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SUMMARY

Background: In the United States, the underlying reasons for racial/ethnic disparities in type
2 diabetes risk remain unclear. However, differences in genetic risk for insulin resistance and
peripheral adipose tissue distribution may be contributing factors.

Objective: To investigate racial/ethnic differences in associations of genetic risk for insulin
resistance with leg fat and insulin sensitivity in a cohort of American children.

Methods: Participants were healthy European American (n7= 83), African American (7=

79), and Hispanic American (n=74) children aged 7-12 years. Genetic risk scores were

derived from published variants associated with insulin resistance phenotypes in European adults.
Body composition was assessed using dual-energy X-ray absorptiometry. Insulin sensitivity was
determined from the frequently-sampled intravenous glucose tolerance test and minimal modeling.
Statistical models were adjusted for age, sex, pubertal stage, and body composition.

Results: In the combined cohort, risk score was inversely associated with insulin sensitivity (o=
0.033) but not leg fat (p = 0.170). Within Hispanic Americans, risk score was inversely associated
with insulin sensitivity (o= 0.027) and leg fat (o= 0.005), while associations were non-significant
in European and African Americans (o> 0.200).

Conclusions: The higher type 2 diabetes risk observed among Hispanic Americans may have a
genetic basis related to an inability to store lipid in peripheral adipose tissue.
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1| INTRODUCTION

The reason for racial/ethnic disparities in risk for type 2 diabetes is not clear. In the US,
both African Americans (AA) and Hispanic Americans (HA) are at an elevated risk for
type 2 diabetes relative to Caucasians, or European Americans (EA). One possible factor
contributing to this disparity is insulin resistance, a major risk factor for type 2 diabetes.
Research has demonstrated that AA have lower whole-body insulin sensitivity compared to
their EA counterparts, independent of total and regional adiposity 1-2. While lower insulin
sensitivity in HA (determined from a frequently-sampled intravenous glucose-tolerance test
and minimal modeling) has been explained by body mass index (BMI), fat distribution, and
lifestyle factors in some cases, the factors underlying lower insulin sensitivity in diverse
groups are not clearly understood 2. Thus, insulin sensitivity may explain a portion of the
ethnic disparity in type 2 diabetes risk, but the basis for racial/ethnic differences in insulin
sensitivity is not well-defined.

Recent data from European cohort studies have suggested that insulin sensitivity has a
genetic basis that relates to the inability to store lipid in peripheral adipose tissue 6.

When using fasting insulin as a measure of insulin sensitivity, 53 genomic loci were
identified as associated with insulin sensitivity. A polygenic risk score derived from these
53 single nucleotide polymorphisms (SNPs) was associated with relatively low adipose
tissue in the leg and gynoid areas, as assessed with anthropometrics and dual-energy x-ray
absorptiometry (DXA) scanning. Additionally, both low leg fat and a high genetic risk score
predicted incident type 2 diabetes. These observations were taken to imply that an inability
to store lipid in “safe” subcutaneous adipose depots may lead to the deposition of ectopic
lipid in organs such as liver and muscle. This ectopic lipid could sequentially lead to insulin
resistance by interfering with insulin signaling.

The distribution of ectopic lipid differs with race and ethnicity in pediatric and adult
populations. For example, EA deposit more visceral adipose tissue than AA 7 whereas AA
deposit more intermuscular adipose tissue (IMAT) &. HA deposit more liver fat than EA,
who in turn deposit more than AA °. These differences are presumed to have a genetic
basis, with some evidence existing for racial/ethnic difference in gene polymorphisms
associated with accumulation of ectopic lipid 10-12, Thus, if insulin resistance stems from
the deposition of ectopic lipid, then the specific ectopic depot responsible for insulin
resistance may differ with race or ethnicity in children and adults.

