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The effect of change in reproductive hormones andmenopause on incident obesity (body mass index�30 kg/m2)
and severe obesity (body mass index �35 kg/m2) was evaluated over 9 years in 3,260 US women recruited in the
multiethnic Study of Women’s Health Across the Nation in 1996–1997. After 9 years, cumulative incidences of
obesity and severe obesity reached 21.8% and 12.3%, respectively. In multivariate analysis, hormone changes,
chronic health conditions, lower physical activity, race/ethnicity, and age were significantly associated with incident
obesity and/or severe obesity. The odds of incident severe obesity increased with surgical menopause (odds ratio
(OR) ¼ 5.07, 95% confidence interval (CI): 2.29, 11.20; P < 0.001) and initiation of hormone therapy prior to
12 months of amenorrhea (OR ¼ 2.94, 95% CI: 1.14, 7.58; P ¼ 0.03). Predictors of obesity included an increase
in free androgen index (OR¼ 1.37, 95%CI: 1.12, 1.68; P¼ 0.002) and a decrease in sex hormone-binding globulin
(OR ¼ 0.60, 95% CI: 0.45, 0.80; P ¼ 0.0005). Similar results were found for severe obesity. Obesity rates varied by
race, but no hormone-by-race interactions were observed. These longitudinal data demonstrate that higher andro-
gens, lower sex hormone-binding globulin, surgical menopause, and early hormone therapy use predict incident
obesity and/or severe obesity in a multiracial cohort of women transitioning into menopause.

hormones; menopause; obesity; reproduction

Abbreviations: BMI, body mass index; CI, confidence interval; OR, odds ratio; SHBG, sex hormone-binding globulin; SWAN, Study
of Women’s Health Across the Nation.

Obesity in the United States has reached epidemic
proportions (1, 2) and carries an excess risk of stroke, car-
diovascular disease, and mortality (3–6). The vascular
effects of obesity have been documented among adolescents
(7, 8) and young adults (9), and it has been suggested that
the decline in cardiovascular disease rates over the last
decade is coming to an end because of the vascular effects
of the obesity epidemic (10).

Recent research (11–16) has focused on the upper
categories of obesity, termed ‘‘severe obesity’’ (class II or
above, body mass index (BMI) �35 kg/m2) and ‘‘extreme
obesity’’ (class III, BMI �40 kg/m2) (17). These categories
are associated with the most profound excess risk of cardio-
vascular disease as well as higher comorbidity and health
care utilization (11–13).

Weight gain and increases in central body fat occur in
many women as they transition from premenopause to post-
menopause (15, 16, 18), which may be linked to the increase
in cardiovascular events observed following the menopausal
transition. Although longitudinal studies suggest that weight
gain in white women is driven primarily by age (19, 20),
there is substantial evidence of a shift toward central adi-
posity with menopause (21–25). There is also substantial
evidence that reproductive hormones are related to the
regulation of energy homeostasis (18), which has been pro-
posed as an underlying mechanism for changes in fat pat-
terning (23). Analyses from the Study of Women’s Health
Across the Nation (SWAN) have shown that reproductive
hormones are cross-sectionally associated with BMI (26),
and increases in follicle-stimulating hormone are positively
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associated with increasing fat mass in women transitioning
into menopause (27). Thus, hormone changes underlying
the menopause may drive a woman’s susceptibility to
weight gain. Furthermore, it is unclear whether the associ-
ation between reproductive hormone changes and weight
gain is affected by race/ethnicity. Understanding the role
of reproductive hormones as a risk factor for weight gain
may help identify new strategies to prevent weight gain in
women at midlife.

SWAN, a multiethnic cohort, allows a detailed evaluation
of the association between menopause status, hormones, and
obesity across a 9-year period. The purpose of the present
study was to determine whether obesity is related to meno-
pause status and reproductive hormones, independent of
age, and whether the potential relation varies by race.

