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Objectives. We investigated whether vasomotor symptom reporting or pat-
terns of change in symptom reporting over the perimenopausal transition among
women enrolled in a national study differed according to race/ethnicity. We also
sought to determine whether racial/ethnic differences were explained by socio-
demographic, health, or lifestyle factors.

Methods. We followed 3198 women enrolled in the Study of Women’s Health
Across the Nation during 1996 through 2002. We analyzed frequency of vaso-
motor symptom reporting using longitudinal multiple logistic regressions.

Results. Rates of vasomotor symptom reporting were highest among African
Americans (adjusted odds ratio [OR]=1.63; 95% confidence interval [CI]=1.21,
2.20). The transition to late perimenopause exhibited the strongest association
with vasomotor symptoms (adjusted OR=6.64; 95% CI=4.80, 9.20). Other risk
factors were age (adjusted OR=1.17; 95% CI=1.13, 1.21), having less than a col-
lege education (adjusted OR=1.91; 95% CI=1.40, 2.61), increasing body mass
index (adjusted OR=1.03 per unit of increase; 95% CI=1.01, 1.04), smoking (ad-
justed OR=1.63; 95% CI=1.25, 2.12), and anxiety symptoms at baseline (adjusted
OR=3.10; 95% CI=2.33, 4.12).

Conclusions. Among the risk factors assessed, vasomotor symptoms were
most strongly associated with menopausal status. After adjustment for covariates,
symptoms were reported most often in all racial/ethnic groups in late peri-
menopause and nearly as often in postmenopause. (Am J Public Health. 2006;96:
1226–1235. doi:10.2105/AJPH.2005.066936)

Longitudinal Analysis of the Association Between 
Vasomotor Symptoms and Race/Ethnicity Across 
the Menopausal Transition: Study of Women’s 
Health Across the Nation
| Ellen B. Gold, PhD, Alicia Colvin, MPH, Nancy Avis, PhD, Joyce Bromberger, PhD, Gail A. Greendale, MD, Lynda Powell, PhD, Barbara Sternfeld, PhD,

and Karen Matthews, PhD

Hot flashes, night sweats, or cold sweats af-
fect most women during the menopausal
transition.1,2 However, data are sparse on
changes in rates of vasomotor symptom re-
porting over the menopausal transition, par-
ticularly among non-White women. Two
studies have shown higher symptom rates
among African American women,3–6

whereas another has not.7 Several studies
have reported reduced frequencies of symp-
toms among Asian women.3,8–13 Because
Asian women tend to weigh less than Afri-
can American women, these findings are
contrary to the expectation that fewer heav-
ier women will experience vasomotor symp-
toms owing to the greater estrone produc-
tion in peripheral fat that stems from
aromatization of androstenedione.14–16

Thus, differences in other factors are likely
to account for ethnic differences in vasomo-
tor symptoms.

In addition to differences in body size,
hypotheses regarding racial/ethnic differ-
ences in reports of vasomotor symptoms
include differences in hormone levels,17,18

socioeconomic status,3,7,19–24 active or pas-
sive exposure to tobacco smoke,4,7,19,21,24–27

diet,28–38 physical activity,3,39 and psycho-
social factors.4,5 Determining whether race/
ethnicity-specific differences in rates of va-
somotor symptoms are independent of
these factors will help clarify the physiology
of such symptoms and provide valuable in-
formation for women and clinicians about
high-risk groups and potential behavioral
interventions.

Most previous studies of non-White women
have not been longitudinal or community
based, nor have their analyses adjusted for
confounding factors. The longitudinal data

and diverse ethnic groups included in the
Study of Women’s Health Across the Nation
(SWAN) provided an opportunity to examine
whether racial/ethnic differences in vasomo-
tor symptoms persist as women undergo the
perimenopausal transition, whether changes
in symptom rates over the transition vary ac-
cording to race/ethnicity, and whether racial/
ethnic differences can be explained by differ-
ences in the factors just described. Our hy-
potheses were as follows:

1. Within each menopausal transition cate-
gory, more African American and Hispanic
and fewer Chinese and Japanese women
than White women will report vasomotor
symptoms, but the relative amount of

change in vasomotor symptoms as women
progress from one perimenopausal transi-
tion stage to the next will not differ accord-
ing to race/ethnicity.

2. Racial/ethnic differences in the occurrence of
vasomotor symptoms will be independent of
differences in socioeconomic status, meno-
pausal status, body mass index (BMI), active
or passive tobacco smoke exposure, dietary
phytoestrogen intake, caffeine or alcohol con-
sumption, physical activity level, premenstrual
symptoms, symptom sensitivity, depression,
anxiety, perceived stress, and social support.

