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CONDENSATION
Obesity and cigarette smoking substantially inadasvomen’s risk of frequent or severe

vasomotor symptoms in a dose-response mannernaokirgy intensified the effect of obesity.

Short title: Obesity, smoking, and vasomotor symptoms

AJOG at a Glance
Why was this study conducted?

* This pooled analysis provided precise estimateshefindividual and joint associations
between body mass index (BMI) and smoking with tis& of vasomotor menopausal
symptoms (VMS).

What arethe key findings?

* Higher BMland greater smoking were associated with more é&etfgevere VMS in the
cross-sectional analysis, and smoking strengthémeeffect of obesity. However, women
who quit smoking before age 40 years had a sir@lasl of risk as never smokers.

* Prospective analyses showed similar results, lmuintiividual and joint effects of BMI and
smoking on subsequent VMS at three-year follow-tipnaiated markedly after adjustment
for baseline VMS.

* The effect of BMI on VMS risk differed in pre-/perenopause and postmenopause.

What doesthis study add to what is already known?

* Being both obese and smoking conferred a much higsle of frequent/severe VMS than
either alone.

* Maintaining a normal weight before the menopauseldition and smoking cessation before

age 40 years may mitigate the excess risk of frefsevere VMS.

Keywords:. hot flushes, night sweats, overweight, obesityglang, vasomotor symptoms
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ABSTRACT

Background: Frequent andevere vasomotor symptoms during menopause aedlwkh adverse
health outcomes. Understanding modifiable lifest@etors for the risk of vasomotor menopausal
symptoms is important to guide preventive strategie

Objective: We investigated the associations between body mdsg and smoking, and their joint
effects with the risk of vasomotor symptoms, ancktlukr the associations differed by menopausal
stage.

Study Design: The International Collaboration for a Life Cousgproach to Reproductive Health
and Chronic Disease Events pooled data on 21,480femwvomen from eight studies (median age
50 years, interquartile range -4 years) for the cross-sectional analysis. Foudiss provided
data for the prospective analysis (n=11,986). Moltial logistic regression models with four
categories of frequency/severity for the outcomera§omotor symptoms were used to estimate
relative risk ratios (RRR) and 95% confidence ¢ (Cl) adjusted for within-study correlation
and covariates.

Results: At baseline, nearly 60% of the women experiencasbmotor symptoms. Half of them
were overweight (30%) or obese (21%), and 17% wareent smokers. Cross-sectional analyses
showed that a higher body mass index and smokirrg gigarettes with longer duration and earlier
initiation were all associated with more frequentsevere vasomotor symptoms. Never smokers
who were obese had a 1.5-fold (RRR, 1.52; 95% C35-11.73) higher risk of often/severe
vasomotor symptoms, compared with never smokers wkee of normal-weight. Smoking
strengthened the association as the risk of oftgafe vasomotor symptoms was much greater
among smokers who were obese (RRR, 3.02; 95% €1-3.78). However, smokers who quit
before 40 years of age were at similar levelssiK as never smokers. Prospective analyses showed
a similar pattern, but the association attenuatadketly after adjustment for baseline vasomotor

symptoms. Furthermore, we found that the assoaidigtween body mass index and vasomotor
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symptoms differed by menopausal status. Higher bodgs index was associated with increased
risk of vasomotor symptoms in pre- and perimenopdoug with reduced risk in postmenopause.
Conclusion: High body mass index>@5 kg/nf) and cigarette smoking substantially increased
women’s risk for experiencing frequent or seversovaotor symptoms in a dose-response manner,
and smoking intensified the effect of obesity. Hoere the effect of body mass index on the risk
vasomotor symptoms was opposite among postmendpaoszen. Maintaining a normal weight
before the menopausal transition and quitting smgpkiefore age 40 years may mitigate the excess

risk of VMS in midlife.
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INTRODUCTION
Vasomotor menopausal symptoms (VMS), including fhathes and night sweats, are considered
the cardinal symptoms of menopatiaad are one of the main reasons for menopauseddiaalth
service usé? It is estimated that up to 80% of women will repgMS at some time during the
menopausal transitiof, though the percentage of women experiencing symptearies from as
low as 20% among some Asian populatfohso 60%-80% in some North Americdnand
Europeaf sub-groups. VMS also vary by intensity or seventjth some women reporting only
mild transient symptoms and others reporting irgehsat spreading over the body and profuse
sweating that can disrupt slegfarly-onset VMS has been linked with endotheligdfdnctior!
and is considered a biomarker for the developmicamliovascular disease (CVD) in later ffe.