MATERIALS AND METHODS

Participants

SWAN is a multicenter, longitudinal study to characterize
the biologic and psychosocial changes occurring with the
menopause in a community-based sample (28). SWAN sites
are Boston, Massachusetts; Chicago, Illinois; Detroit,
Michigan; Los Angeles, California; Newark, New Jersey;
Pittsburgh, Pennsylvania; and Oakland, California. From
1996 to 1997, 3,302 women aged 42–52 years were
enrolled. Each site recruited Caucasian women plus one
other racial/ethnic group, resulting in 1,550 Caucasian,
935 African-American (Pittsburgh, Detroit, and Boston),
250 Chinese (Oakland), 281 Japanese (Oakland), and 286
Hispanic (Newark: Central-American, South-American, and
Caribbean origin) women. Nine years of follow-up were
analyzed. Data collection at the New Jersey site was inter-
rupted, precluding inclusion of data for years 7–9 for
Hispanic and Caucasian women from this site.

Women who participated had an intact uterus and were
still menstruating, had at least one ovary, and were not preg-
nant or breastfeeding. Exclusion criteria included oral con-
traceptive or sex steroid hormone therapy use in the prior
3 months. More complete information on screening and data
collection has been published previously (28). Institutional
review board approval and informed consent was obtained.

For the full cohort of 3,302 women, baseline BMI data
were available for 3,260. Analyses of incident obesity
included 2,032 women (988 Caucasian, 410 African
American, 145 Hispanic, 230 Chinese, or 259 Japanese)
who were not already obese at baseline. Analysis of incident
severe obesity included 2,510 women (1,224 Caucasian, 590
African American, 191 Hispanic, 236 Chinese, or 269
Japanese) who were not severely obese at baseline.

Physical measures

Height and weight were measured annually with partic-
ipants in light clothing and without shoes, and calibrated
scales were used. BMI was calculated as weight in kilo-
grams divided by height in meters squared. BMI categories
were as follows: overweight (25–29.9 kg/m2), class I obe-
sity (30–34.9 kg/m2), and severe obesity (�35 kg/m2), in-

cluding class II (35–39.9 kg/m2) and class III (�40 kg/m2)
obesity.

Menopause status was assessed annually based on men-
strual bleeding and use of hormone therapy, using categories
similar to those from the World Health Organization (29):

� Premenopause: monthly bleeding with no perceived
change in cycle interval.

� Early perimenopause: monthly bleeding with a perceived
change in cycle interval, but at least one menstrual period
within the past 3 months.

� Late perimenopause:�3 consecutive months of amenorrhea.
� Postmenopause: �12 consecutive months of amenorrhea.
� Surgical menopause: menopause induced by hysterec-

tomy with or without oophorectomy.
� Unknown: use of hormone therapy before documentation

of a final menstrual period.

The presence or absence of a chronic health condition
was established annually from self-report or medication
use. These conditions included diabetes, heart conditions,
or stroke or use of lipid-lowering drugs, antihypertensives,
corticosteroids, anticoagulants, or antidepressants. Also in-
cluded was an abnormal thyroid-stimulating hormone value
(�5 mIU/mL or �0.5 mIU/mL), assessed by using the ACS
180 TSH assay (Siemens Medical Solution Diagnostics,
Walpole, Massachusetts).

Smoking was evaluated by questionnaire (30) and was
coded as never, past, or current. Physical activity was based
on the Kaiser Permanente Activity Score (31), a modification
of the Baecke scale (32), and was assessed at baseline and
visits 3, 5, 6, and 9. Data for missing visits were replaced by
corresponding averages of previous and subsequent measured
values. Alcohol consumption was analyzed at baseline as none,
1 or fewer, and more than 1 serving per day (1 serving ¼ 12
ounces of beer, 5 ounces of wine, or 1.5 ounces of hard liquor
(1 ounce ¼ 30 mL)).

Assays

Annual fasting blood draws were targeted to the follicular
phase of the menstrual cycle (days 2–5), and the samples
were maintained at 4�C until separated and frozen
at �80�C. Estradiol, testosterone, sex hormone-binding glob-
ulin (SHBG), dehydroepiandrosterone sulfate, and follicle-
stimulating hormone were assayed at the University of
Michigan Endocrine Laboratory (Ann Arbor, Michigan) by
using an ACS-180 automated chemiluminescence analyzer
(Siemens Medical Solution Diagnostics), with modifications
to enhance sensitivity, as reported previously (26). Free an-
drogen index was calculated as 100 3 testosterone/(28.84 3
SHBG) and was used to approximate the amount of non-
SHBG bound, biologically available testosterone. Hormone
values below the lower limit of detection were replaced with
a random value between zero and the lower limit of detection.

