1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Pedjatr Obes. Author manuscript; available in PMC 2021 February 01.

-, HHS Public Access
«

Published in final edited form as:
Pediatr Obes. 2021 February ; 16(2): e12704. doi:10.1111/ijpo.12704.

Associations of DXA-measured abdominal adiposity with cardio-
metabolic risk and related markers in early adolescence in
Project Viva

Allison J. Wu, MDY:2, Sheryl L. Rifas-Shiman, MPH?, Elsie M. Taveras, MD, MPH34, Emily
Oken, MD, MPHY4, Marie-France Hivert, MD, MMScl

1Division of Chronic Disease Research Across the Lifecourse, Department of Population
Medicine, Harvard Medical School and Harvard Pilgrim Health Care Institute, Boston, MA, USA.

2Division of Gastroenterology, Hepatology and Nutrition, Boston Children’s Hospital, Boston, MA,
USA.

3Division of General Academic Pediatrics, Massachusetts General Hospital for Children, Boston,
Massachusetts, USA.

4Department of Nutrition, Harvard T.H. Chan School of Public Health, Boston, MA, USA.

Abstract

Background: Increased visceral adipose tissue (VAT) precedes development of insulin resistance
and dyslipidemia in adults. The associations of abdominal adiposity derived from dual-energy X-
ray absorptiometry (DXA), including VAT, subcutaneous abdominal adipose tissue (SAAT), and
total abdominal adipose tissue (TAAT) with cardio-metabolic risk in adolescents are understudied.

Objectives: We examined the cross-sectional associations of DXA-measured abdominal
adiposity with cardio-metabolic risk and related markers in early adolescence (mean [SD] age 13.0
[0.7] years).

Methods: We collected data from 740 adolescents (374 girls and 366 boys) in Project Viva, a
U.S. pre-birth cohort. We used DXA estimates of VAT, SAAT and TAAT area. We conducted
overall and sex-stratified linear regression models, adjusting for age, sex (in overall models), race/
ethnicity, puberty score, and body mass index (BMI) z-score.

Results: Mean BMI z-sscore was 0.59 (1.28). After adjustment, greater VAT (per 1 standard
deviation score) was associated with higher metabolic risk z-score (B 0.14 units; 95% CI 0.08,
0.20) and its related components, higher log high-sensitivity C-reactive protein (f 0.51 mg/L;
0.36, 0.66) and log leptin (B 0.36 ng/mL; 0.27, 0.44), and lower log adiponectin (p —0.08 ug/mL;
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-0.13, -0.02). SAAT and TAAT showed similar associations as VAT with comparable or greater
effect sizes.

Conclusion: In early adolescence, DXA-measured VAT, SAAT and TAAT are associated with
cardio-metabolic risk and related markers, independent of current BMI. Among two adolescents
with the same BMI, there is an associated higher cardio-metabolic risk in the adolescent with
greater DXA-measured abdominal adiposity.

epidemiology; adolescence; obesity; adiposity; metabolism

Introduction

Visceral adipose tissue (VAT) is associated with health risks, including metabolic
dysregulation and cardiovascular disease.12 VAT is considered a pathogenic fat depot, and
increased VAT has been shown to precede development of insulin resistance and atherogenic
dyslipidemia in adults.34 The associations of VAT, and abdominal adiposity in general, with
cardio-metabolic risk in adolescents are not as well investigated.

There are few population-based studies measuring both VAT and subcutaneous abdominal
adipose tissue (SAAT) in relation to cardio-metabolic risk factors in adolescents. In addition,
studies in children and adolescents have shown contrasting results in the associations of VAT
with blood pressure, lipid tests, and other metabolic risk markers.5-10 Traditional
anthropometry such as BMI, waist circumference, and suprailiac skin fold thickness have
shown stronger correlation with SAAT than with VAT in adolescents.1! Better understanding
of how and which adipose tissue compartments portend risk of cardio-metabolic disease is
warranted.

DXA-measured VAT, or DXA-VAT, has been validated against VAT measured by computed
tomography (CT) in adults and children.12.13 Whereas traditional anthropometry including
waist circumference and BMI are indirect adiposity measures that are unable to distinguish
between fat mass and lean mass, DXA-VAT is a direct adiposity measure focused on a
specific abdominal region.1415 Further, DXA is less costly and emits less radiation than CT,
and thus it is feasible in large pediatric cohort studies. There are limited studies of DXA-
VAT and its association with cardio-metabolic risk in children and adolescents. In adults,
DXA-VAT has been demonstrated to be a valuable clinical marker of cardio-metabolic risk,
defined by blood pressure, fasting glucose, triglycerides and HDL-C.16:17 Given the gap in
literature specifically on DXA-measured VAT, SAAT and total abdominal adipose tissue
(TAAT) in adolescents, we focused on these variables and their association with cardio-
metabolic risk and related markers.