This study was designed to test the hypothesis that a higher genetic risk score would be
associated with both lower leg fat and lower insulin sensitivity in a tri-ethnic cohort of US
children, and to determine if associations differed by race/ethnicity. We chose to examine
children due to 1) their relative absence of metabolic perturbations that occur in adults with
advancing age and obesity. Thus, associations among genetic risk, body fat distribution, and
insulin sensitivity are less confounded within a younger population.
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2| RESEARCH DESIGN AND METHODS

2.1

2.2

2.3

Study Participants

We analyzed cross-sectional data from a previous study that investigated genetic and
environmental contributions to racial/ethnic differences in insulin-related outcomes in US
children. A full description of recruitment methods, inclusion/exclusion criteria, and study
design has been reported elsewhere 13, Briefly, participants were healthy girls and boys aged
7-12 y who self-reported as African American, European American, or Hispanic American.
All participants were pubertal stage < 3 as evaluated by a pediatrician and according to

the criteria of Marshall and Tanner 14. Recruited individuals were screened for type 2
diabetes with a 2-h oral glucose tolerance test, and those with 2-h glucose = 200 mg/dL
were excluded from participation. Additional exclusion criteria included diagnoses of type
1 diabetes or any glucose or lipid disorders, and/or use of medications known to affect
body composition or metabolism. The current analysis included 79 AA, 83 EA, and 74

HA children with complete genotypic, body composition, and insulin sensitivity data. All
study procedures were approved by the University of Alabama at Birmingham Institutional
Review Board. Both verbal and written consent were provided by children and their parents
(respectively) prior to inclusion in the study.

Genotyping

DNA was acquired from all study participants. Participants were genotyped for 46 of 53
SNPs previously identified by Lotta et al & as associated with insulin resistance phenotypes
(Table S1). DNA was genotyped using the Illumina Cardio-Metabochip by the Heflin
Genotyping Core at the University of Alabama at Birmingham (UAB). The genotyped data
report from Illumina was converted into an array using the gamp package developed in R
15 Alleles for each SNP were dummy coded according to the presence (1) or absence (0) of
the risk (insulin-raising) alleles. SNPs having two copies of the risk allele were coded as 2,
SNPs with one copy were coded as 1, and SNPs with no copies of the risk allele were coded
as 0. To create the risk score, the number of risk alleles from the 46 SNPs were summed for
each participant. To account for missing genotypes, the risk allele sum was divided by the
number of SNPs genotyped for each participant. Risk scores had a possible range between
0 and 2, with 0 representing an individual having none of the risk alleles for any of the 46
SNPs, and 2 representing an individual having both risk alleles for all 46 SNPs.

Anthropometrics

Participants were weighed wearing minimal clothing without shoes to the nearest 0.1

kg (Scale — tronix 6702W; Scale — tronix, Carol Stream, IL). Height was measured to

the nearest 0.1 centimeter without shoes using a digital stadiometer (Heightronic 235;
Measurement Concepts). BMI was calculated from measured heights and weights. BMI
percentiles and obesity status were determined from Centers for Disease Control and
Prevention (CDC) age- and sex-specific growth curves. Waist circumference was measured
by trained technicians at the area between the ribs and iliac crest to the nearest millimenter
with a flexible tape measure (Gulick Il, Country Technology Inc, Gay Mills, WI).
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Body Composition

Body composition was measured by DXA using a GE Lunar Prodigy densitometer (GE
LUNAR Radiation Corp., Madison, WI, USA). During the DXA measurement, children
wore loose-fitting lightweight clothing while lying supine with their arms at their side, per
manufacturer recommendations. The DXA scans were analyzed using pediatric software
(Encore 2002, version 6.10.029). Percent body fat was calculated from dividing DXA total
fat mass (kg) by DXA weight (kg).

Insulin Sensitivity

Insulin sensitivity was assessed with a frequently-sampled intravenous glucose-tolerance
test following an overnight stay in the UAB General Clinical Research Center (GCRC).
For 3 days prior to arriving at the GCRC, participants were asked to consume at least 250
g of carbohydrate per day and were given a list of common foods to consume to ensure
compliance with this goal during the first visit.