3. Racial/ethnic differences in the occurrence
of vasomotor symptoms will not vary ac-
cording to educational attainment, BMI, or
menopausal status.
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METHODS

Study Population
In SWAN, 16065 women at 7 sites un-

derwent a screening interview during 1995
to 1997 to assess their eligibility for a longi-
tudinal cohort.40 Each site screened one mi-
nority population (African American women
in Pittsburgh, Boston, the Detroit area, and
Chicago; Japanese women in Los Angeles;
Chinese women in the Oakland, Calif, area;
and Hispanic women in New Jersey) and one
White population taken from a community-
based sample of women aged 40 to 55
years residing near the site. Women who
spoke English or Spanish (New Jersey), Can-
tonese (Oakland), or Japanese (Los Angeles)
were eligible.

Baseline eligibility criteria included the
following: age 42 to 52 years, intact uterus
and at least one ovary, not currently using
exogenous hormones affecting ovarian func-
tion, menstrual period in the previous 3
months, and self-identification as a member
of a site’s designated racial/ethnic group.
Each site recruited approximately 450 eligi-
ble participants (a total of 3302), and annual
clinical examinations were conducted. We
excluded women who had missing baseline
data on vasomotor symptoms (n=104) or
missing covariate data (n=414) from the
present longitudinal analyses, which in-
cluded data through the fifth annual visit
(2001–2002). Thus, the sample size for
our final multivariate longitudinal models
(including baseline through the fifth annual
visit) was 2784. Each woman could con-
tribute up to 6 observations; the average
number of observations was 4.3. The overall
SWAN retention rate was 79.3% through
the fifth visit.

Data Collection
The 3-hour baseline and 2-hour annual

clinic visits included an in-person interview,
self-administered questionnaires, and mea-
surement of weight, height (with calibrated
scales and a stadiometer), and waist and hip
circumferences. Common protocols were used
at all sites, and all study staff were trained
and certified in administering the protocols.
All data collection instruments were trans-
lated into Cantonese, Japanese, and Spanish

and back-translated; discrepancies in transla-
tion were resolved by a pair of translators.

Outcomes
At each annual visit, participants reported

the number of days in the preceding 2 weeks
they had experienced each of 3 vasomotor
symptoms (hot flashes, cold sweats, and night
sweats).17,41,42 Factor analyses showed simi-
larly high single-factor loadings for these
symptoms (cold sweats, 0.73; night sweats,
0.75; hot flashes, 0.68), indicating that they
were substantially correlated. Thus, all 3 were
considered vasomotor symptoms, and these
symptoms were evaluated in 2 different ways.
First, we compared characteristics of women
reporting any versus no vasomotor symptoms
in the previous 2 weeks. Second, we com-
pared women reporting 6 or more days of
any vasomotor symptoms (as an indicator of
severity and a more clinically meaningful
outcome) with women reporting no or fewer
than 6 days of symptoms.

Independent Variables
Primary race/ethnicity was self-reported as

Black or African American, non-Hispanic
White, Chinese or Chinese American, Japa-
nese or Japanese American, or Hispanic (Cen-
tral American, Cuban or Cuban American,
Dominican, Mexican or Mexican American,
Puerto Rican, South American, Spanish or
other Hispanic). Menopausal status was classi-
fied as premenopausal, indicating a menstrual
period in the previous 3 months and no
change in menstrual regularity in the preced-
ing year; early perimenopausal, indicating
menses in the previous 3 months and
changes in regularity in the past year; late
perimenopausal, indicating no menses in the
previous 3 months but menses in the preced-
ing 11 months; or postmenopausal, indicating
12 or more months of amenorrhea. Women
who had undergone a hysterectomy or bilat-
eral oophorectomy (or both) or who had
begun using menopausal hormone therapy
during follow-up were censored in the analy-
ses at the time of surgery or hormone therapy
initiation (n=807 as the fifth visit).

Covariates
Demographic variables assessed for con-

founding (the presence of an association at
P<.15 with race/ethnicity and vasomotor

symptom reporting) included age, income, ed-
ucation, employment, difficulty paying for
basic necessities (food, shelter, and heat),
marital status, parity, and site. Psychosocial
variables included symptom sensitivity at the
first follow-up visit (1997–1998) (summed
score of degree of awareness of loud noise,
hot or cold, hunger, pain, and things happen-
ing in one’s body; sensitivity ratings ranged
from not at all true [1] to extremely true
[5]),43 social support (summed scale assessing
how often 4 types of needed emotional and
instrumental support were available; re-
sponses ranged from none of the time [0] to
all of the time [4]),44 perceived stress (summed
scale assessing how often over the preceding
2 weeks 4 aspects of stress were experienced;
responses ranged from never [1] to very
often [5]),45 depressive symptoms (score of
16 or above on a 20-item scale assessing the
extent to which each item had been experi-
enced in the previous week),46 anxiety
(summed score of numbers of days in the
past 2 weeks in which 4 symptoms [irritabil-
ity or grouchiness, feeling tense or nervous,
pounding or racing heart, fearful for no rea-
son] were experienced; responses ranged
from no days [0] to every day [4]), and pre-
ferred language for reading and speaking (as
a measure of acculturation).47

BMI was measured as weight in kilograms
divided by height in meters squared. Women
were classified as having a history of premen-
strual symptoms if, at baseline, they reported
that they had experienced abdominal cramps,
breast tenderness, bloating, or mood changes
in the previous year during at least half of
their menstrual periods or in the week before
them. Validated questions were used to ob-
tain information on current smoking status48

and total person-hours per week of environ-
mental tobacco smoke exposure.49 Nineteen
questions were adapted50,51 to provide a sum-
mary physical activity score encompassing
occupational activities, household and care-
giving activities, sports and exercise activities,
and daily routine activities.