The aims of this cross-sectional study were to examine the associations of DXA-measured
VAT, SAAT and TAAT with cardio-metabolic risk and related markers, and further to
examine sex-specific associations in a large multi-ethnic cohort evaluated in early
adolescence. We hypothesized higher VAT would be associated with greater cardio-
metabolic risk and that these associations would be stronger than SAAT or TAAT
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associations. In addition, we hypothesized that VAT associations in boys would be stronger
in comparison to girls, as males generally have more VAT than females do through later
childhood and adulthood.

Project Viva is an on-going, longitudinal pre-birth cohort. We recruited women between
1999 and 2002 during prenatal visits at Atrius Harvard Vanguard Medical Associates, a large
multispecialty group practice in eastern Massachusetts. We have previously published details
about the full cohort, recruitment and follow up of participants.1® Study policies and
protocols are available at https://www.hms.harvard.edu/viva/protocol-policies.html. The
institutional review board of Harvard Pilgrim Health Care Institute approved the study
protocols. All mothers provided written informed consent for themselves and their children,
and the adolescents provided verbal assent.

There were 2128 original live-born singletons in Project Viva, of which 1684 remained
eligible for the early teen visit and 1038 completed in-person study visits. At that visit, 741
teens completed DXA analysis, and 1 was excluded due to poor body positioning. Mothers
of the 740 included participants vs. 1388 excluded participants were more likely to have a
college degree or beyond (69% vs. 62%) and a higher proportion (64% vs. 59%) with
reported household income >$70,000/year (see Supplementary Table S2). Included and
excluded participants were similarly non-White (38% vs. 36%, respectively). Included
participants had higher mean (SD) BMI zscore of 0.59 (1.28) compared to excluded
participants with BMI zscore of 0.35 (1.13).

Measurements

Trained research assistants completed anthropometric and blood pressure measurement
using standardized techniques. During in-person visits, we measured weight (TBF-300A
scale, Tanita, Arlington Heights, IL), height (calibrated stadiometer, Shorr Productions,
Olney, MD), and waist circumference right above the iliac crest using a Gulick 11 measuring
tape (Performance Health, Warrenville, IL) while standing. We measured whole-body fat
percentage using bioelectrical impedance analysis (BIA, Tanita TBF-300A scale).

We measured body composition by DXA scans (Hologic model Discovery A, Bedford,
MA). We performed quality control on DXA scans per manufacturer instructions, and we
used the same DXA machine for all participants. A single trained research assistant verified
all scans and defined body regions for analysis. Intra-rater reliability on duplicate
measurements was high (r=0.99). We used DXA Hologic Apex software 4.0 to obtain
whole-body fat percentage, trunk fat percentage, SAAT area and TAAT area. As previously
published, Hologic software estimates VAT area by subtracting SAAT area from TAAT area
in a region at approximately the 41/5t [umbar vertebrae, with the bottom edge placed at 1
cm above the iliac crest.19 Trunk fat percentage is estimated from a larger area
encompassing the thoracic and abdominal regions (see Supplementary Figure S1).
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A phlebotomist performed 8-hour fasting blood tests from the antecubital vein in amenable
participants at the in-person early teen visits (7=579). There were 534 participants with
DXA scans and at least one blood biomarker measured as part of our outcomes of interest.
Alanine aminotransferase (ALT) and plasma fasting insulin were analyzed with the Roche
Modular system, and fasting glucose was enzymatically measured with Roche Diagnostics
reagents. We estimated insulin resistance using the homeostatic model assessment of insulin
resistance (HOMA-IR), calculated by (glucose in mg/dL x insulin in pU/mL) / 405. We
measured triglycerides (TG) and high-density lipoprotein cholesterol (HDL-C)
enzymatically. Metabolic risk z-score was derived from age and sex-specific external z
scores for waist circumference, systolic blood pressure (SBP), HDL-C (scaled inversely),
TG and HOMA-IR. We standardized SBP as z-scores adjusted for age, sex and height based
on National Heart, Lung and Blood Institute references. We assessed plasma leptin and
adiponectin concentrations with radioimmunoassay (Linco Research, St Charles, MO,
USA). We measured high-sensitivity C-reactive protein (hsCRP) via an
immunoturbidimetric high-sensitivity assay on a Hitachi 911 analyzer (Roche Diagnostics,
Indianapolis, IN, USA).20 We excluded biologically improbable values.

