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Abstract

Background—The influence of insulin and insulin resistance (IR) on children’s weight and fat
gain is unclear.

Objective—To evaluate insulin and IR as predictors of weight and body fat gain in children at
high-risk for adult obesity. We hypothesized that baseline IR would be positively associated with
follow-up BMI and fat mass.

Subjects/Methods—249 healthy African American and Caucasian children, age 6-12y, at high-
risk for adult obesity because of early-onset childhood overweight and/or parental overweight,
were followed for up to 15y with repeated BMI and fat mass measurements. We examined
baseline serum insulin and HOMA-IR as predictors of follow-up BMI Z score and fat mass by
DEXA in mixed model longitudinal analyses accounting for baseline body composition, pubertal
stage, sociodemographic factors, and follow-up interval.
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Results—At baseline, 39% were obese (BMI =95th percentile for age/sex). Data from 1,335
annual visits were examined. Children were followed for an average of 7.2+4.3y, with a maximum
follow up of 15 years. After accounting for covariates, neither baseline insulin nor HOMA-IR was
significantly associated with follow up BMI (p’s>.26), BMIz score (p’s>.22), fat mass (p’s>.78),
or fat mass percentage (p’s>.71). In all models, baseline BMI (p<.0001), body fat mass (p<.0001),
and percentage fat (p<.001) were strong positive predictors for change in BMI and fat mass. In
models restricted to children without obesity at baseline, some but not all models had significant
interaction terms between body adiposity and insulinemia/HOMA-IR that suggested less gain in
mass among those with greater insulin or insulin resistance. The opposite was found in some
models restricted to children with obesity at baseline.

Conclusions—In middle childhood, BMI and fat mass, but not insulin or IR, are strong
predictors of children’s gains in BMI and fat mass during adolescence.
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Obesity; overweight; prospective; longitudinal; prediction; hyperinsulinemia; insulin resistance;
pediatric; child; maturation; growth

Introduction

It is well-established that excessive weight gain is associated with increases in fasting insulin
concentrations and the development of greater insulin resistance.1~” Some evidence,
however, points to a perhaps more intriguing possibility: that hyperinsulinemia and/or
insulin resistance may primarily induce undue weight gain. Experimental data demonstrate
that insulin may act within the central nervous system to regulate energy homeostasis.8
Central insulin administration affects energy balance in a manner similar to acute injections
of leptin within the hypothalamus,®: 10 causing decreased energy intake. The ability of
central insulin administration to diminish food intake is, however, impaired in both obese
animals!! and obese humans,12 suggesting that both animals and humans with obesity and
insulin resistance might be at particularly high risk for weight gain that might be attributable
to their insulin resistance. Indeed, there are data suggesting that, among obese children,
hyperinsulinemia and insulin resistance are positively associated with energy intake at buffet
meals independent of children’s body composition.13

Epidemiological studies remain inconclusive as to whether hyperinsulinemia or insulin
resistance may influence weight gain.14 15 Some,16: 17 but not all,18-26 longitudinal reports
in adults have found that higher insulin concentrations or greater insulin resistance predict
greater weight and fat gain. Similarly, among pediatric cohorts, some,2’-31 but not all32-34
studies have found that those with the highest insulin concentrations or insulin resistance
have the greatest increases in weight and adipose tissue over time; some pediatric studies
find differences in the insulin resistance-weight gain relationship according to sex’ or age.3®
However most childhood studies have reported results from unselected samples that were
not representative of children at unusually high risk for development of adult obesity. Thus
extant findings may not necessarily identify predictors of excessive fat gain that clinicians
might use to select children at the highest risk who should be especially targeted for early
intensive interventions. Research that examines baseline insulinemia and insulin resistance
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as predictors of future adiposity in children believed to be at high-risk for adult obesity is
lacking.

We therefore analyzed data from a prospective, longitudinal study of children at high risk for
development of adult obesity to determine the influence of serum insulin and insulin
resistance as predictors of change in body mass index (BMI) and adiposity during childhood
and adolescence. We hypothesized that there would be a positive association between
baseline serum insulin/insulin resistance and weight/fat mass over time in children at high
risk for adult obesity. We expected that children with the most severe insulin resistance
would be relatively insensitive to insulin’s central weight-regulating effects throughout
childhood, and would therefore have increased BMI and fat mass over time as compared to
children with insulin concentrations more commensurate with their fat mass.