Finally, we obtained baseline dietary data
using a modified version of the 1995 Block
Food Frequency Questionnaire52,53 that in-
cluded 103 core items based on the re-
sponses of African American and White re-
spondents in the Second National Health and
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Nutrition Examination Survey (NHANES).52,54

We used responses from Hispanic HANES55

respondents and focus groups to add foods
for the Hispanic, Chinese, and Japanese
versions of the questionnaire. Frequently
consumed sources of dietary phytoestro-
gens were included as well56 (tofu, soymilk,
soy sauce, and meat substitutes made from
soy). Because genistein and daidzein are
the largest components of phytoestrogen
intake, and their intakes were highly corre-
lated, our final analyses included only
genistein.

Data Analyses
We used χ2 tests and analyses of vari-

ance to compute summary statistics for
the study population and the frequency of
vasomotor symptoms according to race/
ethnicity, menopausal transition stage, and
covariates. To identify characteristics that
were independently associated with vaso-
motor symptoms, we estimated multivariate
longitudinal random (mixed) effects logistic
regression models57 using the Stata (Stata
Corp, College Station, Tex) xtlogit proce-
dure. This strategy permitted women to
contribute different numbers of observa-
tions and to remain in the models even if
they missed visits.

By including random intercepts in the re-
gression models, this approach also accounted
for correlations between repeated observa-
tions for each woman resulting from the lon-
gitudinal design. These random intercepts
were woman-specific terms indicating that
each woman had a different starting value
and that the correlation matrix varied from
one woman to another. The parameter esti-
mates thus involved a woman-specific inter-
pretation; that is, as an example, odds ratios
could be interpreted as the odds of vasomo-
tor symptoms for an early or late peri-
menopausal woman relative to when she
was premenopausal.

Multivariate models were constructed for
2 binary outcomes: any versus no vasomotor
symptoms and any symptoms for 6 or more
days versus no or fewer than 6 days of
symptoms in the previous 2 weeks. Factors
associated with vasomotor symptoms in the
bivariate analyses (at P < .15) or identified
from the literature as potential covariates

were included in these models. Age, meno-
pausal status, marital status, social support,
employment status, smoking status, and
BMI were time-dependent variables. Race/
ethnicity and menopausal status were forced
into the final multivariate models, which in-
cluded variables associated with both vaso-
motor symptoms and race/ethnicity at the
P < .15 level. We used backward elimination
(retaining variables significant at P < .05) to
obtain a final parsimonious multivariate
model. Interactions of race/ethnicity with
menopausal status, BMI, and education
were tested to evaluate whether observed
racial/ethnic differences in vasomotor
symptoms varied according to physiology
(menopausal status or BMI) or to reporting
tendencies that might be reflected by educa-
tional level.

RESULTS

Sample Characteristics
At baseline, all covariates other than age dif-

fered significantly according to race/ethnicity
(Table 1). In comparison with the other
racial/ethnic groups at baseline, higher per-
centages of Chinese and Japanese women
were premenopausal, reported low levels of
environmental tobacco smoke exposure, and
reported fewer premenstrual, depressive, or
anxiety symptoms. Relative to other racial/
ethnic groups, significantly greater propor-
tions of Hispanic women had less than a
high school education, reported an annual
income below $20000, read or spoke no
English, reported having difficulty paying for
basic necessities, and were unemployed. His-
panic women also had the lowest physical
activity scores and the highest perceived
stress scores. White women were least likely
to be parous and had the highest daily in-
take of alcohol and the highest physical ac-
tivity scores. African American women were
the group most likely to be current smokers,
and they were least likely to be married or
have a partner; also, their BMIs and rates of
environmental tobacco smoke exposure were
highest.

Unadjusted Analyses
At baseline, 11.4% of women reported 6

or more days of vasomotor symptoms in the

previous 2 weeks, whereas 28.8% reported 1
to 5 days of symptoms and 59.8% reported
no vasomotor symptoms. As of the fifth visit,
21.2% reported 6 or more days of vasomotor
symptoms in the preceding 2 weeks, 34.3%
reported 1 to 5 days of symptoms, and
44.5% reported no vasomotor symptoms.
Compared with women reporting fewer than
6 days of symptoms within the previous 2
weeks, women reporting 6 or more days of
symptoms at baseline were significantly less
educated, less likely to be employed, and
more likely to smoke or to have been exposed
to environmental tobacco smoke. In addition,
they were more likely to report premenstrual
symptoms, to be depressed or anxious, and to
be older, heavier, and less physically active
(Table 2). Finally, they had significantly lower
annual household incomes and more diffi-
culty in paying for basic necessities, reported
less alcohol consumption, had higher symp-
tom sensitivity and perceived stress scores,
and reported lower genistein intakes.