During childhood and early teen visits we used questionnaires and interviews to obtain
information about the child’s age, race/ethnicity, and puberty status. Parents reported on the
pubertal phenotype of their children based on the appearance of body hair and breast
development for girls; and body hair, facial hair and voice deepening for boys. We calculated
and standardized BMI z-scores using WHO growth charts (https://www.who.int/
childgrowth/standards/bmi_for_age/en/).2

Statistical Analyses

We used independent group t-tests to describe differences in DXA-measured abdominal
adiposity by sex (2-tailed) with a threshold for significance of p<0.05. We calculated
Spearman’s correlation coefficients between DXA-measured abdominal adiposity and other
adiposity measurements. We log transformed variables including HDL-C, TG, HOMA-IR,
ALT, hsCRP, leptin and adiponectin given lack of normal distribution. We also transformed
VAT, SAAT and TAAT areas to internal, sex-specific standard deviation scores (SDS) to
allow comparison between adipose tissue compartments. The regression coefficients (B)
were summarized as the effect of 1 SDS increase in VAT, SAAT or TAAT on metabolic risk
z-score and related markers. We conducted linear regression for the overall cohort, starting
with an unadjusted model (Model 1). We then adjusted for age, sex, race/ethnicity, and
puberty score (Model 2), and additionally for BMI zscore (Model 3). We determined
covariates based on a priori knowledge of determinants of cardio-metabolic risk. We kept all
a priori selected covariates in the adjusted models as correlation analysis confirmed the
variables to be associated (p<0.05) with at least one cardio-metabolic risk or related
biomarkers. We repeated the linear regressions separately in boys and girls as prior studies
have suggested sex differences in abdominal adiposity and change in metabolic biomarkers
in children and adolescents.29:22 We performed multiple imputation for all 2128 participants
and then limited the analysis sample to only the participants with the exposure and at least
one blood outcome. Since multiple imputation analysis yielded similar results, we presented
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the complete case analysis. Analyses were performed using Stata 16 software (StataCorp LP,
College Station, Texas).

We included data from 740 adolescents (374 girls and 366 boys). Mean (SD) age was 13.0
(0.7) years, BMI z-score was 0.59 (1.28), and VAT, SAAT and TAAT areas were 40.6 (23.4)
cm?, 164.6 (121.9) cm?, and 205.2 (138.8) cm?, respectively. Maternal and participant
characteristics, anthropometric and clinical information are outlined in Table 1. The race/
ethnicity composition of the adolescents was 62% white, 18% black, 4% Hispanic, 3%
Asian, and 13% other, which also included participants identifying with more than one race/
ethnicity. Spearman’s correlation coefficients for VAT, SAAT and TAAT with other
measures of adiposity are shown in Table 2 (all p<0.0001). VAT was correlated with waist
circumference r=0.74. SAAT was strongly correlated (#20.90) with TAAT, trunk percent fat,
total percent fat, and BIA percent fat. TAAT was strongly correlated (7=0.90) with trunk
percent fat, total percent fat, and BIA percent fat. There were significant differences in VAT,
SAAT and TAAT areas in boys and girls. Mean (SD) VAT area was higher among boys (47.6
cm? [21.0]) than girls (33.7 cm? [23.6]), p<0.0001. Boys had lower mean (SD) SAAT area
(122.8 cm? [114.7]) than girls (205.5 cm? [114.9]), p<0.0001. In addition, boys had lower
mean (SD) TAAT area (170.3 cm? [132.8]) than girls (239.3 cm? [136.3]), p<0.0001.

Overall, in unadjusted and adjusted models for age, sex, race/ethnicity, puberty score and
BMI zscore (Model 3), greater DXA-measured VAT, SAAT and TAAT (per 1 sex-specific
SDS) were associated with higher metabolic risk z-score. The effect estimates were
attenuated in adjusted models, though they remained significant in Model 3 (VAT g 0.14
units; 95% CI 0.08, 0.20 vs. SAAT B 0.21 units; 0.16, 0.27 vs. TAAT B 0.23 units; 0.17,
0.29), and are presented in Figure 1.