Subjects and Methods

Subjects

Methods

African American and Caucasian children, ages 6-12y, from the Washington, DC-
Metropolitan region were recruited from 1996-2008 to participate in a longitudinal
observational study (www.ClinicalTrials.gov ID: NCT00001522) using mailings sent to
Washington, DC metropolitan area schools, advertisements in local newspapers, and
referrals from local physicians for participation in non-intervention studies of healthy
volunteers. Children were eligible if they were believed to be at high-risk for adult
overweight/obesity either because they were obese during childhood, with a BMI for age,
race, and sex 95! percentile based on the first National Health and Nutrition Examination
Survey standards3® or were not obese (BMI between the 51 and 95t percentile) but had two
overweight parents with BMI > 25kg/mZ. Participants were included only if they reported
that all of their grandparents were either all Non-Hispanic Black or all Non-Hispanic White.
Exclusion criteria included any serious renal, hepatic, pulmonary, endocrinologic, or
psychiatric disorder. A negative pregnancy test was required from all female participants of
childbearing age. The protocol was approved by the Institutional Review Board of the
Eunice Kennedy Shriver National Institute of Child Health and Human Development
(NICHD). Written consent was obtained from parents/guardians of all participants under age
18y and from participants age 18y or older; written assent was obtained from all minors.

Participants were seen at the Clinical Research Center of the National Institutes of Health for
a baseline visit and subsequently invited for annual follow-up visits for a maximum of 15
years. Subjects who did not attend a visit were invited to return each subsequent year. At the
baseline physical examination, testicular volume (mL) was measured using a set of
orchidometer beads as standards according to Prader:37 breast and pubic hair development
were assigned according to the five stages of Tanner.38: 39 Height and weight were measured
at each visit after an overnight fast and in minimal clothing without shoes. Weight was
measured to the nearest 0.1kg (Scale-Tronix, Wheaton, IL). Height was recorded as the
average of three measurements to the nearest 1mm using a stadiometer, calibrated prior to
each measurement (Holtain Ltd., Crymych, UK). BMI standard deviation (BMIz) scores
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were calculated for analyses according to the Centers for Disease Control and Prevention
2000 standards.*? Weight status was characterized as non-overweight (BMI 5t to < 85t
percentile), overweight (BMI =85 to <95t percentile), or obese (BMI=95t" percentile).4
Body fat mass was measured at each visit by dual-energy x-ray absorptiometry (DEXA,
QDR 2000 pencil beam or 4500A fan beam densitometer; Hologic, Waltham, MA) as
previously described.#? Baseline serum insulin and glucose were measured in the morning
after an overnight fast of 10 to 12 hours. Glucose samples were centrifuged rapidly and
measured on a Hitachi 917 analyzer using reagents from Roche Diagnostics (Indianapolis,
IN). Insulin concentrations were determined using an immunochemiluminometric assay
(Diagnostic Product Corporation) on an Immulite 2000 machine (Diagnostic Product
Corporation, Los Angeles, CA). The cross-reactivity of the insulin assay with proinsulin was
< 8% and with C-peptide was < 1%, sensitivity was 2 pU/mL and the mean inter- and intra-
assay coefficients of variation were 5.8 and 3.6%, respectively. Homeostasis model of
assessment-insulin resistance (HOMA-IR) was calculated*3 as the product of fasting glucose
concentration (mmol/L) and fasting insulin concentration (uU/L) divided by 22.5.
Socioeconomic status was determined at baseline for both parents by the Hollingshead two
factor index of social position.** Educational attainment and type of employment were used
to assign participants to 5 strata. For parents with discordant strata, the higher stratum was
assigned.

