4) 248 (58.9) 188 (43.9)
Postpuberty (Tanner stage 5) 383 (45.1) 153 (36.3) 230 (53.7)

Field center, n (%)
Bronx 357 (36.6) 180 (37.6) 177 (35.6)
Chicago 286 (14.5) 125 (13.8) 161 (15.1)
Miami 226 (13.7) 119 (13.7) 107 (13.7)
San Diego 354 (35.2) 178 (34.8) 176 (35.6)

General obesity, n (%)b 357 (27.8) 195 (29.4) 162 (26.3)
Abdominal obesity, n (%)c 181 (13.2) 97 (13.0) 84 (13.4)
Hyperglycemia, n (%)d 221 (16.5) 138 (21.0) 83 (11.7)
Insulin resistance, n (%)e 305 (24.9) 150 (24.9) 155 (25.0)
Parental abdominal obesity, n (%)f 859 (72.1) 433 (73.2) 426 (71.0)
Adiposity measures, median (IQR)
BMI, kg/m2 21.4 (18.7–25.1) 21.4 (18.7–25.2) 21.5 (18.6–25.1)
Body fat percentage, % 25.8 (17.8–34.4) 20.7 (15.0–29.4) 30.0 (24.1–36.6)
Fat mass index, kg/m2 5.4 (3.4–8.5) 4.4 (2.8–7.3) 6.3 (4.4 –9.1)
Waist circumference, cm 75.7 (68.1–85.9) 75.1 (68.1–86.7) 76.2 (68.1–85.1)
Waist-to-hip ratio 0.9 (0.8–0.9) 0.9 (0.8–0.9) 0.9 (0.8–0.9)
Waist-to-height ratio 0.49 (0.45–0.56) 0.48 (0.43–0.56) 0.50 (0.46–0.56)

Glycemic traits, median (IQR)
Fasting glucose, mg/dL 92 (87.4–95.8) 93.7 (89.7–97) 89.6 (85.8–94.3)
Fasting insulin, mU/L 74.4 (49.7–115.2) 67.2 (46.4–108.2) 80.5 (54.5–121.9)
HOMA-IR 2.8 (1.9–4.5) 2.6 (1.8–4.3) 3.0 (2.0–4.6)
Hemoglobin A1c, % 5.3 (5.1–5.4) 5.3 (5.1–5.5) 5.2 (5.1–5.4)

Data are weighted medians (IQR) or frequencies (%).
aAn overall Tanner staging could not be derived for some participants due to incomplete PDS items.
bGeneral obesity is defined as BMI $95th percentile of the sex-specific, age-standardized BMI of study population using CDC Growth Charts.
cAbdominal obesity is defined as WC $90th percentile for a child’s sex and age.
dHyperglycemia is defined as fasting glucose $100 mg/dL or HbA1c $5.7%.
eInsulin resistance is defined as HOMA-IR .4.36 in boys and HOMA-IR .4.52 in girls.
fParental abdominal obesity is defined as WC $88 cm for women and $102 for men.
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;30% to 32% (b = 0.26 to 0.28 log-units) higher fasting
insulin and HOMA-IR in both boys and girls. Associa-
tions of BMI with fasting insulin and HOMA-IR were
stronger in boys compared with girls (b = 0.43 versus
0.31 log-insulin; b = 0.44 versus 0.32 log–HOMA-IR;
both P for interaction, ,0.05). Associations of adiposity
measures with fasting glucose (b = 0.56 to 0.85 mg/dL)

andHbA1c (b = 0.03% to 0.06%) were relatively modest,
with no observed sex differences.

