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Abstract

Among postmenopausal women, declining estrogen may facilitate fat partitioning from the
periphery to the intra-abdominal space. Furthermore, it has been suggested that excess androgens
contribute to a central fat distribution pattern in women. The objective of this longitudinal study
was to identify independent associations of the hormone milieu with fat distribution in
postmenopausal women. 53 healthy postmenopausal women, either using or not using hormone
replacement therapy (HRT), were evaluated at baseline and 2 years. The main outcomes were
intra-abdominal adipose tissue (IAAT), subcutaneous abdominal adipose tissue (SAAT), and total
thigh fat analyzed by computed tomography (CT) scanning and leg fat and total body fat mass
measured by dual energy X-ray absorptiometry (DXA). Serum estradiol, estrone, estrone sulfate,
total testosterone, free testosterone, androstenedione, DHEA-S, SHBG, and cortisol were assessed.
On average in all women combined, IAAT increased by 10% (10.5 cm?) over two years (P<0.05).
Among HRT users, estradiol was inversely associated with, and estrone was positively associated
with, 2-yr gain in IAAT. Among HRT non-users, free testosterone was inversely associated with,
and SHBG was positively associated with, 2-yr gain in IAAT. These results suggest that in
postmenopausal women using HRT, greater circulating estradiol may play an integral role in
limiting lipid deposition to the intra-abdominal cavity, a depot associated with metabolically
detrimental attributes. However, a high proportion of weak estrogens may promote fat partitioning
to the intra-abdominal cavity over time. Further, among postmenopausal women not using HRT,
greater circulating free testosterone may limit IAAT accrual.

Introduction

With age, women experience a gain in intra-abdominal adipose tissue (IAAT) and a loss of
fat in the hip-thigh area, both of which increase risk for chronic metabolic diseases such as
type 2 diabetes and cardiovascular disease 1+ 2. Understanding the factors that regulate body
composition and fat distribution in older women is critical for preventing undesirable
changes in IAAT and for preventing decline in metabolic health.

Changes in fat distribution may be due to age-related changes in the endocrine environment.
Circulating concentrations of estrogens, androgens, and growth factors decline with age and
the shift in fat distribution from the hip/thigh region to the abdominal/upper body region
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with age in women has been attributed to the changes in the reproductive hormonal

milieu3 . In an observational study of perimenopausal women, an increase in follicle
stimulating hormone (FSH) was associated with an increase in waist circumference®.
Interventional studies involving administration of exogenous hormones suggest that estrogen
promotes deposition of fat in the hip/thigh area® 7. However, associations between
endogenous estrogens and fat distribution among postmenopausal women have not been
investigated.

Age-related changes in fat distribution may also be attributed to changes in the androgenic
environment. However, conflicting evidence exists as to the precise relationship between
total and free testosterone and IAAT accrual in women. It was been widely speculated that
an androgenic profile is related to increased central adiposity in women, specifically in
women with polycystic ovary syndrome8. Other studies have demonstrated an inverse
relationship between IAAT and total testosterone in women 2, and furthermore studies in
males also suggest testosterone limits IAAT accrual 1911, To date, no longitudinal studies
have been conducted to examine the relationship among changes in IAAT and total and free
testosterone in postmenopausal women.

The use of oral conjugated equine estrogens results in pharmacological increases in
circulating concentrations of weak estrogens (e.g., estrone), and increases in estradiol that
are in the low-normal range for premenopausal women!2-14, Further, orally administered
estrogen stimulates hepatic production of sex hormone binding globulin (SHBG), the major
binding protein for circulating testosteronel®. Thus, an increase in SHBG to supra-
physiological levels may result in a reduction in circulating free testosterone. Oral estrogen
also increases circulating cortisol due to stimulation of hepatic production of cortisol
binding globulinl®. Cortisol promotes energy partitioning toward fat, particularly central
fat 16, at the expense of lean mass. It is not clear if elevated cortisol among oral HRT users
has implications for adiposity and fat distribution. Therefore use of exogenous hormones
may alter the endocrine environment in such a way that influences body composition and fat
distribution.