Although menopause-related hormonal changes areaply associated with VM3
evidence from population-based studies suggests didain lifestyle and socio-demographic
factors are also associated with frequency andrisgvaf VMS.**2 For instance, epidemiologic
data have revealed that current smokers have disagmly higher odds of VMS compared to non-
smokers' and this has been attributed to the anti-estrogeffiécts of tobacco smokirt§.Another
notable lifestyle factor associated with a highisk rof VMS is overweight and obesity, where
increased subcutaneous adipose tissue is likglyaade an insulating layer that blunts abdominal
heat transfet which during the menopausal transition, reduceshtbdy’s ability to respond to
changes in core temperature. In addition, smokimylaody weight are also interrelated. Given the
increased risk of VMS conferred by both smoking amdrweight/obesity, a better understanding of
their joint associations would provide importarfoimation for women at midlife as weight gain is
common during the menopausal transition. Alscs passible that the relative contribution of body
fat to the risk of VMS in the early and late stagenenopause may différ.

Determining the modifiable health behaviours, ali a®identifying those individuals at an
increased risk of developing symptoms across vatiadic groups, is essential for developing
preventative strategies to reduce both the indalidand societal burden associated with VMS.
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Therefore, this study investigated the cross-seati@and prospective associations between body
mass index (BMI) and smoking and their joint effeatith the risk of VMS in a pooled sample
from the International Collaboration for a Life Gea Approach to Reproductive Health and
Chronic Disease (InterLACE) consortium. We furtlesamined whether the effects of BMI and

smoking on the risk of VMS differ by menopausatissa

MATERIALSAND METHODS

Study participants

InterLACE is an individual-level pooled study of dBservational studies from ten countries. Full
details on the study aims, data harmonisation,cwadacteristics across the studies were published
previously*®!’ Each participating study has been undertaken witfical approval from the
Institutional Review Board or Human Research Etidesnmittee at each research institution, and
all participants provided consent for that studgr this analysis, eight studies which had collected
information on BMI, smoking status, and degree MS/(either reporting in frequency or severity)
were included: Australian Longitudinal Study on Wamis Health (ALSWH)® MRC National
Survey of Health and Development (NSHB)National Child Development Study (NCD3¥),
Study of Women’s Health Across the Nation (SWAN)Vhitehall 1l Study (WHITEHALL)?
Seattle Midlife Women’s Health Study (SMWHS)Healthy Ageing of Women Study (HOW,
and Japanese Midlife Women'’s Health Study (JMWHS).

For the longitudinal studies, data for women arotimal age of 50 years were used as an
analytic baseline to make the distribution of memmal status and VMS more comparable across
studies. For instance, Survey 2 (1998) was selegaghalytic baseline for ALSWL as the median
age was 50 years; Visit 4 (2000-2002) was selefiedSWAN and Survey 3 (1991-1994) for
WHITEHALL (Table 1). At this baseline, 21,460 wom&ro had reported their BMI, smoking
status and frequency or severity of VMS and pravidemplete information on the covariates
(listed below) were included for the cross-sectioanalyses. Four studies (ALSWH, NSHD,
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SWAN, and WHITEHALL) had longitudinal data to examai the association with the risk of
subsequent VMS at three-year follow-up. We exclu8et®1 women who did not return to the
study or had incomplete follow-up data on VMS, mmangsal status, or hormone therapy, leaving
11,986 women for prospective analyses. The excludechen were more likely to be current
smokers, obese, less educated, or to report VM&sline, compared with the included women

(data not shown).

Main outcome and exposur e variables

Hot flushes and night sweats were collected atyéinabaseline using self-reported menopausal
symptom checklists recalling the symptoms overexiis period. VMS were defined as either hot
flushes or night sweats. In ALSWH, women were askew frequentlythey have experienced
VMS in the last 12 months, while SWAN asked fregquem the past 2 weeks. The frequency
responses were categorised as never, rarely, soestand often. In NSHD and NCDS, women
were asked howeverelythey have been bothered by VMS in the last 12 heyrdand the severity
responses were categorised as never, mild, modaradesevere. In the other four studies, women
also reported their severity of VMS but in a recpetiod (in the last 24 hours or at the moment).
For the pooled analysis, the degree of VMS was barsed as never, rarely, sometimes, and often
(if reporting frequency) or never, mild, moderad@md severe (if reporting severity). Subsequent
VMS was defined based on frequency/severity of igi$rted at three-year follow-up.