Statistical analysis

Participant characteristics at baseline were summarized
by obesity status, and differences between the 2 groups were
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assessed by using a chi-square test or one-way analysis of
variance. The adjusted association between baseline obesity
status and dependent variables of menopause status and
serum reproductive hormones were also assessed by using
multivariable logistic regression. Hormone variables were
natural log-transformed to reduce skewness. Two separate
analyses were run for the binary outcomes of incident obe-
sity (BMI �30 kg/m2 vs. <30 kg/m2) and severe obesity
(BMI �35 kg/m2 vs. <35 kg/m2). The analyses of incidence
were limited to the subsets of women who were not obese
(n ¼ 2,032) or severely obese (n ¼ 2,510) at baseline and
had at least one follow-up visit. Data were censored after the
first measured incidence.

Kaplan-Meier product-limit estimates (33), which ac-
count for variable lengths of follow-up, were used to assess
the cumulative incidence of obesity and severe obesity.
Analyses were stratified by ethnicity, and the log-rank test
was used to compare differences across ethnic groups.

The association between incident obesity or severe obesity
and menopause status and reproductive hormones (estradiol,
testosterone, SHBG, free androgen index, dehydroepian-
drosterone sulfate, and follicle-stimulating hormone) was
modeled by using a discrete-time logit approach (34, 35)
because incident obesity cases were identified at annual as-
sessment only. Odds ratios and 95% confidence intervals
were reported. We modeled the covariate set including
time-invarying variables of ethnicity, study site, level of ed-
ucation, baseline weight categories, baseline alcohol con-
sumption, baseline age, and baseline physical activity and
time-varying covariates of change in age since baseline,
change in physical activity since baseline, smoking status,
chronic health condition, and hormone therapy use since the
last study visit without controlling for menopause status. We
then added into the multivariable models menopause status
and each hormone separately as predictors.

Menopause status and hormone variables were separated
into 2 components, baseline and change since baseline, to

distinguish between cross-sectional (between-women) and
longitudinal (within-woman) effects. Baseline menopause
status was either premenopause or early perimenopause.
Change in menopause status was classified into 6 categories:
no change (women who remained premenopausal or early
perimenopausal), change from premenopause to early peri-
menopause, and change from premenopause or early peri-
menopause to late perimenopause, postmenopause, surgical
menopause, or ‘‘unknown’’ (because of hormone therapy
use). For models including hormones, timing of the blood
draw (yes/no within days 2–5 of cycle onset) was also
included.

Given the time structure of the interval-censored data, to
assess the antecedent effect of risk factors on developing
obesity, time-varying risk factors were taken from the prior
visit. Exceptions were menopause status and hormone ther-
apy use, which were taken from the same visit as obesity
status because they were collected as change during the
study interval.

Interactions between ethnicity and the independent
variables (menopause status or hormones) were included
in the respective models to test whether associations varied
by ethnic groups. To assess the impact of a disproportionate
and systematic loss to follow-up at the New Jersey site,
we reran multivariable models with and without the data
from the New Jersey site. Data from the full sample includ-
ing the New Jersey site are reported herein because the
conclusions were the same after removing the New Jersey
data, with one exception. Compared with women who re-
mained premenopausal or early perimenopausal, women
who changed to postmenopausal were significantly more
likely to become obese (odds ratio (OR) ¼ 1.71, 95% con-
fidence interval (CI): 1.05, 2.80; P ¼ 0.03) in the 6-site
sample instead of borderline significantly more likely
in the 7-site sample (OR ¼ 1.51, 95% CI: 0.95, 2.39;
P ¼ 0.08). Fit of the final models was assessed by using
the Hosmer-Lemeshow goodness-of-fit test (36). Analyses

Figure 1. Prevalence of obesity at baseline by ethnicity in the Study of Women’s Health Across the Nation, United States, 1996–1997.
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were carried out by using SAS version 9 software (SAS
Institute, Inc., Cary, North Carolina).

RESULTS

At SWAN baseline, the 3,260 women for whom BMI data
were available were on average 46 years of age; 53.7% were
premenopausal and 46.3% were early perimenopausal.
Women self-identified as Caucasian (47.1%), African
American (28.0%), Hispanic (8.7%), Chinese (7.6%), or
Japanese (8.6%). The proportions of overweight (26.9%),
class 1 obesity (16.4%), and severe obesity (16.7%) differed
markedly by racial/ethnic groups, with more obesity among
African Americans and Hispanics and less among Chinese
and Japanese (Figure 1).