Adiposity measures and IR
All adiposity measures were significantly associated

with IR, as defined by HOMA-IR $75th percentile of
values of each sex (Table 3). In boys, BMI showed the

Table 2. Age-adjusted Pearson correlation coefficients between adiposity measures and cardiometabolic
markers in Hispanic/Latino boys and girls

Boys Girls

BMI %BF FMI WC WHR WHtR BMI %BF FMI WC WHR WHtR

Adiposity measures
%BF 0.91 — — — — — 0.76 — — — — —

FMI 0.95 0.97 — — — — 0.86 0.91 — — — —

WC 0.89 0.85 0.87 — — — 0.83 0.85 0.92 — — —

WHR 0.55 0.56 0.56 0.82 — — 0.48 0.50 0.51 0.73 — —

WHtR 0.88 0.86 0.86 0.96 0.84 — 0.81 0.81 0.89 0.95 0.76 —

Glycemic traits
Fasting glucose 0.08 0.08 0.07 0.07 0.08 0.08 0.06 0.10 0.07 0.09 0.08 0.04
Fasting insulina 0.65 0.62 0.61 0.64 0.47 0.61 0.50 0.58 0.56 0.58 0.40 0.53
HOMA-IRa 0.63 0.60 0.59 0.62 0.45 0.59 0.48 0.56 0.54 0.56 0.39 0.51
Hemoglobin A1c 0.09 0.10 0.09 0.09 0.08 0.10 0.20 0.15 0.17 0.20 0.21 0.17

Values are weighted to the target population and adjusted for age; all correlations are statistically significant (P, 0.05) except for correlations between
adiposity measures and fasting glucose or Hemoglobin A1c in boys and correlations between adiposity measures and fasting glucose in girls.
aThese variables were log-transformed before analysis.

Figure 1. Differences (95% CIs) in glycemic traits with 1 SD increment in adiposity measures in Hispanic/Latino youth. (A) Log-fasting insulin. (B)
Log-HOMA-IR. (C) Fasting glucose. (D) Hemoglobin A1C. Adiposity measures are transformed to age-adjusted, sex-specific z scores. Models
adjusted for sex, pubertal status, Hispanic background, field center, nativity, parental education level, annual family income, and self-reported
physical activity. Error bars are 95% CIs. *P , 0.05 for interaction between sex and adiposity measures on glycemic traits.
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strongest association with IR [PR, 2.10; 95% confidence
interval (CI), 1.87 to 2.36]. This PR associated with a
1 SD increase in BMI was not statistically different from
the analogous PRs for %BF (PR, 2.03; 95% CI, 1.81 to
2.29) andWC (PR, 1.89; 95%CI, 1.67 to 2.13), but it was
significantly stronger compared with PRs for FMI (PR,
1.79; 95% CI, 1.63 to 1.96), WHR (PR, 1.32; 95% CI,
1.21 to 1.44), andWHtR (PR, 1.76; 95%CI, 1.54 to 2.01)
(all P for difference,,0.05). In girls, %BF (PR, 2.73; 95%
CI, 2.34 to 3.20) showed amuch stronger associationwith
insulin resistance compared with BMI (PR, 1.48; 95% CI,
1.29 to 1.70), FMI (PR, 1.71; 95% CI, 1.49 to 1.95), WC
(PR, 1.96; 95% CI, 1.70 to 2.27), WHR (PR, 1.95; 95%
CI, 1.70 to 2.23), and WHtR (PR, 1.79; 95% CI, 1.53 to
2.09) (all P for difference, ,0.003). Significant sex dif-
ferences were observed for the associations of BMI, %BF,
and WHR with IR (all P for interaction, #0.003). Asso-
ciation between BMI and IR was stronger in boys com-
pared with girls, whereas associations of %BF and WHR
with IR were stronger in girls compared with boys.