Height and weight were self-reported or measurezhatytic baseline. BMI was computed
as weight divided by the square of height and catsed as underweight (<18.5 kg)mnnormal
weight (18.5-24.9 kg/f), overweight (25-29.9 kg/fy and obese>B0 kg/nf), according to the
WHO classificatiorf> Because only 357 women (1.7%) were classifiedrafemveight, they were
combined into the normal weight group (BMI <25 k@)niFor the Asian population (Japanese and
other Asian), we performed a sensitivity analysysusing a lower BMI cut-off of 23 and 27.5
kg/m? for overweight and obesify. Smoking status was self-reported and categorisedeser
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smoker, former smoker and current smoker. For thieent smokers, data on number of cigarettes
smoked per day, duration of smoking, and pack-yeare collected in ALSWH, SWAN and
WHITEHALL (n=14,709), while these details were ravailable for the former smokers at analytic
baseline. The average number of cigarettes smoikedgy was categorised as 1-9, 10-19, =20
cigarettes/day. Smoking duration was defined by ttimee between age at initiation and age at
baseline and categorised as <20, 20-29,>8t@years. Pack-years (number of cigarettes smoked
per day divided by 20 and multiplied by the dunatamf smoking) was categorised as <10, 10-19,
20-29, 30-39, ana@40 pack-years. Age at smoking initiation was cd#édcfor both former and
current smokers and categorisec<a$, 16-19, an&20 years of age. In ALSWH, data on age at
quitting smoking (categorised as <30, 30-39, ad® years of age) and years since quitting
smoking (categorised as 1-5, 6-14, 15:32) years) were collected for former smokers. Tottes
joint effects of body weight and smoking statusga variable with nine levels was created. It was
made up of the combinations of BMI (underweightmal, overweight, and obese) and smoking

status (never, former, and current).

Confounding factors

Participants reported on a range of demographiagmeductive factors at baseline, including birth
year, race/ethnicity/region, education level, mensal status, and use of menopausal hormone
therapy (MHT). Responses for birth year were caiegd as <1940, 1940-1949, and 1950-1959.
Race/ethnicity/region was defined based on selitiied race/ethnicity, country of birth, the
language spoken at home, or the country where tindy svas conducted (residency). Seven
racial/ethnic groups with regional status were ridi here: Caucasian-Australian, Caucasian-
European, Caucasian-American, Japanese, other fASkinese, South/Southeast Asian), African
American/Black/Caribbean, and Other (Hispanic, Nked&astern, Aboriginal, and mixed). For
education level, responses were categorised asletngp<10 years (corresponding to less than
high school or O-level in the UK), 11-12 years thgchool or A-level in the UK), and >12 years

9
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(at least post high school education). Menopausdls was collapsed and categorised into five
groups based on menstrual bleeding patterns andeggiogical surgery: 1) unknown due to

surgery (hysterectomy and/or oophorectomy, inclgdiateral oophorectomy (surgical menopause)
due to insufficient information to define surgicaknopause for all studies), 2) unknown due to
hormone use (unless natural menopause specifipgeBrenopause (regular menstrual cycles in
the last 3 months and 12 months), 4) perimenopdusenses in the past 3 months and

changes/irregularity in menstrual patterns in thst@d2 months; or no menses in the previous 3
months but menses in the preceding 11 months)5andtural postmenopause (amenorrhea for at
least 12 months). Women who were taking MHT (estyogen) were classified as current hormone

users.