Statistical Analysis

Data were analyzed using a series of eight mixed models that differed with respect to the
combination of dependent variable (BMIlz, BMI, fat mass, or percentage fat) and primary
independent variable (log(insulin) or log(HOMA-IR)). Both BMI and BMIz were modeled
because there are differences of opinion in the literature regarding which represents the most
appropriate metric for longitudinal studies in children,*® largely because of the insufficient
data at the extremes of BMI in the samples used to establish BMIz standards. Each model
included fixed effects for the primary independent variable and child-specific random
intercepts and slopes over time, along with a random quadratic time effect. Fixed subject-
specific covariates included sex, race, socioeconomic status, age at baseline and pubertal
stage. Height (both baseline and follow-up) was included in models with fat mass as the
dependent variable. Each model included all two- and three-way interactions among the
primary independent variables (baseline log(insulin) or log(HOMA-IR), baseline value of
the dependent variable, follow-up interval (years in study), and follow-up interval squared
for quadratic models). Interactions with race were not modeled. Baseline BMI, BMlz, fat
mass, fat percent, log(insulin) and log(HOMA-IR) were centered so that interaction
coefficients could be interpreted at the mean of the other variables. Initially each model
fitted a quadratic growth curve to the available outcome data for each child. However the
quadratic term was not significant (all P > .98 based on a likelihood ratio test) for models
with fat mass as the dependent variable and was subsequently deleted. Only the linear
models are therefore presented for fat mass and fat percentage. The error structure included
serial correlation with a power structure allowing the correlation to depend on the time
interval between repeated observations on the same child. For models with fat mass or
percentage fat as the dependent variable, this error structure yielded an infinite likelihood so
a simpler compound symmetric error structure was assumed. Model parameters were
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estimated by restricted maximum likelihood using the MIXED procedure in SAS 9.2 (SAS
Institute, Inc., Cary, NC). The full results of these models are shown in Supplemental
Appendix A, Tables 1-8.

Based on the use of the data to fit 8 models, a Bonferroni correction was applied; thus only
nominal p-values < .00625 were considered significant. Significance levels in tables are
reported as adjusted p-values (value x 8) and as 1.00 when multiplication would produce
values exceeding 1. The models were then used to generate fitted values for individuals over
time at the 25t (lower) and 75! (higher) percentiles for the observed data for baseline BMI/
BMIz, insulin, and HOMA-IR, holding all other variables in the model constant at the mean
value. These fitted values along with corresponding standard errors are used for graphical
presentation of the data in Figures.

To examine the possibility that children with- and without obesity have a different
relationship between insulinemia/insulin resistance and growth in BMI/fat mass, the data
were also split into cohorts of children with obesity and children without obesity at baseline,
and similar exploratory analyses performed with adjusted p-values (value x 8) reported
(Supplementary Appendices B and C).

A total of 283 eligible children completed an initial visit for determination of BMI. During
that visit, 263 had baseline insulin and glucose values. 249 returned for at least one follow-
up visit and thus met the inclusion criteria for BMI analysis. 218 had both baseline fat mass
measurement and cotemporaneous laboratory data, among whom 178 children had follow-
up data available for fat mass analysis (Table 1). Children not included in the follow-up
analyses were not significantly different from those included with regard to baseline age,
socioeconomic status, BMIz, fat mass, sex, or race distribution for either cohort (all p>.10,
data not shown). Among children in the BMI-analysis cohort, at baseline, 15% were
overweight (BMI 85 to <95 percentile) and 39% obese (BMI =95t percentile). Among
children in the fat mass-analysis cohort, at baseline 16% were overweight and 36% obese.
Longitudinally, a total of 1335 subject visits were included in the final BMI analysis. For
BMI, median follow-up time was 6.5 years (mean£SD 7.2+4.3y) with a median of 4 visits.
For fat mass, a total of 844 subject visits were included in the analysis; median follow-up
time was 7.1 years (mean+SD 7.4+4.0y) with a median of 4 visits. 18% of subjects were
overweight and 40% were obese at their last follow-up visit.