Following collection of two baseline blood samples, a bolus of glucose (50% dextrose,

300 mg/kg) was injected intravenously at time 0 and then at 20 min, insulin was injected
intravenously (0.02 U/kg; Humulin, Lilly USA) over a 5-min period. A blood sample (2.0
ml) was collected at the following timepoints: 0, 2, 3, 4, 5, 6, 8, 10, 12, 15, 19, 20, 21,

22, 24, 26, 28, 30, 35, 40, 50, 60, 70 and 240 min as previously described 6. Serum
glucose (10 pL) was analyzed by an Ektachem DT Il chemistry analyzer system (Johnson &
Johnson Clinical Diagnostics, Rochester, NY) with a mean intra- and interassay coefficient
of variation of 0.61% and 1.45%, respectively. Insulin concentrations were determined by
RIA (LINCO Research, St. Charles, MO) and measured in duplicate. Mean intra- and
inter-assay coefficients of variation for insulin were 3.49% and 5.57%, respectively. Insulin
sensitivity (S;) was calculated from glucose and insulin values using the minimal modeling
method as described previously 16,

Socioeconomic Status

Socioeconomic status (SES) was determined using the Hollingshead 4-factor index of social
class 17, which combines the educational attainment and occupational prestige for the
number of working parents in the child’s family. Scores ranged from 8 to 66, with the
higher score indicating higher theoretical social status.

Statistical Analyses

All analyses were conducted with RStudio Statistical Software (R Core Team, 2019,
v.3.6.0). Figures were produced with the ggplotZ, ggpubr, and visreg packages in R

18-20_ Distributions for leg fat, percent body fat, and S; deviated from normal and were
log-transformed for analysis. Differences in descriptive characteristics were assessed with
one-way Analysis of Variance (ANOVA), Kruskal-Wallis (for non-parametric data), or Chi-
square test as appropriate. Pairwise comparisons for descriptive statistics were evaluated
with the Tukey’s HSD test or Wilcox test (for non-parametric data). Predictors of S; by
race/ethnicity were assessed with multiple linear regression and adjusted for age, sex, and
pubertal stage 14. Participants were stratified by quartiles of genetic risk score to compare
distributions of race/ethnicity among quartiles. Due to sample size, genetic risk score was
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evaluated in all models as a continuous variable rather than by quartiles. Associations for
genetic risk score with leg fat and S; were assessed with multiple linear regression, with
genetic risk score included as the predictor. Models were adjusted for total fat mass (leg

fat models), percent body fat (S; models), race/ethnicity, sex, age, and pubertal stage. SES
had no significant effect on outcomes of interest; thus, we did not adjust for this variable in
our analyses. To compare differences in genetic risk score associations among racial/ethnic
groups, interaction terms between risk score and race/ethnicity were included in models with
all participants, with significant interactions relative to the EA group. Analyses were further
stratified by race/ethnicity. p < 0.05 was considered statistically significant.

Data and Resource Availability

The datasets generated and/or analyzed during the current study are available from the
corresponding authors upon reasonable request. No applicable resources were generated or
analyzed during the current study.

3| RESULTS

Of the 236 participants with genetic, DXA, and S, data, our study sample had a mean (SD)
age of 9.52 (1.57) years, and 53.0% were male. Distribution of race/ethnicity in the sample
was 35.2% EA, 33.5% AA, and 31.3% HA. Descriptive characteristics of study participants
are stratified by race/ethnicity in Table 1. Age and sex distribution did not differ among EA,
AA, and HA children. BMI, total body %fat, and absolute measures of fat mass (total, trunk,
and leg) were higher in HA compared to EA and AA. However, HA children had the lowest
leg fat mass after adjustment for overall fat mass (Table 1 and Figure 1). S; was highest in
EA children and lower, but similar, between AA and HA children (Table 1). Associations

of body composition variables and SES with S independent of age and pubertal stage, by
race/ethnicity are presented in Table S2. Body mass, BMI, BMI percentile, percent body

fat, total fat mass, trunk fat mass, and leg fat mass independently predicted S; in all three
racial/ethnic groups. In contrast, waist-hip ratio and leg fat ratio predicted S; in HA children,
but not EA or AA children.

