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Abstract

Lower serum concentrations of sex-hormone binding globulin (SHBG) are associated with
increased risk for several obesity-related diseases in women including hormone-sensitive cancers,
type 2 diabetes, metabolic syndrome, and cardiovascular disease. Previous investigations have
reported that body composition, specifically central obesity, and/or higher insulin concentrations
are key factors associated with lower SHBG in overweight and obese women; however, these
studies were limited by their cross-sectional design. We hypothesized that intra-abdominal adipose
tissue (IAAT), a fat depot linked with an abnormal metabolic profile, is inversely and
independently associated with SHBG. Therefore, we determined the longitudinal associations
among SHBG, insulin, and IAAT in 107 premenopausal women enrolled in a weight loss study.
Overweight (BMI 27-30 kg/m2) women were weight reduced until BMI of <24 was achieved.
Body composition and IAAT were measured at baseline and after weight loss with dual-energy X-
ray absorptiometry and computed tomography, respectively. Serum concentrations of insulin and
SHBG were determined. Paired #test showed that insulin and IAAT decreased significantly and
SHBG increased significantly following weight loss (P < 0.0001 for all). Simple correlations from
baseline showed no association with insulin and SHBG (r= —0.142, = 0.143) and a significant
inverse association between IAAT and SHBG (r=-0.43, £<0.0001). Repeated measures mixed-
model showed that after adjusting for age and time (weight loss), IAAT was significantly
inversely associated with SHBG (~ = 0.0002) and there was no association with insulin and SHBG
(P=0.180). We conclude that SHBG concentrations are influenced by IAAT and not insulin in
premenopausal women.

INTRODUCTION

Sex-hormone binding globulin (SHBG) is a protein produced by the liver that transports the
sex-steroid hormones, testosterone, and estradiol in the blood. The binding of SHBG to
testosterone and estradiol regulates the bioavailibity of these hormones. In premenopausal
women, lower blood concentrations of SHBG are indicative of higher blood concentrations
of free androgens (1). Some data suggest that higher concentrations of free androgens are
associated with increased risk for cancers of the breast (2) and endometrium (3) and
cardiovascular disease (4). Several recent studies have reported that lower concentrations of
SHBG are associated with metabolic syndrome (5) and type 2 diabetes (6).
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Obesity results in lower serum SHBG concentrations (7). However, the physiological factors
that link obesity with decreased SHBG remain unclear. One potential physiological
mechanism linking obesity and lower SHBG is higher blood concentrations of insulin.
Insulin is elevated in obesity and has been shown to suppress hepatocyte production of
SHBG in vitro 8). More recent /n vitro investigations have implicated other metabolic
processes associated with obesity such as hepatic lipogenesis, peroxisome-proliferator
activated receptor-y and thyroid hormone in mediating SHBG production (9-11).
Epidemiological studies in female populations have provided some evidence that insulin is
negatively correlated with SHBG (12-14). However, these studies were limited by their
cross-sectional design and did not directly measure body fat or specific fat depots rather they
depended on waist circumference (12), waist-to-hip ratio (14), or BMI as indicators of
adiposity (13).

The accumulation of intra-abdominal adipose tissue (IAAT) is related to insulin resistance
and type 2 diabetes but may also be a fat depot independently associated with lower SHBG.
One recent study found that the ratio of trunk fat to limb fat is significantly inversely
correlated with SHBG in premenopausal African-American and European-American women
after controlling for homeostasis model assessment—insulin resistance, estradiol, physical
activity, and caloric intake (15). However, trunk fat is a general indicator of central adiposity
and does not reflect a specific fat compartment. As reviewed by Jenson (16), IAAT is an
important fat depot that is associated with an abnormal metabolic profile and therefore may
influence hepatic production of SHBG. Tchernof ef al. reported that IAAT was significantly
associated with SHBG independent of insulin in a female population (17); however, this
cross-sectional study was limited by its relatively small sample size. Currently, the
associations among IAAT, insulin, and SHBG in healthy premenopausal women are unclear.

Therefore, the purpose of this study was to longitudinally determine the independent
associations among SHBG, IAAT, and insulin in premenopausal women enrolled in a
weight loss study.

METHODS AND PROCEDURES
Study participants

Protocol

Participants were overweight (BMI 27-30), premenopausal women reporting to have normal
menstrual cycles (approximately every 28 days) and not taking oral contraceptives. Further
eligibility criteria included sedentary (defined as exercising <1 time per week for the past
year); negative for a history of eating disorders; normoglycemic (determined by 2-h blood
glucose following 75-g oral glucose load); nonsmoker; not taking medications known to
alter metabolism; and self-identified as either European-American or African-American.

