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Abstract
Objective: The menopause transition is associated with weight gain in women. We examined whether changes in va-

somotor symptom (VMS) frequency precede weight changes.
Methods: This longitudinal retrospective analysis included data from the multisite, multiethnic Study of Women's

Health Across the Nation. Women in premenopause or perimenopause aged 42 to 52 years at baseline self-reported
VMS frequency (hot flashes/night sweats) and sleep problems at up to 10 annual visits. Menopause status, weight, body
mass index, and waist circumference were compared across visits. The primary objective was to measure the association
between VMS frequency and weight gain using a lagged approach with first-difference regression models. Secondary
objectives were to statistically quantify mediation by sleep problems and moderation by menopause status and explore
the association between cumulative, 10-year VMS exposure and long-term weight gain.

Results: The primary analysis sample included 2,361 participants (12,030 visits; 1995-2008). Increased VMS frequency
across visits was associated with subsequently increased weight (0.24 kg), bodymass index (0.08 kg/m2), and waist circum-
ference (0.20 cm). Cumulative exposure to a high frequency of VMS (≥6 d/2 wk) over 10 consecutive annual visits was
associated with increases in weight measures, including a 3.0-cm increase in waist circumference. Contemporaneous sleep
problems mediated no more than 27% of waist circumference increases. Menopause status was not a consistent moderator.

Conclusions: This study demonstrates that increases in VMS, onset of a high frequency of VMS, and persistent
VMS symptoms over time may precede weight gain in women.
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2.1 kg (3% increase) and experience a mean increase in waist
circumference of 2.2 cm (2.8% increase) over 3 consecutive
years.2 Some studies suggest that weight gain during meno-
pause is associated with changes in body composition. This in-
cludes an increase in fat mass and a decrease in lean mass.3-5 In
some midlife women, weight gain, particularly increased ab-
dominal fat, is linked to cardiovascular and metabolic diseases,
such as insulin resistance and type 2 diabetes.3,6 Therefore, an
enhanced understanding of the underlying mechanisms that
drive weight gain during midlife has the potential to inform
helpful interventions and improve outcomes.
Weight changes, including changes in body mass index (BMI)

and waist circumference, have been associated with the presence
of symptoms of menopause, including vasomotor symptoms
(VMS).7,8 VMS are commonly known as hot flashes (also called
hot flushes) and night sweats. These symptoms are widespread,
with 80% or more of US women reporting VMS during or after
the menopause transition.9-11 VMS can reduce quality of life, in
part by directly or indirectly causing sleep disturbances and lead-
ing to compromised concentration and memory.12-15 The high
prevalence of VMS and the persistence of VMS for a median of
7.4 years overall and for up to 10.1 and 8.9 years in African
American and Hispanic women, respectively,16 necessitates a greater
understanding of the potential contributing factors and treatments that
may decrease the burden of VMS. Prior research shows that greater
body fat, BMI, and waist circumference are associated with increased
VMS severity.17-19 These factors also increase the probability that
women will experience VMS, particularly during perimeno-
pause.17-19 However, there is a lack of research on the converse:
whether increases in VMS frequency and cumulative exposure
to VMS over time precede weight gain among midlife women.
In the current study,we use data from theStudyofWomen'sHealth

Across the Nation (SWAN), an ongoing, multisite, longitudinal, epi-
demiologic cohort study capturing biopsychosocial information from
women in the United States in midlife and beyond, to address this
gap.20-23 We examined whether changes in VMS frequency were as-
sociatedwith weight gain inmidlifewomen, taking into consideration
the impact of concomitant sleep problems and menopause status. We
also explored the extent to which cumulative exposure to VMS is
associatedwith long-termweight gain. Characterizing the temporal
association betweenVMS frequency andweight changesmay help
improve health outcomes in and after the menopause transition.