Women who were obese at baseline had lower physical
activity scores, had a lower level of education, were more
likely to be past/current smokers, consumed less alcohol,
and were more likely to have a chronic health condition than

women who were not obese (Table 1). After we controlled
for these factors, premenopause versus perimenopause sta-
tus was not significantly related to obesity (OR ¼ 1.16, 95%
CI: 0.98, 1.38; P ¼ 0.09). However, hormones and hormone
factors, with the exception of dehydroepiandrosterone sul-
fate, were significantly related to obesity classification (P <
0.001 for all; data not shown).

Among women who were not obese (n ¼ 2,032) or
severely obese (n¼ 2,510) at baseline, by 9 years of follow-
up, the cumulative incidence of obesity reached 21.8%
(21.0% of Caucasians, 39.5% of African Americans,
35.2% of Hispanics (6 years of follow-up), 5.4% of Chinese,
and 5.7% of Japanese) and of severe obesity reached 12.3%
(12.0% of Caucasians, 22.0% of African Americans, 14.1%
of Hispanics (6 years of follow-up), 2.8% of Chinese, and
0.8% of Japanese). Kaplan-Meier curves for both obesity
and severe obesity differed substantially by race/ethnicity
(Figure 2). African-American and Hispanic women pro-
gressed more quickly to obesity, whereas Chinese and
Japanese women progressed more slowly. Results were

Table 1. Baseline Characteristics by Obesity Status in the Study of Women’s Health Across the

Nation, United States, 1996–1997

Not Obese
(BMI <30 kg/m2)

(n 5 2,184)

Obese
(BMI ‡30 kg/m2)

(n 5 1,076)
P Value

Count Column % Count Column %

Ethnicitya <0.001

Caucasian 1,057 68.9 478 31.1

African American 445 48.7 468 51.3

Hispanic 179 62.8 106 37.2

Chinese 237 95.6 11 4.4

Japanese 266 95.3 13 4.7

Menopause status <0.001

Premenopausal 1,192 56.0 517 49.1

Early menopausal 937 44.0 537 50.9

Degree <0.001

�High school 484 22.4 324 30.5

>High school 644 29.7 392 36.9

College 488 22.5 168 15.8

Postgraduate 550 25.4 179 16.8

Smoking status 0.02

Never 1,281 59.0 573 54.0

Past 529 24.4 289 27.2

Current 360 16.6 200 18.8

Alcohol consumptionb <0.001

None 999 46.0 619 57.6

�1 serving/day 1,025 47.2 418 38.9

>1 serving/day 150 6.9 37 3.5

Chronic health
condition

<0.001

No 1,472 67.4 479 44.5

Yes 712 32.6 597 55.5

Table continues
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similar for the severe obesity class except that we found
no difference in the cumulative incidence of obesity for
Caucasians versus Hispanics.

Factors independently related to incident obesity and/or
severe obesity were baseline BMI, presence of a chronic
health condition, older age, lower physical activity score,
and hormone use. Refer to Table 2.

The effect of ethnicity on obesity rates is not included
in Table 2 because more information is needed to interpret
it. After we adjusted for the factors listed in Table 2,
African Americans no longer had higher obesity rates
relative to Caucasians (OR ¼ 0.99, 95% CI: 0.72, 1.36
for obesity and OR ¼ 1.11, 95% CI: 0.77, 1.61 for severe
obesity). The primary variables accounting for this atten-
uated association were baseline BMI and physical activ-

ity. However, after adjustment, relative to Caucasian
ethnicity, both Chinese and Japanese race remained pro-
tective for obesity (OR ¼ 0.28, 95% CI: 0.13, 0.62 and
OR ¼ 0.41, 95% CI: 0.19, 0.89, respectively). Severe
obesity was not evaluated for these 2 groups because of
small numbers. For Hispanic ethnicity, complete multi-
variate adjustment including site was not applicable to
a general population because the health status of the
Caucasians at the New Jersey site was unusually poor.
Without adjustment, we found that Hispanic women
at the New Jersey site had a similar risk of obesity com-
pared with New Jersey Caucasians (OR ¼ 1.14, 95% CI:
0.58, 2.22), but Hispanic women were more likely than
Caucasian women at other sites to become obese (OR ¼
2.60, 95% CI: 1.75, 3.86).

