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Abstract

Objective: Body composition and energy homeostasis are thought to affect the appetitive hormones:
adiponectin, leptin, insulin, and ghrelin. This study examined whether centrally located fat and/or
overall adiposity were related to these appetitive hormones in healthy postmenopausal women.
Design: Overall and regional body composition was assessed by dual-energy X ray absorptiometry in
relation to plasma adiponectin, serum leptin, serum insulin, and plasma ghrelin in 242
postmenopausal women.
Results: Regression analyses revealed that the androidal-to-gynoidal fat mass ratio (18.0%),
age (3.2%), and white blood cell count (1.8%) accounted for 28% of the variability in adiponectin
(FZ22.2; P!0.0001); androidal (waistChip) fat mass (66.0%), androidal fat mass2 (6.2%), whole-
body lean mass (2.2%), and age (0.8%) accounted for 69% of the variability in leptin (FZ102.5;
P!0.0001). Regression analyses revealed that sagittal abdominal diameter (8.4%), glucose (5.4%),
white blood cell count (2.6%), and dietary u-3 fatty acids (2.0%) accounted for 32% of the variability
in insulin (FZ20.8; P!0.0001); waist circumference (12.7%), hip lean mass (2.0%), and white blood
cell count (1.9%) accounted for 26% of the variability in ghrelin (FZ20.7; P!0.0001). Our results
indicated that centralized fat mass was the primary contributor to these appetitive hormones in
healthy postmenopausal women.
Conclusion: Since central adiposity in postmenopausal women was related to appetitive hormones,
minimizing weight gain during the menopausal transition may optimize appetitive hormones, thereby
facilitating appetite control and weight maintenance.
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Introduction

Body composition changes become evident as women
transition through menopause. These changes include
an increase in overall (total body) and central adiposity
(androidal region), especially visceral adipose tissue (1),
and a decrease in total and central lean tissue mass (2).
In particular, central adiposity in postmenopausal
women is a major risk factor for developing insulin
resistance (3), atherosclerotic cardiovascular disease
(CVD) (4), dyslipidemia (5), hypertension (6), and breast
cancer (7).

Adipose tissue is the largest endocrine organ,
releasing more than 20 substances into circulation
that are termed adipocytokines (also known as
adipokines), such as adiponectin and leptin. Adipo-
nectin is produced exclusively by mature adipocytes
in visceral, s.c., and bone marrow fat depots (8),
whereas leptin is produced mainly in s.c. adipose
tissue (9). Typically, obese or insulin-resistant
n Journal of Endocrinology
individuals (8), as well as those with coronary artery
disease (10), have low adiponectin but elevated leptin
concentrations (11). Adiponectin increases insulin
sensitivity (12), exerts anti-inflammatory properties
(13), and may improve the lipoprotein profile (14).
Leptin signals the brain to suppress appetite, increase
energy expenditure, and decrease metabolic efficiency
(15). Further, ghrelin and insulin produced by the
stomach and pancreas respectively, play a significant
role in regulating food intake and energy homeo-
stasis. Obese individuals who are fasting typically
have low ghrelin (16), whereas insulin concentration
is elevated (17) in obesity. Ghrelin, an orexigenic
hormone, rises sharply before meals while insulin is
low; conversely, ghrelin declines after meals while
insulin rises (18). Collectively, these adipocytokines,
ghrelin, and insulin are termed appetitive hormones
because they affect food intake, energy homeostasis,
and body composition.
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Centrally located fat can be assessed using waist
circumference, waist-to-hip ratio, and sagittal abdomi-
nal diameter measurements, although these methods
do not distinguish between s.c. and visceral fat, the
metabolically active fat that is related to disease risk.
Computed tomography is considered the gold standard
in assessing centrally located fat, whereas dual-energy
X ray absorptiometry (DXA) provides an accurate and
reliable estimate of overall and regional body compo-
sition (19) with minimal radiation exposure. However,
unlike computed tomography, DXA cannot differentiate
between s.c. and visceral adipose tissue because
measurements are only two dimensional. Nevertheless,
soft tissue analyses of DXA scans may be used to
estimate visceral adipose tissue (20), as well as regional
lean mass (21), by dividing the whole-body scan into
subregions of interest (19).