Statistical analyses

Multinomial logistic regression models with four tegories of outcome for VMS (never,
rarely/mild, sometimes/moderate, and often/sewassk used to examine the associations between
BMI, smoking status, and their joint effects withetrisk of VMS at baseline (cross-sectional
analysis) and three-year follow-up (prospectivelysis). A generalised logit model was used to
estimate relative risk ratios (RRR) and 95% confaeintervals (Cls) for each VMS category using
no symptom as the reference category. In the @essenal analysis, the associations were
obtained separately for the studies of VMS freqyesnad VMS severity, followed by the overall
estimates that incorporated study design (studgtety into the analyses. The models were first
adjusted for menopausal status, use of MHT at imes@Model 1), and additionally adjusted for
race/ethnicity/region, education level, and incliitdeth BMI and smoking status in the same model
(Model 2). Furthermore, we included an interactierm between the two exposures in the model
and analysed their joint associations. As Asian aom@re less likely to be overweight or obese and
less likely to have frequent or severe VMS, we qrenied a sensitivity analysis by excluding Asian
women (996 Japanese and 488 other Asian).
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The dose-response relationships between the diffaspects of smoking and risk of VMS
were examined using data from ALSWH, SWAN, and WEHALL (n=14,709). The number of
cigarettes, duration, and pack-years of smokingevegralyzed for current smokers, while age at
having initiated smoking was analyzed for both ferrand current smokers. Age at quitting and
years since quitting smoking for former smokersl@¢anly be analysed using data from ALSWH.
Never smoker was used as the reference grouplfemaking measures. All models were adjusted
for the confounding variables mentioned above idicig BMI.

For the prospective analysis, four studies pravidiata (n=11,986). BMI and smoking status
at baseline and subsequent VMS at three-year falijpwere examined in the model fully adjusted
for menopausal status and use of MHT at threedgdlamw-up and baseline covariates mentioned in
Model 2, and additionally adjusted for frequency#séy of VMS at baseline.

We further investigated whether menopausal statdifirad the association between BMI,
smoking and VMS. The interaction term between Bl amenopausal status and between smoking
status and menopausal status was included in tltelsolf there is a statistical interaction, the
association was further stratified by concurrentnopawusal status at baseline (cross-sectional
analyses) and at three-year follow-up (prospecivalyses). The SURVEYLOGISTIC procedure
in SAS 9.4, which incorporated the study clustdo ithe analyses, was used for the multinomial

logistic regression.

RESULTS

Baseline characteristics

A total of 21,460 women with a median age of 50rgg@terquartile range: 49-51 years) from
eight studies were included at baseline (TableHOW and JMWHS recruited women at slightly
older ages around 55 years. In the overall samplmost half were premenopausal or
perimenopausal (19% and 27% respectively), 19% datatural menopause, 20% had had a
hysterectomy or oophorectomy, and 14% were claskifis unknown menopausal status due to

11
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hormone use before menopause (Table 2). Nearly @0@te women were currently taking MHT,
regardless of menopausal status. Across studigsyftbe women were either overweight (30%) or
obese (21%); 28% were former smokers, and 17% werent smokers. Overall, up to 55% of the

women experienced hot flushes (rarely/mild to dtewere), and 45% reported night sweats.

Cross-sectional associations

Table 3 shows results separately for studies of Viké§uency, VMS severity, and the overall
sample. Overall, the pattern of results was sinmégyardless of whether VMS were assessed as
frequency or severity. BMI and smoking status wassociated with the risk of VMS, even when
both were included in the same model (Model 2).fédied that women who were overweight and
obese and current smokers were more likely to tepome degree of VMS (rarely/mild to
often/severe). For instance, in the overall samgejpared with the normal weight group, a dose-
response relationship was observed between oventvaigl the frequency/severity of VMS, with
adjusted RRR (95% CI) of 1.24 (1.18-1.30), 1.3Q@{%1.46), and 1.53 (1.42-1.65) for rarely/mild,
sometimes/moderate and often/severe VMS, respécti@anilar trends were seen for the obese
group, with adjusted RRR (95% CI) of 1.15 (1.084),2..32 (1.20-1.44), and 1.59 (1.41-1.78),
respectively. When we applied a lower cut-off pafitoverweight (BMI>23 kg/nf) and obesity
(BMI >27.5 kg/nf) for the Asian population, the estimated effeetmained unchanged. Compared
with never smoking, current smoking was also asgedi with frequency/severity of VMS, with
adjusted RRR (95% CI) of 1.21 (1.08-1.35), 1.32441.56), and 1.83 (1.45-2.30gspectively.
Former smokers were only at a slightly increaseld af having often/severe VMS (RRR, 1.17;
95% CI, 0.99-1.38). By examining the RRRs in trable, it appeared that current smoking

conveyed greater risk for VMS than being overwemhbbese.