Data and biological samples for this study were from a previous research study conducted
between March 2001 and May 2005 at the University of Alabama at Birmingham described
in detail elsewhere (18). At baseline, following 4 weeks of energy balance and weight
maintenance, blood was collected following an overnight fast during the follicular phase of
the menstrual cycle (within 10 days of menses). Participants underwent body composition
analyses and were then randomized to one of three weight loss groups: (i) diet alone; (ii) diet
with aerobic exercise; or (iii) diet with resistance training, based on matching for age, race,
and BMI. All participants consumed 800 kcal/day with 20-22% of energy as fat, 18-22% as
protein, and 58-62% from carbohydrate. Participants were weighed regularly until their
weight loss reached BMI <24. Once the weight loss goal was achieved participants again
underwent 4 weeks of weight maintenance and energy balance. Blood was collected
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following an overnight fast and body composition measurements were again assessed during
the follicular phase of the menstrual cycle. Written informed consent was obtained from all
participants before testing. All procedures and protocols pertaining to the study were
approved by the University of Alabama at Birmingham Institutional Review Board.

Body composition measurements

BMI was calculated using weight in kilograms divided by height in meters squared. Dual-
energy X-ray absorptiometry (GE-Lunar Prodigy running software version 1.33) was used to
assess total and regional body fat composition. Computed tomography scanning with
HiLight/Advantage Scanner was used to determine IAAT. A 5-mm scan at the L4-L5 region
was taken while subjects were in the supine position with arms above their head. Cross
sectional area of adipose tissue was analyzed using density contour as we have previously
described (18).

Serum assays

SHBG was assayed in duplicate using a commercially available solid-phase
immunoradiometric assay kit from Siemens (Los Angeles, CA). The mean intra- and
interassay coefficient of variation were 6.72% and 11.52%. Insulin was assayed in duplicate
using double-antibody radioimmunoassay kits from Linco Research (St Charles, MO). The
mean intra- and inter-assay coefficient of variation were 5.94% and 6.50%.

Statistical analyses

RESULTS

Insulin and SHBG were not normally distributed and were log (In) transformed. The
geometric mean and 95% confidence interval are shown for these variables. The mean and
s.e. are shown for all other normally distributed variables. In initial exploratory analyses, we
used multivariate repeated measures ANOVA to test whether weight loss group or race were
associated with SHBG and found no effect for either of these variables and therefore
combined the groups in all subsequent analyses. The difference in baseline and post weight
loss body composition measurements and serum analytes was determined using paired &
tests. Simple correlation coefficients were determined for baseline SHBG and weight, total
fat mass, lean mass, BMI, IAAT, and insulin. We used two methods to investigate the
association between SHBG and insulin and measures of adiposity. Change scores (baseline
—follow-up values) were generated for these variables and simple correlation coefficients
were determined for the change score for SHBG with the change score for insulin and the
measures of adiposity. In addition, repeated-measures mixed-models, a more robust method
for longitudinally assessing the associations among changes in variables, were used to
determine the associations among the independent variables insulin and IAAT with the
dependent variable SHBG after adjusting for age and time (weight loss). JMP version 8.0
(SAS Institute, Cary NC) was used for statistical analyses.

Fifty African-American and fifty seven European-American premenopausal women mean
age 34.3 £ 0.62 years were included in this study. Following weight loss, ~22 weeks, there
were significant reductions in all body composition parameters (£ < 0.0001 for weight, BMI,
fat mass, percent fat, lean mass, and IAAT) (Table 1). There was a significant reduction in
serum insulin (P < 0.0001) whereas serum concentrations of SHBG significantly increased
(P<0.0001) following weight loss.

The simple correlations between baseline SHBG and baseline body weight (kg), BMI, total
fat mass (kg), lean mass (kg), IAAT (cm?2), and insulin (IU/ml) are shown in Figure 1.
There were significant correlations between SHBG and total fat mass (r=-0.191, 2= 0.05)
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and IAAT (r=-0.43, £< 0.0001). The results from simple correlations between the change
score (baseline-follow-up values) for SHBG and change scores for insulin and body
composition measurements were not statistically significant.

Table 2 shows the results from repeated measures mixed-models for the dependent variable
SHBG after adjusting for age. As shown in model 1, there was a significant effect of time
(weight loss) on SHBG (P < 0.0001). In model 2, after entering insulin into the model, time
(weight loss) remained statistically significant (< 0.0001) and insulin was not associated
with SHBG. This indicated that the change in insulin had no effect on the change in SHBG.
In model 3, the significant effect of time (weight loss) disappeared with the addition of
IAAT into the model. This indicates that the change in IAAT (£ =0.0002) was significantly
associated with the change in SHBG.

DISCUSSION

In this study, we determined that SHBG significantly increased following weight loss. Our
findings are consistent with previous reports that significant weight loss as a result of
decreased energy intake increases serum SHBG (7), a protein associated with risk for type 2
diabetes (6), cardiovascular disease (4), metabolic syndrome (5), and hormone-sensitive
cancers in women (2, 3).