METHODS

Study design
This retrospective analysis used publicly available data from

SWAN. All data in SWAN were collected in a standardized
manner and included annual assessments conducted by trained
interviewers in a clinic setting.21,24 Details of enrollment have
been previously reported.24 Briefly, SWAN participants were
in premenopause or perimenopause, were aged 42 to 52 years
at study enrollment, and self-reported various ethnicities and
races across seven sites in the United States.25 In the current
analysis, we used data collected in annual surveys of enrolled
women at baseline (n = 3,302) and for up to 10 annual follow-up
visits between 1995 and 2008. The questionnaires assessed
710 Menopause, Vol. 30, No. 7, 2023
participants' medical history, use of medical services and medica-
tions, menstrual status, quality of life, psychosocial environment,
work and lifestyle behaviors, and symptoms of menopause, in-
cluding self-reported severity and frequency of VMS and quality
of sleep.24

Participant-reported data used in the current analysis included
frequency of VMS and changes in sleep quality. VMS were
defined as hot flashes and/or night sweats. Frequency was
self-reported as the number of days in the prior 2 weeks in which
VMS were experienced (characterized as 0, 1-5 d, 6-8 d, 9-13 d,
or 14 d). To ascertain sleep quality, participants self-reported
three types of sleep problems: trouble falling asleep, waking
up early, and/or waking up several times per night. Sleep prob-
lems were assigned values based on the number of days per
week they were reported (from 1 [none] to 5 [≥5 per week]).
For this analysis, sleep quality for each sleep problem was de-
fined as binary indicators based on self-report of sleep problems
occurring three times or more (yes) or less than three times (no)
in the past 2 weeks.

Additional SWAN data in the current analysis included pro-
portional and absolute changes in weight (kg), BMI (kg/m2),
and waist circumference (cm). These standardized measure-
ments were collected by trained study staff at each annual visit.
Smoking status, alcohol use, changes in social support, and
changes in physical activity were also assessed as potential
covariates.Menopause statuswas categorized as “early” or “late.”
Early was defined as premenopause and early perimenopause (ie,
menses in the prior 3 mo with or without changes in regularity in
the prior year). Late was defined as late perimenopause and post-
menopause (ie, no menses in the prior 3 mo but menses in the
prior 11mo, or nomenses for≥12mo), as reported inGold et al.18

Analytic sample
For the primary analysis, eligible participants had valid non-

missing exposure and outcome data from at least three consecu-
tive annual visits (visit t, visit t − 1 [1 visit prior to visit t], and
visit t − 2 [2 visits prior]). Each participant contributed data from
as many visits as were available. Selection criteria were imposed
at the person-visit level. Data from visits were excluded from
these analyses if the participant reported undergoing an oopho-
rectomy on or after the first visit; if the participant reported preg-
nancy or use of hormone therapy at visit t, t − 1, or t − 2; if the
participant reported a cancer (not including skin cancer); and/or
if there was a missing value for any of the three weight out-
comes, duration of exposure to VMS, covariates (eg, smoking
status, alcohol use, changes in social support or physical activ-
ity), or mediator variables (eg, changes in sleep quality) needed
for model estimation.

For the secondary analysis population, separate inclusion
criteria were applied to explore cumulative exposure to VMS
frequency. The initial sample included visits from all participants,
except for thosewho reported undergoing an oophorectomy on or
after the first visit, were taking hormone therapy, were pregnant,
or reported any cancer (except skin cancer) at any visit for up to
10 consecutive annual visits excluding the baseline visit at which
accumulation of VMS was not measurable.
Copyright © 2023 The Author(s)



ASSOCIATION BETWEEN VMS ANDWEIGHT GAIN
Study outcomes
The primary objective of this analysis was to quantify the im-

pact of changes in VMS frequency on subsequent weight gain in
midlife women. To accomplish this, changes in VMS frequency
were examined from visits t − 2 and t − 1. Changes in weight,
BMI, and waist circumference were examined from visits t − 1
to t. This lagged approach ensured that VMS frequency changes
predated weight changes. Secondary outcomes were to assess
the extent to which changes in sleep quality influenced the rela-
tionship between VMS frequency and subsequent weight gain,
to quantify potential moderation of VMS frequency and sub-
sequent weight gain by menopause status, and to determine
whether cumulative exposure to VMS over 10 years was associ-
ated with long-term weight gain.