Genetic risk score ranged from 0.826 — 1.391 for the entire sample, and was highest in HA
children and lowest in EA children. The distribution of race/ethnicity differed significantly
across genetic risk score quartiles (p < 0.001) (Table S3). The highest proportion of
participants in quartile 1 were EA children, whereas HA children made up the majority

of participants in quartile 4. AA children made up the highest proportion of participants in
quartiles 2 and 3. In all participants, genetic risk score significantly predicted S;, but not
leg fat (Table 2). When stratified by race/ethnicity, genetic risk score predicted leg fat and
S only in HA children (Table 2 and Figure 2). The association between risk score and leg
fat was stronger in HA vs. EA children (Binteraction = 0.028), but did not differ between AA
and EA children (Binteraction = 0.218). On the other hand, the association between risk score
and S did not differ from EA in either HA (Ginteraction = 0-275) or AA (Binteraction = 0.345)
children. There was no effect of sex observed for any of the associations (finteraction > 0.10).
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DISCUSSION

This study was designed to test the hypothesis that a higher genetic risk score would be
associated with both lower leg fat and lower insulin sensitivity in a cohort of US children,
and to determine if associations differed by ethnicity/race. This is the first study in a US
cohort that used a well-accepted measure of insulin sensitivity to test the sensitivity of a
modified version of a published genetic risk score © to predict body fat distribution and
insulin sensitivity. Further, this is the first study to determine if ethnicity/race affects the
predictive ability of the genetic risk score. We found that a modified genetic risk score
based on 46 of the 53 original SNPs © was associated with lower leg fat, specifically in
HA children, and with lower insulin sensitivity, regardless of race/ethnicity. These results
support the concept that a genetically determined ability to expand peripheral adipose tissue
depots is protective against insulin resistance, and that a subset of HA may be missing
this ability. These observations are valuable for understanding the genetic basis for insulin
sensitivity, for developing screening tools and treatment paradigms to address the risk for
type 2 diabetes, and for understanding, preventing, and treating racial/ethnic disparities in
type 2 diabetes.

The 53-SNP genetic risk score was derived to predict fasting insulin concentrations,
adjusted for BMI and high-density lipoprotein and triglyceride concentrations, as a surrogate
measure for insulin resistance 8. Surrogates based on fasting values primarily reflect hepatic
insulin resistance 20, In contrast, our study used the frequently-sampled intravenous glucose-
tolerance test with minimal modeling, which is a well-accepted measure of whole-body
insulin sensitivity that captures both hepatic and peripheral processes 2. Thus, it is likely
that our results will differ from those of the original study. In addition, we used only 46

of the 53 SNPs used in the original study. However, our 46 SNPs included variants from
three of the original five putative effector genes (L3MBTL3, DNAHI10, and CCDC92) that
were thought to explain a large portion of the predictive ability of the risk score 6. Findings
from Lotta et al. indicate that these genes can affect the differentiation of adipocytes and

the deposition of peripheral adipose tissue. Indeed, knockdown of these genes by sSiRNA
showed a decrease in lipid accumulation in OP9-K cells, a preadipocyte line developed as a
adipogenesis model 8 22, However, it is likely that other SNPs in the risk score contribute

to insulin resistance via other mechanisms, thus allowing the risk score to capture multiple
mechanisms for insulin resistance in addition to the capacity for peripheral lipid storage.

