
Adipokines, adiposity, and vasomotor symptoms during the
menopause transition: findings from the Study of Women’s
Health Across the Nation

Rebecca C. Thurston, PhDa,b, Yuefang Chang, PhDc, Peter Mancuso, PhDd, and Karen A.
Matthews, PhDa,b

aDepartment of Psychiatry, University of Pittsburgh School of Medicine
bDepartment of Epidemiology, University of Pittsburgh Graduate School of Public Health
cDepartment of Neurology, University of Pittsburgh School of Medicine
dDepartment of Environmental Health Sciences, University of Michigan School of Public Health

Abstract
Objective—To test relationships between adipokines, adiposity, and vasomotor symptoms
(VMS), including how these associations vary by menopause stage.

Design—A sub-cohort of the longitudinal cohort study the Study of Women’s Health Across the
Nation completed questionnaires, physical measures, and a fasting blood draw annually for 8
years. Associations between a poorer adipokine profile [lower adiponectin, lower high molecular
weight (HMW) adiponectin, higher leptin, lower soluble leptin receptor, higher monocyte
chemoattractant protein-1 (MCP-1)] and VMS were tested using generalized estimating equations
adjusting for potential confounders. Interactions by menopause stage (pre-/early perimenopause,
late peri-/postmenopause) were tested.

Setting—Community
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Patients—536 women ages 42–52 at baseline

Interventions—None

Main Outcome Measures—VMS

Results—Associations between adipokines and hot flashes varied by menopause stage, with a
poorer adipokine profile associated with higher odds of hot flashes early in the transition
[adiponectinlog, OR(95% CI): 0.68 (0.51–0.90); HMW adiponectinlog, OR(95% CI): 0.70 (0.58–
0.85); leptinlog, OR(95% CI): 1.23 (0.99–1.54), multivariable models including BMI], but not later
in the transition. The direction of associations between BMI and VMS also varied by menopausal
stage. Higher MCP-1 was associated with more night sweats [OR(95% CI): 1.37 (1.06–1.76)]
across menopausal stages.

Conclusions—An adverse adipokine profile was associated with more VMS, particularly early
in the menopause transition.
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INTRODUCTION
Vasomotor symptoms (VMS; hot flashes, night sweats) are experienced by most women
during the menopause transition (1). Hot flashes are associated with impaired quality of life
(2), poor sleep (3), and depressed mood (4), and therefore, women often seek medical
treatment of them (5). Despite their prevalence and impact on women’s lives, the underlying
physiology and risk factors for VMS are poorly understood.

One risk factor of interest is adiposity. Overweight/obesity is a major issue for midlife
women, as most US midlife women are overweight or obese (6). Although higher adiposity
adversely impacts multiple health outcomes, its relationship to VMS is more complex. In
fact, higher body fat has traditionally been assumed to be protective against VMS due to the
peripheral aromatization of androgens into estrogens in body fat. However, findings from
large cohort studies challenge this perspective (1), showing higher adiposity linked to more
VMS. Reconciling these two perspectives is the suggestion that associations between
adiposity and VMS may be menopause stage-dependent (7), with body fat possibly acting as
a risk factor for VMS early in the menopause transition (8), and protective later (9). Notably,
findings also indicate stage-dependent associations between body fat and estradiol (E2),
with higher body mass index (BMI) associated with lower endogenous E2 early in the
transition, but higher E2 later in the transition (10–12).