We computed unadjusted, race-specific
rates of vasomotor symptoms for the first visit
at which a change in menopausal status was
observed for each woman. A woman could
thus contribute more than one observation to
the data presented in the 2 panels of Figure 1.
Rates of reports of any vasomotor symptoms
(Figure 1a) and any symptoms for 6 or more
days (Figure 1b) in the previous 2 weeks
showed similar patterns according to race/
ethnicity and change in menopausal status,
although rates for the former were generally
higher. The highest rates were observed
among African American women across all
stages of the perimenopausal transition. Asian
women had the lowest rates in most stages of
the transition. In the case of all women, rates
were highest in the early perimenopausal to
late perimenopausal transition. Changes in
rates in the late perimenopausal to postmeno-
pausal transition, compared with the early to
late perimenopausal transition, varied among
the racial/ethnic groups.

Multivariate Models
Four final random effects models were esti-

mated: a full model and a backward stepwise
regression model for each of the 2 outcomes
(any vs no vasomotor symptoms and any
symptoms for 6 or more days vs no symptoms
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TABLE 1—Baseline Characteristics, by Race/Ethnicity: Study of Women’s Health Across the
Nation, 1996–1997

African 
Whites Americans Hispanics Chinese Japanese 

(n = 1543) (n = 930) (n = 284) (n = 250) (n = 281)

Categorical variable,a no. (%)

Premenopausal 790 (52.3) 457 (49.5) 154 (57.9) 153 (61.9) 173 (62.2)

Education

Less than high school 24 (1.6) 52 (5.6) 128 (46.2) 32 (12.8) 2 (0.7)

High school 225 (14.6) 197 (21.3) 70 (25.3) 40 (16.0) 49 (17.4)

Some college 472 (30.7) 377 (40.8) 51 (18.4) 54 (21.6) 97 (34.5)

College 337 (21.9) 145 (15.7) 21 (7.6) 72 (28.8) 86 (30.6)

More than college 481 (31.2) 153 (16.6) 7 (2.5) 51 (20.8) 47 (16.7)

Annual household income, $

< 20 000 114 (7.5) 198 (22.1) 159 (57.4) 12 (4.9) 7 (2.6)

20 000–34 999 208 (13.6) 178 (19.9) 66 (23.8) 39 (15.9) 23 (8.7)

35 000–49 999 276 (18.0) 189 (21.1) 27 (9.8) 45 (18.4) 37 (14.0)

50 000–74 999 403 (26.4) 182 (20.3) 14 (5.0) 61 (24.9) 74 (27.9)

≥ 75 000 528 (34.5) 149 (16.6) 11 (4.0) 88 (35.9) 124 (46.8)

Difficulty paying for basics

Very difficult 90 (5.8) 120 (12.9) 73 (26.4) 13 (5.2) 10 (3.6)

Somewhat difficult 407 (26.4) 312 (33.6) 156 (56.3) 57 (22.8) 74 (26.4)

Not very difficult 1046 (67.8) 498 (53.5) 48 (17.3) 180 (72.0) 196 (70.0)

Employed 1311 (84.7) 739 (79.3) 162 (57.5) 223 (89.2) 208 (74.0)

Marital status

Single 183 (12.0) 200 (21.6) 15 (5.5) 22 (8.9) 20 (7.1)

Married/partnered 1085 (71.3) 439 (47.3) 198 (73.1) 199 (80.2) 227 (81.1)

Separated 46 (3.0) 67 (7.2) 30 (11.1) 3 (1.2) 11 (3.9)

Widowed 16 (1.1) 39 (4.2) 5 (1.8) 4 (1.6) 2 (0.7)

Divorced 191 (12.6) 183 (19.7) 23 (8.5) 20 (8.1) 20 (7.1)

Parous 1169 (75.8) 851 (91.1) 258 (93.5) 216 (86.4) 234 (83.3)

Current smoker 257 (16.6) 225 (24.6) 47 (16.7) 4 (1.6) 36 (12.9)

Environmental tobacco smoke 

exposure, no. of 

person-hours/wk

None 606 (39.3) 321 (34.7) 179 (62.8) 195 (78.0) 172 (61.9)

1–4 488 (31.6) 238 (25.8) 32 (11.2) 39 (15.6) 62 (22.3)

≥ 5 448 (29.1) 365 (39.5) 74 (26.0) 16 (6.4) 44 (15.8)

Language used in 

reading/speaking

Other than English 0 (0.0) 1 (0.1) 201 (70.8) 44 (17.8) 86 (30.6)

Bilingual 11 (0.7) 1 (0.1) 73 (25.7) 110 (44.5) 46 (16.4)

English only 1526 (99.3) 922 (99.8) 10 (3.5) 93 (37.7) 149 (53.0)

Baseline anxiety 354 (22.9) 223 (24.1) 102 (35.7) 34 (13.6) 37 (13.2)

(summed score ≥ 4)

Depressive symptoms 351 (22.7) 254 (27.2) 123 (43.3) 35 (14.0) 41 (14.6)

(score ≥ 16)

Continued

or vasomotor symptoms for fewer than 6 days
in the previous 2 weeks). Because the results
of all 4 models were similar for significant var-
iables and more frequent reports of symptoms
may be more clinically meaningful, we de-
scribe, for the entire cohort and for each ra-
cial/ethnic group, only the full models focus-
ing on 6 or more days of vasomotor
symptoms.