Our results support the possibility that multiple physiologic mechanisms contribute to the
risk score. In our data set, the risk score was associated with insulin sensitivity in the entire
cohort combined, but with leg fat (and insulin sensitivity) only within HA children. Our
sample size is relatively small for a genetics study, and thus caution must be exercised when
interpreting the results. However, in the spirit of hypothesis generation, we suggest that
these results may point to multiple processes for determining insulin sensitivity. Within HA
children, the risk score was significantly associated with both leg fat and insulin sensitivity,
such that lower relative leg fat was associated with lower insulin sensitivity. Thus, the results
support the original hypothesis proposed by Lotta et al. that limited expansion of peripheral
adipose tissue contributes to the etiology of genetic insulin resistance. While risk score was
not associated with leg fat in the entire cohort, it was associated with insulin sensitivity.
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This observation may indicate that the risk score contributes to insulin sensitivity through
additional mechanism(s) unrelated to the deposition of peripheral adipose tissue. These
additional mechanisms may be relatively more important in individuals of non-Hispanic
ethnicity, and may potentially explain differences in the etiology of type 2 diabetes among
different ethnic groups.

HA exhibit a prevalence of type 2 diabetes of 12.8%, higher that than of EA, at 7.6%.
However, the prevalence among AA is highest, at 13.2% 23, One of the aims of this study
was to determine whether the genetic risk score shed light on the mechansims behind

ethnic differences in risk for type 2 diabetes. When looking at the results stratified by
ethnicity, clear differences emerged, with HA children showing the strongest associations
of genetic risk score with leg fat and S;. While AA children showed similar trends in the
relationships of interest to HA children (Figure 2), these associations were not statistically
significant. This suggests that the genetic risk score and aspects of adipose/lipid distribution
may likewise contribute to insulin sensitivity/resistance in AA, but that heterogeneity exists
in the etiology, resulting in greater variance. On the other hand, the associations were
qualitatively different in EA versus HA children, as reflected in the significant interactions
by race/ethnicity observed for associations of risk score with both leg fat and S,. Racial/
ethnic differences also were observed when considering fasting insulin, a measure primarily
of hepatic insulin resistance. Although the risk score tended to predict fasting insulin within
HA children (0.05 < p< 0.10; data not shown), the same was not true in the other two
groups. Thus, the peripheral component of the S; index may be associated with a portion

of the genetic risk score that is not associated with leg fat, and may be more common

in EA and AA. Taken together, these observations suggest that the etiology of insulin
resistance in EA, AA, and HA children and adults may occur through different mechanisms.
Understanding the basis for racial/ethnic differences in the etiology of insulin resistance
may lead to the development of a precision medicine-based approaches to preventing and/or
treating type 2 diabetes.

Increasing evidence indicates that in addition to levels of overall adiposity, patterns

of fat distribution and the accumulation of lipid in insulin-sensitive organs and tissues

are significant determinants of insulin sensitivity 8 2425, In children and adults, fat
distribution and ectopic lipid deposition vary with ancestral background and may influence
to some extent the heightened risk for insulin resistance among some racial/ethnic groups
1,2,7,26,27 Findings from our study and previous studies suggest that HA have a diminished
ability to store lipid in gluteofemoral depots and other peripheral regions, which may
negatively influence insulin sensitivity. We observed that HA children had relatively lower
amounts of leg fat and higher amounts of trunk fat compared to EA and AA. Additionally,
the association between leg fat/total fat ratio and insulin sensitivity was unique to HA
children. Similar findings have been reported previously in Latino and HA children. A study
in 150 Latino and Caucasian children found that the trunk/lower limb fat ratio was higher

in Latinos, and this ratio was positively associated with both homeostatic model assessment
(HOMA) and liver steatosis 28. Hetherington et al. 29 reported that in HA girls with a wide
range of body fat levels, both gynoid and leg fat (calculated as a percentage of total body
fat) were negatively correlated with HOMA-insulin resistance (IR). Moreover, HA girls
with higher levels of total body fat had a higher percentage of android/trunk fat and lower
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percentages of gynoid and leg fat compared to those with lower amounts of body fat 2°.
From these observations, we propose that a reduced ability to store excess lipid in peripheral
regions may be a driver for the increased truncal obesity and hepatic lipid accumulation
observed in HA populations 2% 30. 31 consequently leading to insulin resistance.