Statistical analysis
The analytic sample consisted of a panel of participants with

visits occurring approximately annually. The visit was the unit
of analysis. Participants could have multiple visits, each repre-
senting a single point in time. Descriptive statistics were calcu-
lated for demographics and all covariates stratified by visit.
Proportional change in weight measures was calculated as per-
centage point (ppt) difference from visit t − 1 to visit t. Absolute
change in weight was calculated as the value at visit t minus the
value at visit t − 1.
For the primary analysis, associations between changes in

VMS frequency between 2 consecutive visits (t − 2 to t − 1)
and subsequent weight changes (t − 1 to t) were estimated using
first-difference regression models, including both an unadjusted
model and a model adjusting for time-varying covariates (eg,
smoking status, alcohol use, changes in social support, changes
in physical activity). These models control for all time-invariant
characteristics (eg, race/ethnicity, age at baseline visit, site) by
differencing them out; that is, by subtracting outcome and ex-
planatory variables between consecutive visits, which removes
all measures that do not vary across visits for a given respon-
dent. The models were estimated using a mixed (generalized
least squares) linear regression model with heteroskedastic ro-
bust variance-covariance matrix and a Toeplitz 1 error structure.
Any missing values for the covariates of smoking status, alcohol
use, social support, and physical activity were imputed from last
observation carried forward for follow-up visits. Data from the
first follow-up visit were used for missing baseline values for
these four covariates. Proportional and absolute changes in
weight measures (weight, BMI, and waist circumference) by
VMS frequency were calculated for the primary analysis; change
in VMS frequency was measured as the onset of new VMS. In
sensitivity analyses, VMS frequency was measured as a change
in frequency from low (0-6 d with VMS in the prior 2 wk) to high
(≥6 d with VMS in the prior 2 wk) and as an increase in VMS
frequency from visits t − 2 to t − 1.
To test the association between VMS frequency and weight

change while controlling for the potential mediator of concomi-
tant sleep problems, the estimated coefficient for VMS frequency
was compared between model specifications with and without
concomitant sleep problems. Moderation of VMS effects on
weight was assessed by menopause status, for women in “early”
and “late”menopause (as reported in Gold et al18) using a Wald
test of whether the interaction terms between VMS frequency
and early versus late menopause status were jointly equal to 0.

For the cumulative exposure analysis, exposure was mea-
sured as the cumulative number of annual visits at which a
woman reported experiencing any VMS (≥1 d with VMS in
the prior 2 wk, referred to herein as “any VMS”) or a high fre-
quency of VMS (≥6 d with VMS in the prior 2 wk, referred
to herein as “high frequency VMS”). The outcome was mea-
sured as the absolute or percentage change in weight from base-
line to the current visit. Effect sizes were measured as the differ-
ence in an outcome between a participant with 10 annual visits
with the exposure (“any VMS” or “high frequency VMS”) ver-
sus a participant with 0 visits with the same exposure. Binary
exposures (yes/no) were summed across the follow-up visits
for any VMS and high frequency VMS and analyzed using lin-
ear regression modeling accounting for multiple observations
per person using the adjusted variance-covariance matrix.26

Covariates included categorical indicators of visit number and
the outcome's value measured at the baseline visit.