Appetitive hormones have been studied indepen-
dently for potential mechanisms, but it is important to
examine these hormones collectively because they
interact to regulate energy homeostasis. The hypothesis
of this study was that abdominal fat would be directly
related to serum leptin and serum insulin, but indirectly
related to plasma adiponectin and plasma ghrelin in
healthy postmenopausal women. The specific aim of
this study was to determine abdominal fat (waistChip)
tissue mass using DXA and relate abdominal fat to
plasma adiponectin, serum leptin, serum insulin, and
plasma ghrelin concentrations in 242 healthy post-
menopausal women.
Subjects and methods

Study design

Healthy postmenopausal women (45.8–65.0 years of
age) were enrolled as part of a randomized, double-
blind, placebo-controlled multi-center (Iowa State
University (ISU), Ames, IA, USA and University of
California at Davis (UC-Davis), Davis, CA, USA) NIH-
funded clinical trial. This ongoing parent study (soy
isoflavones for reducing bone loss; SIRBL) was designed
to examine the effect of two doses of isoflavones
extracted from soybeans on bone loss during 3 years
in at-risk postmenopausal women. Eligible participants
(non-osteoporotic, without diseases or conditions, not
taking hormones or medications) were enrolled in the
ongoing parent trial starting in 2003. This ancillary
project is focused on overall and regional body
composition using DXA in which we report only
baseline data for 242 women. We excluded 13 women
at UC-Davis from this analysis because they did not meet
the entry criteria (11 due to a thickened endometrium,
1 with breast cancer, and 1 without a blood sample at
baseline).
www.eje-online.org
Subject screening, selection, and
characteristics

For the parent SIRBL project, we recruited subjects
throughout the state of Iowa and the Sacramento
region in California primarily through direct mailing
lists, stories in local newspapers, local/regional radio
advertisements, as well as other recruiting avenues. We
screened women who responded (NZ5255) to out-
reach materials initially via a telephone questionnaire
to identify healthy women who went through a natural
menopause (cessation of menses from 9 months to 10
years), were not experiencing excessive vasomotor
symptoms, were %65 years of age, non-smokers, and
had a body mass index (BMI, kg/m2) ranging from 18.5
to 29.9 (inclusive) to exclude women at the extremes of
adiposity. We excluded vegans and high alcohol
consumers (O7 servings/week) because alcohol
interferes with isoflavone metabolism. The parent
SIRBL project established the inclusion/exclusion
criteria; thus, we also excluded women diagnosed with
chronic disease and those who had a first-degree
relative with breast cancer. We also excluded women
who chronically used medications, such as cholesterol-
lowering or anti-hypertensive medications. Use of oral
hormone or estrogen therapy, selective estrogen
receptor modulators, or other hormones within the
last 12 months, use of estrogen or progestogen creams
or calcitonin within the last 6 months, use of antibiotics
within the last 3 months, and/or any previous use of
bisphosphonates were grounds for exclusion.

Women who met the initial criteria via telephone
(NZ677) attended a pre-baseline appointment to
determine eligibility for additional entry criteria. We
measured height and weight to confirm BMI status and
used DXA to assess bone mineral density (BMD) to
establish eligibility. The SIRBL project is focused on
prevention rather than treatment of disease; thus,
we excluded women with osteopenia or osteoporosis
based on lumbar spine and/or proximal femur BMD
(using O1.5 S.D. below the young adult mean as cut-off),
with evidence of previous or existing spinal fractures, or
with a high BMD (O1.0 S.D. above the mean). Once a
woman is qualified based on her BMD, our phlebotomist
drew blood for a chemistry profile. We excluded women
if their fasted blood values indicated diabetes mellitus
(fasting blood glucose R126 mg/dl), abnormal renal
(elevated creatinine), liver (elevated enzymes), and/or
thyroid function or elevated lipid profile (low-density
lipoprotein cholesterol O160 mg/dl and triacylglycerol
O200 mg/dl). For this ancillary project, we included
242 women who met our entry criteria (Fig. 1).