At participants” baseline visits, fasting insulin and HOMA-IR were significantly related to
both BMIz (Figures 1A and 1B) and fat mass (Figures 1C and 1D). However, there was
considerable variability in these relationships, such that some children had much higher
insulin

Prediction of change in BMIz and BMI by insulin (Figures 2A and 2B; Supplemental
Appendix A, Tables 1 and 2)

For the model testing baseline insulin as a predictor of BMIz, children with higher baseline
BMIz had significantly higher follow-up BMIz (Figure 2A); baseline BMIz coefficient =
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1.0012, adjusted p< .001). Baseline log(insulin) concentration was not, however,
significantly associated with follow-up BMIz (adjusted p=1.00). Sex, race, socioeconomic
status, baseline age, and pubertal status were similarly not significant predictors of follow-up
BMIz.

For the model testing baseline insulin as a predictor of BMI, BMI increased over time
(follow-up interval coefficient = 1.4514, p<.001) but at a decreasing rate ([follow-up
interval]? coefficient = —.06022, adjusted p<.001; Figure 2B). Children with higher baseline
BMI values had higher BMI at follow-up (baseline BMI main effect = 1.0502, adjusted p<.
001); baseline age (coefficient = —.2344, adjusted p=.01) also significantly predicted follow-
up BMI. However, baseline log(insulin) was not a significant predictor for BMI (adjusted
p=1.00).

Prediction of change in BMIz and BMI by HOMA-IR (Figures 2C and D; Supplemental
Appendix A, Tables 3 and 4)

For the model testing baseline HOMA-IR as a predictor of BMIz, baseline BMIz (coefficient
=.9993, adjusted p<.001) and the interaction between baseline BMIz and follow-up interval
(coefficient = —.05209, adjusted p<.002) were the most important predictors of follow-up
BMIz, indicating that while participants with higher baseline BMIz tended to have higher
BMI at all time points, BMIz in those with low baseline BMIz tended to increase over time
and BMIz in those with high baseline BMIz tended to decrease over time (Figure 2C). This
effect may represent regression to the mean. Baseline log(HOMA-IR) was not significantly
associated with follow-up BMIz (adjusted p=1.00).

Findings were similar for the model predicting follow-up BMI with baseline HOMA-IR.
Baseline BMI was a significant predictor of follow-up BMI (coefficient = 1.0507, adjusted
p<.001), along with length of follow-up interval (coefficient 1.4446, adjusted p<.001),
baseline age (coefficient —.2399, adjusted p=.008), and [follow-up interval]? (coefficient —.
05951, adjusted p<.001). Baseline log(HOMA-IR), however, was not significantly
associated with follow-up BMI (adjusted p=1.00). These results indicate that participants’
BMI tended to increase and then level off over time; those with higher baseline BMI had
higher follow-up BMI at all time points, and BMI was lower in those who were older at
baseline (Figure 2D).

Prediction of change in fat mass and percentage fat by insulin (Figures 3A and B;
Supplemental Appendix A, Tables 5 and 6)

For the model predicting change in fat mass with insulin , fat mass was predicted by baseline
fat mass (coefficient = 1.1086, adjusted p<.001; Figure 3A), sex (coefficient —2.7937 for
females, adjusted p=.018), baseline height (coefficient —.1772, adjusted p=.023), follow-up
height (coefficient .2169, adjusted p<.001), and the interaction between length of follow-up
interval and sex (coefficient +1.4107 for females, p<.001). Baseline log(insulin), however,
did not predict follow-up fat mass (adjusted p=1.00). In general, fat mass was lower in
females at first but then increased more quickly over time, was higher in those with higher
baseline fat mass and shorter baseline height, and increased with increasing height over
time.

Int J Obes (Lond). Author manuscript; available in PMC 2017 January 03.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Sedaka et al.

Page 7

For the model predicting change in percentage fat with insulin, percentage fat decreased
significantly over time in males at the average value of insulin (follow-up interval coefficient
= —1.0104, adjusted p<.001) and increased over time in females at the average value of
baseline insulin (sex x time-in-study interaction coefficient 1.4709 for in females, adjusted
p<.001). Participants with higher baseline percent fat had higher values at all time points
(coefficient = .9135, adjusted p<.001; Figure 3B), and participants who were younger at the
baseline visit had higher percentage fat (coefficient —1.021, adjusted p<.001). Baseline
log(insulin), however, did not predict follow-up percentage fat (adjusted p=1.00).

