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Abstract

Background—Obesity and fat distribution patterns [subcutaneous vs. visceral adipose tissue
(VAT)] are important predictors of future cardiometabolic risk. As accurate VAT measurement
entails imaging, surrogate anthropometric measurements that would be cheaper and quicker to
obtain would be highly desirable. Sagittal abdominal diameter (SAD) may be better than other
VAT surrogate measures in adults, but the value of SAD to predict magnetic resonance imaging
(MRI)-determined VAT in adolescents of different races, sexes, and pubertal stages has not been
determined.

Aim—To test the hypothesis that SAD correlates more strongly with volumetric VAT than other
anthropometric measurements, independent of age, sex, race, and Tanner stage.

Subjects and methods—Twenty-eight normal-weight and 44 obese adolescents underwent
Tanner staging, anthropometric examinations, and abdominal MRI for volumetric partitioned fat
calculation.
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Results—VAT increased exponentially in the body mass index (BMI) > 97th percentile range.
SAD, waist circumference (WC), BMI, and BMI Z-score correlated strongly with VAT
(correlation coefficients of 0.85-0.86, all p-values < 0.0005); waist-hip ratio was less predictive of
VAT (r=0.68, p < 0.0005). On hierarchical regression, the strongest predictors of VAT in obese
subjects were BMI Z-score and SAD (R? = 0.34 vs. 0.31, respectively, p < 0.0005); in normal-
weight subjects, most anthropometric measures predicted VAT equally (R2 = 0.16-0.18, p-values
=0.018-0.026).

Conclusions—Unlike adults, in obese adolescents, SAD is not the strongest predictor of
visceral adiposity. BMI Z-score is equivalently predictive and, together with BMI, provides
sufficient information to assess visceral adiposity; more specialized anthropometric measurements
(e.g., SAD and WC) do not add additional predictive value.
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The prevalence of pediatric obesity, defined as body mass index (BMI) = 95th percentile for
age and sex (1), has greatly increased and currently affects 16.0% of US children (2).
Pediatric obesity increases the risk of diseases such as the metabolic syndrome (3) and type
2 diabetes (4). The challenge for treating physicians is identifying those at higher risk of
obesity-related complications to appropriately target interventions. One complicating factor
is that adipose tissue domains carry varying risk levels. Visceral (intra-abdominal) fat
deposition is an important risk factor for cardiometabolic complications (5) and all-cause
mortality in adult men (6) and for insulin resistance in children (7). Visceral fat
measurement entails imaging, via dual-energy X-ray absorptiometry (not validated in
children), computerized tomography, or magnetic resonance imaging (MRI) (8); however,
this is clinically impractical and expensive. Accurate surrogate anthropometric
measurements of visceral vs. subcutaneous adipose tissue (VAT vs. SAT), which can easily
be performed in physicians’ offices without extensive training or time, are needed to identify
those at highest risk of visceral adiposity and its potential sequelae.

Various anthropometric measurements have been proposed as screens for visceral adiposity
in both adults (9) and children (10, 11), including BMI, waist circumference (WC), waist—
hip ratio (WHR), and more specialized measurements requiring equipment and training
(e.g., skinfold thicknesses) (12). Less widely used is the sagittal abdominal diameter (SAD),
which measures abdominal thickness at waist level in the supine position. In adults, SAD is
associated with dyslipidemia, insulin resistance, hypertension (13), and cardiovascular
disease risk (14), and it may be a better predictor of the metabolic syndrome (15) and
hyperglycemia (16) than other anthropometric measures such as WC. In adults, SAD
correlates highly with VAT mass (17); it has been proposed to be a better measure of VAT
than WC or WHR (18), deriving from the theory that gravity moves the subcutaneous fat to
the sides while visceral fat projects the abdomen vertically (18-20). However, pediatric data
regarding predictive capacity of SAD for visceral adiposity are limited. Adult findings may
not be generalizable to children: growth and body composition changes are expected in
children, and BMI changes in early adolescence may relate more to lean mass than fat mass
acquisition (21). To our knowledge, SAD has only been directly correlated with MRI-

Pediatr Diabetes. Author manuscript; available in PMC 2015 September 10.



1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Koren et al.

Methods

Page 3

measured visceral fat in adolescents in one small study, which included both preadolescents
and adolescents and did not adjust for pubertal stage, race, or sex (22). Assessing the utility
of SAD in children while specifically accounting for these factors is crucial, given normal
puberty-and sex-related changes in body composition (23) and known differences in VAT
between populations (24). We hypothesized that, in both normal-weight and obese
adolescents, SAD would better correlate with MRI-measured VAT volume than other
surrogate anthropometric measurements of adiposity, independent of age, sex, race, and
Tanner stage.

