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Intraperitoneal fat and Insulin Resistance in Obese adolescents

Glaser Pediatric Research Network Obesity Study Group”

Abstract

Obesity is epidemic among adolescents in the United States. We sought to analyze the
anthropometric measures of adiposity and fasting indices of insulin resistance, including insulin-
like growth factor-binding protein-1 (IGFBP-1), and to provide a clinical estimate of
intraperitoneal (IP) fat in obese adolescents (BMI =95th percentile), between ages 13 and 17 years.
Subjects had baseline testing to determine eligibility for a subsequent randomized, placebo-
controlled trial of metformin XR therapy. Anthropometry and dual-energy X-ray absorptiometry
(DXA) were used to quantify total body fat while abdominal computed tomography (CT) was
used to measure IP (CT-IP) and subcutaneous (CT-SQ) fat. Using anthropometry and fasting
laboratory data, we constructed regression models for both CT-IP and CT-SQ. A total of 92
subjects, 33 males, were evaluated. Of the 92 subjects, 19 were black. Fasting insulin
concentrations were highly associated with other measures of insulin resistance. Median percent
body fat across all subjects, as measured by DXA, was 41%. Using CT measures, 67% of
abdominal cross-sectional area was fat, 14% of which was IP fat. In multiple regression analysis,
waist circumference (WC) and BMI, jointly and independently, were strongly associated with both
CT-IP and CT-SQ fat. BMI and WC explained 62% of variance of CT-SQ fat, but only 26% of
variance of CT-IP fat. Adding triglyceride:high-density lipoprotein (TG:HDL) ratio and IGFBP-1
(among nonblacks) to the regression model increased the explained variance for estimating CT-IP
fat to 45%. When evaluating the metabolic morbidity of an obese adolescent, a model using
fasting IGFBP-1, TG:HDL, BMI, and WC may be worthwhile as an estimate of IP fat.

INTRODUCTION

Obesity is epidemic among adolescents in the United States. As in adults, risks associated
with childhood and adolescent obesity include elevated blood pressure and dyslipidemia,
predis-posing these individuals to cardiovascular disease. In addition, a significant number
of obese youth have abnormally severe insulin resistance with an attendant increased risk of
developing type 2 diabetes mellitus (1).

The magnitude of insulin resistance and risk for other metabolic complications among
equally obese adolescents differs depending on their physique and body fat distribution,
which can be measured by a cross-sectional computed tomography (CT) scan of the
abdomen. In fact, there is increased recognition that visceral or intraperitoneal (IP) fat is
associated with disorders of glucose and lipid metabolism (2-6), while sub-cutaneous (SQ)
fat may even be somewhat protective of these disorders (7).
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As part of the baseline evaluation for entry into a multi-center, randomized, placebo-
controlled, double-blind trial of metformin XR in obese adolescents, we sought to quantify
the associations between different measures of adiposity (including IP fat as determined by
CT) and insulin resistance. We used simple anthropometric and fasting biochemical
measures to statistically estimate CT-IP.

METHODS AND PROCEDURES

Setting

Subjects

Procedures

The study was conducted at the five clinical sites (see Supplementary Appendix 1 online)
of the Glaser Pediatric Research Network, with a center for data management and statistical
analysis at Children's Hospital Boston. The study was approved by the institutional review
boards of all five centers.

Adolescents, aged 13.0-17.99 years, were eligible if they were obese (BMI >95th percentile
for age and gender (8) but weighed less than 136 kg (the weight limit for the dual-energy X-
ray absorptiometry (DXA) machine). No specific fasting insulin concentration was required
for study entry. Subjects were excluded if they had known diabetes; had ever used a
medication to treat diabetes or insulin resistance; had ever used a medication to aid in weight
loss; were taking any medications known to increase metformin levels (e.g., cimetidine);
received recent glucocorticoid therapy; had any syndrome or medical disorder predisposing
to obesity; had surgical therapy for obesity; had attended a formal weight-loss program
within the previous 6 months; admitted to significant alcohol use in the past 6 months; had
elevated creatinine (>1.2 mg/dl) or liver enzymes (aspartate aminotransferase or alanine
aminotransferase of >80 U/I) or untreated disorders of thyroid function; had a mobility
impairment; or had, if a female, ever been pregnant. Parental consent and subject assent
were obtained. All eligible subjects were recruited.