Joint effectsof BMI and smoking

12
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Table 3 also shows the joint effect of BMI and singk A significant interaction was observed
between BMI and smoking status for the risk of VIi#S<.001). Never-smokers who were obese
had a 1.5-fold increased risk of often/severe VNRRR, 1.52; 95% CI, 1.35-1.73) compared to
never-smokers who were of normal-weight. Smokinfpagiced the association as the risk of
often/severe VMS among smokers who were obese wa$ mmgher (RRR, 3.02; 95% CI, 2.41-
3.78), and the joint effect was not additive (igreater than the sum of individual effects). Wsoal
observed a higher risk of often/severe VMS amongkars who were overweight but to a lesser
extent (RRR, 2.54; 95% CI, 2.22-2.89). Quitting Emg appeared to mitigate excess risk as the
risk of often/severe VMS among obese former-smoKBRR, 1.85; 95% CI, 1.33-2.57) and
overweight former-smokers (RRR, 1.87; 95% CI, 1599) was much lower. Further exclusion of

Asian women (n=1,484) did not change the obsergedaations (data not shown).

Dose-responserelationship between smokingand VM S

Among current smokers, dose-response relationskigge observed in all measures of smoking
characteristics, i.e., higher number of cigarestesked, longer duration of smoking, higher number
of pack-years, and earlier age at initiating smgkirere associated with more frequent/severe VMS
(Table 4). For instance, compared with never snglairrent smokers withkd0 pack-years were at
more than two-fold increased risk of often/seveMS/(RRR, 2.21; 95% CI, 2.06—-2.37). Smoking
initiation at<15 years was associated with increased risk ohtsiéeere VMS in both current and
former smokers, while current smokers had a mughdririsk (RRR, 2.19; 95% CI, 1.88-2.54)
than former smokers (RRR, 1.29; 95% CI, 1.15-1.¥&)men who quit after the age of 40 years
and those who had recently quit smoking within fjears, had a similar risk of VMS to those of
current smokers. However, smokers who quit beférgetrs of age or had quit for more than five

years had similar levels of risk as never smokers.

Prospective associations
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At the three-year follow-up, 23% of the women répdrno VMS at baseline and follow-up, 47%
experienced some degree of VMS (rarely/mild torgfievere) at both times, 11% reported VMS at
baseline but no VMS at follow-up, and 20% repoN&dS only at follow-up (n = 11,986, data not
shown). Like the results from the cross-sectionalysis, overweight/obesity and smoking at
baseline were associated with subsequent risk ofSVall three-year follow-up, and smoking
strengthened the effect of BMI, but to a much lessgent (Table 5). Also, former smokers had a
lower risk of often/severe VMS at three-year follaw than current smokers. Similar results were
observed for studies of VMS frequency and VMS séygdata not shown). However, these

associations attenuated markedly after adjustingdseline VMS.

Effect modification by menopausal status

There was a significant interaction between mensg@astatus and BMIR<.0001) with VMS risk,
but no interaction between menopausal status amdkism (P>.05), indicating the effect of BMI
may be modified by menopausal status. After syiatf by menopausal status, in the cross-
sectional analyses, the association between owgimyebbesity and increased risk of VMS
remained in pre- and perimenopause but not in pastpause (Figure 1). In the prospective
analyses, the association between baseline BMiramdased risk of VMS at three-year follow-up
among pre- and perimenopausal women disappearedaafjusting for baseline VMS, but higher

BMI was associated with reduced risk of VMS amongtmenopausal women (Figure 2).

COMMENT

Principal findings

This pooled analysis of over 21,000 women from eigfiudies examined individual and joint
associations between two important modifiable fe;t8MI and smoking, with frequency/severity
of VMS. Results provided robust evidence to indictiat overweight/obesity (BM25 kg/nf) and
cigarette smoking were associated with the frequemd severity of VMS, in a dose-dependent
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manner. These findings are largely consistent withvidual InterLACE studies (for example,
SWAN®?8 and with other published researci. Most notably, this study also found that smoking
intensified the effect of obesity on VMS risk. Sreak who were obese had a particularly high risk
of frequent or severe VMS. A significant dose-resmowas observed for the number of cigarettes,
duration of smoking, pack-years, and age at imtmaiof smoking on risk of VMS in current
smokers. Early smoking cessation before the ag) gfears may mitigate the excess risk of VMS.
Furthermore, we found that menopausal status neatdifie association between BMI and VMS. In
the cross-sectional analysis, higher BMI was asgediwith VMS among pre- and perimenopausal
women, but not among postmenopause women. In thepective analysis, baseline BMI was
negatively associated with VMS at three-year fologvamong postmenopausal women, even after

adjusting for baseline VMS.