Prediction of change in fat mass and percentage fat by HOMA-IR (Figures 3C and D;
Supplemental Appendix A, Tables 7 and 8)

Findings were similar when baseline log(HOMA-IR) was used in the models for fat mass
and percentage fat instead of baseline log(insulin). Changes in fat mass over time were not
associated with baseline log(HOMA-IR) (adjusted p=1.00). The only significant predictors
of fat mass change were baseline fat mass (coefficient = 1.1108, adjusted p<.001; Figure
3C), height at baseline (coefficient = —.1785, adjusted p=.022), follow-up height (coefficient
=.2165, adjusted p<.001), sex (coefficient —2.765 for females, adjusted p=.019), and the
interaction between follow-up interval and sex (coefficient 1.4154 for females, adjusted p<.
001). In this model, fat mass was higher in those with higher baseline fat mass and shorter
baseline height and increased with increasing height. Females tended to have lower initial fat
mass and a greater increase in fat mass over time.

Changes in percentage fat over time were not associated with baseline log(HOMA-IR)
(adjusted p=1.00). Significant predictors of percentage fat were baseline percentage fat
(coefficient = .9192, adjusted p<.001; Figure 3D), baseline age (coefficient = -1.0118,
adjusted p<.001), length of follow-up interval (coefficient —1.0172, adjusted p<.001), and
the interactions of length of follow-up interval with baseline percentage fat (coefficient —.
02764, adjusted p=.027) and sex (coefficient —2.2423, adjusted p<.001). Percentage fat was
lower in females than males at baseline and tended to decrease over time in males but
increase slightly in females. Participants with higher baseline percentage fat and lower
baseline age tended to have higher percentage fat.

Exploratory analyses of changes in BMl/fat in children without obesity at baseline (Figure
4; Supplemental Appendix B) and in children with obesity at baseline (Figure 5;
Supplemental Appendix C)

Among children without obesity at baseline (61% of the cohort), initial body composition
was a strong, significant predictor of later adiposity (Figure 4). Insulinemia and insulin
resistance were not significantly predictive of any of the outcomes examined as main factors
(Supplemental Tables 9-16). However, for prediction of BMI (but not BMIZ) by serum
insulin, the follow-up interval x baseline BMI x baseline log(insulin) interaction was
significant with a small negative coefficient (Supplemental Table 10, p=0.036). This finding
suggests that while the increase in BMI over time was greatest in those with low baseline
BMI and high baseline insulin, BMI may have decreased over time in those with both low
baseline BMI and low baseline insulin. Similarly, for prediction of BMI (but not BMIZ) by
baseline log(HOMA-IR), the follow-up interval x baseline BMI x baseline log(HOMA-IR)
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interaction was significant (Supplemental Table 12, p=0.016) with a small negative
coefficient; the baseline log(HOMA-IR) x baseline BMI x (Time in study)? interaction was
also significant (Table 12, p=0.027), but with a small positive coefficient. These findings
show a similar pattern to the associations among BMI, time in study, baseline BMI and
baseline log(insulin) with the added finding that that the degree of leveling off observed in
Figure 4D (shown at the average value of log(insulin) may have been less for participants
with both high baseline BMI and high baseline log(HOMA-IR). For prediction of fat mass
(but not percentage fat mass) by serum insulin, the baseline fat mass x baseline log(insulin)
interaction was significant (Table 13, p=0.012) with a small negative coefficient. Similarly,
for prediction of fat mass (but not percentage fat mass) by HOMA-IR, the baseline fat mass
x baseline log(HOMA-IR) interaction was significant (Table 15, p=0.018) with a small
negative coefficient, suggesting that the positive association between baseline fat mass and
follow-up fat mass is slightly diminished in participants with higher baseline log(insulin) or
higher baseline log(HOMA-IR).