In the case of all racial/ethnic groups other
than Hispanics, the transition to late peri-
menopause was associated with the highest
odds ratio for vasomotor symptoms (Table 3).
African American women had a significantly
elevated symptom odds ratio compared with
White women. For the cohort overall, age, in-
creasing BMI, less than a college education,
current smoking, history of premenstrual
symptoms, higher symptom sensitivity at the
first follow-up visit, and more baseline anxiety
and depressive symptoms were significantly,
independently, and positively associated with
reports of 6 or more days of vasomotor
symptoms. These factors were also associated
with symptoms in most of the racial/ethnic
subgroups assessed; however, they were not
always statistically significant owing to the
small numbers of women in some of these
groups who reported experiencing symptoms
for 6 or more days.

Symptom sensitivity was significantly re-
lated to vasomotor symptoms only among
African American and Japanese women.
Baseline anxiety was significantly, strongly
related to symptoms in all ethnic groups with
the exception of Hispanics. Baseline depres-
sive symptoms were positively associated with
symptoms in all of the racial/ethnic groups,
but the association was significant only
among White and Hispanic women. The
other covariates assessed were not signifi-
cantly related to vasomotor symptoms in the
multivariate models.

None of the interactions of race/ethnicity
with education, BMI, or menopausal status
were statistically significant, and thus they
were not included in the final adjusted mod-
els. Two additional multivariate analyses were
conducted: one in which observations among
hormone therapy users (8% of all observa-
tions) were not censored, because these data
were likely to reflect more severely sympto-
matic women, and one that included only
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TABLE 1—Continued

No. of previous premenstrual 

symptomsb

None 71 (4.6) 39 (4.2) 9 (3.2) 36 (14.8) 33 (11.9)

1 129 (8.3) 87 (9.3) 22 (7.7) 59 (24.2) 46 (16.5)

2 266 (17.2) 175 (18.8) 56 (19.7) 63 (25.8) 84 (30.2)

3 477 (30.8) 295 (31.6) 84 (29.6) 46 (18.8) 67 (24.1)

4 605 (39.1) 337 (36.1) 113 (39.8) 40 (16.4) 48 (17.3)

Continuous variable,c mean (median)

Age, y 46.3 (46.1) 46.2 (46.1) 46.3 (46.1) 46.5 (46.6) 46.7 (46.7)

Body mass index, kg/m2 27.8 (26.1) 31.5 (30.2) 29.2 (28.3) 23.3 (22.4) 22.9 (22.1)

Physical activity score (range: 3–14) 8.0 (8.1) 7.3 (7.3) 6.8 (6.6) 7.3 (7.3) 7.9 (7.8)

Alcohol consumption per day, kcal 57.4 (13.3) 33.6 (0.0) 24.1 (0.0) 9.5 (0.0) 36.2 (0.0)

Daily genistein intake, µg 833.6 (3.6) 270.9 (1.7) 310.3 (0.0) 6398 (3661) 11 165 (7091)

Daily caffeine consumption, mg 278.9 (220.1) 204.7 (142.0) 207.3 (161.8) 164.2 (117.3) 258.4 (217.3)

Symptom sensitivity score at first 10.0 (10.0) 10.8 (11.0) 10.3 (11.0) 9.8 (10.0) 9.6 (10.0)

follow-up visit (range: 0–20)

Social support score (range: 0–16) 12.6 (13.0) 12.1 (13.0) 11.0 (12.0) 11.8 (12.0) 13.2 (14.0)

Perceived stress score (range: 4–20) 8.4 (8.0) 8.5 (8.0) 10.0 (11.0) 8.2 (8.0) 8.8 (9.0)

aAll Ps < .0001.
bAbdominal cramps, breast tenderness, bloating, and mood changes.
cAll Ps < .0001 except for age (P = .1).

TABLE 2—Unadjusted Associations of
Vasomotor Symptoms (VMS) With
Demographic, Lifestyle, and
Psychosocial Characteristics at
Baseline: Study of Women’s Health
Across the Nation, 1996–1997