The patterns of association of VAT, SAAT and TAAT with metabolic risk z-score, individual
components of metabolic risk (SBP, HDL-C scaled inversely, TG and HOMA-IR) as well as
related biomarkers for unadjusted and adjusted models are described in Table 3. In assessing
the individual components that comprise metabolic risk zscore, greater VAT, SAAT and
TAAT were not associated with higher SBP z-score, as 95% Cls crossed the null in all
analyses. Among the other components of metabolic risk zscore, greater VAT, SAAT and
TAAT were associated with higher log TG and log HOMA-IR in unadjusted and adjusted
models. After adjustment for covariates in Model 3, while VAT did not show a significant
association with log HDL-C, greater SAAT and TAAT were similarly associated with lower
log HDL-C. In general, adjustment for age, sex, race/ethnicity, and puberty score (Model 2),
had slight effects on effect estimates. Of the covariates, BMI z-score had the greatest impact
on effect estimates, with the difference shown by comparing Models 2 and 3. Even so, after
additional adjustment for BMI z-score, effect estimates were either comparable or mostly
attenuated (see Table 3). Overall, the significant associations of SAAT and TAAT with
metabolic risk z-score were greater than the VAT associations with metabolic risk z-score.
We were unable to compare the regression coefficients of the individual components of
metabolic risk zscore with one another given the outcome variables had different units.
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Additionally, greater VAT, SAAT and TAAT were associated with higher log hsCRP and
higher log leptin in all models and remained significant in the fully adjusted model (VAT B
0.51 mg/L; 0.36, 0.66 vs. SAAT B 0.72 mg/L; 0.57, 0.88 vs. TAAT f 0.76 mg/L; 0.60, 0.92
for log hsCRP, and VAT $ 0.36 ng/mL; 0.27, 0.44 vs. SAAT B 0.54 ng/mL; 0.46, 0.63 vs.
TAAT B 0.54 ng/mL; 0.46, 0.63, for log leptin, respectively). There was an inverse
association of greater VAT, SAAT and TAAT with log adiponectin (VAT p —0.08 ug/mL;
-0.13, —0.02 vs. SAAT  —0.08 ug/mL; —0.14, -0.02 vs. TAAT B —0.09 ug/mL; —0.15,
-0.03). There were no significant associations of VAT, SAAT or TAAT with log ALT in
overall participants in the fully adjusted model.

There was not strong evidence of effect modification by sex, except in a few associations. In
the association of VAT, SAAT and TAAT with log leptin (sex interaction p<0.0001), we
observed boys had a stronger positive association than girls (Supplementary Table S1).
Effect modification by sex was present in the association of SAAT and TAAT with log HDL-
C (sex interaction p=0.01 and p=0.02, respectively) with a greater inverse association of
SAAT and TAAT with log HDL-C in boys than in girls.

Discussion

In this cross-sectional study of early adolescents, VAT was associated with metabolic risk 2
score and some related markers, independent of current BMI. In addition to greater
metabolic risk zscore, higher VAT was associated with adipocyte dysfunction (higher leptin,
lower adiponectin) and higher CRP. Further, all associations of VAT with cardio-metabolic
risk and related markers were captured, and effect sizes were similar or greater, in the
analyses of SAAT and TAAT. We did not observe strong evidence of effect modification by
sex, except in a few individual components.

The associations of VAT, SAAT and TAAT with specific cardio-metabolic risk markers and
not others among these adolescents may be related to the progression of development of
cardio-metabolic disease. VAT is hypothesized to be a metabolically active tissue, which
secretes inflammatory markers, adipocytokines, and growth factors, among other vasoactive
substances.! Insulin resistance, adipokine dysfunction and chronic inflammation may
precede development of hepatic steatosis and hypertension. Low grade chronic
inflammation, circulating inflammatory cytokines leading to insulin resistance, and elevated
free fatty acids followed by fatty infiltration of the liver, contribute to the progression of
non-alcoholic fatty liver disease.23 Increased free fatty acids may also increase hepatic TG
synthesis and very low-density lipoprotein cholesterol secretion, which are associated with
lower HDL-C concentrations.24 Hypoadiponectinemia in youth has been shown to be
associated with insulin resistance and VAT, while leptin has shown conflicting results in its
association with VAT and SAAT, as well as sex differences.?11:25

Our findings of sex differences in abdominal adipose tissue compartments are consistent
with published studies indicating boys generally have more VAT than girls in later childhood
and adolescence.?2:26 Studies among prepubertal children have shown no significant sex
differences in intra-abdominal adipose tissue area (i.e. VAT), or in growth of different fat
compartments.2”-28 Given our cohort had entered puberty, the sex differences observed may
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be related to the patterns of fat deposition during puberty. In puberty, whereas boys tend to
deposit more fat in the abdomen in an android pattern, girls develop more total body fat
overall and in a gynoid distribution.2°

The addition of the covariates of child sex, race/ethnicity, and puberty score to the regression
analyses did not vastly impact regression coefficients or 95% Cls. The effect sizes of the
associations of DXA-measured abdominal adiposity with cardio-metabolic risk and related
markers were comparable or reduced by including BMI z-score in the models. This was
expected knowing that BMI is associated with cardio-metabolic risk. We included BMI z-
score in the model to address our question of whether DXA-measured abdominal adiposity,
independent of BMI, is associated with cardio-metabolic risk and additional related
biomarkers. Our findings suggest among two adolescents with the same BMI, in the
adolescent with greater DXA-measured abdominal adiposity, there is an associated higher
cardio-metabolic risk.