Results

Our results are consistent with previous work Ingkicigarette smoking and elevated BMI with
increased frequency and severity of VRIMS>! though the mechanisms behind the relationship
between smoking and VMS specifically remain unclédhile it is widely accepted that body
fatness is associated with an elevated core bodpermture and delayed thermoregulaffon,
studies examining the results concerning pathwaysvhich tobacco smoking influences VMS
have been inconsistent (some have suggested aasamtjenic effect: while others have shown
the relationship is independent of estrogen levéisy Alternatively, the chemicals in cigarette
smoke affect reproductive function and alter horenévels and their ratios, for example, higher
androstenedione levels, a higher total androgednttd-estrogen ratio, and lower progesterone

333%which have been associated with hot flusheRegardless of the exact physiologic

levels,
mechanisms, however, the particularly increasekl aitrong women who were both obese and

current smokers implies that obesity and smokindgensify each other's effect on
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353 frequency/severity of VMS. The mechanisms behirdgbtential synergistic interaction in relation
354 to VMS were beyond the scope of this study.

355 Previously, the InterLACE study examining smokinglaage at menopause found that the
356 toxic impact of smoking on reproductive functiorpapred to be cumulative and long-lasting, even
357 former smokers had an increased risk of earlierapause€® Only those women who had quit
358  smoking for more than ten years had a similar aiskever smokers. Findings from this study also
359  support that the reversal of negative effects &fteoking cessation on VMS may not be immediate.
360 Women who quit smoking for less than five yearsqait at more than 40 years still had a
361  significantly higher risk of frequent and severe 8lthan never smokers. These results suggest that
362  quitting smoking early is an important part of tieetine counselling of women before approaching
363 menopause.

364 In line with our findings, previous findings fromBAN showed that greater concurrent
365 BMI and waist circumference were associated witbreased risk of incident VMS in early
366 menopause but with reduced VMS risk in late menseaindicating the dominant mechanism of
367 the effect of body fat on VMS differs in pre- andspmenopaus€. Previous NSHD study also
368 found that postmenopausal women with BMBO kg/nf were less likely to have severe VMS
369  profile3” In the early stage of the menopausal transitivenweight and obesity may predispose to
370 increased VMS occurrence (potentially due to greagat insulation}? whereas in postmenopausal
371 women increased estrone production from aromatizaif androstenedione occurs with increasing
372 weight® which may be associated with less symptom reppriiiso, the effect of weight change
373  on VMS is likely to differ in premenopausal and posnopausal womeH.

374

375  Clinical implications

376  This study contributes to the understanding of himwealthy behaviours, which often co-exist, can
377 interact and increase risk to a greater extent thay would if they occurred alone. Findings also
378  suggested that cigarette smoking conveyed greatefar VMS than being overweight or obese,
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consistent with SWAN's previous resultsThese findings support the opportunity to refedlife
women to health promotion programs and the neehphasize both early smoking cessation and
weight management strategies prior to menopauseadmg until the menopausal transition and
postmenopause is too late to achieve maximum Hkergfiicouraging women to stop smoking
before the menopausal transition (preferably beéme 40 years) is essential. This is particularly
important for obese smokers whose risk of expemgnitequent and severe VMS is notably high.
Women with frequent and severe VMS often seek na¢didvice to manage their symptoms.
Hormone therapy is the most common and effectigattnent for VMS. However, many women
and health-care professionals have concerns alheutong-term risks of hormone therapy, in
particular on the risk of CVD, based on the resfiti;m the Women'’s Health Initiative (WHI) trial
study® The benefits and risks of hormone therapy vargdsage, regimen, and timing of initiation.
According to the NICE guidané8women should be informed that taking hormone herander
60 years does not increase CVD risk, and the pceseh CVD risk factors (e.g. blood pressure,

cholesterol) is not a contraindication to hormdmerapy as long as they are optimally managed.