Mechanisms linking adiposity to VMS are not understood. However, body fat is an active
endocrine organ and secretes multiple cytokines and inflammatory factors that may be
related to VMS occurrence and/or ovarian function (13). One cross sectional study (14)
provides preliminary evidence of relationships between hot flashes and higher leptin levels,
a key pro-inflammatory adipokine and regulator of energy homeostasis (15). Several other
adipokines may be relevant. For example, leptin’s bioavailability may be determined by its
binding to its soluble leptin receptor (sOB-R) (16, 17) which is downregulated with obesity
(18). Further, adiponectin is the most abundant adipokine in circulation (19), is inversely
related to BMI, and exerts anti-inflammatory effects (20). The high molecular weight
(HMW) isoform of adiponectin may be its most biologically active (21). The chemokine
monocyte chemoattractant protein-1 (MCP-1) attracts macrophages into adipose tissue and
is pro-inflammatory (22). Thus, a range of adipokines can be considered in relation to VMS.
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We examined associations between several adipokines (adiponectin, HMW adiponectin,
leptin, sOB-R, MCP-1) and hot flashes and night sweats over 8 years in the Study of
Women’s Health Across the Nation (SWAN), a large, prospective study of women
transitioning through the menopause. We hypothesized that a more adverse adipokine
profile (lower adiponectin, lower HMW adiponectin, higher leptin, lower sOB-R, higher
MCP-1) would be associated with greater VMS occurrence. We also considered the relation
between BMI and VMS, and the role of adipokines in the relation between BMI and VMS.
Finally, given suggestion of a potential stage dependence of associations between adiposity
and VMS, we considered whether relationships between adipokines, BMI, and VMS varied
by menopause stage. This analysis represents the first study examining links between
adipokines and VMS in a prospective study of women transitioning through the menopause.

MATERIALS AND METHODS
Study Population

The current study included a sub-cohort of participants from SWAN, a community-based,
longitudinal study of the menopause transition (23). Briefly, SWAN is conducted at seven
sites: Boston; Chicago; the Detroit area; Los Angeles; Newark, NJ; Pittsburgh, PA; and
Oakland, CA. From 1996 to 1997, 3,302 women aged 42–52 years were enrolled. Each site
recruited Caucasian women plus one racial-ethnic group: African American (Pittsburgh,
Chicago, Michigan, Boston), Chinese (Oakland), Japanese (UCLA) and Hispanic (Newark).
Baseline eligibility criteria for SWAN included being aged 42–52 years, having a uterus and
≥one ovary, not being pregnant or lactating, not using oral contraceptives or hormone
therapy (HT), and having ≥one menstrual cycle in the prior 3 months.

Adipokines were collected in ancillary study conducted at the Michigan SWAN site.
Eligibility for this study included being aged 42–52 years, African American or white,
having menstruated in the preceding 3 months, and having not used oral contraceptives or
HT within 3 months of enrollment. Procedures included annual examinations,
questionnaires, and a blood draw. Written informed consent was obtained from all
participants and procedures approved by the University of Michigan’s Institutional Review
Board. A cohort of 536 women was enrolled for this ancillary study; all 536 women were
included in primary models.

Adipokines—Adipokines were assayed in serum collected from the baseline and follow-
up visits in years 1, 3, 4, 5, 6, and 7. A 12-hour fasting blood draw was performed within
days 2–5 of the menstrual cycle if a woman was still menstruating. For women not regularly
menstruating or if a blood sample was not obtainable in the day 2–5 window, a random
fasting blood draw was obtained. Leptin, sOB-R, total and HMW adiponectin were
determined at the University of Michigan, in duplicate, using commercially available
colorimetric enzyme immunoassay kits according to the manufacturer’s instructions (leptin,
adiponectin, and HMW adiponectin: Millipore, St. Charles, MO; sOB-R and MCP-1: R&D
systems, Minneapolis, MN). The mean coefficient of variation percent (CV%) for duplicate
samples for each subject and lower limit of detection (LLD), respectively, were:
adiponectin: 5.4%, 0.78 ng/ml; HMW adiponectin: 8.1%, 0.5 ng/ml; leptin: 4%, 0.5 ng/mL;
sOB-R: 3.7%, 0.31 ng/ml; MCP-1: 1.7%, 5.0 pg/ml).

Anthropometric measures—Height and weight were measured in light clothing without
shoes. BMI was calculated as weight (kilograms)/height (meter)2 and considered primarily
as a continuous variable but additionally as a categorical variable (normal weight: <25,
overweight: 25–<30; obese: ≥30) in all models. Waist circumference was measured at the
natural waist (the narrowest part of the torso as seen from the anterior aspect). If a waist
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narrowing was difficult to identify, the measure was taken at the smallest horizontal
circumference in the area between the ribs and the iliac crest. Bioelectrical impedance
analysis quantified fat mass and percentage of body fat (24, 25).