Table 1. Continued

Not Obese
(BMI <30 kg/m2)

(n 5 2,184)

Obese
(BMI ‡30 kg/m2)

(n 5 1,076)
P Value

Count Column % Count Column %

Blood drawn in cycle
day 2–5

0.004

Yes 1,742 79.9 811 75.6

No/unknown 437 20.1 262 24.4

Current hormone therapy
usec

0.36

No 1,721 92.9 837 91.9

Yes 132 7.1 74 8.1

Mean Median Mean Median

Age, years (range: 42.0–
53.0)

46.3 46.1 46.4 46.3 0.29

BMI, kg/m2 (range: 15.0–
64.8)

24.2 24.1 36.6 35.1 <0.001

Total physical activity
score without work
(range: 3.0–13.6)

7.9 7.9 7.1 7.1 <0.001

Estradiol, pg/mL (range:
5.5–1,493.6)

79.1 59.3 71.9 49.9 0.007

SHBG, nM (range: 0.2–
138.1)

49.5 45.7 36.9 33.4 <0.001

Testosterone, ng/dL
(range: 0.5–334.8)

45.3 39.9 50.2 44.5 <0.001

Free androgen indexd

(range: 0.04–100.7)
4.6 3.1 6.3 4.7 <0.001

Follicle-stimulating
hormone, mIU/mL
(range: 1.1–168.0)

25.6 16.4 22.2 14.9 <0.001

DHEAS, lg/dL (range:
1.5–557.3)

135.8 120.6 118.1 102.5 <0.001

Abbreviations: BMI, body mass index; DHEAS, dehydroepiandrosterone sulfate; SHBG, sex

hormone-binding globulin.
a Row percentages are reported.
b One serving ¼ 12 ounces of beer, 5 ounces of wine, or 1.5 ounces of hard liquor (1 ounce ¼

30 mL).
c Visit 01 data are reported. At baseline, no one used hormone therapy.
d Calculated as 100 3 testosterone(ng/mL)/28.84 3 SHBG(nM).
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The longitudinal associations between obesity and both
menopause status and hormones were analyzed (Table 3) by
adjusting for all factors related to obesity (Table 2) as well
as ethnicity, site, window of blood draw, and hormone ther-
apy use. During follow-up, of the 2,032 women who were
not obese (severely obese: 2,510 women) at baseline, 327
(375 women) remained premenopausal or early perimeno-
pausal and 312 (354 women) changed from premenopause
to early perimenopause. Changes from premenopause or
early perimenopause to other categories affected 147
women (190 women) who changed to late perimenopause,
1,024 (1,306 women) who changed to postmenopause, 114
(162 women) who changed to surgical menopause, and 108
(123 women) who were categorized as ‘‘unknown’’ because
of hormone therapy use prior to 12 months of amenorrhea.
For those undergoing a natural transition, change in meno-
pause status was not significantly associated with develop-
ment of obesity or severe obesity. However, compared with
women who remained premenopausal or early perimeno-
pausal, those who underwent surgical menopause had 1.78

(95% CI: 0.92, 3.44; P¼ 0.09) times the odds of obesity and
5.07 (95% CI: 2.29, 11.20; P < 0.0001) times the odds of
severe obesity.

Severe obesity rates for the surgical group were also
elevated in comparison to those for women who were
naturally postmenopausal (OR ¼ 3.16, 95% CI: 1.48,
6.72; P ¼ 0.003, using linear contrasts). Of the surgically
postmenopausal women (n ¼ 162), approximately 60% had
accompanying oophorectomy. Odds of severe obesity were
elevated for both nonoophorectomy and oophorectomy
groups of women in comparison to women who remained
premenopausal or early perimenopausal (OR ¼ 4.86, 95%
CI: 2.13, 11.07; P ¼ 0.0002 and OR ¼ 6.96, 95% CI: 1.40,
34.58; P ¼ 0.02, respectively).

A second group at increased risk of severe obesity was the
one that used hormone therapy prior to 12 months of amen-
orrhea. Compared with women who remained premeno-
pausal or early perimenopausal, these women had a 2.94
(95% CI: 1.14, 7.58; P ¼ 0.03) times greater odds of severe
obesity.