Among children and adolescents who had data on
stage of pubertal development (with prepubertal children
excluded because of a very small number), there was a
significant interaction between BMI and puberty devel-
opment on IR (P for interaction, ,0.001) (Table 3). The
association between BMI and IR was stronger in children
during puberty compared with those who were post-
pubertal (PR, 2.26; 95%CI, 1.91 to 2.67 versus PR, 1.49;
95% CI, 1.25 to 1.78). We then further examined po-
tential interactions between adiposity measures and pu-
bertal status in boys and girls separately (Fig. 2).
Associations between adiposity measures and IR were
generally stronger in children during puberty compared

with those who had completed pubertal development,
with significant interactions for WC (PR, 2.41; 95% CI,
1.95 to 2.98 versus PR, 1.69; 95% CI, 1.43 to 1.99) and
WHtR (PR, 2.27; 95% CI, 1.85 to 2.78 versus PR, 1.55;
95% CI, 1.32 to 1.83) in boys (both P , 0.01 for in-
teraction) and for BMI in girls (PR, 2.62; 95%CI, 2.09 to
3.29 versus PR, 1.52; 95% CI, 1.23 to 1.87; P for
interaction, ,0.001).

In addition, associations between adiposity measures
and IR were consistent across Hispanic/Latino groups by
comparing Mexican and non-Mexican or Caribbean or
non- Caribbean backgrounds (Supplemental Table 1).
However, we found significant interactions between
some adiposity measures and family income on IR, with
stronger associations for %BF and FMI and weaker
association for WHR observed in children from families
with annual income .$20,000 compared with those
from families with annual income #$20,000 (Supple-
mental Table 2).

As expected, the prevalence ratio of central obesity is
higher in childrenwith a history of parental central obesity
compared with those without history of parental obesity,
especially in boys (Supplemental Table 3). However, we
did not find a significant association between history of
parental central obesity and IR, although there was a trend
toward a positive association.

Adiposity measures and hyperglycemia
The PRs for hyperglycemia with 1 SD difference in

adiposity measures were relatively modest (range, 1.14
to 1.25), and magnitudes of associations were similar
among these measures (Table 3). No significant in-
teractions between adiposity measures and sex, pubertal

Table 3. Prevalence ratios (95% CIs) for insulin resistance and hyperglycemia associatedwith 1 SD increase in
adiposity measures in Hispanic/Latino youth by sex and puberty development

All Subjects

Sex
P Value for
Interaction

Puberty Development
P Value for
InteractionBoys Girls Puberty Post Puberty

Insulin resistance
BMI 1.61 (1.43–1.81) 2.10 (1.87–2.36) 1.48 (1.29–1.70) ,0.001 2.26 (1.91–2.67) 1.49 (1.25–1.78) ,0.001
%BF 2.24 (2.03–2.47) 2.03 (1.81–2.29) 2.73 (2.34–3.20) 0.003 2.16 (1.84–2.55) 2.08 (1.75–2.48) 0.74
FMI 1.74 (1.60–1.90) 1.79 (1.63–1.96) 1.71 (1.49–1.95) 0.59 1.92 (1.67–2.21) 1.67 (1.50–1.87) 0.13
WC 1.92 (1.75–2.11) 1.89 (1.67–2.13) 1.96 (1.70–2.27) 0.68 2.23 (1.90–2.61) 1.83 (1.61–2.07) 0.08
WHR 1.40 (1.29–1.52) 1.32 (1.21–1.44) 1.95 (1.70–2.23) ,0.001 1.36 (1.19–1.56) 1.36 (1.20–1.53) 0.97
WHtR 1.78 (1.60–1.97) 1.76 (1.54–2.01) 1.79 (1.53–2.09) 0.89 2.16 (1.83–2.55) 1.73 (1.51–1.98) 0.06

Hyperglycemia
BMI 1.25 (1.13–1.38) 1.21 (1.01–1.46) 1.28 (1.15–1.42) 0.64 1.33 (1.07–1.65) 1.27 (1.11–1.44) 0.69
BF% 1.24 (1.08–1.42) 1.17 (0.98–1.39) 1.40 (1.09–1.81) 0.26 1.23 (1.01–1.50) 1.24 (0.97–1.60) 0.96
FMI 1.21 (1.08–1.36) 1.17 (1.00–1.37) 1.28 (1.07–1.53) 0.47 1.29 (1.08–1.53) 1.19 (0.98–1.46) 0.55
WC 1.24 (1.10–1.41) 1.18 (0.99–1.40) 1.35 (1.11–1.64) 0.32 1.28 (1.04–1.56) 1.25 (1.04–1.52) 0.89
WHR 1.14 (1.03–1.27) 1.08 (0.94–1.24) 1.33 (1.05–1.68) 0.13 1.14 (1.00–1.30) 1.09 (0.92–1.29) 0.67
WHtR 1.19 (1.05–1.35) 1.15 (0.97–1.36) 1.26 (1.03–1.53) 0.52 1.20 (0.96–1.50) 1.22 (1.00–1.48) 0.90