Vasomotor symptoms (VMS)—At each SWAN visit VMS were assessed via
questionnaire. Women responded to two questions which asked separately how often they
experienced 1) hot flashes and 2) night sweats in the past two weeks (not at all, 1–5 days, 6–
8 days, 9–13 days, every day; categorized as none vs. any for analysis). Hot flashes and
night sweats were considered separately due to their potentially differential pattern of
associations with adipokines.

Other covariates—Self-defined race/ethnicity and education (categorized as < vs.
≥college) were obtained at the baseline SWAN interview. Age, smoking status (current vs.
past/never), physical activity, menopause status, depressive symptoms, blood pressure,
health status, and medication use were derived from standard questionnaires, interviews, and
physical measures administered at annual visits. Physical activity was assessed via a
modified Kaiser Permanente Health Plan Activity Survey (26). Diabetes status and overall
self-rated health (response options: poor, fair, good, excellent) were reported at each visit.
Depressive symptoms were assessed via the Center for Epidemiologic Studies Depression
Scale (27), considered as a continuous scale score. Systolic and diastolic blood pressure
(DBP) were assessed annually via seated measurements. The blood pressure index most
strongly related to the outcome (DBP) was included in models here. Menopause status was
obtained annually from self-reported bleeding patterns over the prior year, categorized as
premenopausal (bleeding in the previous three months with no change in cycle predictability
in the past year) early perimenopausal (bleeding in the previous three months with decrease
in cycle predictability in the past year), late perimenopausal (<12 and >3 months of
amenorrhea), postmenopausal (≥12 of amenorrhea), surgical menopause (hysterectomy
with/without oophorectomy prior to reaching postmenopause), and unknown (past-year use
of HT before the documentation of a final menstrual period). HT use was reported use of HT
during the past year.

E2 assays were performed on the ACS-180 automated analyzer (Bayer Diagnostics
Corporation, Tarrytown, NY) utilizing a double-antibody chemiluminescent immunoassay
with a solid phase anti-IgG immunoglobulin conjugated to paramagnetic particles, anti-
ligand antibody, and competitive ligand labeled with dimethylacridinium ester (DMAE).
The E2 assay modifies the rabbit anti-E2-6 ACS-180 immunoassay to increase sensitivity,
with a LLD of 6.6 pg/mL and inter- and intra-assay CV’s of 10.6% and 6.4%, respectively
(28). Duplicate E2 assays were conducted and results reported as the arithmetic mean.

Data analysis
Adipokine and E2 values were log transformed to normalize distributions. Longitudinal
associations between adipokines and hot flashes were estimated using generalized
estimating equations (GEE), a method that accounts for repeated measures within subjects
and potential attrition from the study. Covariates were selected based upon association with
the outcome at p<0.10. Models were adjusted for age, ethnicity, education, smoking, and
menopause stage, depressive symptoms, diabetes, DBP, self-rated health, physical activity,
HT use, and additionally BMI (all but ethnicity and education time-varying). Interaction
terms between menopause stage and each adipokine were tested. Where a significant
interaction was detected, models stratified by time-varying menopause stage (pre/early
perimenopause versus late/post menopause). Visits in which women were unable to be
staged (unknown status: n=83; surgically menopausal: n=43) were excluded from stage-
stratified models. Associations between BMI and hot flashes and any stage-dependence of
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these associations were considered similarly. Each adipokine was added to multivariable
menopause stage-stratified models of relationships between BMI and hot flashes. Sensitivity
analyses considered fat mass, waist circumference, or percent body fat instead of BMI. The
role of E2 was determined by examining overall associations between E2 and hot flashes in
GEE models, as well as E2 in relationships between adipokines and/or BMI and hot flashes
in overall and stage-dependent models. Cycle day of blood draw (in/out of cycle days 2–5)
was included as a covariate in E2 models. Interactions between adipokines and race/
ethnicity in relation to hot flashes were examined as cross product terms in multivariable
models. All models were repeated for night sweats. Models were 2-sided, alpha=0.05 and
performed with SAS v9.2 (Cary, NC).