The only baseline hormone significantly associated with
incident obesity was higher dehydroepiandrosterone sulfate
(OR ¼ 1.32, 95% CI: 1.07, 1.64; P ¼ 0.01). However, in-
crease in free androgen index over time was strongly asso-
ciated with both incident obesity (OR ¼ 1.37, 95% CI: 1.12,
1.68; P ¼ 0.002) and severe obesity (OR ¼ 1.41, 95% CI:
1.09, 1.81; P ¼ 0.008). In addition, decrease in SHBG over
time was strongly related to both incident obesity (OR ¼
0.60, 95% CI: 0.45, 0.80; P ¼ 0.0005) and severe obesity
(OR ¼ 0.54, 95% CI: 0.37, 0.79; P ¼ 0.002).

Interactions between race/ethnicity and both menopause
status and each hormone were tested. None of these terms
were statistically significant, indicating that the association
between these factors and incident obesity/severe obesity
was consistent across race/ethnicity.

DISCUSSION

These data demonstrate that obesity is related to repro-
ductive hormones independent of age. Obesity was not re-
lated to menopause status as defined by bleeding patterns.
Rates of incident obesity varied by race/ethnicity, but the
effects of menopause status and hormones on obesity were
consistent across race. Both incident obesity and severe
obesity were longitudinally associated with increases in free
androgen index and decreases in SHBG across the meno-
pausal transition in this sample of community-dwelling,
multiethnic women. These associations were independent
of other predictors of obesity and/or severe obesity, includ-
ing age, physical activity, and the presence of a chronic
health condition. Surgical menopause and early hormone
therapy use were also independently predictive of incident
severe obesity. Higher incident obesity among African
Americans relative to Caucasians was due to higher baseline
weight and lower physical activity. However, lower incident
obesity among Japanese and Chinese Americans relative to
Caucasians was independent of other factors.

For women undergoing a natural menopause, changes
in bleeding patterns were not a risk factor for obesity.
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Figure 2. Kaplan-Meier curves showing freedom from A) incident
obesity and B) severe obesity over a 9-year period in the Study of
Women’s Health Across the Nation, United States, 1996–2006.

1208 Sutton-Tyrrell et al.

Am J Epidemiol 2010;171:1203–1213



However, surgical menopause was associated with a 78%
increased odds of obesity and a 5-fold increased odds of
severe obesity. This association is striking, although based

on relatively small numbers (162 women experiencing sur-
gical menopause). It is unclear whether hormonal changes
are driving this weight change, although increased risk of

Table 2. Multivariate Associations of Risk Factors With Incident Obesity and Severe Obesity

During 9 Years of Follow-upa in the Study of Women’s Health Across the Nation, United States,

1996–2006

Obesity (10,519 Observations
From 1,935 Women)

Severe Obesity (13,285
Observations From 2,371 Women)