This study, part of a larger study evaluating pulmonary complications of obesity, was an
observational, cross-sectional study of two groups of adolescents: obese (BMI = 95th
percentile) and normal-weight (BMI < 85th percentile).

Exclusion criteria included obesity secondary to genetic syndromes (e.g., Prader-Willi),
pregnancy, and medical conditions requiring chronic medications (e.g., polycystic ovary
syndrome requiring oral contraceptives; well-controlled asthma not requiring chronic
glucocorticoids was the only exception). Subjects were recruited from the Children’s
Hospital of Philadelphia (CHOP) Sleep Center and Healthy Weight Program and from the
general population via advertisements. The study was approved by the CHOP Institutional
Review Board. Written informed consent and age-appropriate assent were obtained from all
parents/guardians and subjects before participation.

Tanner staging of breast/genitalia and pubic hair development was based upon a self-
assessment form (25). All girls underwent urine pregnancy tests. With subjects wearing
hospital gowns, standing height (to 0.1 cm) was measured using a stadiometer (Holtain,
Crymych, UK) and weight (to 0.1 kg) was measured on a digital electronic scale
(Scaletronix, White Plains, NY, USA). BMI Z-scores were assessed using age-and gender-
specific reference data (26). Waist and hip measurements (to 0.1 cm) were performed in
triplicate using non-stretchable fiberglass tape and averaged. WC was measured per
National Heart, Lung and Blood Institute (NHLBI) Guidelines (27), hip circumference was
measured at the greater trochanter with subjects standing, and WHR was calculated. SAD
was measured with supine subjects, legs flat, and hips extended as the distance at end-
expiration between abdominal caliper blades (Seritex, East Rutherford, NJ, USA) placed
below the back and above the abdomen, slightly proximal to the iliac crest (13).

Subjects underwent abdominal spin-echo MRI using a 3-T scanner (Sonata, Siemens,
Malvern, PA, USA) with a body coil for partitioning of abdominal fat into subcutaneous and
visceral deposits. Axial images were acquired with an MR gradient echo pulse sequence and
an axial T1-weighted sequence [repetition time (TR): 600/echo time (TE): 10]. The
abdominal compartment was defined as extending from the inferior aspect of the xiphoid
process to the most superior slice depicting the iliac crest. Each MRI slice was manually
examined to segment fat using image and volumetric analysis (Amira 4.1.2., Visage
Imaging, San Diego, CA, USA) (28). Automated thresholding and manual segmentation by
the region growing tool were used to segment SAT and VAT volumes by pixel valuation.
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Statistical analyses were performed using SPSS v.16 software (SPSS, Chicago, IL, USA).
The p-values <0.05 were considered statistically significant. Histograms and Kolmogorov-
Smirnov one-sample tests examined normality of distribution. We generated descriptive
statistics, including mean and standard deviation (SD), and natural log-transformed
significantly skewed variables. Frequency counts and percentages were used for categorical
variables (e.g., gender). We used Student’s t-test or Wilcoxon rank-sum tests to compare
means of continuous variables between groups, and chi-squared testing for ordinal or
nominal variables. Given the differences in body composition between normal-weight and
obese (29), African-Americans and Caucasians (30), and males vs. females (31), we
compared the relationships between anthropometric measurements and VAT volume in the
whole sample and in the above-mentioned subgroups. Associations between anthropometric
variables and fat distribution measured by imaging [VAT vs. SAT and total adipose tissue
(TAT)] were explored via Pearson’s or Spearman’s correlations. Fisher’s Z transformation
assessed differences between correlation coefficients. A race-by-TAT interaction term was
used in the regression analysis to confirm that African-Americans have less visceral
adiposity than Caucasians [as observed by others (32)] and to include this in our models as
an important consideration in examining relationships between anthropometric measures and
VAT. Hierarchical linear regression models further examined associations between
anthropometric and imaging outcomes. First, demographic variables (age, race, sex, and
Tanner stage) were entered en block. Second, either WC, SAD, BMI, or BMI Z-score was
added in a stepwise fashion. Finally, the remaining anthropometric variables (e.g., SAD,
WHR, BMI, and BMI Z-score in the WC model) were entered serially to assess their impact
upon the model.