RESULTS
At baseline, women were on average 46 years old, obese, and nonsmoking (Table 1). Most
of the women were African American. By design, approximately half of the sample was
premenopausal and half was early perimenopausal at baseline.

We examined the overall association between adipokines and hot flashes. Controlling for all
covariates except for BMI revealed marginal associations between higher HMW adiponectin
(OR (95% CI): 0.86 (0.72–1.01), p=0.07) and lower odds of hot flashes and higher leptin
(OR (95% CI): 1.14 (0.99–1.32), p=0.07) and higher sOB-R (OR (95% CI): 1.45 (0.98–
2.13), p=0.06) and higher odds of hot flashes. Addition of BMI had minimal impact on
models (HMW adiponectin: OR (95% CI): 0.84 (0.70–1.00), p=0.05; leptin: OR (95% CI):
1.17 (0.97–1.40), p=0.10; sOB-R: OR (95% CI): 1.51 (1.00–2.30), p=0.05). Associations
between adiponectin (OR (95% CI): 0.82 (0.64–1.05), p=0.11) or MCP-1 (OR (95% CI):
1.11 (0.85–1.45), p=0.43) and hot flashes were not significant in either model (here
multivariable models with BMI).

Highly significant interactions between adipokines and menopause stage in relation to hot
flashes were noted for adiponectin (p=0.0001), HMW adiponectin (p=0.001), leptin
(p=0.0002), and sOB-R (p=0.02), indicating that the associations between adipokines and
hot flashes varied strongly by stage. Stratified models revealed that in the pre- and early
perimenopause, higher adiponectin and HMW adiponectin were related to lower odds of hot
flashes, and higher leptin with marginally higher odds of hot flashes (Tables 2, 3, Figure 1).
Later in the transition (late peri- and postmenopause), these associations were not apparent.

We also found a highly significant interaction between BMI and menopause stage in relation
to hot flashes (p=0.004). Earlier in the transition (pre- and early perimenopause), obesity
was related to higher odds of hot flashes (overweight, OR (95% CI): 1.50 (0.98–2.30),
p=0.07; obese, OR (95% CI): 1.91 (1.25–2.90), p=0.003; relative to normal weight,
multivariable models). Later in the transition (late peri- and postmenopause), these
associations were not apparent (overweight, OR (95% CI): 0.76 (0.41–1.39), p=0.37; obese,
OR (95% CI): 0.55 (0.29–1.04), p=0.07, relative to normal weight, multivariable models).
Findings were similar when BMI was considered as a continuous variable, yet with a clearer
reversal in the BMI-hot flashes associations later in the transition (early in the transition per
unit increase in BMI: OR (95% CI): 1.02 (1.00–1.04), p=0.05; later in the transition per unit
increase in BMI: OR (95% CI): 0.96 (0.94–0.99), p=0.005, multivariable models).

In an exploratory fashion, we added adipokines to models of links between obesity and hot
flashes. We found that positive relationships between BMI and hot flashes were reduced
with addition of HMW adiponectin, with BMI considered as a continuous (OR(95% CI):
1.01 (0.99–1.04), p=0.28) or categorical variable (overweight, OR (95% CI): 1.26 (0.77–
2.04), p=0.36; obese, OR (95% CI): 1.53 (0.96–2.46), p=0.08). Similar yet less pronounced
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patterns were observed with addition of adiponectin (continuous BMI: OR (95% CI): 1.01
(0.99–1.04), p=0.24; categorical BMI: overweight, OR (95% CI): 1.36 (0.88–2.11), p=0.17;
obese, OR (95% CI) 1.62 (1.05–2.51), p=0.03) or leptin (continuous BMI: OR (95% CI):
1.01 (0.98–1.03), p=0.68; categorical BMI: overweight, OR (95% CI): 1.38 (0.89–2.14),
p=0.15; obese, OR (95% CI): 1.64 (1.00–2.69), p=0.05; multivariable models). In the later
stages of the transition, relationships between BMI and hot flashes were largely unchanged
with the addition of adipokines with the exception of leptin, which reduced associations
between BMI and hot flashes (continuous BMI: OR=0.97; 95% CI 0.93–1.00, p=0.08;
categorical BMI: overweight, OR (95% CI): 0.91 (0.46–1.80), p=0.79; obese, OR (95% CI)
0.73 (0.30–1.78), p=0.49; multivariable models).