The lack of strong evidence of effect modification by sex on VAT, SAAT and TAAT
associations with cardio-metabolic risk may be related to smaller subgroup sample sizes, or
differences that are not yet apparent in this age group, or simply absent. In a cross-sectional
study of 324 adolescents in Canada, intra-abdominal fat measured by magnetic resonance
imaging (MRI), was similarly associated with metabolic syndrome and CRP in both sexes,
but affected blood pressure adversely only in males.® The same study also found significant
sex interaction in the association of VAT with leptin, with adolescents with high intra-
abdominal fat demonstrating higher leptin levels, though the association was significantly
stronger in females than in males. In our study, the few significant effect modifications by
sex in SAAT and TAAT with log HDL-C as well as VAT, SAAT and TAAT with log leptin
demonstrated slightly greater effect estimates in boys than in girls. A prior study found that
leptin correlated more strongly with percent fat mass than BMI or waist circumference,
particularly in boys.3? It may be that HDL-C and leptin are associated more broadly with
overall percent body fat or mediated differently by unclear mechanisms by sex. While the
overall analysis showed the sex-interaction for VAT, SAAT and TAAT with log ALT was not
significant (p>0.10 for all), in the sex-stratified analysis, greater SAAT and TAAT were
associated with higher log ALT in girls, while the association was not significant in boys. A
prior study of older adolescents found the severity of hepatic steatosis was associated with
SAAT for males and females, and with increased VAT in males alone.3! Given contrasting
prior studies and lack of strong evidence of effect modification by sex, we were unable to
draw strong conclusions based on these slight differences.

Prior studies have reported cross-sectional associations between VAT and markers of cardio-
metabolic health in adolescents. A cross-sectional study in China found DXA-measured
visceral fat mass (kg) and BMI were major independent determinants of a metabolically
unhealthy nonobese phenotype in children and adolescents.32 While the study included a
large cohort, the ages ranged vastly from 6-18 years, and all participants belonged to single
ethnicity. Further, that study did not account for pubertal stage in analyses. In the Bosch
study conducted in the U.S., DXA-VAT was associated with triglycerides, diastolic blood
pressure, HOMA-IR and fasting insulin, while no associations were observed between
DXA-VAT and systolic blood pressure or fasting glucose.® Additionally, the Penn State
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Children Cohort Study found that VAT and SAAT were each associated with greater
continuous metabolic syndrome score, with SAAT also having a slightly higher effect
estimate compared to VAT after adjusting for age, race, gender and BMI percentile, while
the association with mean arterial pressure was less pronounced.33 Our findings of DXA-
VAT association with metabolic risk zscore, TG and HOMA-IR were similar to the findings
above. However, the previous studies conducted in the U.S. had smaller adolescent cohorts
(7<400) and did not report TAAT associations, thus we are unable to comment if our TAAT
findings were comparable.13:33 Higher VAT, SAAT and TAAT were not significantly
associated with SBP z-score in unadjusted or adjusted models. The effect estimate appeared
to have flipped direction once adjusting for BMI z-score. However, this subtle finding may
be less relevant as 95% Cls crossed the null in all models. Prior literature has shown
inconsistent results in the association of VAT with blood pressure.?13 Studies in animal
models and humans have suggested subcutaneous fat, potentially via superficial
subcutaneous fat, may serve a protective role in some aspects of cardio-metabolic risk.34-36
This protective effect may be playing a role in the flipped effect estimate for SAAT and
TAAT with SBP zscore, though there was not a significant association.

While we hypothesized VAT would be more strongly associated with cardio-metabolic risk
and related markers, deep subcutaneous fat may be involved and contributing to the greater
associations of SAAT and TAAT with cardio-metabolic risk. Deep subcutaneous fat, and not
superficial subcutaneous fat, has been shown to be strongly related to insulin resistance in
adults.3* In adolescents with obesity, increases in deep subcutaneous fat tissue may generate
an adipocyte milieu that promotes development of insulin resistance and hepatic steatosis.
37.38 1n addition, in this healthy group of adolescents there is overall less VAT compared to
SAAT and TAAT. There may be greater associations of SAAT and TAAT with cardio-
metabolic risk related to overall abdominal adiposity, and in youth their “pathogenic”
adiposity may have not yet deposited into viscera.