The respective Institutional Review Boards (IRB) at
ISU (ID# 02-199) and at UC-Davis (ID# 200210884-2)
approved our study protocol, consent form, and subject-
related materials. Approvals for the DXA procedures
were obtained from each institution’s IRB and State
Department of Public Health in Iowa and California. We



Figure 1 Subject screening and enrolment flow chart.
aWe excluded 13 women at UC-Davis from this analysis because they did not meet entry criteria (11 due to a thickened endometrium, 1 with
breast cancer, and 1 without a baseline blood sample).
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obtained informed consent from all women at the start
of pre-baseline screening.
Data collection

Questionnaires At the pre-baseline visit, trained inter-
viewers administered three questionnaires to ensure the
health status of participants: health and medical history
(22), reproductive history (23), and nutrition history
(22). Subjects were asked to cease taking herbal therapies
and/or dietary supplements prior to baseline testing. At
baseline, we assessed dietary intake using a semi-
quantitative food frequency questionnaire from Block
Dietary Data Systems (Berkeley, CA, USA).

Body size and composition measurements A trained
anthropometrist measured standing and sitting heights
(Model S100; Ayrton Corp., Prior Lake, MN, USA),
weight (Abco Health-o-meter; Bridgeview, IL, USA),
waist circumference, and sagittal abdominal diameter
(Holtain-Kahn Abdominal Caliper; Crosswell, Crymych
Dyfed, UK). Sagittal abdominal diameter was measured
at the narrowest section between the small of the back
and navel, with subjects relaxed in the supine position
with knees bent. Body composition measurements were
obtained using (Delphi W Hologic, Inc., Waltham, MA,
USA) matching DXA instruments at each site and daily
calibration to ensure that the instruments provided
comparable results. One certified DXA operator at ISU
and one at UC-Davis performed all DXA scans, with
cross-training between sites to ensure comparable
quality control. We standardized subject placement for
the scans and adhered to the manufacturer
recommendations. One operator assessed overall adi-
posity from the whole-body DXA scans. To assess
central adiposity, one evaluator sectioned each whole-
body DXA scan into waist, hip, and thigh regions based
on bone landmarks (Fig. 2) (19, 24) and these regions
were analyzed using special software (Discovery, version
12.3:7 Hologic Inc., Waltham, MA, USA). The waist
region included the first lumbar through the fourth
lumbar vertebrae. The hip region began below the
fourth lumbar vertebrae and extended to the tip of the
greater trochanter of the femur. Finally, the thigh region
extended superiorly from the greater trochanter to the
approximate midpoint between the edge of the thigh
region and lateral condyle of the femur. The lateral edge
of each region was extended distally to encompass all
tissue. This analysis provided an estimate of the fat and
lean mass within each of these three regions. The
androidal-to-gynoidal fat mass ratio was calculated for
each subject: waistChip fat mass/thigh fat mass.

Laboratory measurements Phlebotomists collected
fasted (9 h) blood samples between 0700 and 0800 h.
We separated serum and plasma from whole blood
by centrifuging at 1000 g for 15 min (4 8C) and
stored aliquots at K80 8C until analyses. Certified
clinical laboratories (LabCorp; Kansas City, KS, USA
at the ISU site and the UC-Davis Medical Center
Laboratory; Sacramento, CA, USA at UC-Davis site)
analyzed our blood samples, including a complete blood
count with differential, general chemistry panel, and
thyroid screen. Adiponectin (heparinized plasma),
leptin (serum), insulin (serum), and ghrelin (total)
(EDTA-treated plasma) concentrations were determined
in duplicate with RIA kits (Linco Research, St Charles,
www.eje-online.org



Figure 2 Whole-body DXA scan with regional soft tissue analysis.
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MO, USA) using a Cobra II series auto-gamma counting
system (Packard Instrument Company; Meriden, CT,
USA). We used the manufacturer-provided quality
controls and in-house quality control sera/plasma for
calculating intra- and inter-assay coefficient of variation
(CV). The intra- and inter-assay CVs (%) for adiponectin,
leptin, insulin, and ghrelin were 1.6 and 1.5, 3.0 and
2.7, 2.3 and 4.0, and 3.4 and 3.1 respectively.
Statistical analyses