In contrast, AA adults and children have lower truncal obesity relative to HA and EA, and as
observed in our study, deposit more peripheral (glutealfemoral) subcutaneous adipose tissue
26 Thus, the elevated risk of type 2 diabetes observed in AA populations may be mediated
by other fat depots or mechanisms independent of peripheral fat deposition. For instance,
AA adults and children tend to accumulate more ectopic lipid in IMAT and extramycellular
depots relative to EA after adjustment for total adiposity & 32-34, Further, a significant
association between high IMAT and lower insulin sensitivity (measured by the intravenous
glucose tolerance test) has been reported previously in AA women 35. It is possible that in
AA, IMAT may play a larger role in insulin resistance. In addition to higher levels of IMAT,
it has been hypothesized that the increased risk of insulin resistance observed in AA may
also be a consequence of higher insulin secretion, decreased hepatic insulin clearance, and
increased mitochondrial efficiency/oxidative stress 36: 37, It is possible that in AA children
and adults, these unique metabolic/endocrine phenotypes have a larger influence on the
pathogenesis of insulin resistance compared to other racial/ethnic groups.

The genetic risk score is a potentially valuable tool for type 2 diabetes prevention for several
reasons. Rapid advances in technology may soon make it feasible for high throughput
screening for disease risk, allowing for earlier implementation of preventive strategies.
However, of perhaps greater value is the ability of the risk score to identify genetic

and physiological factors that contribute to risk for disease. The association between fat
distribution and insulin resistance has been recognized for years in children and adults,

with a relatively central distribution being associated with risk for chronic metabolic disease
38, This line of research eventually led to the implication of visceral or intra-abdominal
adipose tissue in the aetiology of type 2 diabetes. However, numerous studies continued

to point to an independent “protective” effect of lower-body subcutaneous adipose tissue
39,40, The results of these observational studies were supported by the development and

use of the thiazolidinedione (TZD) class of drugs that confer increases in both direct

and surrogate measures of insulin sensitivity by increasing differentiation of peripheral
adipocytes 41. TZDs are PPARy-agonists, a gene that is well established for its ability to
promote adipocyte differentiation, and with polymorphisms that contribute to type 2 diabetes
risk. The 53-SNP score includes polymorphisms of the PRARy gene 6. However, the 53-
SNP score also includes other genes and polymorphisms that may, with time and research,
become recognized as contributing to disease risk, and could potentially be targeted by drug
or lifestyle interventions.

The 53-SNP score reflects genetic insulin resistance. That is to say, it does not reflect
lifestyle factors that influence insulin sensitivity/resistance, such as diet, physical activity,

or weight gain. Assessment of insulin sensitivity in a research setting captures both genetic/
inherent and lifestyle factors. Weight loss, regardless of whether it is induced by lifestyle,
surgery, or pharmacotherapy, is considered the most effective treatment for insulin resistance
42 However, weight loss will only address acquired insulin resistance, not the genetic
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component. It is important from a disease prevention/treatment perspective to understand
the two components of insulin resistance. Because these components are presumably
additive, lifestyle and other treatment interventions will be effective in reducing total insulin
resistance by reducing the acquired component, even in patients with substantial genetic
insulin resistance. These concepts may be important for understanding health disparities in
risk for type 2 diabetes, which are likely to contain elements of both genetic and acquired
insulin resistance.