The purpose of this 2-year observational, longitudinal study was to examine associations
between the hormone milieu and body fat distribution in healthy postmenopausal women.
We hypothesized that androgen concentrations would be positively associated with IAAT;
estrogen concentrations would be positively associated with leg/thigh fat and inversely
associated with IAAT; and cortisol concentration would be positively associated with IAAT.
In addition to measuring circulating levels of sex steroid hormones, we analyzed the
relationship between their metabolites and potential precursors (estrone sulfate, DHEA-S)
and fat distribution. We included both women using hormone replacement therapy (HRT)
and women not using HRT to determine if the use of exogenous hormones affected the
nature of the relationship of the endocrine environment with fat distribution.

Methods and Procedures

Participants and Protocol

Metabolic testing and body composition assessment took place at baseline and at a 2-yr
follow up evaluation under controlled conditions during an in-patient visit to the Department
of Nutrition Sciences and the General Clinical Research Center (GCRC) at the University of
Alabama at Birmingham (UAB). Subjects were 53 postmenopausal women aged 45-55
years. Only women who experienced a natural menopause, with the time of menopause
known to occur at least 6 months prior to contact, were recruited. Both women using HRT
and women not using HRT were recruited. Among hormone users (/7=35), subjects
predominantly used conjugated equine estrogens, 0.625 mg/day, and medroxyprogesterone
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acetate, 2.5 mg/day. The estrogens in this preparation of hormone replacement are a
combination of estrogens with relatively strong (estradiol) and weak (estrone, >50%;
equilin, 15-25%; and equilenin) activity. Two women used unopposed oral estrogen
(conjugated equine estrogens), and one used a transdermal estradiol patch in combination
with an oral progestin. In cases where usage was cyclic, testing was conducted during the
combined (estrogen + progestin) portion of the cycle. No HRT use (/7=18) was defined as no
current use, and no use within the past 6 months. Over the 2 year observation period, several
women in the HRT group changed their hormone use: three women changed dosage of the
same preparation; two women switched to a different formulation of the same hormone
(e.g., from Provera to Prometrium); three women altered their hormone use (e.g., from
estrogen only to estrogen plus progestin); and two women discontinued HRT. One woman
in the non-user group started using HRT (Premarin vaginal cream) during the course of the
study. Among the women recruited, 10% were African American (n=5) and 90% European
American (n=48). Two of the African American women were HRT users. None of the
women smoked. The protocol was approved by the Institutional Review Board for Human
Use at UAB, and all subjects signed an informed consent prior to testing.

Body Composition and Fat Distribution

Total and regional body composition were measured by DXA using a Lunar DPX-L
densitometer (LUNAR Radiation Corp., Madison, WI). Subjects were scanned in light
clothing while lying flat on their backs with arms at their sides. DXA scans were performed
and analyzed with adult software version 1.5g.

IAAT and subcutaneous abdominal adipose tissue (SAAT) were analyzed by computed
tomography (CT) scanning with a HiLight/Advantage Scanner (General Electric,
Milwaukee) as previously described 17- 18, A scout scan was first performed to locate the
L4-L5 inter-vertebral space. Subsequently, a 5mm scan of this abdominal site was taken.
Thigh adipose tissue area was determined using a one slice mid-thigh (between the superior
border of the patella and the inferior anterior iliac crest) CT scan. Due to poor mid-thigh
scan quality, 15 follow-up scans were deemed unusable and excluded from analyses. Scans
were analyzed for cross-sectional area (cm?) of adipose tissue using the density contour
program with Hounsfield units for adipose tissue set at —190 to —30. We have shown the
test-retest reliability for IAAT to be 1.7 percent 19.