No VMS 
or VMS 

for VMS for 
<6 Days ≥6 Days 

at at 
Baseline Baseline 

(n=2835) (n=363) P

Categorical variable, %

Ethnicity <.0001

White 48.7 43.5

African American 27.0 38.0

Hispanic 8.8 10.5

Chinese 8.1 4.7

Japanese 7.4 3.3

Education <.0001

Less than high 6.9 10.8

school

High school 17.3 20.8

Some college 31.1 38.3

College 20.8 13.1

More than college 23.9 16.9

Annual household <.0001

income, $

< 20 000 14.1 25.6

20 000–34 999 16.1 16.0

35 000–49 999 18.2 13.4

50 000–74 999 22.7 25.1

≥ 75 000 28.9 19.9

Difficulty paying for <.0001

basics

Very difficult 8.5 16.6

Somewhat difficult 30.0 33.4

Not very difficult 61.5 50.0

Employed 81.3 75.2 <.01

Marital status .2

Single 13.5 14.5

Married/partnered 66.4 60.9

Separated 4.7 7.0

Widowed 2.0 2.2

Divorced 13.4 15.4

Parous 82.3 86.4 .05

Current smoker 16.3 26.7 <.0001

Continued

women who reported no vasomotor symp-
toms at baseline, to reflect better the factors
related to vasomotor symptom incidence. The
same variables shown in Table 3 remained
significant in these 2 models (data not
shown), and, although ethnic group sample
sizes were small, point estimates were similar
in magnitude to those in Table 3.

DISCUSSION

This study is among the first, to our
knowledge, to examine vasomotor symptoms
longitudinally in a multiethnic sample of
women undergoing the perimenopausal tran-
sition. We found that, of the factors assessed,
menopausal status was most strongly related
to vasomotor symptoms. In all racial/ethnic
groups, vasomotor symptom reports in-
creased dramatically as women progressed
from premenopause to early perimenopause
and even more dramatically as they made
the transition to late perimenopause. Ab-
solute rates differed according to race/ethnic-
ity, indicating innate physiological or cultural
differences in reporting. Compared with
White women, significantly more African

American women and fewer (although not
significantly fewer) women from the other 3
racial/ethnic groups reported vasomotor
symptoms.

As women became postmenopausal, their
vasomotor symptom reporting remained
nearly as high as in late perimenopause, ex-
cept in the case of Japanese and Hispanic
women. However, the numbers of these
women (along with Chinese women) who
made the transition to postmenopause were
small, and most had been postmenopausal for
less than 3 years; thus, the effect estimates for
this category might not have been stable. Ad-
ditional follow-up of the SWAN cohort is nec-
essary to determine whether symptom report-
ing declines or remains high with increased
passing of time after women’s final menstrual
periods. In addition, those who made the
transition earlier (i.e., stopped menstruating
by the fifth visit) might not have been repre-
sentative of all of those making the transition
to postmenopause (e.g., the former were more
likely to smoke and to have completed fewer
years of education).58

Many factors were related to vasomotor
symptoms independent of race/ethnicity and
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TABLE 2—Continued

Environmental tobacco <.01

smoke exposure,

no. of 

person-hours/wk

None 45.4 39.6

1–4 26.6 23.4

≥ 5 28.0 37.0

Language used in .6

reading/speaking 

Other than English 9.2 8.9

Bilingual 7.2 5.8

English only 83.6 85.3

No. of previous <.0001

premenstrual 

symptomsa

None 5.8 3.0

1 10.9 5.2

2 20.1 14.9

3 29.4 30.9

4 33.8 46.0

Depressive symptoms 21.7 46.3 <.0001

(score ≥ 16)

Baseline anxiety 19.1 53.6 <.0001

(summed score ≥ 4)

Continuous variable, mean (median)

Age, y 46.2 47.1 <.0001

(46.0) (47.1)

Body mass index, kg/m2 28.1 30.9 <.0001

(26.5) (29.6)

Physical activity score 7.7 7.3 <.001

(range: 3–14) (7.6) (7.3)

Alcohol consumption 42.7 41.6 <.01

per day, kcal (6.6) (0.0)

Daily genistein 1671.8 1282.9 .03

intake, µg (3.9) (1.7)

Daily caffeine  237.9 255.3 .19

consumption, mg (172.6) (190.2)

Symptom sensitivity 10.1 11.0 <.0001

score at first (10.0) (11.0)

follow-up visit 

(range: 0–20)

Social support score 12.4 11.7 <.01

(range: 0–16) (13.0) (12.0)

Perceived stress score 8.5 9.5 <.0001

(range: 4–20) (8.0) (10.0)

Note. In the case of continuous variables, P values are
for medians.
aAbdominal cramps, breast tenderness, bloating, or
mood changes.

Note. VMS = vasomotor symptoms. Prevalence was computed at the first visit at which a change in menopausal status was
observed; women could thus contribute only one observation to each menopausal transition status category but could
contribute more than one observation by progressing to different categories over the 5-year follow-up. Thus, observations in
the 4 menopausal transition status categories were not mutually exclusive.