RESULTS

Population
Of the 3,302 women who participated in the baseline survey,

2,361 composed the main analytic sample for this analysis, con-
tributing data from 12,030 annual visits (Supplemental Table 1,
http://links.lww.com/MENO/B150). The cumulative analytic
sample included 1,743 participants contributing data at 12,182
visits (Supplemental Table 1, http://links.lww.com/MENO/B150).
The mean (SD) age at the baseline visit for the 2,361 participants
in the primary analysis sample was 51 (3.7) years. About half
(47.5%) of participants in the analytic sample self-reported
as White/non-Hispanic, and half (52.5%) self-reported as
Black/African American, Japanese/Japanese American, Chinese/
Chinese American, or Hispanic (Table 1). Participants were in
late perimenopause or postmenopause during 45.5% of visits
and in premenopause or early perimenopause at 54.4% of visits.
At follow-up visit 2, just 13.3% of participants (n = 249) were
in late menopause, but by visit 10, the majority (n = 1,074
[89.7%]) were in late menopause.

VMS frequency and covariates
VMSwere prevalent. Among the 12,030 annual visits, 62.2%

werewith participants who had at least 1 day of VMS at either of
the two preceding visits (visit t − 2 and t − 1), 38.4% were with
participants who had at least 1 day of VMS at both the t − 2 and
t − 1 visits, and 37.8% were with participants who had 0 days
of VMS at either the t − 2 or t − 1 visit. At 59.7% of the visits,
participants reported no change from the previous visit in the
number of days with VMS (as determined for the prior 2 wk);
the number of days with VMS increased at 22.0% of visits
and decreased at 18.3% of visits (Table 2). Onset of new VMS
since the prior visit was reported at 13.5% of the visits. High fre-
quency VMS (≥6 d/2 wk) was reported at 27.2% of visits. High
frequency VMS at two consecutive visits was reported for
Menopause, Vol. 30, No. 7, 2023 711
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TABLE 1. Characteristics of the overall study population (12,030 visits)a

Characteristic

Age at baseline visit (y), mean (SD) 51.1 (3.7)
Visits by race/ethnicity, n (%)
White non-Hispanic 5,715 (47.5)
Black/African American 3,187 (26.5)
Japanese/Japanese American 1,429 (11.9)
Chinese/Chinese American 1,304 (10.8)
Hispanic (Black or White) 395 (3.3)

Visits by menopause status, n (%)b

Premenopause/early perimenopause 6,308 (54.4)
Late perimenopause/postmenopause 5,279 (45.5)

aA total of 12,030 visits from 2,361 participants.
bExcludes 443 visits at which participants reported menopause status other than
classified here.

TABLE 2. Change from prior visit in VMS frequency and covariates

Variable No. visits (%)

Total no. visits 12,030
VMS frequency (from t − 2 to t − 1)
Change in VMS days
Decrease in days 2,199 (18.3)
No change in days 7,186 (59.7)
Increase in days 2,645 (22.0)

Any VMS days
Any new onset daysa 1,619 (13.5)
No daysb 4,542 (37.8)
Some days, both visitsc 4,621 (38.4)
Loss of daysd 1,248 (10.4)

High frequency VMS days
High days, both visitse 1,235 (10.3)
High days, new onsetf 1,121 (9.3)
None (no high frequency VMS days), both visitsg 8,760 (72.8)

Covariates (from t − 1 to t)
Smoking
No 10,386 (86.3)
Yes 1,427 (11.9)
Smoking onset 96 (0.8)
Smoking cessation 121 (1.0)

Change in alcohol use
Decrease 1,521 (12.6)
No change 8,909 (74.1)
Increase 1,600 (13.3)

Change in social support
Decrease 3,139 (26.1)
No change 5,500 (45.7)
Increase 3,391 (28.2)

Change in physical activity
Decrease 3,935 (32.7)
No change 4,414 (36.7)
Increase 3,681 (30.6)

Sleep problems
Onset 1,528 (12.7)
No 6,329 (52.6)
Yes 2,770 (23.0)
Loss 1,403 (11.7)