Statistical analyses were performed using SAS (version
9.1; Cary, NC, USA) with results considered statistically
www.eje-online.org
significant at P%0.05. The exception was that to
account for numerous tests of normality, we considered
data to be normally distributed if PO0.0001. Descrip-
tive statistics included meansGS.D. for normally dis-
tributed data and medians for data that were not
normally distributed, with range provided for each
variable. Ghrelin and leptin were log transformed prior
to the regression analyses because the residual analysis
indicated non-constant error variance, thus violating
model assumptions. We did not log transform adipo-
nectin since its residual plot did not indicate any
violations of the linear regression model assumptions.
Based on residual analysis, adding a quadratic term
(androidal fat mass2) to the leptin model improved the
residual plot, but adding a higher order term to the
other models was not beneficial. Classes of variables in
modeling the outcomes of interest included independent
variables that were biologically plausible and/or signi-
ficantly related using Pearson correlation analysis. We
used stepwise regression analyses to assess the
combined contribution of independent variables to
adiponectin, leptin, insulin, and ghrelin. Classes of
variables in modeling each of these four outcomes
included: age or years since menopause, overall
adiposity (whole-body fat mass or weight), indices of
centralized fat mass (waist circumference, sagittal
abdominal diameter, waist fat mass, hip fat mass,
androidal (waistChip) fat mass, or androidal/gynoidal
fat mass ratio), whole-body lean mass, indices of
centralized lean mass (waist lean mass, hip lean mass,
thigh lean mass, and hip circumference), likelihood of
concomitant infection (reflected in white blood cell
count), physical activity, energy intake-related factors
(total saturated fatty acids, total oleic fatty acids, and
total u-3 fatty acids), and total dietary protein. Each
model included site as an obligatory variable to account
for potential study site differences. In modeling each
outcome, we removed variables that exhibited multi-
collinearity as indicated by the variance inflation
factor. The variance inflation factor measures the
impact of collinearity among the independent variables
in a regression model and the degree to which
multicollinearity degrades the precision estimate. A
value exceeding 10 is of concern, but in weaker
regression models, a value exceeding 2.5 may be
cause for concern (25).
Results

Subject characteristics

The analysis included 242 healthy postmenopausal
women. The baseline characteristics of women are
presented in Table 1. Women ranged from 45.9 to 65.5
years of age and from 0.8 to 10.0 years since
menopause. We enrolled three African American
(1%), one Native Hawaiian (!1%), one Native



Table 2 Dietary intake of subjectsa at baseline.

Nutrient intake from foodb,c Median Range

Total energy (kJ) 6455 1772–19 096
Carbohydrate (g) 175 27–476
Protein (g) 61 15–168
Total fat (g) 65 17–247
Saturated fat (g) 19 5–65
Trans saturated fat (g) 5 0.8–25
Oleic fatty acidd (g) 25 6–97
Linoleic fatty acidd (g) 16 3–70
Total u-3 fatty acid (g) 1.4 0.3–5

Fiber (g) 16 4–49

aThe number of subjects was 242 for all variables.
bReported from semi-quantitative food frequency questionnaire.
cDistributions for these variables were not normal and thus median values are
reported.
dRepresents monounsaturated and polyunsaturated fatty acids respectively.

Table 1 Characteristics of subjectsa at baseline.

MeanGS.D. Range

Age (years)b 54.6G3.4 45.9–65.5
Years since menopauseb 3.5G2.0 0.8–10.0
Body size
Weight (kg) 67.7G9.3 43.7–94.5
Height (cm) 164.7G6.3 146.3–182.2
BMI (kg/m2) 24.9G3.1 17.8–32.7
Waist circumference (cm) 77.9G8.0 59.1–100.6
Hip circumference (cm) 100.3G6.8 80.9–118.2
Waist-to-hip ratio 0.8G0.1 0.6–0.9
Sagittal abdominal diameter (cm) 18.6G2.3 11.0–25.2

Overall body compositionb

Fat mass (kg) 23.26G6.35 8.05–47.78
Fat mass (%) 34.5G5.7 18.1–55.9
Lean mass (kg) 43.18G4.60 29.49–55.59