FIGURE 1—Prevalence of any vasomotor symptoms (a) and vasomotor symptoms reported for
6 or more days (b) in the preceding 2 weeks, by participants’ menopausal transition status
and race/ethnicity: Study of Women’s Health Across the Nation, 1996–2002.

menopausal transition status. Older age, lower
education level, and higher baseline anxiety
score were significant risk factors in all racial/
ethnic subgroups with the exception of His-
panics. Current smoking and symptom reports

were significantly related only among African
American and Hispanic women, but positive
associations were observed in all of the racial/
ethnic groups. Premenstrual symptoms were
significantly related to vasomotor symptom
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TABLE 3—Adjusted Odds Ratios for Reports of Frequent Vasomotor Symptoms Associated With Menopausal 
Status and Demographic, Lifestyle, and Psychosocial Factors: Study of Women’s Health Across the Nation, 1996–2002

Odds Ratio (95% Confidence Interval)

Total Cohort Whites African Americans Hispanics Chinese Japanese 
(n = 2784) (n = 1371) (n = 718) (n = 205) (n = 227) (n = 263)

Menopausal transition status

Premenopause Reference Reference Reference Reference Reference Reference

Early perimenopause 1.86 (1.47, 2.34)*** 2.00 (1.42, 2.81)*** 2.19 (1.43, 3.37)*** 0.79 (0.40, 1.53) 1.37 (0.54, 3.48) 2.64 (0.94, 7.41)

Late perimenopause 6.64 (4.80, 9.20)*** 7.46 (4.61, 12.07)*** 8.34 (4.61, 15.09)*** 1.73 (0.64, 4.66) 2.94 (0.79, 10.95) 15.86 (4.11, 61.3)***

Postmenopause 4.96 (3.51, 7.01)*** 6.33 (3.73, 10.72)*** 5.27 (2.84, 9.79)*** 1.73 (0.66, 4.54) 2.23 (0.57, 8.72) 9.36 (2.22, 39.44)**

Ethnicity

White Reference

African American 1.63 (1.21, 2.20)**

Hispanic 0.57 (0.28, 1.18)

Chinese 0.58 (0.33, 1.02)

Japanese 0.80 (0.46, 1.39)

Age (per year) 1.17 (1.13, 1.21)*** 1.16 (1.10, 1.22)*** 1.18 (1.11, 1.26)*** 1.04 (0.94, 1.15) 1.29 (1.09, 1.52)** 1.30 (1.11, 1.53)**

Body mass index (per unit) 1.03 (1.01, 1.04)** 1.03 (1.01, 1.05)* 1.02 (0.99, 1.05) 1.03 (0.98, 1.08) 1.03 (0.93, 1.15) 1.05 (0.97, 1.14)

Education

High school or less 1.91 (1.40, 2.61)*** 2.01 (1.24, 3.28)** 2.22 (1.23, 4.00)** 0.75 (0.27, 2.08) 1.82 (0.59, 5.62) 1.96 (0.54, 7.07)

Some college 2.29 (1.76, 2.97)*** 2.05 (1.42, 2.97)*** 2.41 (1.45, 4.02)** 0.50 (0.15, 1.63) 6.51 (2.17, 19.52)** 3.76 (1.48, 9.55)**

College or more Reference Reference Reference Reference Reference Reference

Current smoker 1.63 (1.25, 2.12)*** 1.14 (0.75, 1.73) 1.98 (1.29, 3.03)** 3.09 (1.53, 6.25)** 2.97 (0.11, 81.55) 1.49 (0.47, 4.66)

No. of previous premenstrual symptomsa

None Reference Reference Reference Reference Reference Reference

1–2 2.34 (1.34, 4.06)** 1.79 (0.74, 4.29) 1.97 (0.65, 6.00) 4.87 (0.45, 52.84) 3.00 (0.73, 12.42) 4.59 (0.86, 24.46)

3–4 3.21 (1.87, 5.51)*** 2.66 (1.14, 6.18)* 2.83 (0.96, 8.35) 7.84 (0.74, 83.16) 2.83 (0.60, 13.27) 6.35 (1.11, 36.38)*

Symptom sensitivity score at first follow-up 1.06 (1.03, 1.09)*** 1.03 (0.98, 1.09) 1.12 (1.06, 1.18)*** 1.02 (0.94, 1.09) 0.97 (0.85, 1.10) 1.14 (1.01, 1.30)*

visit (per unit)

Baseline anxiety (summed score ≥ 4) 3.10 (2.33, 4.12)*** 2.59 (1.71, 3.91)*** 3.65 (2.17, 6.13)*** 1.64 (0.81, 3.33) 17.3 (4.48, 66.95)*** 3.36 (1.02, 11.08)*

Baseline depressive symptom score ≥ 16 1.62 (1.22, 2.15)** 1.80 (1.18, 2.75)** 1.25 (0.76, 2.06) 2.25 (1.13, 4.48)* 1.60 (0.40, 6.49) 2.23 (0.66, 7.55)

Note. All models were full models that included variables associated with vasomotor symptoms at the P < .15 level; all odds ratios were adjusted for all of the variables listed and were adjusted for
study site. Data shown are for baseline through the fifth visit. Frequent symptoms were defined as reports of 6 or more days of symptoms (vs reports of no or fewer than 6 days of symptoms) in the
previous 2 weeks.
aAbdominal cramps, breast tenderness, bloating, or mood changes.
*P < .05; **P < .01; ***P < .001.

reports among White and Japanese women,
and again we observed positive associations in
all racial/groups. Symptom sensitivity was a
significant factor among African American
and Japanese women. Baseline depressive
symptoms were a significant factor only
among White and Hispanic women, although
we observed positive associations between de-
pressive symptoms and reports of vasomotor
symptoms in all racial/ethnic groups.