Ninety-eight adolescents (41 normal-weight and 57 obese) aged 12-16 yr enrolled in the
study. Of these, 12 normal-weight and 8 obese subjects refused to undergo MRI because of
claustrophobia, 3 obese subjects had metallic artifacts (braces and hip screw), and 1 obese
subject had significant motion artifact. Two outliers were excluded: one ‘normal-weight’
subject whose BMI Z-score (—3.45) was >2 SDs lower than the next BMI Z-score (-1.37)
and was below the first percentile, and one obese subject whose VAT volume (2885 cm3)
was 44% higher than the second-highest VAT volume (2005 cm3). Finally, given the
differences in body composition between different population ancestries (races) (32),
subjects who were neither African-American nor Caucasian (n = 3: 1 Asian and 2 more than
one race) were excluded from analysis. Thus, 69 adolescents (28 normal-weight and 41
obese) completed the study.

Descriptive characteristics and comparison of normal-weight vs. obese subjects are
presented in Table 1. There were no significant differences in age, sex, Tanner stages, race,
or ethnicity between the two groups. As expected, all anthropometric and imaging measures
differed significantly between normal-weight and obese groups.
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Sex differences in adiposity

Height was significantly lower (159.7 vs. 167.8 cm, p = 0.003) and BMI significantly higher
(37.0 vs. 32.9 kg/mZ2, p = 0.04) in obese females than males. SAD trended lower in normal-
weight females than males (15.8 vs. 16.9 cm, p = 0.059). VAT volumes were similar
between the sexes, but SAT and TAT volumes were significantly greater in females vs.
males in all groups:

Obese group (mean + SD, females vs. males):
e SAT: 7721 + 2865 vs. 5531 + 2525 cm3, p = 0.013;
« TAT: 8473 + 3221 vs. 6126 + 2839 cm3, p = 0.018.
Normal-weight group (mean + SD, females vs. males):
e SAT: 1164 + 710 vs. 468 + 258 cm?, p = 0.002;
« TAT: 1280 + 770 vs. 547 + 315 cm3, p = 0.004.

Effect of puberty

Partitioned abdominal fat did not differ significantly between subjects of different pubertal
stages. No anthropometric differences by puberty stage were seen in obese subjects at all,
nor in the entire study population except height in the latter. However, in the normal-weight
group, later puberty stages were associated with increasing height, weight, and hip
circumference [F-statistic (p-value): 4.30 (0.01), 3.60 (0.03), and 3.71 (0.03), respectively].

Effect of population ancestry

Anthropometric and imaging measures (unadjusted) did not differ significantly between
African-Americans and Caucasians in either the entire population nor in the normal-weight
or obese subgroups (data not shown).

Relationship between anthropometric measures and partitioned abdominal fat

Figure 1 depicts the relationships between VAT and several anthropometric measures (WC,
SAD, BMI, and BMI Z-score). VAT volume increased exponentially in subjects with BMI
Z-scores above 1.9 (Fig. 1A). Correlations between anthropometric measures and partitioned
abdominal fat are shown in Table 2. SAD, WC, BMI, and BMI Z-score all correlated
strongly to SAT and TAT and less strongly to VAT. WHR had the weakest associations
with abdominal fat partitions.

All anthropometric measurements correlated more strongly with VAT volume in Caucasians
than African-Americans, with WC, BMI, BMI Z-score, and SAD being equivalent
(correlation coefficients 0.805-0.839 vs. 0.903-0.933 within African-American vs.
Caucasian groups, all p-values < 0.0005); the WHR correlations were equivalent but lower
[correlation coefficients 0.636 (p < 0.005) vs. 0.71 (p = 0.006)] in African-Americans vs.
Caucasians. Fisher’s Z transformation, which is used to assess significance of the difference
between correlation coefficients in two independent samples, found no significant
differences between the correlation coefficients between anthropometric predictors and VAT
volume in African-Americans vs. Caucasians (p-values 0.10-0.67). Linear regression
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demonstrated that at a given TAT, VAT was lower in African-Americans vs. Caucasians: at
the mean TAT volume (4601.9 cm3), African-Americans’ VAT volume (385.3 vs. 553.8
cm3) and VAT/TAT slope (0.09 vs. 0.139) were significantly lower. The VAT-TAT
relationship differed significantly between races (interaction p = 0.013), i.e., for a given total
abdominal adiposity, African-Americans had significantly less VAT than Caucasians. Figure
2 illustrates differences in fat partitioning in two age-, pubertal stage-, and BMI Z-score-
matched females.