Adiposity measures are transformed to age-adjusted, sex-specific z scores. Models were adjusted for sex, pubertal status, Hispanic background, field
center, nativity, parental education level, annual family income, and self-reported physical activity. Prepubertal children (Tanner stage I) were excluded due
to small sample size (n # 50). Subjects missing Tanner staging were also excluded.
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status, Hispanic background, or family income were
observed (Table 3; Supplemental Tables 1 and 2).

Discussion

In this population study of 1233 US Hispanic/Latino
children and adolescents, we found that magnitudes of
associations between some adipositymeasures (e.g., BMI,
%BF, andWHR) and IRwere different between boys and
girls. Previous studies, mostly of non-Hispanic children
and adolescents, have generally shown that measures of
central obesity (e.g., WC) or directly assessed fat mass
(e.g., FMI) are not more strongly associated with IR or
other cardiometabolic risk factors than BMI (10–18). For
example, a recent study of 5235 children aged 9 to
12 years in the United Kingdom reported that BMI, WC,
and fat mass were all strongly associated with IR, high
blood pressure, and dyslipidemia in similar magnitudes
(10). Moreover, sex differences in associations between
adiposity measures and IR (generally stronger in boys
compared with girls) have also been observed, but
1 adiposity measure did not seem to be superior to others
in 1 sex group (10, 21). In contrast, our study found that
the association between BMI and IR was stronger in boys
compared with girls, whereas associations of %BF and
WHRwith IR were stronger in girls compared with boys.
Our further analyses indicated that these associations
were influenced by pubertal development differently
between sexes, with relatively weaker associations be-
tween BMI and IR in postpubertal girls and weaker

associations between central adiposity measures (e.g.,
WC, WHtR) and IR in postpubertal boys compared with
those who were pubertal. Our findings suggested that
influences of both sex and puberty status need to be
considered in evaluating relationships between different
adiposity measures and IR in Hispanic/Latino children
and adolescents.

Differences between results from this study of Hispanic/
Latino children in theUnited States comparedwith previous
studies might reflect ethnic differences in body fat com-
position and distribution. For example, in the nationally
representative sample of US adolescents aged 12 to 20 years
(NHANES, 1999–2004), there were no differences in mean
BMI by race/ethnicity, whereas %BF differed significantly
among non-Hispanic white, non-Hispanic black, and
MexicanAmerican boys. InNHANES (42), both BMI and
%BFdiffered significantly among the groups,withMexican
American girls having the highest%BF.Moreover, higher
amounts of visceral adipose tissue were observed in
Hispanics comparedwith non-Hispanic whites aged 5 to
18 years (43). Despite the differences in adiposity phe-
notypes (42, 43) and IR (26), several analyses using the
NHANES data provided little evidence for differences in
predictive capacity of BMI, WC, and FMI for identifica-
tion of IR or metabolic syndrome between non-Hispanic
white, non-Hispanic black, and Mexican American youth
(11, 15, 18).However,NHANESdoes not contain data on
pubertal stage and thus did not examine the potential
influences of pubertal status, which we observed in the
current analysis.