Height was measured twice using a wall-mounted stadiometer and weight was measured
twice using an electronic scale. A third reading was taken if the difference between the first
two readings was >0.5 cm for height or 0.3 kg for weight. The means were used for data
analysis. BMI (kg/m?2) was calculated from the mean weight and height measurements and
converted to a sex- and age-specific z-score (8).

Waist circumference (WC) was measured by two methods and each measurement was done
twice. For the UMB method, subjects were measured around the smallest area below the rib
cage and above the umbilicus (9). The NHANES method involved measuring subjects at the
high point of the iliac crest at minimal expiration (10).

Tanner staging was assessed for breasts for females, and genitalia for males, and pubic hair
for both sexes, by direct inspection. The degree of acanthosis nigricans was assessed using
Burke's method (11).

Race was determined by self-identification. Subjects were asked to choose one or more of
the following categories: American Indian or Alaska Native; Asian; Native Hawaiian or
other Pacific Islander; black or African American; white; or other. Ethnicity was also
determined by self-identification by asking whether the subjects considered themselves to be
Hispanic or Latino.

Obesity (Silver Spring). Author manuscript; available in PMC 2012 November 27.



1X31-)lew1a1ems 1X31-){Jewiaremsg

1Xa1-)lewarems

Page 3

Two-slice CT scans were obtained on each subject to evaluate both the distribution of
abdominal fat and the degree of fatty infiltration of the liver. Abdominal fat content and
distribution were measured using a modification of the methods of Borkan et a/., obtaining a
slice aligned with the L4-L5 intervertebral disk found by using a low-dose abdominal scout
radiograph to standardize the position of the scan to the nearest millimeter (12). The cross-
sectional area (in cm?) was determined using measurement software available on the CT
review console. Percent body fat was measured by whole-body DXA.

Following 3 days of a normal carbohydrate diet (at least 150 g/day) and a 10-h fast, glucose,
insulin, insulin-like growth factor-binding protein-1 (IGFBP-1), and lipid panel were
obtained. Subjects then underwent a 3-hour oral glucose tolerance test (OGTT; 75 g of
glucose) with insulin and glucose at time O (just before), and at 15, 30, 60, 90, 120, and 180
min after glucose load, C-peptide at time 0 (just before), and at 15, 30, 60, 120, and 180 min
after glucose load. All assays were performed at Esoterix Clinical Trials Services (Calabasas
Hills, CA). Insulin and IGFBP-1 were measured by two-site immunochemiluminometric
assays with sensitivities of 0.6 pU/ml and 1 ng/ml, respectively. The Esoterix reference
ranges for IGFBP-1 are prepubertal (fasting) 30-1,000 ng/ml and pubertal (fasting) 20-200
ng/ml.

Calculated insulin parameters

Statistics

A number of indices based on OGTT have been proposed as estimators of insulin resistance.
The simplest of these is fasting insulin. The other indices included the homeostasis model
assessment of insulin resistance (HOMA\Rr) calculated the (fasting glucose (mmol/l) x
fasting insulin (uU/d1))/22.5 (ref. 13). Using the full OGTT, the composite insulin
sensitivity index (CISI) (14,15) was calculated as

10,000
V((FI x FBG) (MIo_120 X MGo-120))

where Fl is fasting insulin, FBG is fasting glucose, and M1 and MG are the mean insulin and
glucose between 0 and 120 min inclusively.