Regional body compositionb

Waist fat (kg) 2.37G1.10 0.39–5.59
Waist fat (%) 28.6G8.7 7.1–52.5
Hip fat (kg) 3.38G1.05 0.72–6.41
Hip fat (%) 32.9G5.9 12.1–51.6
Thigh fat (kg) 5.28G1.34 2.12–10.85
Thigh fat (%) 38.7G5.0 24.2–59.7
Androidal (waistChip) fat (kg) 5.75G2.06 1.12–11.78
Androidal-to-gynoidal fat mass
ratio

1.09G0.30 0.46–2.21

Waist lean (kg) 5.53G0.72 3.50–7.52
Hip lean (kg) 6.71G0.93 4.13–9.23
Thigh lean (kg) 8.20G1.04 4.85–11.42

aNumber of subjectsZ242 for all variables, except sagittal abdominal
diameter (NZ237) because five of these values were missing due to
instrument malfunction.
bAssessed by dual-energy X ray absorptiometry (DXA).
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American (!1%), three Asians (1%), seven women of
more than one race (3%), two of unknown race (!1%),
and two who chose not to report race (!1%); the
remaining women were Caucasian (92%). Women had
a wide range (17.8–32.7) of BMI values because the
UC-Davis site enrolled nine women beyond our BMI
inclusion criteria. Approximately half of the women had
a BMI !25.0 kg/m2. Overall and regional body
composition as assessed by DXA (Table 1) indicated
wide variability in both overall and regional body fat
measures among these women. The median values for
dietary intake are listed in Table 2 illustrating wide
variability of these nutrients. Values for circulating
analytes are presented in Table 3, demonstrating that
mean or median values were within the range reported
in the literature.
Correlation analyses

The Pearson correlation analysis indicated a negative
association between adiponectin and leptin (rZK0.35,
P%0.0001) and insulin (rZK0.33, P%0.0001), but a
positive association between adiponectin and ghrelin
(rZ0.29, P%0.0001). As expected, we confirmed
a positive association between leptin and insulin (rZ
0.44, P%0.0001) and glucose (rZ0.23, PZ0.0004),
but a negative association between leptin and ghrelin
(rZK0.34, P%0.0001). There was a negative rela-
tionship between ghrelin and insulin (rZK0.24,
PZ0.0002) and glucose (rZK0.15, PZ0.02), but
a positive association between insulin and glucose
(rZ0.38, P%0.0001).
Regression analyses

We performed regression analyses to examine the
independent factors contributing to the variability in
adiponectin, leptin, insulin, and ghrelin as our primary
outcomes (Table 4). Because the UC-Davis site enrolled
eight women whose BMI was O29.9, we explored the
possibility that excluding these eight subjects might
produce different results by performing the regression
analyses with and without these subjects. However,
excluding these women did not alter the interpretation
of data in any of these four models. The overall model R2

and F values for each model either decreased or did not
appreciably change, nor were the percentage variance
for the independent variables altered. Thus, we retained
all subjects, whose BMI ranged from 17.8 to 32.7. No
notable multicollinearities emerged among the inde-
pendent variables, as indicated by the low (!2)
variance inflation factors in all regression models.
Residual analyses indicated that the model assumptions
of normality of error terms and homogeneity of residual
variance were satisfied for the final regression models.
Geographic site was significant in the adiponectin
(PZ0.0024), insulin (PZ0.017), and ghrelin
(PZ0.0003) models, but not for leptin (PZ0.59).
After variable elimination was completed, multiple
regression analyses revealed that the androidal-to-gynoi-
dal fat mass ratio (18.0%), age (3.2%), and white blood
cell count (1.8%) accounted for 28% of the variability in
adiponectin (FZ22.2, P%0.0001). Regression analyses
revealed that androidal (waistChip) fat mass (66.0%),
androidal fat mass2 (6.2%), whole-body lean mass
(2.2%), and age (0.8%) accounted for 69% of the
variability in leptin (FZ102.5, P%0.0001). Regression
www.eje-online.org



Table 3 Circulating analytes of subjectsa at baseline.