We next considered night sweats. The only adipokine related to night sweats was MCP-1,
which was robustly associated with higher odds of night sweats (multivariable models with
adjustment for BMI: OR (95% CI): 1.37 (1.06–1.76), p=0.02; without adjustment for BMI:
OR (95% CI): 1.37 (1.07–1.76), p=0.01). Associations between adipokines and night sweats
did not vary by menopause stage, and there was no evidence of a relation between BMI and
night sweats for the total sample or by menopause stage.

We conducted several additional analyses. Since our conceptual models concerned adiposity
(rather than simply body size), we considered bioimpedance measures of fat mass and
percentage of body fat or waist circumference instead of BMI. Results were comparable to
those with BMI (data not shown). Moreover, one mechanism by which adipose-derived
inflammatory factors may play a role in hot flashes early in the transition is a potential
adverse effect of adipokines on ovarian E2 production. Although E2 was strongly inversely
related to hot flashes (OR (95% CI): 0.85 (0.77–0.95), p=0.003) and to a lesser extent night
sweats (OR (95% CI): 0.92 (0.83–1.01), p=0.095), E2 had little impact on associations
between adipokines and/or BMI in relation to hot flashes, nor the stage dependence of these
relationships (data not shown). Finally, we considered any interactions by race/ethnicity in
relationships between adipokines and hot flashes or night sweats, with no effect
modification apparent (data not shown).

DISCUSSION
In this study, associations between adiponectin, HMW adiponectin, and leptin and hot
flashes were menopause stage-dependent. Lower adiponectin, lower HMW adiponectin, and
to a lesser extent higher leptin were associated with higher odds of hot flashes early, but not
later, in the menopause transition. These findings paralleled the finding that BMI showed a
stage-dependent relationship with hot flashes, with higher BMI associated with higher odds
of hot flashes early, but not later in the transition, when BMI-hot flash associations may
reverse direction. Higher MCP-1 was associated with higher odds of night sweats
irrespective of menopause stage.

Despite prior work postulating a potential role for adipokines in hot flashes (13), few studies
have examined associations between hot flashes and adipokines. Alexander et al. (14) found
that hot flashes were associated with higher leptin, the only marker examined, among
relatively young middle aged women (mean age 48–49 years). Yasui et al (29) examined
MCP-1 and several other cytokines, finding hot flashes associated with elevated
interleukin-8 and macrophage inflammatory protein (MIP)-1β (but not MCP-1). However,
both studies were limited by their cross-sectional design, lack of consideration of potential
confounders, and lack of assessment of night sweats. Further, Alexander et al. assessed a
single adipokine, and adipokines were not the focus of Yasui et al. study. Thus, the present
study was the first examination of associations between adipokines and VMS in a
prospective cohort study, with a wide range of adipokines, consideration of potential
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confounders, and examination of how these variations varied by menopause stage. The
present work provided some indication that higher adiponectin and HMW adiponectin were
related to lower odds of hot flashes in the early transition, over and above confounders. This
study is the first to clearly demonstrate the stage-dependent relationships between BMI and
hot flashes. Finally, there was some limited support for the idea that certain adipokines
(HMW adiponectin) may be one mechanism linking BMI and hot flashes early in the
transition, although further examination of this question is required.