Alternatively, VAT associations may have been less specific than hypothesized due to the
imaging technique. Studies of our cohort previously assessed central adiposity using DXA-
measured whole body fat and trunk fat. These measures are less discriminatory than VAT,
SAAT and TAAT, which are limited to a specific abdominal region. Studies have shown
mixed results in the correlation between CT-VAT and DXA trunk percentage fat; while some
have found no significant correlations, others have shown higher correlations (/=0.6-0.8).
39-41 Additionally, DXA has been found to underestimate trunk fat particularly in subjects
with higher weight, and thus may not be as helpful a surrogate for VAT in subjects with
obesity.42 Using DXA-VAT has inherent limitations as it analyzes a restricted abdominal
region from a non-axial perspective, unlike in CT or MRI. DXA-TAAT may be a better
proxy of abdominal adiposity as DXA-VAT may introduce estimate error, especially as VAT
is calculated from estimated TAAT minus SAAT. Last, DXA currently is unable to
differentiate superficial versus deep subcutaneous fat.

Our U.S. cohort drawn from the greater Boston area is relatively sizeable and more diverse
compared to prior population-based studies in adolescents. We used a technique that was

reproducible, less costly and with low radiation burden, compared to CT, to measure VAT,
SAAT and TAAT. The limitations of this cross-sectional study include its inability to infer
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temporality or causal relationships between abdominal adiposity and cardio-metabolic
health. Though we had a large dataset, the sex-stratified subgroups were smaller and thus
our sex-stratified models were interpreted carefully given lack of sex-interactions, multiple
analyses, and the possibility of type 1 error. The participants in our cohort were generally
healthy, young adolescents who did not have much VAT, which may have been insufficient
to detect associations. Further, we were limited by missing data and 27% of participants did
not provide blood samples.

Conclusion

Our study suggests that DXA-measures of VAT, SAAT and TAAT are associated with
cardio-metabolic risk and related markers in early adolescence. DXA-TAAT may better
capture metabolic risk, beyond clinical anthropometry such as BMI. In other words, given
two adolescents with the same BMI, higher abdominal adiposity assessed by DXA in one
adolescent is associated with higher cardio-metabolic risk. Earlier and enhanced
identification of adolescents at risk for cardio-metabolic disease enables prompt
intervention. Further studies investigating the effect of longitudinal changes in abdominal
adiposity on cardio-metabolic risk in adolescence are warranted and forthcoming.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figurel.
Cross-sectional associations of visceral adipose tissue (VAT), subcutaneous abdominal

adipose tissue (SAAT), and total abdominal adipose tissue (TAAT) sex-specific standard
deviation score (SDS) with metabolic risk z-score, B (95%Cl)

Model 1. Unadjusted

Model 2. Adjusted for age, sex, race/ethnicity, puberty score

Model 3. Additionally adjusted for BMI z-score
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Participant characteristics overall and according to sex among 740 adolescents and their mothers in Project

Viva
Overall Girls Boys
n=740 n=374 (51%) n=366 (49%)
Mean (SD) or N (%)
Maternal characteristics
Age at enrollment, years 32.2(5.4) 32.4 (5.0) 31.9(5.7)
Pre-pregnancy BMI, kg/m? 25.0 (5.3) 24.9 (5.5) 25.0(5.1)
Pregnancy weight gain, kg 15.5(5.4) 15.1 (5.5) 16.0 (5.3)
Pregnancy smoking status, %
Never 524 (71) 268 (72) 256 (70)
Former 148 (20) 74 (20) 74 (20)
During pregnancy 66 (9) 30(8) 36 (10)
College degree or beyond, %
No 231 (31) 104 (28) 127 (35)
Yes 507 (69) 269 (72) 238 (65)
Married or cohabitating, %
No 68 (9) 35 (9) 33(9)
Yes 670 (91) 338 (91) 332 (91)
Household income >$70,000/year, %
No 241 (36) 125 (36) 116 (36)
Yes 431 (64) 223 (64) 208 (64)
Child characteristics
Race/ethnicity, %
White 462 (62) 244 (65) 218 (60)
Black 131 (18) 59 (16) 72 (20)
Hispanic 33 (4) 17 (5) 16 (4)
Asian 20 (3) 9(2) 11 (3)
Other 93 (13) 44 (12) 49 (13)
Early teen characteristics
Age, years 13.0(0.7) 13.0(0.7) 12.9 (0.6)
Puberty score, points 25(0.9) 3.0(0.6) 2.0(0.8)
VAT area, cm?2 40.6 (23.4) 33.7 (23.6) 47.6 (21.0)
SAAT area, cm? 164.6 (121.9) 2055 (114.9) 122.8 (114.7)
TAAT area, cm? 205.2 (138.8) 239.3(136.3) 170.3 (132.8)
BMI, kg/m? 21.0 (4.7) 21.1(4.8) 20.9 (4.6)
WHO BMI z-score 0.59 (1.28) 0.51 (1.28) 0.68 (1.29)
Waist circumference, cm 73.1(12.1) 73.0 (11.5) 73.3(12.7)
BIA % fat 22.2 (10.4) 26.1(9.6) 18.2 (9.6)
DXA total % fat 28.5 (7.6) 30.3 (6.6) 26.7 (8.0)
DXA trunk % fat 245 (8.3) 26.2 (7.8) 22.9 (8.6)
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Overall Girls Boys
n=740 n=374 (51%) n=366 (49%)
Mean (SD) or N (%)