Hormone Assay

Serum was collected after a 12 h fast. All hormone concentrations were determined by RIA
or IRMA in the Core Laboratory of UAB’s Nutrition Obesity Research Center, General
Clinical Research Center, and Diabetes Research and Training Center. Kit vendor, assay
sensitivity, and intra-/inter-assay cvs are listed for each hormone measured. Estradiol:
Diagnostic Products, Siemens, Los Angeles, CA; 15.42 pmol/L, 5.3%/6.0%. Estrone:
Diagnostic Systems Laboratories, Inc., Beckman-Coulter, Webster, TX; 8.99 pg/ml, 6.68%/
7.43%. Estrone sulfate: Diagnostic Systems Laboratories, Inc., Beckman-Coulter; 0.04 ng/
ml, 5.68%/8.86%. Total testosterone: Diagnostic Products, Siemens; 0.409 ng/dL, 7.7%/
8.2%. Androstenedione: Diagnostic Systems Laboratories, Inc., Beckman-Coulter; 0.09 ng/
ml, 7.97%/9.83%. DHEA-S: Diagnostic Products, Siemens; 4.96 ug/dl, 6.15%/4.32%.
SHBG: Diagnostic Systems Laboratories, Inc., Beckman-Coulter; 5 ng/mL, 8.2%/8.2%.
Cortisol: Diagnostic Products, Siemens; 0.52 ug/dl, 5.63%/3.55%. Free testosterone (pmol/
L)was calculated from serum concentrations of total testosterone and SHBG using the
method of Sodergard et al2. This method is based on the concentration of albumin, the
binding capacity of SHBG, and the association constants of testosterone for SHBG and
albumin, as determined in a sample of normal men and women.
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Statistical methods

Results

Descriptive statistics were computed for all study variables of interest. Variables known to
deviate from a normal distribution, such as hormone measurements, were log 10
transformed prior to statistical analysis. All statistical tests were two-sided and were
performed using a type | error rate of 0.05. Statistical analyses were performed using SAS
(version 9.1; SAS Institute, Inc., Cary, NC). Two-way repeated measures analysis of
variance was used to examine the effects of time (baseline to 2-year follow-up) and group
(HRT users and non-users) on measures of fat distribution and hormone concentrations.

Exploratory analyses were conducted using multiple linear regression to determine potential
associations among baseline hormone variables (estradiol, estrone, estrone sulfate,
androstenedione, total testosterone, free testosterone, DHEA-S, SHBG, cortisol) and 2-yr fat
distribution variables (SAAT, IAAT, leg fat, thigh fat)jamong all women combined. Further
subgroup analysis was conducted in HRT users and non-users separately examining
differential group contributions to hormonal associations with 2-yr change in IAAT. Due to
sample size limitations in the non-user group, further multiple linear regression analyses
were performed only in the HRT users to identify potential independent associations among
baseline hormone concentrations and change in IAAT, with 2-yr IAAT as the dependent
variable adjusted for baseline IAAT and 2-yr total body fat.

Demographic variables are shown in Table 1, by HRT use status. No significant differences
were observed between groups at baseline in regards to age, BMI, and time since
menopause. Women who changed HRT preparations during the course of the study
remained in the longitudinal analyses as the results did not differ with the exclusion of these
subjects; however, women who discontinued hormone use during the course of the study
were not included in longitudinal analyses. Baseline and follow up measures of fat
distribution are shown in Table 2.A. Significant group effects were observed for total fat and
IAAT such that HRT users had less than non-users. Significant time effects were observed
for IAAT, such that IAAT increased over 2 years.

Hormone concentrations at baseline and follow up are reported in Table 2.B. Significant
group effects were observed for estrone, estradiol, estrone sulfate, cortisol, and SHBG (all
higher in HRT users), and for free testosterone and FSH (lower in HRT users). Significant
time effects were observed for estrone sulfate, cortisol, and SHBG (increased over 2 years),
and for androstenedione (decreased over 2 years).

Associations among all baseline hormone concentrations and 2-yr changes in fat distribution
variables are shown in Table 3 for all women combined. Estrone, estrone sulfate, estrone/
estradiol ratio, free testosterone, and SHBG were significantly associated with 2-yr change
in IAAT. Subgroup analysis indicating associations between baseline hormone
concentrations and 2-yr change in IAAT are reported in Table 4. Estrone, estrone sulfate,
and estrone/estradiol ratio were significantly associated with 2-yr change in IAAT among
HRT users. Free testosterone and SHBG were significantly associated with 2-yr change in
IAAT among HRT non-users. Independent associations of baseline hormone concentrations
with 2-yr changes in IAAT among HRT users are shown in Tables 5. Multiple linear
regression analysis in only the HRT users (Table 5) for dependent variable 2-yr IAAT
indicated a significant positive association with estrone, and a significant inverse association
with estradiol, after adjustment for covariates.
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Discussion