Hierarchical regression analysis was used to determine whether relationships between
anthropometric predictors and VAT volume differed among normal-weight and obese
adolescents, controlling for gender, race, sex, and Tanner stage. All anthropometric
measures predicted VAT better in obese than normal-weight adolescents (Table 3). Among
normal-weight adolescents, all anthropometric measures except WHR were equally
predictive of VAT (R? values: 0.16-0.18), WHR did not significantly predict VAT, and no
variable significantly entered any other’s regression models except that of WHR. By
contrast, in obese adolescents, BMI Z-score was the strongest predictor of VAT volume,
somewhat more than SAD (R? = 0.39 vs. 0.31) and considerably more than WC, BMI, or
WHR. Furthermore, WC and WHR failed to improve the predictive capacity of either SAD
or BMI Z-score models, whereas both SAD and BMI Z-score significantly enhanced all
other models in subsequent steps, with BMI Z-score contributing substantially more than
SAD. Also, BMI Z-score significantly enhanced the SAD model but not the converse. Thus,
all anthropometric measurements (except WHR) were equivalently predictive of VAT
volume in normal-weight adolescents, while BMI Z-score was the strongest predictor of
volumetric VAT in obese adolescents. Of note, BMI and BMI Z-score were not
interchangeable; both added significantly to each other’s predictive capacity, suggesting that
the two measures provide independent, important information about adiposity in obese
adolescents.

Discussion

This study showed that in obese adolescents, BMI Z-score is a better predictor of VAT
volume than SAD, and both measures outperformed BMI, WC, and WHR. This contrasts
with findings in adults.

Identification of good anthropometric predictors of visceral adiposity is crucial, as visceral
adiposity is associated with cardiometabolic risk (5) and all-cause mortality (6) in adults,
and with insulin resistance and hypertriglyceridemia in children (7). The identification in
this study that BMI Z-score was somewhat superior to SAD and substantially superior to
WC as a predictor of VAT is particularly helpful, as both WC and SAD have practical
disadvantages — WC is less standardized (at least three different methods of WC
measurement are used in the literature) (33-35), while SAD measurement requires
expensive equipment.

Our study had several other significant findings. First, VAT increased exponentially as BMI
exceeded the 97th percentile for age [equivalent to BMI Z-score of 1.88 (26)]. Second,
WHR was the weakest predictor of VAT. Third, all non-WHR anthropometric measures
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were less predictive of VAT in normal-weight than obese adolescents. Fourth, there were no
significant differences in VAT volumes in our population relating to pubertal stage. Finally,
African-American and Caucasian adolescents’ fat deposition patterns differed significantly,
with VAT comprising a lower proportion of TAT among African-American adolescents.
Anthropometric measures trended toward being stronger predictors of VAT volume in
Caucasian than in African-American adolescents, albeit with differences not reaching
statistical significance.

Inherent predispositions influencing fat partitioning patterns (36) may play a larger role in
determining VAT when total adipose volume is smaller, rendering the relationships between
surrogate markers and VAT more variable in lean than in obese adolescents. In obese teens,
heredity-, race-, and sex-related contributions to fat deposition patterns may be minimal
compared with the more predictable effects of the greater amount of adipose tissue.
Additionally, lean mass comprises a greater proportion of total body mass in normal-weight
than obese subjects (37); this may also render surrogate markers of visceral adiposity less
useful in non-obese than obese adolescents.

The non-linear relationship between VAT and BMI Z-score is an important finding, which
lends more evidence to the biological significance of the 2000 Centers for Disease Control
(CDC) growth curves’ highest BMI percentile cutoff. Others have shown curvilinear
relationships between BMI and adiposity measures [e.g., fat mass (21)] at higher BMI
percentiles (38); however, to our knowledge, the exponential relationship with VAT has not
been previously shown in adolescents.

In normal-weight subjects, all non-WHR anthropometric measures performed similarly in
predicting VAT, whereas in obese subjects, BMI Z-score modestly outperformed SAD; both
measures were modestly better than BMI and significantly better than WC in predicting
VAT. This is in marked contrast to adults, in whom SAD is more highly correlated with
VAT (18) than WC or BMI (39). One study even found a stronger association between VAT
and SAD in normal-weight and moderately overweight than in obese adults (17), opposite of
our findings. Also unlike adult findings, we found that WHR was the poorest predictor of
VAT in our subjects. Finally, our subjects’ total VAT volume and VAT/TAT ratios were
lower than the values reported in adults (40), underscoring the fact that adult findings cannot
necessarily be applied to children.