Variations by menopause stage figured prominently into the present findings, both for
associations between adipokines and hot flashes as well as between BMI and hot flashes.
Only among the premenopausal and early perimenopausal women was a higher BMI and a
more adverse adipokine profile related to more hot flashes. Among women later in the
transition, there was suggestion that BMI may play a protective role. These novel findings
are consistent with other findings stage-dependent associations between BMI/adiposity and
E2, with higher BMI/adiposity related to lower E2 earlier in the transition, but higher E2
later in the transition (10–12). One interpretation of this pattern of associations has been that
body fat may have a deleterious effect on ovarian function early in the transition when
ovarian function is still intact, but not later in the transition after ovarian function had
ceased, when adiposity may be the primary estrogen source (albeit primarily for estrone, a
weaker estrogen).

These findings may add to the understanding of the physiology of adipose-hot flash
relationships. Although incompletely understood, hot flashes are thought to be endocrine
and/or thermoregulatory events, or dramatic heat dissipating events originating in the
hypothalamus and occurring due to the withdrawal of ovarian hormones. At first glance, our
findings may be considered consistent with an endocrine perspective, as relationships
appeared dependent on the functioning of the ovary. There is some evidence that a more
pro-inflammatory adipokine profile may adversely impact ovarian function (30–33), which
may be mechanisms by which adipokines could increase hot flashes early in the transition.
However, it is notable that controlling for E2 had little impact on the results observed here.
Thus, several other factors not assessed here may be important. The pro-inflammatory
properties of adipose tissue may act directly on the central nervous system, with potential
thermoregulatory impact to increase hot flashes (34). Further, body fat may act as an
insulator (35), impairing the heat dissipating function of hot flashes and increasing their
likelihood. Finally, multiple pathways may be operating at once, with their relative
predominance possibly changing with age.

We also considered night sweats. Pronounced associations were observed between night
sweats and MCP-1, and these relationships were not stage-dependent. No associations were
observed for BMI, adiponectin, HMW adiponectin and leptin with respect to night sweats.
The reasons for this pattern of results are not immediately apparent, and the two other
studies examining relevant adipokines/cytokines and VMS reported solely on hot flashes
(14, 29). However, our finding is broadly consistent with findings of clearer associations for
hot flashes than night sweats in relation to other physical health indices (13, 36, 37). It is
possible that women may also have more difficulty accurately recalling night sweats, given
their occurrence during the sleep period, impacting the reliability of their self-report (38).
However, it is also possible that the underlying physiology of hot flashes and night sweats
differ, thus, they may show a differential pattern of associations with adiposity and
adipokines. These differences should be further examined in future work. In particular, the
pronounced association between MCP-1 and night sweats should be further explored in
future research.
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The present work may further add to the emerging literature hot flashes and cardiovascular
disease (CVD) risk. Evidence shows increased atherosclerosis (37, 39); poorer vascular
endothelial function (37); a more pro-thrombotic profile (40); insulin resistance (41);
elevated lipids (42); and altered sympathovagal balance (43) with hot flashes, above and
beyond obesity. A pro-inflammatory profile is consistent with higher CVD risk, and the
somewhat more adverse adipokine profile associated with hot flashes is consistent this prior
work.

These results should be interpreted in the context of several limitations. First, our hot flash
measure queried about their occurrence over the prior two weeks. Future work should
consider these associations with improved measures, such as diaries or physiologic
measures. The magnitudes of associations here were modest. Thus, there are clearly other
predictors of VMS and pathways by which adiposity may be linked to VMS. Moreover, the
observational nature of these data do not allow for conclusions about the causal nature of
these relationships. Adipokines, E2, and hot flashes measures were obtained annually, and
fluctuations within a year were not captured. Particularly relevant is E2, which fluctuates
markedly during the menopause transition, and therefore the lack of an impact of E2 on the
present results cannot be considered conclusive. Estrone was not assessed here, relevant to
adiposity. While this study considered multiple adipokines, representing the most
comprehensive test of this question to date, additional markers may be considered in future
work. Further, the number of women in the later menopause stage group was smaller than
that of the early stage group, and therefore significance testing in stratified models in the
later stage group may have been relatively underpowered and should be interpreted with
caution. However, the significance of menopause stage interactions strongly supports the
stage-dependent nature of these associations. Finally, the study included African American
and Caucasian women from one SWAN site. The degree to which findings generalize to
other groups and in other samples should be tested in future work.