B-Cell activity was estimated using the CIRg, (corrected insulin release at the glucose peak)
(16) calculated as

Igp X 100
(Ggp (Ggp - 70))

where Gy, is the peak glucose (maximum glucose value of all seven measurements between
0 and 180 min) and /yp is the insulin concentration at time of glucose peak.

Data were reported as median and interquartile range (25th to 75th percentile) because many
variables had skewed distribution. Bivariate associations were assessed by Fisher exact test
(two dichotomies), Pearson and Spearman correlation (two continuous measures), or
Student's #test (one dichotomy, one continuous measure). Comparisons of anthropometric
measures across sex and race were made by two-way ANOVA with a test for interaction. In
cases of skewed distribution, the Student's #test was confirmed by a Wilcoxon rank-sum test
and ANOVA by the Kruskal-Wallis test. We used mixed-model analysis of variance to
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compare to WC measurements within subject (WC-UMB and WC-NHANES) and to
estimate the precision of each technique (standard deviation for replicate measurements).

We used simple and multiple linear regression analyses to construct formulas for estimating
CT-IP fat and CT-SQ fat from demographic and anthropometric variables and serum levels
of lipids and IGFBP-1. Where we had a hypothesis that race might modify the effect of an
independent variable, we tested interaction terms in the regression model. The dependent
variables were log-transformed to reduce skew. SAS software (Cary, NC) was used for all
computations.

In the course of screening for the subsequent randomized intervention trial, we obtained
baseline data from 92 obese adolescents. Of them, 33 (36%) subjects were males. Of the
subjects 55 (60%) described themselves solely as white and 19 (21%) solely as black; 24
subjects (26%) identified themselves as Hispanic or Latino. Given our interest in
associations between adiposity and insulin measures with gender and race, we present the
baseline data (Tables 1 and 2) divided by gender and race, comparing the subjects those
who identified themselves solely as “black”) with all others (“nonblack”). Thus, the
nonblack population is a mixed population. Age was similar across gender and race (P=
0.56).

Obesity measures

Black subjects tended to have higher BMI zscores than did nonblack subjects (P=0.12).
Although black females had greater BMI (P = 0.02) than the other subgroups, their weights
(P=0.13) and WCs (P = 0.47) were similar. The mean of the WC-NHANES was greater
than the WC-UMB (111.4 cm vs. 104.0 cm). The precision of each WC (standard deviation
for replicate measurements) was similar (UMB s.d. 0.96 cm, 95% confidence interval 0.81-
1.10; NHANES s.d. 1.05 cm, 95% confidence interval 0.81-1.22 cm). The correlation
between the two measures of WC was only moderately high (r=0.83). Moreover, although
the correlations of WC with measures of insulin resistance and p-cell activity were generally
low, the correlations with the NHANES method of measuring WC were consistently better
(Table 3).

Median percent body fat across all subjects, as measured by DXA, was 41%. Using fat
distribution derived for areal CT measures, 67.3% (interquartile range 62.0-70.8%) of
abdominal cross-sectional area was fat, 14% of which was IP fat. Total body fat was higher
among females using either measure (P< 0.0001 for DXA, P=0.004 for CT).

Correlation among obesity measures

As illustrated in Figure 1, WC-UMB was highly associated (P < 0.001) with CT-determined
IP fat (CT-IP; Spearman r=0.61), CT-determined subcutaneous fat (CT-SQ; r=0.74), and
CT-total fat (r=10.79). Likewise, BMI was highly associated with CT-SQ fat (r=0.67) and
CT-total fat (r=0.66). The association between BMI and CT-IP fat was weaker (r=0.30, P
=0.006). BMI zscore, DXA fat mass, and body weight showed essentially the same
associations with the CT fat measures.

Modeling CT fat measures

In multiple regression analysis, WC-UMB and BMI, jointly and independently, were
strongly associated with both CT-IP fat and CT-SQ fat (Table 4). WC-NHANES
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methodology was just as strongly associated as WC-UMB with CT-SQ fat (data not shown).
BMI and WC-UMB explained 62% of variance of CT-SQ fat, but only 26% for CT-IP fat.