Odds
Ratio

95% CI P Value
Odds
Ratio

95% CI P Value

Degree 0.06 0.87

�High school Ref Ref

>High school 0.81 0.56, 1.17 0.98 0.63, 1.50

College 0.70 0.46, 1.06 1.13 0.65, 1.95

Postgraduate 0.58 0.39, 0.88 1.15 0.70, 1.89

Baseline body
mass index

<0.0001 <0.0001

One-unit change,
kg/m2

2.14 1.98, 2.30 1.98 1.83, 2.14

Smoking status 0.28 0.93

Never Ref Ref

Past 1.01 0.75, 1.36 0.95 0.65, 1.38

Current 0.75 0.52, 1.09 1.04 0.66, 1.63

Baseline alcohol
consumptionb

0.92 0.21

None Ref Ref

�1 serving/day 1.02 0.78, 1.33 0.75 0.53, 1.05

>1 serving/day 0.91 0.51, 1.60 0.70 0.32, 1.54

Chronic health
condition

0.01 0.39

No Ref Ref

Yes 1.38 1.07, 1.77 1.15 0.84, 1.58

Hormone therapy
use since the
last study visit

0.77 0.003

No Ref Ref

Yes 1.05 0.75, 1.48 1.84 1.22, 2.78

Baseline age 0.11 0.02

One-unit change,
years

0.96 0.92, 1.01 0.93 0.87, 0.99

Change in age since
baseline

0.67 0.33

One-unit change,
years

1.01 0.96, 1.07 1.04 0.96, 1.11

Baseline physical
activity score
without work

0.02 0.09

One-unit change 0.91 0.84, 0.98 0.91 0.82, 1.02

Change in physical
activity score
without work
since baseline

0.007 0.25

One-unit change 0.83 0.72, 0.95 0.91 0.77, 1.07

Abbreviations: CI, confidence interval; Ref, referent.
a All results were adjusted for the other variables in this table plus study site and race/ethnicity.
b One serving ¼ 12 ounces of beer, 5 ounces of wine, or 1.5 ounces of hard liquor (1 ounce ¼

30 mL).
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Table 3. Adjusted Odds Ratios of Menopause Status and Different Hormones for Developing

Obesity or Severe Obesity Over 9 Years of Follow-upa in the Study ofWomen’s Health Across the

Nation, United States, 1996–2006

Obesity (10,039–10,330
Observations From 1,893–

1,929 Women)

Severe Obesity (12,652–13,049
Observations From 2,321–2,363

Women)

Odds
Ratio

95% CI P Value
Odds
Ratio

95% CI P Value

Model 1: menopause status

Baseline status

Premenopausal Ref Ref

Early perimenopausal 1.14 0.85, 1.53 0.37 0.86 0.59, 1.25 0.42

Change in status 0.15 0.002

No change Ref Ref

Premenopausal to early
perimenopausal

0.94 0.63, 1.40 0.77 0.91 0.54, 1.53 0.73

Premenopausal/early
perimenopausal to
late perimenopausal

1.59 0.98, 2.57 0.06 1.37 0.72, 2.61 0.34

Premenopausal/early
perimenopausal to
postmenopausal

1.51 0.95, 2.39 0.08 1.61 0.90, 2.87 0.11

Premenopausal/early
perimenopausal to
surgical (with or
without oophorectomy)

1.78 0.92, 3.44 0.09 5.07 2.29, 11.20 <0.0001

Premenopausal/early
perimenopausal to
unknown (hormone
therapy use before
the final menstrual
period)

1.60 0.77, 3.31 0.20 2.94 1.14, 7.58 0.03

Model 2: estradiol

Baseline 0.89 0.73, 1.08 0.25 0.98 0.75, 1.29 0.88

Change since baseline 0.90 0.77, 1.04 0.16 0.94 0.76, 1.17 0.56

Model 3: SHBG

Baseline 1.10 0.87, 1.38 0.43 1.36 0.99, 1.88 0.06

Change since baseline 0.60 0.45, 0.80 0.0005 0.54 0.37, 0.79 0.002

Model 4: testosterone

Baseline 1.25 0.95, 1.65 0.11 1.09 0.74, 1.59 0.67

Change since baseline 1.28 0.94, 1.74 0.12 1.22 0.81, 1.82 0.34

Model 5: free androgen
index

Baseline 1.08 0.91, 1.27 0.38 0.85 0.67, 1.09 0.19

Change since baseline 1.37 1.12, 1.68 0.002 1.41 1.09, 1.81 0.008

Model 6: DHEAS

Baseline 1.32 1.07, 1.64 0.01 0.86 0.65, 1.12 0.26

Change since baseline 0.98 0.68, 1.42 0.91 0.86 0.56, 1.32 0.50

Model 7: follicle-stimulating
hormone

Baseline 1.05 0.86, 1.28 0.61 0.98 0.75, 1.27 0.86

Change since baseline 1.11 0.93, 1.33 0.24 1.11 0.87, 1.41 0.39

Abbreviations: CI, confidence interval; DHEAS, dehydroepiandrosterone sulfate; Ref, referent;

SHBG, sex hormone-binding globulin.
a All results were adjusted for race/ethnicity, clinical site, level of education, baseline weight

category, smoking status, baseline alcohol consumption, chronic health condition, current hor-

mone therapy use, baseline age, time (aging), and physical activity score. In addition, blood draw

on menstrual cycle day 2–5 (yes/no, unknown) was adjusted for in the hormone models.
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obesity was present whether or not oophorectomy was per-
formed. Surgically menopausal women are known to suffer
more symptoms than naturally menopausal women (37),
which may play a role in greater weight gain. It has been
shown that women who undergo hysterectomy have a differ-
ent estrogen receptor profile (38), and this genotype might
promote weight gain in association with estrogen loss.
Finally, the indication for hysterectomy may play a role in
subsequent development of obesity.