Among children with obesity at baseline (39% of the cohort), initial body composition, was
again a strong, significant predictor of later adiposity (Figure 5). Insulinemia and insulin
resistance were not significantly predictive of any of the outcomes when examined as main
factors (Supplemental Tables 17-24). However, for prediction of BMIz (but not BMI) by
insulin, the follow-up interval x baseline BMIz x baseline log(insulin) interaction was
significant (Table 17, p=0.044) with a small positive coefficient. Similarly for prediction of
BMIz (but not BMI) by HOMA-IR, the follow-up interval x baseline BMIz x baseline
log(HOMA-IR) interaction was significant (Table 19, p=0.030) with a small positive
coefficient, indicating that the effect of baseline BMIz on change over time is somewhat
more positive in participants with higher baseline log(HOMA-IR). For predicting fat mass
and percentage fat mass in the obese cohort, no such interactions with insulin or HOMA-IR
were significant.

Discussion

The aims of the present study were to evaluate serum insulin and insulin resistance,
estimated by the HOMA-IR index, as predictors of follow-up weight and fat gain in children
at high risk for adult obesity. We found little evidence for hyperinsulinemia or high insulin
resistance as strong predictors of gain in body mass. Although a minority of exploratory
models analyzing children with obesity separately had p-values for interaction terms
between 0.01 and 0.05 that suggested insulin resistance might predispose to greater weight
gain, the opposite was found for models in children without obesity. Regardless of the
model, those with higher baseline BMI or fat mass demonstrated greater gains in body mass
throughout the study with p-values <0.001 for the main effect of baseline body adiposity.

Many longitudinal pediatric studies have observed that baseline adiposity and BMI are
strong prospective predictors of weight and fat gain.”- 31 35 Since genetic/physiological
factors contribute to the tendency to develop obesity even during early childhood, it is
possible that controlling for initial body composition in longitudinal studies could already
account for at least some of the potential effect of variables that, like insulin resistance, are
cross-sectionally well correlated with adiposity. Controlling for baseline body size might
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thus make it difficult to detect the roles of variables like insulin resistance that, in analyses
uncontrolled for initial body composition, would likely make a significant contribution to the
prediction of change in adiposity. If insulin resistance were able to be more reliably and
inexpensively determined than BMI, there might conceivably be a rationale for its
measurement. However, given the expense and difficulty of accurately measuring insulin
resistance,*6: 47 the data of the current study offer little justification for measuring insulin or
insulin resistance in clinical practice as a predictor of later adiposity in children believed to
be at high-risk for adult obesity.

Some investigations have suggested there may be sex-related disparities in the impact of
insulin resistance on adipose tissue gain. For example, Hosking et al” studied HOMA-2 IR
as a predictor of gain in body fat among 238 mostly non-overweight children who were
followed for 6y between ages 7 to 13y, finding that baseline insulin resistance was positively
associated with long term rate of adiposity (but not BMIz) gain in boys, while insulin
resistance was negatively associated with long-term adiposity (but not BMIz) gain in girls,
perhaps due to sex disparities in humoral factors. In their short term (1y) analyses, no
significant effects of insulin resistance, or sex x insulin resistance interactions, on gain in
adiposity or BMIz were observed; even the significant long-term associations had small
effect sizes.” In our cohort of children at particularly high-risk for adult obesity, among
whom over 50% were overweight or obese at baseline, we found no interaction between
insulin resistance and sex in predicting gain in adipose tissue or BMI. In addition to the
differences in obesity prevalence, racial differences in study samples might also potentially
contribute to these differing results, as the Hosking et al cohort included only five non-white
participants.” Similarly, the findings of Sinaiko et al®! in a cohort of Black and White
adolescents finding high baseline glucose infusion rate adjusted for lean body mass from
clamp studies (Mjpm) predicted lower BMIz in adolescents had a relatively small effect size.
We believe the results of the studies suggest at most a small independent effect of insulin
resistance on gain in adiposity. These results are also consistent with the relatively small
impact of insulin sensitizers like metformin on body weight in children and adolescents with
obesity.48-58