A previous cross-sectional study reported that there was no significant independent
association between insulin and SHBG in healthy premenopausal women rather IAAT was
significantly inversely associated with SHBG (17). Based on this evidence, we
longitudinally explored the associations among SHBG and measures of body composition
and insulin in a group of premenopausal women before and after weight loss. In univariate
analyses, we found that SHBG was marginally but statistically significantly correlated with
total fat mass at baseline. Conversely, there was a strong significant inverse correlation
between baseline SHBG and IAAT whereas we found no correlation with insulin. In
subsequent analysis, we used repeated measures mixed models, a robust method for
assessing change over time to determine the effects of insulin and IAAT on SHBG (19).
After adjusting for age, we found that there was a significant effect of time (weight loss)
associated with the change in SHBG. The addition of insulin into the model did not change
the association between time (weight loss) and SHBG; however, when IAAT was entered
into the model the effect of time (weight loss) disappeared. These analyses indicate that the
change in IAAT over the course of the weight loss had a significant effect on SHBG
independent of insulin. Our results are in contrast to several previous observational studies
that have shown insulin is negatively associated with SHBG (12-14). However, these
studies were cross-sectional and did not directly account for IAAT and this may explain the
discrepancy in our findings and these previous investigations. Of note, we performed
additional analyses to test whether more robust measures of glucose and insulin metabolism
were associated with SHBG. In repeated-measure mixed-models that included insulin
sensitivity and acute insulin response to glucose as determined by intravenous glucose
tolerance test, we did not observe an association between these independent variables with
SHBG although IAAT remained statistically significant (data not shown).

Indeed, IAAT appears to play an important role in metabolic disease risk (16). Our data
suggest that IAAT is associated with hepatic metabolism resulting in decreased production
of SHBG. The gene expression of SHBG is influenced by several nutritional and metabolic
factors (5). IAAT is a metabolically active fat depot and source of free-fatty acids (FFAS)
that drain into the hepatic portal vein (20). At the transcriptional level, the SHBG promoter
region is centrally controlled by the transcription factor hepatic nuclear factor-4 (21). This
transcription factor has a ligand-binding domain for endogenous FFAs that can modulate the
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transcriptional activity of the SHBG gene (22, 23). Selva et al. showed that the promoter
region has a secondary binding site to which peroxisome-proliferator activated receptor-y
can bind and decrease SHBG expression (10). This is believed to be through peroxisome-
proliferator activated receptor-vy binding of endogenous fatty acids and repression of SHBG
transcription (10). Although speculative, we hypothesize that endogenous FFAs may
potentially be an important link between IAAT and SHBG.

A recent study that included middle-aged European men and women reported that hepatic
fat is independently related to SHBG after adjusting for IAAT and total fat (24). Hepatic fat
and IAAT tend to be positively correlated with one another (25). We did not measure
hepatic fat and cannot rule out the possibility that hepatic fat is associated with SHBG in our
study. However, IAAT is likely a source of FFAs and hepatic fat accumulation (20) and our
data suggest it is a pivotal fat depot associated with serum SHBG concentrations. Future
studies examining the association between obesity and SHBG should consider IAAT, FFAs,
and hepatic fat as potential factors inversely associated with SHBG.

The strengths of this study are the longitudinal design and the inclusion of premenopausal
women with similar BMI in the overweight and weight-reduced states. In addition, we used
computed tomography for the direct measurement of IAAT allowing us to investigate the
associations of this fat depot with SHBG.

In conclusion, decreased concentrations of SHBG have been linked with increased risk for
several chronic diseases. Weight loss increased SHBG in healthy premenopausal women
and intra-abdominal adiposity was significantly inversely associated with SHBG. Although,
the mechanisms underlying this association are unclear, it does not appear to be mediated by
insulin.
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Simple correlation coefficients for baseline sex-hormone binding globulin (SHBG), body
composition measurements, and insulin. SHBG was significantly inversely correlated with
fat mass (r=-191, £=0.05) and intra-abdominal adipose tissue (IAAT) (r=-0.43, P<

0.0001).
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Table 1

Baseline and weight-reduced measurements of body composition and serum analytes

Basedline Weight-reduced P for time

Body compositior?

Weight, kg 78.0+7.24 65.9 +6.48 <0.0001
BMI 28.3+0.13 23.9+0.11 <0.0001
Fat mass, kg 32.4+0.49 21.2+0.43 <0.0001
Lean mass, kg 45.6 +£0.39 44.8 +£0.39 <0.0001
IAAT cm? 81.0 + 3.06 50.9+2.25 <0.0001
Serum ana/ytesb

Insulin, wlU/ml 11.20 (10.5,11.9)  8.60 (7.96, 9.25) <0.0001
SHBG, nmol/l 55.5(50.5,60.9)  70.4 (64.5, 76.9) <0.0001

aMean +s.e.e.

bGeometric mean (95% ClI).

Cl, confidence interval; IAAT, intra-abdominal adipose tissue.
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Repeated measures mixed models for dependent variable SHBG

Term Estimate se. P
Model 1

Intercept 4.533 0.227 <0.0001

Time 0.122 0.014 <0.0001
Model 2

Intercept 4.608 0.242 <0.0001

Time 0.114 0.017 <0.0001

Insulin -0.007 0.007 0.357
Model 3

Intercept 4.689 0.233  <0.0001

Time 0.035 0.024 0.151

Insulin -0.010 0.007 0.180

IAAT -0.005 0.001  0.0002

Bold values indicate significant effects.

Table 2

SHBG, sex-hormone binding globulin; IAAT, intra-abdominal adipose tissue.
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