This study had several strengths. Questions were addressed within a relatively large
prospective cohort study. Measures of hot flashes and adipokines were obtained
approximately annually over eight years. Several adipokines were considered as well as a
range of potential confounders. Moreover, a conceptual model of relationships between
adiposity and hot flashes, including how these associations vary by menopause stage, guided
study questions. The present study represents the strongest test of relationships between
adipokines, BMI, and hot flashes to date.

The present study indicated that early in the menopause transition, lower adiponectin, lower
HMW adiponectin, and to a lesser extent higher leptin were associated with elevated odds of
reporting hot flashes. Additionally, relationships between BMI and hot flashes varied by
stage, with positive associations early in the transition, and inverse associations later in the
transition. Higher MCP-1 was related to increased night sweats across the transition. These
results can contribute to our understanding of VMS and the ways in which relationships
between adipokines, adiposity, and VMS may vary over the menopause transition.
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Figure 1.
Adiponectin, HMW adiponectin, and leptin by hot flash (HF) status among pre- and early
perimenopausal women (N=505 women, 1449 observations)
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Table 1

Baseline sample characteristics (N=528)

Age, M(SD) 46.11 (2.73)

Race/ethnicity, N(%)

 African American 318 (60.23)

 White 210 (39.77)

Menopausal stage, N(%)

 Premenopausal 264 (50.29)

 Early perimenopausal 261 (49.71)

Educational attainment, N(%)

 Less than college 390 (76.2)

 College degree or higher 122 (23.83)

Smoking status, N(%) yes/current 139 (26.7)

Overall self-rated health, N(%)

 Good or excellent 428 (82.5)

 Fair or poor 91 (17.5)

Diabetes status, N(%) yes 46 (8.9)

BMI (continuous), M(SD) 32.06 (8.09)

BMI (categorical), N(%)

 Normal weight (<25) 107 (20.7)

 Overweight (25–<30) 120 (23.3)

 Obese (≥30) 289 (56.0)

% body fat, M(SD) 40.68 (9.15)

Depressive symptomsa, M(SD) 12.26 (10.83)

SBP, M(SD) 119.85 (19.61)

DBP, M(SD) 71.64 (11.14)

Physical activityb, M(SD) 7.32 (1.84)

Adiponectin, (μg/mL), M(SD) 10.11 (6.04)

HMW adiponectin, (μg/mL), M(SD) 4.03 (3.59)

Leptin, (ng/mL), M(SD) 31.44 (19.92)

Soluble leptin receptor, (ng/mL), M(SD) 24.89 (10.45)

MCP-1 (pg/mL), mean (SD) 306.34 (150.34)

Hot flashes, N(%) yes 201 (38.36)

Night sweats, N(%) yes 206 (39.32)

Note: N=536 for primary analyses included; 8 women missing baseline data

a
Center for Epidemiologic Studies Depression scale score

b
modified Kaiser Permanente Health Plan Activity Survey scale score
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Table 2

Relation between adipokines and hot flashes by menopausal stage

Hot flashes OR (95% CI)

Menopausal stage-by-adipokine interactionPre-/early perimenopause Late peri-/postmenopause

Adiponectin 0.68 (0.51–0.90)a 1.01 (0.65–1.56) p=0.0001

HMW adiponectin 0.70 (0.58–0.85)b 0.98 (0.72–1.32) p=0.001

Leptin 1.23 (0.99–1.54)c 0.92 (0.60–1.40) p=0.0002

Soluble leptin receptor 1.32 (0.82–2.15) 1.85 (0.88–3.88) p=0.02

a
p<0.01;

b
p<0.0001;

c
p<0.10

Note: Pre/early perimenopausal models: N=506 women, 1447 observations; late peri-/postmenopausal models: N=259 women, 753 observations;
All adipokines log transformed for analysis

Covariates: age, race/ethnicity, BMI, education, HT use, smoking, self-rated health, diabetes status, DBP, physical activity, depressive symptoms
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