HA are at disproportionately high risk for type 2 diabetes 43. Few studies have examined
insulin sensitivity in HA using accepted techniques, such as the euglycemic clamp or the
intravenous glucose tolerance test. Most existing data come from the Insulin Resistance and
Atherosclerosis Study (IRAS), which used the intravenous glucose tolerance test. In IRAS,
insulin sensitivity was lower in HA relative to non-Hispanic whites among non-diabetic
adults 2. However, this ethnic difference was statistically eliminated by adjusting for BMI,
waist-hip ratio, behavioral factors, and other covariates, making it difficult to sort out
whether lower insulin sensitivity among HA is innate or acquired.

In HA, impairments in insulin sensitivity may also occur at the level of the liver. In a
longitudinal study conducted in HA children and young adults, increases in hepatic fat over
a 2-year period were associated with higher fasting glucose, higher HbAlc values, and a
10.5% decrease in beta cell function 4. Compared to Caucasians, individuals of Mexican or
Latino ancestry are prone to increased deposition of liver fat and have a higher prevalence of
non-alcoholic fatty liver disease % 28, Greater liver fat may be due in part to a polymorphism
at the PNPLA3Z gene 10. However, our results here suggest that greater liver fat in HA may
occur secondary to limited expansion of peripheral adipose tissue, and consequent “spill
over” of lipid into the liver. It is important to note that this hypothesis invokes both a genetic
component, as reflected in the 53-SNP score and the PNPLA3Z polymorphism, and an
acquired component (weight gain that exceeds lipid storage capacity in peripheral adipose).
As such, prevention of weight gain, or implementation of a weight loss intervention, would
be effective in mitigating disease risk.

Strengths of this study include extensive phenotyping of a tri-ethnic group of children using
an intravenous glucose tolerance test and minimal modeling to derive a strong measure

of whole-body insulin sensitivity, and using DXA to measure total and regional body
composition. Use of children allows for a relatively less confounded assessment of the
association between genotype and insulin sensitivity without complications introduced by
long-term obesity and/or concurrent chronic disease. A limitation of our study was the
relatively small sample size for a study involving genetic analyses.

In conclusion, a genetic risk score associated with fasting insulin in European adults was
significantly associated with whole-body insulin sensitivity in a multiethnic group of US
children. Further, the risk score was associated with leg fat in HA children, an ethnic group
at high risk for developing type 2 diabetes. These results support the hypothesis that genetic
insulin resistance has its roots in the inability to safely sequester fatty acids in peripheral
subcutaneous adipose tissue. Further, these results suggest that the high prevalence of type 2
diabetes in HA children and adults has a genetic basis that results in a primary impairment
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in peripheral fat storage, and secondary increases in ectopic lipid deposition and insulin
resistance. Further research is needed to determine if the genetic risk score is specifically
associated with hepatic lipid in HA, and whether genetic insulin resistance has a different
underlying mechanism(s) in EA and AA.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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P <0.001

P=0.010

HH

EA AA HA

Bar plot of adjusted means (SD) for leg fat mass by race/ethnicity. European Americans
(EA), n=83; African Americans (AA), n=79; Hispanic Americans (HA), n=74. Multiple
linear regression was used to adjust mean values for total fat mass and assess differences

from EA.
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Figure 2.
Adjusted associations of genetic risk score with (A) leg fat mass and (B) S; by race/ethnicity.

Multiple linear regression was used to adjust associations for total fat mass (leg fat models),
percent body fat (S; models), sex, age, and pubertal stage. European Americans, 7= 83;
African Americans, n=79; Hispanic Americans, n= 74. Leg fat associations: European
Americans versus Hispanic Americans, Pinteraction < 0.05.

Pediatr Obes. Author manuscript; available in PMC 2023 May 30.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Fowler et al.

Participant characteristics by race/ethnicity

Table 1.