The goal of this study was to identify associations of the endocrine environment with fat
distribution in healthy postmenopausal women. We tested the specific hypotheses that
circulating concentrations of androgens would be positively associated with IAAT, and that
circulating concentrations of estrogens would be inversely associated with IAAT and
positively associated with leg fat. We also examined other hormones (SHBG, cortisol)
possibly involved in body fat distribution for their contribution to outcomes of interest. We
conducted this study both in women who were using postmenopausal HRT and in women
who were not using HRT in order to determine if HRT use per se affected the association of
the endocrine environment with fat distribution. We examined longitudinal (2-yr) changes in
fat distribution for potential associations with the endocrine environment.

We hypothesized an inverse association between estrogen concentrations and IAAT.
Longitudinal data indicated a significant positive association between baseline estrone and
2-yr change in IAAT and a significant inverse association between baseline estradiol and 2-
yr change in IAAT among the HRT users, independent of total fat mass. Thus, the
longitudinal data support the hypothesis that estradiol limits IAAT accrual, but implicate the
weaker estrogen estrone in promoting visceral adiposity among postmenopausal women
using HRT. Although the mechanism for these contrasting effects is not clear, it is possible
this phenomenon is the result of either the greater variability in estrone or the non-
physiological concentrations of circulating estrone produced by HRT use. Binding of the
estrogen receptor by this weaker estrogen may have limited or blocked the activity of
estradiol. This is the first longitudinal study to identify this positive relationship of estrone
with IAAT accrual and a contrasting inverse relationship with estradiol and IAAT accrual
over 2 years among HRT users. Further research is needed to determine whether, in
postmenopausal women using HRT, the nature of the estrogen profile plays a role in fat
distribution.

Conflicting evidence exists as to the relationship between circulating testosterone and IAAT.
In a cross-sectional study, Armellini et al observed total testosterone to be inversely
associated with IAAT in obese premenopausal women®. Similarly in males, studies have
demonstrated free and total testosterone to be inversely associated with IAAT 10. 11,
However, others have speculated that a relatively androgenic hormone profile is associated
with greater visceral adiposity in women & 21, Discrepancies among studies may be due to
the cross-sectional study design and potential for confounding, or differences in subject
population. Results may differ depending on whether men, or pre-, peri-, or postmenopausal
women are examined. Our longitudinal data in HRT non-users indicated an independent,
inverse, association between baseline free testosterone and 2-yr gain in IAAT, which
supports the hypothesis that testosterone inhibits accumulation of IAAT. It has been
suggested that exogenous testosterone plays a role in regulating IAAT accrual by inhibiting
lipoprotein lipase activity to a greater degree in visceral adipose tissue than in femoral
adipose tissue??: 23, These observations suggest that testosterone may act similarly in
women and men to limit IAAT accrual.

Associations between testosterone and IAAT may be confounded by SHBG, which may be
independently associated with IAAT 21 24,25 While SHBG binds testosterone in the
circulation limiting its bioavailability, synthesis of SHBG is also suppressed by testosterone.
Thus, low concentrations of SHBG may reflect elevated testosterone, and would increase the
concentration of bioavailable testosterone. Cross-sectional studies have shown an
independent inverse relationship between SHBG and IAAT in women 26: 27 Qur
longitudinal study is the first to examine the association of SHBG with change in IAAT over
2 years in postmenopausal women. Our data suggest that women not using HRT with higher
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circulating SHBG at baseline gained more IAAT over the 2 year study period. While the
mechanism for the independent effect of SHBG on IAAT is not clear, this positive
relationship between SHBG and IAAT is compatible with the inverse association identified
between free testosterone and IAAT in our HRT non-users. Further studies are needed to
determine the precise relationships among testosterone, SHBG, and IAAT accrual in
postmenopausal women.