Estimation of CT fat measures

The tiglyceride:high-density lipoprotein (TG:HDL) ratio showed a significant association
with both IP fat (P=0.02) and SQ fat (P=0.05), whereas IGFBP-1 was associated with CT-
IP fat only among nonblacks. Adding TG:HDL ratio and the interaction term IGFBP-1 x
black to the regression model increased the explained variance to 45%. Neither age nor race
contributed significantly to the regression model for either CT-SQ or CT-IP fat after
adjustment for the other variables. Gender was marginally associated with SQ fat (P= 0.07).

Several other variables indicative of insulin resistance showed simple associations with CT-
IP fat and were tested for inclusion in the multiple regression model. Fasting insulin was
mildly associated with CT-IP fat (r= 0.35, Table 3) though not as strongly as IGFBP-1 (r=
-0.47). When added to the model, fasting insulin did not show statistical significance (P=
0.33) or substantially attenuate the effects of other regression variables, despite its moderate
correlation with IGFBP-1 (r=-0.50). HOMAR, CISI, CIRgp, impaired fasting glucose
(>100 mg/dl), impaired glucose tolerance (2-h OGTT glucose >140 mg/dl), and the area
under the OGTT insulin curve likewise failed to show statistical significance when added to
the model or materially affect the significance of the other regressors. Excluding the 25
subjects with impaired fasting glucose or impaired glucose tolerance produced only minor
changes in the regression models reported in Table 4. The effects of WC and TG:HDL ratio
were attenuated and became nonsignificant, but the remaining regression coefficients and
significance levels were essentially unchanged. In particular, the interaction of IGFBP-1
with black race remained significant (P = 0.01), with a coefficient of —4% in IP fat per ng/ml
increment in IGFBP-1 in nonblacks (£ = 0.001) and a virtually null coefficient in blacks (P
=0.58).

Glucose and insulin indices

Fasting glucoses were normal (<100 mg/dl) in 81 of 91 (89%) subjects, and no subject had a
baseline fasting glucose above 125 mg/dl. Two hours after the standard glucose load, 76 of
92 subjects had glucose concentrations of <140 mg/dl and no subject had 2-h glucoses
exceeding 199 mg/dl. Fasting insulin concentrations were highly associated (P < 0.001) with
other measures of insulin resistance including HOMA (r=0.99), CISI (r=-0.93), CIRg (7
=0.47), TG:HDL (r=0.44), and IGFBP-1 (r=-0.46). Black females had similar degrees of
insulin resistance when measured by fasting insulin (P= 0.31), HOMA (£ =0.37), or CISI
(P=0.30). Likewise, black females also had similar B-cell activity as measured by CIRg, (P
=0.40).

Correlation between insulin indices and obesity

BMI zscore, WC-NHANES, and DXA lean mass were moderately associated with
measures of both insulin resistance (CISI, insulin, and IGFBP-1) and insulin secretion
(CIRgp) (Table 3). CT-IP fat was associated with measures of insulin resistance, but not
insulin secretion. Neither CT-SQ fat nor DXA fat mass showed association with any index
of insulin resistance or secretion.

DISCUSSION

Body mass is made up of three compartments, which are associated with longevity (muscle,
bone, and SQ fat), and one compartment associated with mortality (IP fat). Quantification of
body composition by anthropometric indices, such as weight, BMI, and WC, are only
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variably indicative of the amount of IP fat; accounting for a wide variance in metabolic
outcome based on these measures alone.

Although an excess of SQ fat can contribute to comorbidi-ties, numerous studies have
demonstrated the primary pathogenicity of IP fat in mediating the cardio vascular and
metabolic comorbidities associated with obesity (17,18). Unfortunately, direct measurement
of IP fat by CT or magnetic resonance imaging is expensive and generally impractical. One
of the goals of our analysis, therefore, was to determine how well we could estimate IP fat
from a combination of anthropometric and simple fasting laboratory measures. Using a
combination of BMI, WC, fasting IGFBP-1, and the TG:HDL ratio, we were able to account
for about 45% of the variance in IP fat (Table 4, equations in Supplementary Appendix 2
online).