The strengths of the present study lie in its subject selection, its longitudinal nature and the
size of its cohort. Most previous studies examining the relationship between insulin
resistance and weight gain have either been cross-sectional, or when longitudinal, spanned
only a few years or focused more on adults or adolescents than children. The present study
included a large cohort of children followed, on average, for more than 6 years, providing
one of the larger pools of pediatric longitudinal data reported on this topic across puberty.
There are some limitations to our study that should be noted. We used HOMA-IR from
fasting samples as our measure of insulin resistance, rather than a clamp-derived index.
Although HOMA-IR has been reported to have a high correlation with insulin sensitivity
measured by euglycemic-hyperinsulinemic clamps in children, it may reflect hepatic
insulin sensitivity more than the insulin sensitivity of the whole body or muscle®® and other
investigators have not found as high correlations with clamp data.%1 62 Indeed, it is not clear
that HOMA-IR offers marked advantages over measuring fasting insulin.4”- 2 Our results
cannot be considered generalizable to all children because our participants were selected to
be at particularly high-risk for developing obesity and were limited to non-Hispanic White
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and Black American children living in a limited geographical area. Studies conducted using
cohorts that represent the normal distribution of weight status in children who lived in a
broader region conceivably could reach different conclusions. There were also variations in
the duration and frequency of follow-up of study subjects that might have affected results.
Thus, it is possible that a larger cohort or a similarly sized starting cohort3! with even more
observations might find a contribution of insulinemia or insulin resistance to gain in body
mass that could not be detected in the current study. This study is limited by the absence of
reliable measures of lifestyle factors such as duration of breast feeding, habitual diet quality,
sleep quality, and level of usual physical activity that might be expected to impact growth of
adipose tissue. Future research in this area is also needed to examine how baseline insulin
resistance and other factors such as adiponectin®3 or other adipokines or cytokines may
predict development of total fat mass and visceral abdominal, hepatic, or intramyocellular
fat, as these fat depots are particularly well correlated with insulin sensitivity/glucose
metabolism.64-66

In sum, we found little evidence that hyperinsulinemia or insulin resistance is a strong
independent predictor of excessive weight or fat gain among children at high risk for later
obesity. Further research is required to identify useful physiological predictors for obesity
beyond anthropometric variables.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Univariate correlations
Associations at baseline between BMI standard deviation score (BMIz) and (A) log fasting

serum insulin (r?=.32, p<.001) and (B) log homeostasis model assessment for insulin
resistance (HOMA-IR) index (r2=.32, p<.001). Associations between log fat mass, assessed
by dual-energy x-ray absorptiometry and (C) log fasting serum insulin (r?=.49, p<.001) and
(D) log homeostasis model assessment for insulin resistance (HOMA-IR) index (r2=.47, p<.
001).

Int J Obes (Lond). Author manuscript; available in PMC 2017 January 03.



1duosnuey Joyiny 1duosnuen Joyiny

1duosnue Joyiny

1duosnue Joyiny

Sedaka et al.

>

BMiz Score

(@

BMiz Score

— Higher BMIz, Higher Insulin
- = Higher BMIz, Lower Insulin

[ S =
Ir T

N i -

T
- Lower BMIz, Higher Insulin
--- Lower BMIz, Lower Insulin

E 5=.._-i.....:—--:---'i""i”"I'""‘I"""I
;_ o

0 2 4 6 8 10
Time in study (y)

=— Higher BMIz, Higher HOMA-IR
- = Higher BMiz, Lower HOMA-IR

J.L:—.l.-_l_—-r-r_I__I I’Ii
- Lower BMIz, Higher HOMA-IR

--= Lower BMIz, Lower HOMA-IR

.--'Eu"i'"'!.-..;’ﬁ';—."-‘I_.:TI

;...;.;: . _;_ . ._-;._.