We hypothesized that cortisol would be positively associated with IAAT. In our population,
cortisol was higher among HRT users vs non-users, and increased significantly from
baseline to follow up in all women combined. Higher total cortisol among users of oral
estrogen has been attributed to the stimulation of hepatic production of CBG® and the
resultant reduction in free cortisol, which engages feedback processes that promote cortisol
synthesis. We did not observe an association between cortisol concentration and 2-yr gain in
IAAT in either group or all women combined. It is possible that bioavailable cortisol
concentrations were below that required for an effect on IAAT, and that in this population of
postmenopausal women, estrogen status, free testosterone, and SHBG played the
predominant role in regulating fat distribution.

This study has several strengths. Measures of fat distribution were obtained using DXA and
computed tomography scanning. To our knowledge, this is the only study comparing
relationships of hormone concentrations with fat distribution longitudinally in
postmenopausal women. Limitations to the study include the observational study design,
relatively small number of subjects especially in the non-HRT group, not accounting for
history of hyperandrogenicity, and the change in hormone status of several participants over
the course of the study. This study may not have had sufficient power to detect significant
interaction effects in longitudinal changes over time, or determine if ethnicity affected the
nature of the relationships between hormones concentrations and body fat distribution
outcomes.

In conclusion, results suggested that in postmenopausal women using HRT, greater
circulating estradiol may play an integral role in limiting lipid deposition to the intra-
abdominal cavity, a depot associated with metabolically detrimental attributes. However, a
high proportion of weak estrogens may promote fat partitioning to the intra-abdominal
cavity over time. In addition, among postmenopausal women not using HRT, greater
circulating free testosterone may limit accrual of IAAT. Further studies are needed to
elucidate the precise mechanisms by which the estrogen/androgen profile regulates IAAT
accrual in postmenopausal women, and the extent to which use of exogenous hormones
affects these relationships.
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Table 1

Baseline participant characteristics by HRT use status.

Variable HRT users (n=35) HRT non-users (n=18)
Age (yr) 50.3+ 2.4 51.2+2.8

BMI (kg/m?) 24.9£35 25.6+ 3.9

Time since menopause (yr) 2.8+1.5 2.8+16

HRT use (yr) 3.0+26 0

Mean + standard deviation.

BMI, body mass index; HRT, hormone replacement therapy
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Table 4

Prediction of 2-yr change in fat distribution outcomes by baseline hormone concentrations among all women
combined

IAAT SAAT Legfat Thigh fat

Estradiol 0.15 -0.07  0.05 -0.01
Estrone 0.29** -0.03 0.04 0.02

Estrone/estradiol ratioc g 19*  0.03 0.00 0.08

Estrone sulfate 025* —0.06  0.00 -0.04
Total testosterone -0.07 -0.07  0.02 0.07
Free testosterone —0.20* -006 -0.02 0.02
Androstenedione 0.05 0.02 0.03 0.05
DHEAS 0.05 -0.03 0.03 0.02
SHBG 022% 000 006 0.07
Cortisol 0.04 0.03 -0.03 0.02

Standardized regression coefficients reported.

Multiple linear regression analysis of 2-yr IAAT, SAAT, leg fat, thigh fat, adjusted for dependent variable’s baseline value, 2-yr total body fat, and
HRT use.

*
p-value <0.05

*:

*
p-value <0.01
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Table 5

Prediction of 2-yrchange in IAAT by baseline hormone concentrations in HRT users and non-users

HRT users HRT non-users

Estradiol 0.14 0.29
Estrone 026 0.14
Estrone sulfate 021% 0.02
Estrone/estradiol ratio g o4 ** -0.04
Total testosterone 0.01 -0.33
Free testosterone -0.02 —050™%
Androstenedione 0.08 0.10
DHEAS 0.09 -0.21
SHBG 0.02 055**
Cortisol 0.11 -0.04

Standardized regression coefficients reported.

Multiple linear regression analysis of 2-yr IAAT, adjusted for baseline IAAT and 2-yr total body fat.

*
p-value <0.05

Hk
p-value <0.01
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Table 6

Prediction of 2-yr IAAT by baseline hormone concentrations in HRT users only

Independent variable  Variable estimate + SEE ~ Standardized P

Estrone 052 +0.11 0.43 <.0001
Estradiol -0.34+£0.15 -0.23 0.02

Linear regression model adjusted for baseline IAAT and 2-yr total body fat
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