IGFBP-1 levels are affected by insulin levels, as portal insulin strongly downregulates
IGFBP-1 (ref. 19). Previously, Travers et al. found IGFBP-1 levels to have a strong
univariate inverse correlation with body fatness as measured by underwater weighing (20).
However, the univariate relationship between IGFBP-1 and body fatness in their study did
not persist when subjected to a multiple model that included insulin sensitivity. In our
analysis, we examined the utility of fasting IGFBP-1 as a measurement of IP fat. Simple
regression demonstrates the inverse correlation between IGFBP-1 and IP fat in nonblack
adolescents. More importantly, this relationship is also seen when multiple regression
analysis is completed. Therefore, a lower IGFBP-1 value can be used to estimate IP area
particularly in nonblack adolescents. The same inverse correlation between IGFBP-1 and IP
fat is seen in black adolescents as well; however, we did have a smaller number of black
subjects compared to nonblack subjects. Although a racial difference in IGFBP-1 values is
seen, the authors could not find any previously published studies that document this
difference in adolescents.

The effects of gender and puberty on IGFBP-1 levels have been variable depending on the
population (20-23). In our study, a gender difference in IGFBP-1 level is only seen in
nonblack males and all females. Interestingly, black and non-black females had the same
IGFBP-1 levels whereas the black males seemed to have a lower IGFBP-1 value than
nonblack males. However, our sample size for black males is quite small. Regardless of
gender, the measurement of IGFBP-1 was a good estimator of IP fat for obese nonblack
adolescents. In addition, our subjects were all adolescents aged 13-17 years who were at
minimum midway through pubertal development. Therefore, pubertal effects were not seen.

In addition, previous work by Motaghedi ef a/. found that IGFBP-1 levels could be used as a
serum marker for insulin resistance (24). Furthermore, fasting peripheral insulin levels can
be normal in children with mild insulin resistance, while IGFBP-1 levels are decreased
reflecting the early stage of portal hyperinsulinemia (25). The explanation is thought to be
that periodic postprandial hyperinsulinemia may first occur and later abnormal fasting
insulin levels are seen (26). Interestingly in our analysis, fasting insulin was a significant
estimator of IP fat by itself (P=0.001), but not after controlling for all the variables in
Table 4. However, IGFBP-1 is associated with IP fat both alone and after controlling for all
the same variables. Thus, our findings further support the utility of fasting IGFBP-1 levels
as an additional tool for assessing insulin resistance and as a part of a model to estimate IP
fat without costly and time consuming CT or magnetic resonance imaging scans of the
abdomen.

TG:HDL ratio

In adults, the TG:HDL ratio provides a reasonable estimation of insulin sensitivity (27).
Under the influence of insulin, HDL particles increase in size and buoyancy with increasing
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cholesterol acquisition and esterification, at which point the cholesterol stored can be
exchanged with TG-rich lipoproteins via cholesterol ester transfer protein activity, thus
lowering HDL-cholesterol levels (28). As insulin sensitivity is highly correlated with IP fat,
it is not surprising that the TG:HDL ratio lent power to estimation of CT-IP in nonblack
subjects. However, we found a lower TG:HDL ratio in blacks, a phenomenon documented
in many studies. This is almost certainly due to the finding of apolipoprotein CIlI
polymorphisms in blacks, accounting for their lower triglyceride levels (29,30).