Prior studies have examined body composition (29, 37, 38) and visceral adiposity (7) in
children. However, most examined VAT mass rather than volume — an important
methodological difference, as single-slice images are less precise than volumes calculated
from multiple slices (41). To our knowledge, only one previous pediatric study has
examined the association between anthropometric predictors and partitioned volumetric
intra-abdominal fat (22). That study found marginally higher correlations between WC and
VAT than either SAD or BMI and VAT. However, their sample size was limited (n = 28),
and they did not adjust for race, sex, or puberty. These are important limitations, as this and
prior studies have found that VAT mass is lower in African-American than Caucasian
adolescents (30) and adults (24) despite a higher overall obesity prevalence.

Pediatr Diabetes. Author manuscript; available in PMC 2015 September 10.



1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Koren et al.

Page 8

An interesting finding from the hierarchical regression analysis was that BMI contributed
significantly along with BMI Z-score in predicting VAT in obese subjects, suggesting that
BMI and BMI Z-score are not interchangeable, although the latter derives from the former.
There is a known limitation of BMI Z-score relating to skewness in BMI percentiles:
differences between percentiles are significantly smaller below than above the 85th
percentile. Thus, a wide range of BMI in the upper ranges (>40 kg/m2) becomes compressed
into a very narrow range of BMI Z-scores (42). Absolute BMI values had additional
predictive value in this select population.

Although adulthood rather than childhood obesity has been found to be the primary
determinant of metabolic sequelae such as type 2 diabetes, childhood obesity is a strong risk
factor for adulthood obesity (43) and is independently associated with increased risk of
adulthood hypertension independently of adulthood obesity (43). Adolescence may be an
especially crucial time, as SAT and VAT growth appears to occur at different rates in
children (44), and adolescent BMI percentile changes reflect changes in lean as well as fat
mass (21). That said, a significant BMI increase in adolescence predicts adult visceral fat
accumulation (45). Thus, useful indicators of VAT are needed in adolescents.

This study had a number of strengths: a good sample size, robust imaging measures of VAT,
comparison with a range of surrogate anthropometric measures, and adjustment for sex,
race, and pubertal stage in the analyses. There were also some limitations. First and most
important, there were fewer Caucasians than African-Americans, so power to detect
associations in that subgroup (and possibly in-between groups) was more limited. Second,
pubertal staging was based upon self-assessment, not examination by medical professionals,
potentially limiting accuracy. Finally, abdominal skinfold thickness measurements were not
performed, so we cannot compare their potential predictive capacity for volumetric visceral
fat from abdominal skinfold measurements to the anthropometric measurements we
examined. Future studies incorporating larger numbers of normal-weight subjects,
Caucasians, and subjects from other ethnic and racial groups are indicated to expand our
findings.

Given the metabolic importance of visceral adiposity, having good surrogate measures to
predict VAT is crucial. In our study population, the risk of visceral adiposity increased
exponentially in adolescents above the 97th BMI-for-age percentile. As neither SAD nor
WC predicted visceral adiposity more strongly than the more easily obtained BMI and BMI
Z-score, these results support using BMI Z-scores (or, in the very obese, BMI) over other
technically more difficult anthropometric measures to predict who is at greatest risk of
visceral adiposity.
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Fig. 1.
Relationships between anthropometric measures [(A) body mass index (BMI) Z-score

BMI, (C) sagittal abdominal diameter (SAD), and (D) waist circumference (WC) on x
and visceral adipose tissue (VAT) volume (y-axis) for African-Americans (AA) and
Caucasians.
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| Subcutancous Adipose Tissue (SAT) W Visceral Adipose Tissue (VAT)

Fig. 2.

Fa% partitioning patterns [transverse magnetic resonance imaging (MRI) slices (L2-L3)] in
obese Caucasian (A) and African-American (B) females. Demographics: (A) 14.3-yr old,

Tanner 4, body mass index (BMI) 34.7, and BMI Z-score 2.29. (B) 14.8-yr old, Tanner 4,

BMI 37.2, and BMI Z-score 2.43.
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Comparison of normal-weight and obese subjects

Table 1

Page 14

Normal-weight Obese p-Value

N 28 41
Age (yr) 14.7 + 1.5 (12.5-16.8) 145 + 1.4 (12.2-16.8) 0.57
Sex: male, N (%) 16 (57%) 23 (56%) >0.999*
Tanner stages