VMS, vasomotor symptoms.
aReported 0 days with VMS at t − 2 and ≥1 day with VMS at t − 1.
bReported no VMS at both visits t − 2 and t − 1.
cReported ≥1 day with VMS at both t − 2 and t − 1.
dReported ≥1 day with VMS at t − 2 and 0 days at t − 1.
eReported ≥6 days with VMS at both t − 2 and t − 1.
fReported <6 days with VMS at t − 2 and ≥6 days with VMS at t − 1.
gReported <6 days with VMS (including “no VMS”) at both t − 2 and t − 1.
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10.3% of the visits. No/lowVMS (<6 d/2 wk) at two consecutive
visits was reported for 72.8% of visits. Of the 919 participants with
10 follow-up visits, 110 had 10 consecutive visits with any VMS,
and 6 had 10 consecutive visits with high-frequency VMS.
Participants reported being nonsmokers at 86.3% of visits.

There was little change from visit to visit in alcohol use, and
social support availability was unchanged at 45.7% of visits.
Increases and decreases in physical activity were reported at ap-
proximately one third of visits. Among the 12,030 visits overall,
52.6% of participants reported no sleep problems at one or both
of the t − 2 and t − 1 visits, and onset of a sleep problem was
reported at 12.7% of visits (Table 2).

Changes in weight measures
Differences in weight over 1 year were small and close to 0;

however, cumulative increases in weight occurred over the
10-year period. The mean (SD) visit-to-visit change was a 0.57
(4.9) ppt increase in weight, 0.65 (5.1) ppt increase in BMI,
and 0.64 (5.2) ppt increase in waist circumference. These changes
were also reflected in mean (SD) visit-to-visit absolute increases
of 0.33 (3.96) kg in weight, 0.15 (1.52) kg/m2 in BMI, and 0.44
(4.75) cm in waist circumference.

Association between change in VMS frequency and weight
The primary analysis found that an increase in the number

of days with VMS was associated with subsequent weight
increases. Compared with no changes in VMS frequency, in-
creases in VMS frequency from visit t − 2 to visit t − 1 were
associated with proportional increases in weight (0.31 ppt),
BMI (0.29 ppt), and waist circumference (0.20 ppt). The onset
of high frequency VMS during the previous visit was associated
with proportional increases in weight (0.35 ppt [adjusted
P = 0.029]), BMI (0.33 ppt [adjusted P = 0.035]), and waist cir-
cumference (0.30 ppt [adjusted P = 0.043]) (Fig. 1A). Onset of
high frequency VMS was associated with an absolute increase
of 0.23 kg (weight), 0.08 kg/m2 (BMI), and 0.26 cm (waist cir-
cumference), although none of these reached statistical signifi-
cance (Fig. 1B). In addition, an increase in VMS days and onset
of high frequency VMS were associated with subsequent pro-
portional increases in waist circumference (adjusted P = 0.035
and adjusted P = 0.043, respectively) compared with days of
no/low VMS (Fig. 1A and B; Supplemental Tables 2, http://
712 Menopause, Vol. 30, No. 7, 2023
links.lww.com/MENO/B150 and 3, http://links.lww.com/
MENO/B150).

Mediation by sleep
Reported sleep problems mediated the association between

VMS frequency and subsequent weight gain by 7.3% to 15.6%.
The onset of any sleep problem mediated 7.3% to 10.5% of the
effect size of increased VMS frequency from visit to visit. Sleep
problems were also responsible for 9.5% to 15.4% of the effect
size of increase in days of high frequency VMS.

Moderation by menopause status
For participants whowere in late perimenopause or postmen-

opause, the onset of ≥1 day with VMS was associated with sta-
tistically significant proportional increases (0.54 ppt; 95% CI,
0.1-1.0 ppt; moderation, P = 0.019) and absolute increases
(0.41 kg; 95% CI, 0-0.82 kg; moderation, P = 0.005) in weight.
Statistically significant evidence for moderation was not found
Copyright © 2023 The Author(s)
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FIG. 1. Proportional (A) and absolute (B) changes in weight, BMI, and waist circumference (visit t − 1 to t) by VMS status and frequency (visit t − 2 to t − 1).
Adjusted P value for association between changes in weight over two consecutive visits using a first-difference mixed linear regression model, controlling for
changes in smoking status, alcohol use, social support, and physical activity. BMI, body mass index; VMS, vasomotor symptoms.