Consistency With Previous Findings
Ethnic differences in vasomotor symptom

reporting similar to those found here have

been reported previously,3,5,7,8,10,59 although
no studies, to our knowledge, have examined
longitudinal changes in vasomotor symptoms
and changes in menopausal status according
to race/ethnicity. We have shown previously
that differences in symptom reporting are not
due to speaking a language other than Eng-
lish.3 Increased vasomotor symptom reporting
among African American women might be
due to differences in perception and tolerance
of temperatures. Several experimental studies
have shown that African Americans have
lower levels of tolerance to cold60 and
heat61,62 than Whites and that more African

Americans than Whites rate heat as being
unpleasant.61 Thus, ethnic differences in per-
ceptions and tolerance of thermal discomfort
may extend to perceptions and reporting of
vasomotor symptoms.

In contrast to the expectation that higher
BMIs will have a protective effect owing to
higher estrone production,14–16 the positive
relation of BMI to vasomotor symptoms ob-
served in our previous cross-sectional base-
line examination4 was found again in this
study and has been reported by others.6,18,19,63

We observed a statistically significant positive
association between BMI and vasomotor
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symptoms among White women, but this as-
sociation was not quite statistically significant
in the other racial/ethnic groups. Many stud-
ies have reported associations between vaso-
motor symptoms and lower levels of educa-
tional attainment7,19–24 and current cigarette
smoking,7,19,21,24–27 but none of these investi-
gations have involved race/ethnic-specific
analyses. Our analyses showed that these 2
variables were risk factors in all of the ethnic
groups assessed, the only exception being
low educational levels among Hispanic
women (possibly as a result of the homogene-
ity of the Hispanic sample in terms of educa-
tional level).

Baseline genistein intake was not related
longitudinally to vasomotor symptoms and
did not account for reduced symptom report-
ing among Asian women after adjustment for
covariates. Phytoestrogens, of which genistein
is one type, have chemical structures similar
to estradiol and selective estrogen receptor
modulators,64 bind to estrogen receptors,65

and have weak estrogenic or antiestrogenic
effects depending on their concentration and
concentrations of endogenous estrogens and
other dietary factors.66,67 Some randomized,
controlled, masked trials focusing on soy sup-
plementation have shown reductions in hot
flashes,28–38 whereas others have not.68–71

Finally, our results indicate no effects of
physical activity or caffeine or alcohol intake
on reports of vasomotor symptoms, suggest-
ing that changes in these behaviors are not
likely to significantly influence vasomotor
symptom reporting. The lack of an association
with physical activity was consistent with
some4,39,72 but not all23,73–77 previous studies;
studies of the relationship between alcohol
consumption and vasomotor symptoms have
shown no4,7 or modest effects.6

Limitations and Strengths
In this longitudinal study, we assessed

several factors in terms of their relationship
to vasomotor symptoms, and thus any re-
sults that are significant at a borderline level
must be interpreted cautiously. Also, mea-
surement error was possible as a result of
the data collection methods used in SWAN,
and the possibility of such error was height-
ened in that some measures were self-
reported and attempts were made to obtain

data on comparable measures in 4 lan-
guages. Finally, the prevalence odds ratios
presented here were overestimates of rela-
tive risks because the outcome (vasomotor
symptoms) was not rare, with symptom re-
ports ranging up to 80% in some subgroups.

A strength of the present study is that it
was among the first to examine longitudinal
changes in symptom reporting in a large,
racially and ethnically diverse sample of
midlife women experiencing the transition to
perimenopause. This feature of the study,
combined with the community-based sam-
pling used in SWAN, allowed greater repre-
sentativeness and thus enhanced the general-
izability of the results. In addition, our careful
control of a comprehensive set of demo-
graphic, reproductive, and medical variables
in our multivariate models reduced the likeli-
hood that the results were due to uncon-
trolled confounding.

Conclusions
We have produced new evidence that va-

somotor symptoms are more strongly associ-
ated with changes in menopausal status than
with other factors, particularly in the transi-
tion to late perimenopause. The strength of
the association of symptom reporting with
changes in menopausal status varied some-
what according to race/ethnicity, and racial/
ethnic differences in symptoms persisted after
adjustment for other factors.

Older age, lower levels of educational at-
tainment, and anxiety at baseline were inde-
pendently associated with increased reports
of vasomotor symptoms in all of the racial/
ethnic groups assessed with the exception of
Hispanics. Increased BMI was associated with
vasomotor symptom reports in all racial/eth-
nic groups, although significantly so only
among Whites. Smoking, baseline depression,
and premenstrual symptoms were positively
associated with symptoms in the overall co-
hort. No significant associations were found
with physical activity, dietary genistein, or al-
cohol or caffeine consumption. In summary,
our findings suggest that vasomotor symp-
toms are frequently reported by midlife
women, vary according to race/ethnicity over
the menopausal transition, and are influenced
by potentially modifiable factors such as
smoking and body mass.
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