Strengths and limitations

To our knowledge, this is the first study to examthe individual and joint associations between
BMI and smoking with the risk of VMS. InterLACE csortium draws together individual-level
data from a number of large studies and is theeetble to provide precise estimates of the
associations. Additionally, the availability of edethnicity/regional data, albeit based on self-
reports, provides a relatively unique opportuniby examine differences in VMS symptoms in
women from Japan, the United States, the Unitedy#om, and Australia. Several limitations of
these analyses should also be considered. Fitst,wkxe derived from self-reports and this could
have reflected in recall bias. For example, pre-post-menopausal women, or women who
experienced short duration or mild VMS might haeerb less likely to report their symptoms than
women with moderate/severe VMS. Another significéintitation was the differences in the
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414

415

416

417

418

419

420

421

422

assessment of menopausal symptoms (severity oueney, over different recall period) across
studies, which limited our ability to pool data.é€Fbfore, it is important for the future research to
develop standardised measures for menopausal syrepte.g., the COMMA initiative- Core
Outcome set in Menopause; part of the CROWN priféathich will enhance the availability of
comparable data across different populations. Eumibre, of the four studies that provided
longitudinal data on VMS, over 3,500 women withdmplete follow-up data were excluded. These
women were more likely to report the exposures gitper current smoking), outcome (VMS), or
both, which may have led to an underestimatiorhefftequency/severity of VMS. However, as we
observed sufficient variation in the distributioh exposures and outcome, we do not expect the

nature of relationships observed in this studynange substantively.

Conclusions

Results from this pooled analysis provided strovigence that both higher body mass and smoking
with higher intensity, longer duration, and earlm@tiation were associated with more frequent and
severe VMS. Cigarette smoking strengthened thecaggm between obesity and VMS and thus
smokers who were obese had a particularly increaségdof VMS. Effective intervention for
smoking cessation before age 40 years and maingaginormal weight before the menopausal

transition may have important implications for geation of VMS in midlife women.
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FIGURE LEGENDS

Figure 1 Adjusted cross-sectional association between baalgsnindex and the risk of vasomotor
symptoms at baseline, stratified by menopausalustatt baseline (premenopause: n=4,169;
perimenopause: n=5,881; postmenopause: n=4,109ti\Rerisk ratio (RRR) and their 95%

confidence intervals (95% CI) were adjusted for uske menopausal hormone therapy,

race/ethnicity/region, education, and smoking statubaseline.

Figure 2 Adjusted prospective association between body nmaksx at baseline and the risk of
vasomotor symptoms at three-year follow-up, sietiby menopausal status at three-year follow-
up (data from ALSWH, NSHD, SWAN and WHITEHALL; presr perimenopause: n=3,554;
postmenopause: n=3,966). Relative risk ratio (RRR) their 95% confidence intervals (95% CI)
were adjusted for use of menopausal hormone thexihyee-year follow-up, race/ethnicity/region,

education, smoking status, and vasomotor symptotnaszline.
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Table 1 Characteristics of eight studies in the InterLAGHSortium

Age at baseline Survey (year) selected Survey (year) selected
Study Country N . _ _

Median (IQR) for analytic baseline® for three-year follow up
Australian Longitudinal Study on Women'’s Health G\WH) Australia 10,323 50 (48, 51) Survey 2 (1998) Survey 3 (2001)
National Survey of Health and Development (NSHD) UK 1,068 56 Survey 1996 (1996) Survey 1999 (1999)
National Child Development Study (NCDS) UK 3,983 50° Survey 8 (2008) N/A
Study of Women'’s Health Across the Nation (SWAN) AJS 2,345 50 (48, 52) Visit 4 (2000-2002) Visit 7 (2003-2005)
Whitehall 1l Study (WHITEHALL) UK 2,041 50 (45, 55) Survey 3 (1991-1994) Survey 4 (19956)99
Seattle Midlife Women'’s Health Study (SMWHS) USA 918 50 (46, 53) Survey 2000 (2000) N/A
Healthy Ageing of Women Study (HOW) Australia 768 54 (52, 57) Survey 1 (2001) N/A
Japanese Midlife Women’s Health Study (JMWHS) Japan 743 N/AP Survey 1 (2002) N/A
Overall 21,460 50 (49, 51)

N/A, not applicabletQR, interquartile range.
#For the longitudinal studies, data for women arotiredage of 50 years were used as analytic bagelimake the data more comparable across studi@smen who participated in
the NSHD (1946 British birth cohort) and NCDS (1%@ish birth cohort) were at age 50 years in1886 and 2008 survey, respectively.