Figure 2. Prevalence ratios (95% CIs) for insulin resistance with 1 SD increment in adiposity measures by sex and pubertal status. Adiposity
measures are transformed to age-adjusted, sex-specific z scores. Models adjusted for Hispanic/Latino background, field center, nativity, parental
education level, annual family income, and self-reported physical activity. Prepubertal children (Tanner stage 1) were excluded owing to small
sample size (n # 50). Subjects missing Tanner staging were also excluded. **P , 0.01 for interaction between puberty development and
adiposity measures on insulin resistance in boys. ***P , 0.001 for interaction between puberty development and adiposity measures on insulin
resistance in girls.
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Consistent with a previous study in 1278 children
aged 11 to 18 years fromEurope (23), we also found that
associations between adiposity measures and IR were
stronger in children during puberty than in those who
were postpubertal. Furthermore, our analyses indicated
that some of the associations influenced by puberty
status were different between boys and girls. The pre-
vious study of European children did not report a sex
difference in this regard (23). Sex differences in body fat
deposition and IR during pubertal development have
been widely observed (24, 44–46). Sex differences in
body composition are primarily attributable to the ac-
tion of sex steroid hormones, which drive the di-
morphisms during pubertal development (44, 46).
During puberty, boys develop a more android shape by
depositing more abdominal fat, whereas girls develop
more total body fat in general (44, 46). This might help
explain our results that WC and WHtR reflecting ab-
dominal adiposity showed stronger association during
puberty in boys, whereas BMI measuring general adi-
posity showed stronger association during puberty in
girls. However,%BFmeasuring total body fat in general
showed strong association with IR in girls independent
of puberty status. Nevertheless, further studies are
needed to confirm our findings and to clarify the
complicated interactions of obesity measures with sex
and puberty status in relation to IR.

Published data comparing associations of multiple
adiposity measures with IR and hyperglycemia are lim-
ited in USHispanic/Latino children and adolescents. Two
previous studies, including 170 Mexican American boys
and girls aged 13 years and 325MexicanAmerican youth
aged 15 to 18 years, respectively, found that multiple
adiposity measures showed strong associations with IR,
but the magnitudes of these associations were apparently
similar across measures (29, 30). In contrast, our study
with a relatively larger sample including youths of
Mexican and other Hispanic/Latino backgrounds pro-
vides some evidence that 1 adiposity measure may be
superior to others in relation to IR, depending on sex and
pubertal status. Partially consistent with our findings, a
previous study of 167 Hispanic and non-Hispanic black
youths aged 2 to 19 years suggested that WC and WHtR
might be better indicators of IR and other cardiometabolic
risk factors than BMI and WHR (22). Another small
study (n = 32) suggested that specific accumulation of
visceral fat in addition to overall adiposity might have a
unique effect on IR in Hispanic/Latino children (28).
However, those previous studies did not examine po-
tential sex differences or take into account pubertal
status (22, 28–30).

To the best of our knowledge, this is the largest study
to date to examine associations of multiple adiposity

measures with IR and hyperglycemia among USHispanic/
Latino children and adolescents of diverse back-
grounds. However, there are several limitations to this
study. First, our study was limited by the nature of
cross-sectional data, and thus prospective evaluations
of different adiposity measures as predictors for the
development of IR and diabetes are warranted. Second,
the gold standard technique for assessing IR, the
hyperinsulinemic-euglycemic clamp, was not used, al-
though HOMA-IR has been validated and acknowledged
as a surrogate measure of IR in pediatric studies (47, 48).
Third, because there were missing data regarding pubertal
status, largely due to unreported data on PDS among
younger children, we only compared youth during puberty
with those post puberty. Finally, although we have in-
cluded multiple measures for overall and central obesity,
our study lacked data on precise measurements of regional
fat deposition and distribution through computed to-
mography or magnetic resonance imaging. These precise
measurements may help us better understand the re-
lationship between adiposity and IR and diabetes in US
Hispanic/Latino youth because potential uniqueness of
visceral fat and its effect on IR have been suggested
(28, 43).

In summary, our findings suggest that magnitudes of
associations of different adiposity measures and IR vary
between US Hispanic/Latino boys and girls and by dif-
ferent pubertal status. Thus, multiple adiposity measures
might be needed to better assess the risk of IR between US
Hispanic/Latino boys and girls according to pubertal
status. Further studies are warranted to confirm our
results.
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