Analyte MeanGS.D. Median Range Reference range

Plasma adiponectin (mg/ml)b 17.3 3.2–37.1 5.0–30.5c

Serum leptin (ng/ml)b 12.8 2.6–34.9 2.0–54.0c

Plasma ghrelin (pg/ml)b 938 345–2383 (713–1198)d 995–1794d

Serum insulin (mU/ml)e 11.6G5.4 0.1–36.1 5.0–24.0f

Serum glucose (mg/dl)e 85.5G8.8 57.0–117.0 82.0–116.0f

White blood cell count (!109/l)a,e 5.07G1.03 2.3–8.4 4.5–11.0g

aNumber of subjectsZ242 for the adipocytokines, ghrelin, insulin, and glucose; number of subjectsZ237 for white blood cell count.
bDistributions were not normal; thus, median values are reported.
cReference range reported for healthy postmenopausal women (35).
dInterquartile range for study participants in comparison with interquartile range reported for postmenopausal women (39).
eDistributions were normal; thus, meanGS.D. are reported.
fReference range reported for healthy postmenopausal women (3).
gReference range reported for adults (40).
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analyses revealed that sagittal abdominal diameter
(8.4%), glucose (5.4%), white blood cell count (2.6%),
and u-3 fatty acids (2.0%) accounted for 32% of the
variability in insulin (FZ20.8, P%0.0001). Regression
Table 4 Regression analyses: contributors to appetitive hormones.

Parameter
Parameter
estimate

Pe
va

Adiponectina

Overall model R 2Z27.7% (Adj R 2Z26.4%) (FZ22.19; dfZ(4232)) P
Intercept 16.93727
Study site K2.10013 2
And/Gyn fat mass K8.80741 18
Age 0.31884 3
White blood cell count K0.81601 1

Leptine,f

Overall model R 2Z68.5% (Adj R 2Z67.8%) (FZ102.51; dfZ(5236))
Intercept 2.84103
Study site K0.02111 0
Androidal fat mass 0.00023957 66
Androidal fat mass2 K2.47059!10K8 6
Whole-body lean mass K0.00001834 2
Age K0.01434 0

Insuling

Overall model R 2Z31.5% (Adj R 2Z30.0%) (FZ20.82; dfZ(5226)) P
Intercept K15.70447
Study site K1.50451 1
Sagittal abdominal diameter 0.71995 8
Glucose 0.15127 5
White blood cell count 0.93610 2
u-3 Fatty acids K0.94795 2

Ghrelina,f

Overall model R 2Z26.3% (Adj R 2Z25.0%) (FZ20.67; dfZ(4232)) P
Intercept 8.64936
Study site K0.17405 4
Waist circumference K0.02269 12
Hip lean mass 0.00007417 2
White blood cell count K0.05657 1

aNZ237 for the adiponectin and ghrelin models because five women were mis
bSquared semi-partial type II correlation coefficient; accounts for shared varian
cVariables (except site) left in the model were significant at P%0.10 level.
dMeasures the impact of collinearity among the independent variables in a regres
estimate.
eNZ242 for the leptin model.
fLeptin and ghrelin were log transformed because they were not normally distri
gNZ232 for the insulin model because five women were missing CBC values a
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analyses indicated that waist circumference (12.7%), hip
lean mass (2.0%), and white blood cell count (1.9%)
accounted for 26% of the variability in ghrelin (FZ20.7,
P%0.0001).
rcentage
rianceb P valuec

Variance inflation
factord

%0.0001
0.0026

.9 0.0024 1.07

.0 %0.0001 1.10

.2 0.0017 1.04

.8 0.018 1.13

P%0.0001
%0.0001

.04 0.5929 1.01

.0 %0.0001 1.28

.2 %0.0001 1.13

.2 %0.0001 1.13

.8 0.0147 1.03

%0.0001
%0.0001

.7 0.017 1.09

.4 %0.0001 1.14

.4 %0.0001 1.14

.6 0.0038 1.22

.0 0.011 1.05

%0.0001
%0.0001

.3 0.0003 1.13

.7 %0.0001 1.61

.0 0.013 1.50

.9 0.015 1.13

sing CBC values.
ce among variables.