0 2 4 6 8 10
Time in study (y)

Figure 2. Changes in BMI - full cohort
Associations between baseline fasting insulin and gain in (A) BMI standard deviation score

(BMIz) and (B) BMI. Associations between homeostasis model assessment for insulin
resistance (HOMA-IR) index and gain in (C) BMIz and (D) BMI. In each analysis, those
with higher baseline insulin or HOMA-IR (represented graphically using the 75! percentile
for the cohort) did not gain significantly more body mass over time, independent of baseline
fat mass and other covariates, than those with lower baseline insulin or HOMA-IR
(represented graphically using the 25t percentile; see Subjects and Methods). However,
baseline BMIz and BMI were significant positive predictors of later body mass (p<.001 in
each analysis).
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Figure 3. Changes in Fat Mass — full cohort
Associations between baseline fasting insulin and gain in (A) fat mass and (B) percentage

body fat mass. Associations between homeostasis model assessment for insulin resistance
(HOMA-IR) index and gain in (C) fat mass, and (D) percentage body fat mass. In each
analysis, those with higher baseline insulin or HOMA-IR (represented graphically using the
75t percentile) did not gain significantly more body fatness over time, independent of
baseline fat and other covariates, than those with lower baseline insulin or HOMA-IR
(represented graphically using the 25t percentile; see Subjects and Methods). However,
baseline body fat mass and percentage body fat mass were significant positive predictors of
later body fatness (p<.001 in each analysis).
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Analysis restricted to children without obesity. Associations between baseline fasting insulin
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and gain in (A) BMI standard deviation score (BMIz), (B) BMI, (E) fat mass, and (F)
percentage fat mass. Associations between homeostasis model assessment for insulin
resistance (HOMA-IR) index and gain in (C) BMIz, (D) BMI, (G) fat mass, and (H)
percentage fat mass. In each analysis, those with higher baseline insulin or HOMA-IR are

represented graphically using the 751 percentile for the cohort and those with lower baseline

insulin or HOMA-IR are represented graphically using the 25™ percentile; see Subjects and

Methods).
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Figure 5. Children with obesity
Analysis restricted to children with obesity. Associations between baseline fasting insulin

and gain in (A) BMI standard deviation score (BMlz), (B) BMI, (E) fat mass, and (F)
percentage fat mass. Associations between homeostasis model assessment for insulin
resistance (HOMA-IR) index and gain in (C) BMIz, (D) BMI, (G) fat mass, and (H)
percentage fat mass. In each analysis, those with higher baseline insulin or HOMA-IR are
represented graphically using the 75™ percentile for the cohort and those with lower baseline
insulin or HOMA-IR are represented graphically using the 25! percentile; see Subjects and
Methods).
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Participant characteristics at baseline.

Table 1

BMI cohort (n=249)

Body fat mass cohort (n=178)

Sex, n (%)

Female 130 (52%) 93 (52%)

Male 119 (48%) 85 (48%)
Race, n (%)

Caucasian 153 (61%) 113 (63%)

African American 96 (39%) 65 (37%)
Age at baseline (y) * | 9.02£2.0 | 93319
Socioeconomic Status (median) | 3.0 | 3.0
Girls’ Tanner stage, n (%)

Tanner | 52 (40%) 42 (45%)

Tanner 11 or I11 66 (51%) 41 (44%)

Tanner IV or V 10 (7.7%) 10 (11%)

Not available 2 (1.5%) 0 (0%)
Boys’ Tanner stage based on testicular size (mL), n (%)

1-3ml 98 (82%) 67 (79%)

4-12 ml 16 (13%) 15 (18%)

>12 ml 4 (3.4%) 3(3.5%)

Not available 1(0.8%) 0 (0%)
BMI (kg/m2) * | 21.8+7.0 | 22.7+82
BMI Z-score © | 1.18+1.15 | 1.08+1.31
Weight status, n (%)

Non-overweight (BMI 51 to <85 percentile) 115 (46%) 86 (48%)

Overweight (BMI 85195 percentile) 38 (15%) 29 (16%)

Obese (BMI=95™ percentile) 96 (39%) 64 (36%)
Parent weight status, n (%)

Two overweight parents 156 (62.7%) 105 (59.0%)

One overweight parent 58 (23.3%) 48 (27.0%)

No overweight parents 35 (14.0%) 25 (14.0%)

Total body fat mass (kg) *

14.8 +12.4 (1.7-69.8)

Fasting insulin (uU/mL) *

10.0 £10.1 (2.0-57.7) |

10.2 +10.5 (2.0-57.7)

HOMA-IR index ™

2.2+2.1(0.4-12.3)

2.2+2.3(0.3-12.3)
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*
Mean + SD (range)
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