Insulin sensitivity

We measured insulin sensitivity as a combined group; thus, there is the limitation that the
HOMA will be affected by impaired fasting glucose and CISI will be altered by both
impaired fasting and impaired glucose tolerance. However, our analysis has taken these
alterations into account. We found HOMA values very similar to those found in the 1999-
2002 NHANES data among adolescents with BMI >95th percentile (31). In this study, Lee
et al. examined HOMAr levels for each year of adolescence (12-19 years); normal and
overweight females had an earlier peak in HOMA g compared to normal and overweight
males, reflecting the effects of puberty on insulin resistance. However, our, age range was
smaller, most subjects were at least midway through puberty and all of our subjects were
obese. Therefore, we captured the highest HOMAr values and did not see a peak in
HOMA\r based on age or pubertal development. Interestingly, we found that black females
had the lowest HOMA g value; therefore this insulin sensitivity reflects the racial and
gender difference of a black female.

Racial differences

Conclusion

Racial differences are thought to play a role in the expression and severity of insulin
resistance (32,33). The Bogalusa Heart Study demonstrated racial dichotomies in insulin
dynamics during an OGTT. Obese black children demonstrated both insulin resistance and
insulin hypersecretion (34). Later, Jiang et al. proposed that the elevated insulin levels,
particularly in black females, may be attributed to a decrease in hepatic clearance rather than
in secretion (35). More recently, after adjusting for clearance, Hannon et a/. found that there
remained a race difference in first-phase insulin concentration between black and nonblack
adolescents and perhaps there is upregulation of -cell function in blacks. In our study, the
median fasting insulin was lower among black black females compared to the other groups
(Table 2). The black females were less insulin resistant by fasting insulin, HOMA, and
CISI. Black females also had greater insulin release as measured by CIR. Overall, insulin
hypersecretion as measured by CISI was also noted in blacks, although measures of insulin
resistance, as measured by fasting insulin, HOMA, and CISI, were not as consistent. Of
interest is that blacks measured lower CT-IP fat, despite a higher BMI and increased WC.

We sought to analyze the anthropometric measures of adiposity and fasting indices of
insulin resistance, including IGFBP-1 and to provide a clinical estimate of IP fat in obese
adolescents (BMI =95th percentile), between ages 13 and 17 years. We recruited and
enrolled all eligible participants and as a result, there were more females than males
represented in the study and fewer blacks than nonblacks. Our study supports the racial
differences established between black and nonblack individual; however, our number of
black adolescents, particularly males, is limited. We did not include an analysis of the same
factors in nonobese adolescents as our subjects were included to be part of the baseline
evaluation for entry into a multicenter, randomized, placebo-controlled, double-blind trial of
metformin XR in obese adolescents. Most of our subjects were at least Tanner 3 or greater at
the time of enrollment and therefore we cannot make pre- and postpubertal comparisons.
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Although our population consisted of obese adolescents, surrogate measures of insulin
resistance from OGTT parameters are still valid (36). However, despite these limitations, we
provide a useful recommendation for the clinician. In addition to the usual glucose, insulin,
and lipid profile obtained to assess for insulin resistance when evaluating an obese, nonblack
adolescent, we recommend measuring a fasting IGFBP-1 as a component of our statistical
model (see Supplementary Appendix 2 online) to estimate IP fat without a costly and time
consuming CT or magnetic resonance imaging scans of the abdomen. Furthermore, lifestyle
intervention programs using diet and exercise might include fasting IGFBP-1 levels as a
marker of progress in the nonblack population.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Association of abdominal fat compartments with anthropometric and serum measures
(unadjusted). For fully adjusted regression analysis, see table 4. Association of
intraperitoneal fat with serum IGFBP-1 (upper left) was significant for nonblack subjects
(open circles), nonsignificant for blacks (filled circles) as indicated by race x IGFBP-1
interaction in multiple regression (£ = 0.01); no other associations differed by race. Lines
indicate 95% confidence interval for estimating IP or SQ fat area from simple regression on
BMI or waist (UMB) in a new individual from a population of obese adolescents
comparable to this sample. IGFBP-1, insulin-like growth factor—binding protein-1; IP,
intraperitoneal; UMB, umbilicus; SQ, subcutaneous.
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