sion equation and the degree to which multicollinearity degrades the precision

buted.
nd five women were missing sagittal abdominal diameter measurements.
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Discussion

This study is unique in that we used a regional analysis
of whole-body DXA scans to examine central fat and
lean mass, rather than the standard DXA analysis to
estimate overall fat and lean mass. Our results indicated
that centralized body fat (androidal-to-gynoidal fat
mass ratio, androidal fat mass, sagittal abdominal
diameter, or waist circumference respectively) was the
largest contributor to each circulating appetitive
hormone: adiponectin, leptin, insulin, or ghrelin in
healthy postmenopausal women. As expected, the
relationship of centralized body fat to leptin and insulin
was positive, but negative to adiponectin and ghrelin.
We confirmed previous findings (21, 26–28) of a
relationship between measures of central adiposity
and adiponectin, leptin, and insulin in healthy post-
menopausal women. However, unlike previous studies,
we found a strong negative relationship between central
adiposity (reflected by waist circumference) and ghrelin
in these women. Recent research (29) has reported a
strong negative relationship between waist circumfer-
ence and ghrelin in younger (!30 years), but not in
mid-life (aged 30–56 years) women. Furthermore, in a
study of 79 adult opposite-sex twin pairs, Makovey et al.
(30) found a weak relationship between abdominal fat
mass assessed by DXA and ghrelin in women, whereas
this relationship in men was strong. Further research is
needed to understand the response of ghrelin to central
adiposity, particularly in postmenopausal women. We
also confirmed the findings of other studies that
postmenopausal women with a higher level of adiposity
have higher concentrations of both leptin (21, 31) and
insulin (28), but a lower adiponectin concentration (8).

Although lean tissue is typically not considered in
central body composition assessment, it is important to
assess because it is metabolically active. Limited data
comparing pre- versus postmenopausal women suggest
a decline in both overall and centralized lean tissue with
menopause (2). However, few studies have examined
lean tissue in relation to appetitive hormones. Because a
higher body weight requires greater muscle mass for
movement, a higher fat mass has been associated with
higher lean mass, mainly localized in the legs, but with
a decrease in overall lean/fat ratio (32). We found that
leptin and ghrelin were the two appetitive hormones
related to lean mass in the regression models, with a
significant negative relationship between leptin and
whole-body lean mass and positive relationship between
ghrelin and hip lean mass. However, we hypothesized
that because of the direct relationship between overall
fat and lean mass, leptin, ghrelin, and insulin would be
directly related to lean mass in the thigh region,
whereas adiponectin would be indirectly related.
Although the Pearson correlation analysis indicated
that leptin was positively related to whole-body lean
mass, the direction of the relationship was altered once
we took other factors into account. In probing a possible
explanation, we found that in the presence of androidal
fat mass, the direction of the relationship between
whole-body lean mass and leptin may have changed
because the simple correlation (positive) between lean
mass and leptin was fairly weak (rZ0.14, PZ0.028),
whereas the correlation (positive) between androidal fat
mass and leptin was strong (rZ0.77, P%0.0001). It
seemed that androidal fat mass thereby exerted a
dominant effect in the regression model. Similar to
our findings using correlation analysis, Mahabir et al.
(21) recently found that a higher lean mass was
associated with a higher leptin concentration, but
they did not take other factors into account. Their
participants were older (age range 49.2–78.8 years),
tended toward the higher end of adiposity (ranged from
underweight to morbidly obese status with BMI range
17.7–42.5 kg/m2) and were further from menopause
(up to 38 years postmenopausal) than the women in
our study. Research is needed to examine the relation-
ship between lean mass and appetitive hormones.