ASSOCIATION BETWEEN VMS ANDWEIGHT GAIN
for waist circumference. As such, evidence that menopause sta-
tus affects the relationship between VMS frequency and weight
gain was inconsistent.

Effect of extended exposure to VMS
In the cumulative analytic sample comprising 1,743 partici-

pants with 12,182 visits, extended exposure to a high frequency
of VMS over 10 years led to significant increases in weight,
BMI, and waist circumference (Table 3; Fig. 2A, B). Compared
with no reports of a high frequency of VMS, 10 consecutive
high frequency VMS visits was associated with a 3.0-ppt greater
increase in weight (after adjusting for baselineweight), a 3.5-ppt
increase in BMI (after adjusting for baseline BMI), and a 3.5-ppt
increase in waist circumference (P < 0.05 after adjusting for
baseline waist circumference). These changes corresponded to
increases of 2.1 kg, 0.93 kg/m2, and 3.01 cm, respectively. In ad-
dition, comparedwith noVMS at any visit, 10 consecutive visits
with any VMSwas associatedwith significant increases in waist
circumference of 2.6 ppt and 2.1 cm (adjusted, both P < 0.005),
but nonsignificant relative increases in weight of 1.5 ppt and
0.97 kg and BMI of 1.7 ppt and 0.42 kg/m2 (all P > 0.05) over
10 years. In the cumulative analytic sample, contemporaneous
cumulative exposure to sleep problems mediated 20% to 27%
of the effect sizes on waist circumference.
DISCUSSION
This study, using longitudinal multisite SWAN data, provides

the first evidence that frequent VMS (≥6 d over 2 wk) are asso-
ciated with subsequent weight gain in midlife women. Increases
in VMS frequency and onset of high frequency VMS from visit
to visit were followed by increases of approximately 0.31 (any
VMS) and 0.35 ppt (high frequency VMS) in weight, increases
of 0.29 (any VMS) and 0.33 ppt (high frequency VMS) in BMI,
and increases of 0.20 (any VMS) and 0.30 ppt (high frequency
VMS) in waist circumference. The current study reports a link
between VMS frequency and subsequent weight gain and cen-
tralweight distribution. Notably, long-term exposure to high fre-
quency VMS over a 10-year period was associated with an in-
crease in waist circumference of 3.5 ppt, and exposure to any
VMS over this time period resulted in an increase of 2.6 ppt in
waist circumference. Waist circumference may be more indica-
tive of weight distribution than weight gain alone.

Sleep problems accounted for 20% to 27% of the observed
effect of VMS on the weight measure of waist circumference.
Menopause status did not consistently moderate the VMS-
associated weight gain relationship. A prior cross-sectional study
of midlife women who were experiencing ≥35 moderate to
severe VMS per week reported that the physical discomfort
caused by VMS often led to sleep disturbances, which were re-
ported as the most bothersome symptom of VMS among 75%
of US women and 50% of European women surveyed.12 Given
the well-established association between lack of sleep and weight
gain,27,28 a larger mediating effect of sleep problems on VMS-
associated weight gain may have been expected. Our findings
suggest that sleep is not the only mediator of VMS-associated
weight gain and that other factors contribute as well.