European Americans | African Americans | Hispanic Americans | p- value
N 83 79 74
Age (years) 9.60 + 1.62 9.59 +1.53 9.36 £ 1.59 0.566
Male sex, 77 (%) 45 (54.2%) 41 (51.9%) 39 (52.7%) 0.956
Tanner (pubertal) stage 1.29+0.55 1.71+0.86% 1.40+0.70 0.001
Socioeconomic status 49.1+8.86 373+ 1107 257 +11.8%0 <0.001
Body mass (kg) 34.6 +8.17 36.4+10.4 37.0+10.1 0.288
BMI (kg/m?) 17.8+2.67 18.5+3.26 19.9+3.10 %0 <0.001
BMI percentile, median (95% CI)° 71.0 (48.0, 78.0) 75.0(56.0,830) | 85542810 010) | <0.001?
Obese, 1 (%)° 9 (10.8%) 9 (11.4%) 17 (23.0%) <0.001
Waist/hip ratio 0.855 + 0.054 0.846 + 0.093 0.900 + 0.063%¢ | <0.001
Body fat (%) 2224862 202+9.12 28.8 + 8.40 &0 <0.001
Total fat mass (kg) 8.11+4.95 8.00 +6.06 11.2 +5.98 ab <0.001
Total lean mass (kg) 25.3+4.59 27.0+5.58 24.6 + 5_06b 0.007
Trunk fat mass (kg), median (95% CI) 2.43 (1.94, 2.87) 212 (1.73,2.64) 4.15 ab (3.22,5.24) <0.001
Leg fat mass (kg) 3.64+193 3774252 4.43+2.09 20 0.008
Ratio of leg fat/total fat 0.466 + 0.045 0.489 + 0.045 4 0.409 + 0.040%2 <0.001
Fasting plasma glucose (mg/dl) 97.6 £6.40 95.6 + 6.16 101.2 + 6.28 ab <0.001
Fasting plasma insulin (pU/ml) 11.1+4.34 12.9+5.65 149+816% 0.004
AIRg (HU/mL-min), median (95% CI) 487 (426, 557) 9277 (765, 1131) 752 5(588. 966) <0.0017
S; (x10™*min~Y/[uuU/mL]) 7.00+4.20 501 +3607 513+3.76 2 <0.001
Genetic risk score 1.04 +0.093 1.09+0.085 2 117 +0.103 #¢ <0.001

Page 15

Data are mean * SD unless otherwise indicated. Group differences were analyzed with one-way ANOVA and Tukey’s honest significant difference
test (continuous variables) or Chi-square test (categorical variables), unless otherwise indicated.

aSignificantIy different from European Americans (p < 0.05)

bSignificantIy different from African Americans (p < 0.05)

cAs determined from CDC age- and sex-specific growth curves.

a.. A . ) .
Differences analyzed with Kruskal-Wallis and Wilcox tests (non-parametric).

eCutoff for obesity is BMI >gsth percentile according to CDC criteria.

Abbreviations: AIRg, acute insulin response to glucose; Sy, insulin sensitivity index
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Table 2.

Independent associations” of genetic risk score (predictor) with leg fat and insulin sensitivity in all participants
and by race/ethnicity

B(SE) p value

Model 1: Leg fat

All participants (7= 236) -0.13 (0.17) 0.170

European American (7= 84) 0.12 (0.17) 0.461

African American (/7= 79) -0.22 (0.21) 0.291

Hispanic American (7= 74) —0.38(0.13)b 0.005

Model 2: Insulin sensitivity
All participants (7= 236) -0.71(0.33) 0.033
European American (n=284) | -0.39 (0.50) 0.434

African American (7= 79) -0.73 (0.64) 0.261

Hispanic American (7= 74) -1.33 (0.59) 0.027

a . A . : A -
Assessed with multiple linear regression and adjusted for total fat mass (leg fat models), percent body fat (insulin sensitivity models), sex, age, and
pubertal stage.

bSignificantIy different from European Americans (pinteraction < 0.05)
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