1 0 (0%) 1(2%) 0.45"

2 2 (7%) 1(2%)

3 6 (21%) 3 (7%)

4 14 (50%) 17 (41%)

5 6 (21%) 11 (27%)
Race

African-American 20 (71%) 33 (80%) 0.40*

Caucasian 8 (29%) 8 (20%)
Ethnicity

Hispanic 5 (18%) 3 (7%) 0.26*

Non-Hispanic 23 (82%) 38 (93%)
Height (cm)s 162.9+10.7 (145.9-186.2)  164.2 + 9.0 (143.0-185.3) 0.57
Weight (kg) 55.2 + 11.8 (36.8-79.8) 92.3 +18.1 (61-129) <0.0005
BMI (kg/m2) 20.6 + 2.5 (16.5-24.6) 34.7 + 6.6 (25.7-57.9) <0.0005
BMI Z-score 0.24 £0.78 (-1.37 t0 1.52) 2.27 £0.37 (1.64-3.02) <0.0005
Waist circumference (cm) 70.6 £ 6.0 (61.0-82.1) 101.4 +12.0 (79-124) <0.0005
Hip circumference (cm) 89.9 + 8.1 (75-103) 115.0 £ 9.5 (99-136) <0.0005
Waist-hip ratio 0.79 + 0.04 (0.69-0.88) 0.88 + 0.06 (0.71-1.03) <0.0005
Sagittal abdominal diameter (cm) 16.5 + 1.6 (14.0-20.6) 24.0 £ 2.8 (19.1-29.5) <0.0005
Volumetric subcutaneous adipose tissue (SAT) volume (cmS3) 771 + 608 (110-2736) 6493 + 2864 (2192-11916)  <0.0005
Volumetric visceral adipose tissue (VAT) volume (cm?3) 90+ 75 (14_341)’r 664 + 489 (71_2005)T <0.0005T
Volumetric total adipose tissue (TAT) volume (cm?®) 861 + 658 (135-2994) 7157 + 3199 (2298-13 425)  <0.0005
VATI/TAT ratio 0.12 £ 0.06 (0.03-0.33) 0.09 £ 0.04 (0.02-0.19) 0.134

BMI, body mass index.

Values represent number (%) or mean + SD (range). Numbers may total >100% because of rounding.

*
Chi-square or Fisher’s exact test.

TSkewed variable (Mann-Whitney used).

iTanner data not available for nine obese subjects; therefore, percentages do not add up to 100.
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Table 3

Regression analysis—predictors of volumetric visceral fat

Normal weight (n = 28) Obese (n=41)

R? p-Value R? p-Value
Base model (controlling for age, sex, race, and Tanner)  0.28 0.28 0.23 0.14
Sagittal abdominal diameter (SAD)* 0.173 0.021 0311 <0.0005
After SAD
WC adds 0.028 0.33 0.006 0.50
WHR adds 0.000 0.92 0.012 0.36
BMI adds 0.031 0.30 0.017 0.26
BMI Z-score adds 0.025 0.36 0.062 0.028
Waist circumference (WC)* 0.181 0.018 0.261 <0.0005
After WC
SAD adds 0.019 0.41 0.076 0.024
WHR adds 0.005 0.68 0.034 0.14
BMI adds 0.014 0.49 0.036 0.13
BMI Z-score adds 0.009 0.57 0.127 0.002
Waist-hip ratio (WHR)* 0.012 0.58 0.074 0.069
After WHR
SAD adds 0.161 0.029 0.268 < 0.0005
WC adds 0.175 0.022 0.221 < 0.0005
BMI adds 0.181 0.020 0.185 0.002
BMI Z-score adds 0.167 0.026 0.320 < 0.0005
Body mass index (BMI)* 0.179 0.019 0.259 <0.0005
After BMI
SAD adds 0.025 0.35 0.089 0.014
WC adds 0.016 0.45 0.038 0.12
WHR adds 0.014 0.49 <0.0005 0.89
BMI Z-score adds 0.002 0.80 0.190 < 0.0005
BMI Z-score™ 0.162 0.026 0.388 < 0.0005
After BMI Z-score
SAD adds 0.035 0.27 0.005 0.54
WC adds 0.028 0.33 0.001 0.79
WHR adds 0.016 0.46 0.006 0.47
BMI adds 0.018 0.44 0.061 0.019

*
Regression model adjusted for age, sex, race, and Tanner stage.
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