These findings add new perspectives and build on prior stud-
ies that have linked VMS and weight and body composition
(including BMI). A retrospective subanalysis of data from 430
Chinese women who took part in a prospective, community-
based, longitudinal study showed that women who experienced
more frequent (≥10 hot flashes per day) and more severe VMS
had a significantly greater likelihood of being obese. Further-
more, there was a significant positive correlation between
Menopause, Vol. 30, No. 7, 2023 713



TABLE 3. Adjusted and unadjusted effects of cumulative exposure to VMS on weight and body composition measuresa

Cumulative exposure Outcome

Unadjusted Adjustedb

Estimate
(95% CI) P

Estimate
(95% CI) P

10 y with high frequency VMS daysc Percentage change in weight 0.021
(−0.007 to 0.050)

0.146 0.030
(0.001 to 0.058)

0.040

Percentage change in BMI 0.027
(−0.002 to 0.056)

0.069 0.035
(0.007 to 0.064)

0.015

Percentage change in waist circumference 0.027
(0.002 to 0.052)

0.034 0.035
(0.010 to 0.060)

0.006

Absolute change in weight (kg) 1.593
(−0.490 to 3.68)

0.134 2.056
(−0.026 to 4.14)

0.053

Absolute change in BMI (kg/m2) 0.760
(−0.022 to 1.54)

0.057 0.929
(0.142 to 1.72)

0.021

Absolute change in waist circumference (cm) 2.595
(0.463 to 4.73)

0.017 3.011
(0.858 to 5.16)

0.006

10 y with any VMS daysd Percentage change in weight 0.007
(−0.011 to 0.025)

0.472 0.015
(−0.003 to 0.033)

0.097

Percentage change in BMI 0.009
(−0.009 to 0.027)

0.335 0.017
(−0.001 to 0.036)

0.060

Percentage change in waist circumference 0.018
(0.002 to 0.034)

0.030 0.026
(0.009 to 0.042)

0.002

Absolute change in weight (kg) 0.492
(−0.902 to 1.89)

0.489 0.973
(−0.441 to 2.39)

0.178

Absolute change in BMI (kg/m2) 0.248
(−0.276 to 0.772)

0.354 0.416
(−0.119 to 0.952)

0.128

Absolute change in waist circumference (cm) 1.7474
(0.343 to 3.14)

0.015 2.1414
(0.718 to 3.56)

0.003

BMI, body mass index; VMS, vasomotor symptoms.
aIncludes data from 12,182 visits by 1,743 participants.
bAdjusted for covariates of visit number and outcome value measured at baseline visit.
cHigh frequency VMS days are ≥6 days of VMS for 10 consecutive visits.
dAny VMS days are ≥1 day of VMS for 10 consecutive visits.
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abdominal obesity and VMS severity.19 Data reported in a
pooled analysis of more than 21,000 women from 8 studies
found that being overweight or obese was associated with a
greater frequency and severity of VMS and that women who
were obese and smoked had a high risk of frequent or severe
VMS.17 In addition, menopause status moderated the effect of
FIG. 2. Proportional (A) and absolute (B) changes in weight, BMI, andwaist cir
P value adjusted for multiple observations using the variance-covariance matrix
baseline visit. BMI, body mass index; VMS, vasomotor symptoms.
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weight on VMS risk, with an increased risk of VMS early in
the menopause transition but diminished risk in postmeno-
pause.17 This is consistent with previous SWAN findings that
showed an increased risk of VMS inwomenwith higher concur-
rent BMI and waist circumference in premenopause/early peri-
menopause but not late perimenopause or postmenopause.18
cumference by cumulative exposure to VMS over 10 years (adjusted model).
, controlling for covariates of visit number and outcome value measured at

Copyright © 2023 The Author(s)



ASSOCIATION BETWEEN VMS ANDWEIGHT GAIN
In the current analysis, there was insufficient evidence to sup-
port an association between weight gain and either early or late
menopause stage. Interestingly, a large cohort study that exam-
ined the effect of weight loss on VMS in more than 48,000
women in postmenopause showed that women who were
assigned to a dietary intervention and lost weight were more
likely to eliminate VMS within 1 year compared with control
women, who maintained their weight.29 The effect of weight
loss on diminished VMS was most pronounced for women
who reported mild rather than moderate or severe symptoms
at baseline.29 This further underscores the bidirectional relation-
ship between VMS and weight gain, highlighting the impor-
tance of treating VMS to potentially reduce subsequent weight
gain and suggesting that weight loss may reduce VMS.