Metabolic risk z-score -0.15 (0.46) -0.19 (0.44) -0.11 (0.48)
SBP z-score -0.19(0.80)  -0.26 (0.84)  -0.11(0.75)
HDL-C, mg/dL 55.7 (13.3) 55.3 (12.5) 56.1 (13.8)
TG, mgldL 69.3 (30.9) 71.3(31.1) 67.5 (30.8)
HOMA-IR, units 3.22 (2.37) 3.56 (2.44) 2.91 (2.27)
ALT, U/L 19.1 (9.6) 175 (7.2) 20.5 (11.2)
hsCRP, mg/L 1.00 (2.37) 1.06 (2.57) 0.94 (2.18)
Leptin, ng/mL 12.2 (14.3) 15.8 (15.8) 8.9 (12.1)
Adiponectin, ug/mL 6.15 (2.69) 6.55 (2.72) 5.79 (2.61)

Page 14

VAT, visceral adipose tissue; SAAT, subcutaneous abdominal adipose tissue; TAAT, total abdominal adipose tissue; BMI, body mass index; WC,

waist circumference; BIA, bioelectrical impedance analysis; DXA, dual-energy X-ray absorptiometry; SBP, systolic blood pressure; HDL-C, high-
density lipoprotein cholesterol; TG, triglycerides; HOMA-IR, homeostatic model assessment of insulin resistance; ALT, alanine aminotransferase;
hsCRP, high-sensitivity C-reactive protein.
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Spearman’s correlation coefficients between DXA-measured adiposity and other adiposity measures

VAT area SAAT area TAAT area BMI

WC BIA % fat

DXA total % fat DXA trunk % fat

VAT area

SAAT area

TAAT area

BMI

wcC

BIA % fat

DXA total % fat

DXA trunk % fat

Number of observations

1.00
740
0.43
740
0.54
740
0.70
740
0.74
740
0.47
738
0.57
740
0.61
740

1.00
740
0.99
740
0.74
740
0.75
740
0.90
738
0.91
740
0.92
740

1.00
740
0.79
740
0.81
740
0.91
738
0.93
740
0.94
740

1.00
740
0.89
740
0.80
738
0.72
740
0.73
740

1.00
740
0.77
738
0.71
740
0.74
740

1.00
738
0.85
738
0.85
738

1.00
740

0.98 1.00
740 740

Significant correlation for all values at p<0.0001. VAT, visceral adipose tissue; TAAT, total abdominal adipose tissue; SAAT, subcutaneous
abdominal adipose tissue; BMI, body mass index; WC, waist circumference; BIA, bioelectrical impedance analysis; DXA, dual-energy X-ray

absorptiometry.
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Table 3.

Cross-sectional associations of visceral adipose tissue (VAT), subcutaneous abdominal adipose tissue (SAAT),
and total abdominal adipose tissue (TAAT) sex-specific standard deviation score (SDS) with cardio-metabolic
risk and related markers; overall and sex-interaction p-values