Interestingly, our results suggest that white blood cell
count was related to adiponectin, ghrelin, and insulin.
White blood cell count is typically used as an indicator
of infection or inflammation. To our knowledge, none of
our women had an infection during baseline testing and
no women exhibited an elevated white blood cell count
(O11!109/l). Research has indicated that white blood
cell count is related to body fat in humans (33),
suggesting that adipocytokines may be involved in the
adipocyte-induced inflammatory response. Further,
Vozarova et al. (34) found that with a high white
blood cell count, insulin sensitivity declined in non-
diabetic Pima Indians. Although we did not assess
insulin sensitivity, our study found a positive relation-
ship between white blood cell count and circulating
insulin in the regression model. Collectively, these
studies suggest that white blood cells may reflect an
obesity-induced inflammatory state that is also
mirrored by the appetitive hormones. The context of
our study is important because the majority of these
women, except for eight women at UC-Davis whose BMI
was R30.0, were not considered obese based upon BMI
(ranged from 17.8 to 32.7). This suggested that
modestly elevated (but still within normal range)
white blood cell count, elevated insulin, and low
adiponectin is an unfavorable metabolic profile in
overweight postmenopausal women. In our study, we
had two women who had adiponectin concentrations
below the reference range (5.0–30.5 mg/ml) for healthy
postmenopausal women (35) and six women who had a
higher insulin concentration than the upper limit of the
reference range (5.0–24.0 mU/ml) (3). However, none of
our women were beyond the reference range for white
blood cell count.

Our study suggests that age influenced adiponectin
and leptin, but not ghrelin or insulin, concentrations in
healthy postmenopausal women. Based on the
regression models, we noted a positive relationship
www.eje-online.org
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between age and adiponectin, confirming recently
reported results (36) in similarly aged (45–62 years)
subjects. By contrast, but similar to our findings,
Ostlund et al. (31) noted an inverse relationship between
age and leptin, attributing this finding to decreased
leptin production from adipose tissue and/or increased
leptin clearance with increasing age. As expected,
fasting glucose was an important (positive) contributor
to insulin, second to sagittal abdominal diameter.
Interestingly, u-3 fatty acid concentration was the
only dietary factor that emerged as significant in any of
the regression models. Lombardo et al. (37) have
suggested that in a rat model, dietary polyunsaturated
fatty acids may enhance insulin sensitivity, thereby
improving the lipoprotein profile and decreasing CVD
risk. Increased CVD risk is related to insulin resistance
because it contributes to dyslipidemia (38). We also
noted relationships among the appetitive hormones.
Adiponectin was inversely related to leptin, which is
consistent with some (11, 36) but not all studies (26). A
low concentration of adiponectin but a high concen-
tration of leptin has been related to an increased risk of
insulin resistance (11). Likewise, we found that leptin
was significantly and positively related to insulin in
these non-diabetic healthy postmenopausal women,
prior to emergence of disease. Furthermore, similar to
Purnell et al. (27), we confirmed that ghrelin was
negatively associated with insulin. The associations
among these appetitive hormones are not fully under-
stood, but adiponectin, leptin, and ghrelin may be early
indicators of insulin resistance in overweight but
healthy postmenopausal women.

Study site was a significant factor in the adiponectin,
insulin, and ghrelin models, also evidenced by statistical
differences (P%0.0001) in mean values between study
sites, possibly related to the somewhat greater
(PZ0.077) variability in whole-body fat mass in the
women at UC-Davis (8.05–47.77 kg) compared with
those at ISU (8.43–37.01 kg). Our entry criteria was
designed to exclude women with a BMIR30.0, although
eight women at UC-Davis did not meet this criterion but
had a BMIO29.9. Despite no difference (PZ0.97) in the
mean value for BMI between sites, we noted a lack of
homogeneity of variance (PZ0.0030) in BMI with
respect to site, likely due to the women at UC-Davis
whose BMI ranged from 30 to 32.7. We suspect that this
wider range in body size and adiposity at UC-Davis likely
contributed to the significant site difference in adipo-
nectin, insulin, and ghrelin in these regression models.

This study was hypothesis generating and could not
determine cause and effect because it was cross-
sectional. In addition, the participants in this study
were healthy postmenopausal women, primarily of
Caucasian descent. Thus, our results cannot be
generalized to all women across ethnic groups. Since
central adiposity in postmenopausal women was related
to appetitive hormones, despite the apparent health
of these women, minimizing weight gain during the
www.eje-online.org
menopausal transition may optimize appetitive
hormones, thereby facilitating appetite control and
weight maintenance. Additional studies are needed
to determine at what level central adiposity should
be maintained to optimally affect these appetitive
hormones, thus potentially preventing further gain in
centralized fat with menopause.
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