Interestingly, early hormone use was a risk factor for obe-
sity. Compared with women who did not change their status,
women who initiated hormone therapy before 12 months of
amenorrhea had a 1.60 greater odds of obesity and a 2.94
greater odds of severe obesity. Consistent with this finding,
women who initiated hormone therapy later during follow-
up had almost twice the odds of severe obesity compared
with those who did not initiate hormone therapy. Meno-
pausal symptoms may be driving these associations as well.
SWAN has reported that obesity is a strong risk factor for
vasomotor symptoms (39, 40). Thus, women predisposed to
obesity who experience hot flashes may be more likely to
seek relief in the form of hormone therapy use. The numbers
available in this subgroup are modest, and thus this question
deserves further study.

These data suggest that androgens and SHBG are factors
in weight gain with the menopausal transition. The strongest
associations with obesity were found with high free andro-
gen (free androgen index) and low SHBG. The association
between androgens, SHBG, and obesity is observed in other
settings, including polycystic ovary syndrome. In this syn-
drome, hormonal abnormalities include high luteinizing
hormone, elevated androgens, and low SHBG (41), which
are accompanied by weight gain, elevated lipids, and insulin
resistance (41). SWAN has shown that incident metabolic
syndrome increases dramatically after the final menstrual
period, and incident metabolic syndrome and type 2 diabe-
tes mellitus are strongly tied to higher free androgen index
and lower SHBG (42, 43).

While speculative, increases in androgens may be linked
to elevations in luteinizing hormone or enhanced sensitivity
to higher luteinizing hormone levels. Luteinizing hormone–
dependent androgen production from both the ovary (44)
and the adrenals (45, 46) is possible because the adrenal
glands are known to contain luteinizing hormone receptors
(47, 48). Increased androgens alone can increase insulin
resistance, promoting weight gain (49). Likewise, increased
adiposity can promote further androgen production via in-
creased 17b-hydroxysteroid dehydrogenase activity in sub-
cutaneous adipose tissue (50). Both androgens and insulin
resistance (51, 52) can reduce circulating SHBG. Thus,
there is the potential for more than one feed forward loop
that could result in a progressive constellation of high
androgens, low SHBG, insulin resistance, and weight gain.

We analyzed the prospective effect of hormones on sub-
sequent obesity by using hormones from the prior follow-up
visit to predict obesity at a later follow-up. These data sug-
gest that high free androgen index and low SHBG promote
obesity. Because hormones and obesity are tightly linked, it
is possible that the association between reproductive hor-
mones and obesity arises from more than one direction. This

analysis was intended to study the prospective effect. Future
analyses are planned to evaluate the possible bidirectionality
of these associations. Finally, free androgen index and
SHBG may be markers of insulin resistance, a known
harbinger of obesity.

Both baseline physical activity and an increase in physi-
cal activity over time were protective for obesity. Thus,
these data confirm the importance of physical activity in
curtailing weight gain through the menopausal transition
(20, 53). Physical activity reduces insulin resistance (54–
57), an established factor in weight gain. Women transition-
ing to menopause are at risk of insulin resistance (42, 43),
and exercise may ‘‘counteract’’ this risk by preserving in-
sulin sensitivity in the skeletal muscles. If women are able to
increase their peripheral insulin sensitivity through activity,
then weight loss or prevention of weight gain would logi-
cally follow. Thus, physical activity may be more important
than caloric restriction as a weight management strategy in
the setting of the menopausal transition.

The finding that initial weight is the strongest predictor of
both obesity and severe obesity over 9 years underscores
that, to be effective, attention to weight maintenance must
begin prior to the menopausal transition. Obesity has been
associated with lower quality of life (58) and with reduced
physical function and vitality and increased pain (59). These
findings would be expected to affect physical activity,
perpetuating a cycle of weight gain.

In conclusion, these longitudinal data suggest that higher
androgens, lower SHBG, surgical menopause, and early
hormone therapy use predict incident obesity and/or severe
obesity in a multiracial cohort of women transitioning to
menopause. A strategy to prevent obesity must focus on
the premenopausal years and include physical activity.
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