All B (95% ClI) Sex interaction p value

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

N Obs Model 1 N Obs Model 2 Model 3 Model 2 Model 3
VAT area SDS
Metabolic risk z-score 482 0.27 (0.23, 0.30) 479 0.26 (0.23, 0.30) 0.14 (0.08, 0.20) 0.21 0.45
SBP z-score 734 0.05 (-0.01, 0.11) 731 0.03 (-0.03, 0.09) -0.04 (-0.14, 0.06) 0.30 0.35
-0.06 (-0.08, -0.06 (-0.08,
Log HDL-C, mg/dL 534 -0.04) 531 -0.04) -0.02 (-0.05, 0.01) 0.29 0.47
Log TG, mg/dL 534 0.09 (0.05, 0.12) 531 0.09 (0.06, 0.13) 0.06 (0.01, 0.12) 0.86 0.75
Log HOMA-IR, units 489 0.29 (0.24, 0.34) 486 0.27 (0.22,0.32) 0.14 (0.06, 0.22) 0.41 0.63
Log ALT, U/L 532 0.02 (-0.01, 0.05) 529 0.03 (0.00, 0.06) 0.01 (-0.03, 0.06) 0.17 0.19
Log hsCRP, mg/L 516 0.65 (0.55, 0.74) 513 0.65 (0.56, 0.74) 0.51 (0.36, 0.66) 0.53 0.36
Log leptin, ng/mL 532 0.75 (0.68, 0.82) 529 0.74 (0.68, 0.80) 0.36 (0.27, 0.44) <0.0001 0.0002
-0.12 (-0.16, -0.12 (-0.16, -0.08 (-0.13,
Log adiponectin, ug/mL 534 -0.09) 531 -0.08) -0.02) 0.82 0.98
SAAT area SDS
Metabolic risk z-score 482 0.29 (0.26, 0.33) 479 0.29 (0.26, 0.33) 0.21 (0.16, 0.27) 0.03 0.05
SBP z-score 734 0.04 (-0.02, 0.09) 731 0.02 (-0.04,0.08)  -0.09 (-0.19, 0.01) 0.41 0.39
-0.08 (-0.10, -0.08 (-0.10, -0.07 (-0.10,
Log HDL-C, mg/dL 534 -0.06) 531 -0.06) -0.04) 0.01 0.01
Log TG, mg/dL 534 0.10 (0.07, 0.14) 531 0.11 (0.08, 0.15) 0.12 (0.06, 0.18) 0.25 0.24
Log HOMA-IR, units 489 0.30 (0.25, 0.35) 486 0.28 (0.23, 0.33) 0.16 (0.08, 0.24) 0.26 0.36
Log ALT, U/L 532 0.02 (-0.01, 0.05) 529 0.04 (0.01, 0.07) 0.03 (-0.02, 0.09) 0.15 0.15
Log hsCRP, mg/L 516 0.71 (0.63, 0.80) 513 0.72 (0.63, 0.81) 0.72 (0.57, 0.88) 0.97 0.97
Log leptin, ng/mL 532 0.82 (0.76, 0.88) 529 0.82 (0.76, 0.87) 0.54 (0.46, 0.63) <0.0001  <0.0001
-0.13 (-0.17, -0.12 (-0.16, -0.08 (-0.14,
Log adiponectin, ug/mL 534 -0.10) 531 -0.09) -0.02) 0.63 0.69
TAAT area SDS
Metabolic risk z-score 482 0.30 (0.26, 0.33) 479 0.29 (0.26, 0.33) 0.23(0.17, 0.29) 0.03 0.05
SBP z-score 734 0.04 (-0.02, 0.10) 731 0.02 (—0.04, 0.08) -0.09 (-0.19, 0.01) 0.38 0.39
-0.08 (-0.10, -0.08 (-0.10, -0.07 (-0.10,
Log HDL-C, mg/dL 534 -0.06) 531 -0.06) -0.03) 0.01 0.02
Log TG, mg/dL 534 0.10 (0.07, 0.14) 531 0.11 (0.08, 0.15) 0.12 (0.06, 0.19) 0.32 0.30
Log HOMA-IR, units 489 0.31 (0.26, 0.36) 486 0.29 (0.24, 0.33) 0.18 (0.09, 0.26) 0.24 0.35
Log ALT, U/L 532 0.02 (-0.01, 0.05) 529 0.04 (0.01, 0.07) 0.03 (-0.02, 0.09) 0.14 0.14
Log hsCRP, mg/L 516 0.72 (0.63, 0.80) 513 0.73 (0.64, 0.82) 0.76 (0.60, 0.92) 0.99 0.96
Log leptin, ng/mL 532 0.83 (0.77, 0.89) 529 0.82 (0.77, 0.88) 0.57 (0.48, 0.66) <0.0001  <0.0001
-0.14 (-0.17, -0.13 (~0.16, -0.09 (-0.15,
Log adiponectin, ug/mL 534 -0.10) 531 -0.09) -0.03) 0.63 0.70

N Obs, number of observations (same in Models 2 and 3)

Model 1. Unadjusted
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Model 2. Adjusted for age, sex, race/ethnicity, puberty score
Model 3. Additionally adjusted for BMI z-score

VAT, visceral adipose tissue; SAAT, subcutaneous abdominal adipose tissue; TAAT, total abdominal adipose tissue; SDS, standardized deviation
score; SBP, systolic blood pressure; HDL-C, high-density lipoprotein cholesterol; TG, triglycerides; HOMA-IR, homeostatic model assessment of
insulin resistance; ALT, alanine aminotransferase; hsCRP, high-sensitivity C-reactive protein.
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