Clinical implications
Although the current study reports a link between VMS fre-

quency and subsequent weight gain, the associations between
VMS and weight gain are likely multifactorial. The mechanisms
that underlie this association are unclear. Adipokines, such as
leptin, adiponectin, high-molecular-weight (HMW) adiponectin,
and soluble leptin receptor may be involved. Lower adiponectin,
lower HMW adiponectin, and higher leptin have been shown to
be associated with increased risk of VMS at early but not later
stages of menopause.30 However, additional studies are needed
to examine this effect. Importantly, adiponectin and leptin levels
differ between women with certain racial backgrounds. For ex-
ample, a previous analysis from SWAN reported that African
American women had lower adiponectin and HMWadiponectin
and higher leptin levels than White women.31 Furthermore, re-
duced melatonin associated with sleep disturbances may also be
involved in weight gain, as others report that melatonin supple-
mentation reduces body weight in women who are in postmeno-
pause.32 A deeper understanding of adipokines, melatonin, and
other mechanisms driving the physiologic association between
VMS and weight could elucidate helpful screening methods
and targeted therapeutics.
The associations found between VMS and weight gain sug-

gest a need for appropriate counseling about health risks, as
well as potential weight loss interventions for some of those
experiencing VMS. For example, educational initiatives before
the menopause transition may be helpful. Physician-led diet
and activity consultations could potentially mitigate weight gain
for patients who are experiencing VMS. Psychological support
around identifying potential obstacles to weight loss and devel-
oping strategies to initiate weight loss and maintain a healthy
weight may also help.6 Other interventions may be prescribed,
as weight gain often poses undue risks. The finding that cumu-
lative exposure to VMS (any or high frequency VMS) is associ-
ated with increased waist circumference is especially concern-
ing because central obesity is related to increased health risks,
regardless of BMI.3,33,34 Those with cardiovascular disease, di-
abetes, and other health risks may be particularly vulnerable.
Overall, an enhanced understanding of the relationship between
VMS and weight increases provides critical information that can
help improve women's health outcomes and quality of life.
Limitations
A limitation of this study is that SWAN is not a true national

probability sample, and there may be selection bias, as recruit-
ment occurred at only seven research sites, and inclusion bias
due to nonrandom sampling. These analyseswere limited to par-
ticipants experiencing natural menopause and not taking hor-
mone therapy for VMS during the study period. Therefore, these
findings may not be generalizable to women with surgical
menopause and/or hormone therapy use. In general, epidemio-
logic cohort data are inherently limited because they rely on
self-report, although it should be noted that the period of
self-reported data in the current analysis did not extend past
2 weeks before the visit, which may have minimized recall bias.
Despite advantages of including a longitudinal sample, there is
also an inherent limitation based on the year-long gap between
visits. The lagged first-difference estimate is useful in that it
ensured that exposure to VMS occurred before weight gain;
however, this could have introduced bias against the true causal
process. Other limitations include possible additional variables,
such as the use of medications that may impact sleep, VMS, and
weight gain, and/or potential sociologic changes in eating habits
that may have occurred in the United States in the long study
window that were not considered or adjusted for in the statistical
models. Some of these factors could have increased bias in the
results. These possible limitations should be considered while
interpreting these data.

CONCLUSIONS
This is the first known study demonstrating that increases in

VMS, onset of high frequency VMS, and cumulative exposure
to VMS over time may be independently associated with weight
gain among midlife women. Sustained accrual of VMS was as-
sociated with a significant increase in waist circumference over
10 years. These novel findings build on previous study findings
linking weight to VMS. Taken together, this body of research
highlights the need for future studies elucidating the mecha-
nisms that underlie this relationship and contributes information
that may help improve appropriate counseling and potential in-
terventions for women with VMS.
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