® IMWHS provided age by category onis66 and >55 years), and 48% of women were aged thare55 (age range from 45 to 60 years).
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Table 2 Analytic baseline characteristics of study sample

Study Overall ALSWH NSHD NCDS SWAN  WHITEHALL SMWHS  HOW IJMWHS
n 21,460 10,323 1,068 3,983 2,345 2,041 189 768 743
Birth year
<1940 3.8 N/A N/A N/A N/A 39.5 0.5 N/A N/A
1940-1949 54.9 74.3 100 N/A 41.3 48.5 46.6 85.4 47.5
1950-1959 41.3 25.7 N/A 100 58.7 12.0 52.9 14.6 52.5
Race/ethnicity/region
Caucasian- Australian 40.8 78.8 N/A N/A N/A N/A N/A 82.3 N/A
Caucasian- European 40.1 16.9 100 98.2 N/A 87.7 N/A 12.5 N/A
Caucasian- American 6.3 0.7 N/A N/A 48.0 N/A 85.2 N/A N/A
Japanese 4.6 0.1 N/A N/A 10.5 N/A N/A N/A 100
Other Asian 2.3 2.1 N/A 0.6 9.5 N/A 7.9 1.0 N/A
African American/Black/Caribbean 3.0 N/A N/A 0.4 25.9 N/A 5.8 N/A N/A
Other 2.9 15 N/A 0.8 6.1 12.3 1.1 4.2 N/A
Education level
<10 years 46.0 48.1 67.8 62.2 5.6 54.2 0 51.7 9.4
11-12 years 17.4 17.1 25.8 10.3 15.8 16.2 13.8 15.6 59.4
>12 years 36.6 34.9 6.4 27.5 78.6 29.6 86.2 7 32. 31.2
Menopausal status
Unknown due to surgery 19.8 25.6 17.9 16.9 45 159 3.2 28.4 11.0
Unknown due to hormone use 14.2 16.1 21.6 113. 11.3 12.0 25.9 7.6 2.3
Premenopause 194 23.0 19.8 18.8 6.7 221 265 34 19.8
Perimenopause 27.4 24.2 24.5 30.1 56.2 18.3 .7 30 11.6 11.3
Natural postmenopause 19.1 11.0 16.2 21.0 21.2 31.8 13.8 49.1 55.6

Current use of menopausal hormone therapy
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No
Yes
Body mass index
Normal weight (<25 kg/Af
Overweight (25-29.9 kg/h
Obesex30 kg/nf)
Smoking status
Never smoker
Former smoker
Current smoker
Frequency/severity of hot flushes
Never
Rarely/mild
Sometimes/moderate
Often/severe
Frequency/severity of night sweats
Never
Rarely/mild
Sometimes/moderate
Often/severe
Frequency/severity of vasomotor sympt8ms
Never
Rarely/mild
Sometimes/moderate

Often/severe

80.9
19.1

48.5
30.4
21.0

54.9
27.6
17.4

47.2
17.1
22.3
13.5

57.2

15.0
17.8

9.9

41.9
18.4
24.2
15.4

76.6
23.4

48.2
31.6
20.2

56.2
26.7
17.1

44.8
15.7
24.9
14.6

54.9
14.3
19.7
111

40.3
16.5
26.9
16.2

79.7
20.3

63.2
24.3
125

34.2
40.5
25.3

47.8
21.3
20.3
10.5

57.6
18.9
15.2
8.3

42.2
22.4
22.4
13.0

90.4
9.6

445
33.0
22.5

48.8
29.3
21.9

35.5
8.6

36.5
194

48.3
6.9

31.2
13.7

30.1
8.4
39.1
22.4

80.6
19.4

36.5
27.6
35.9

59.4
26.5
14.1

56.0
26.4
7.0

10.6

63.4
24.6
4.9
7.1

47.5

31.6
8.3
12.6

84.9
151

52.7
32.2
151

52.2
30.9
16.9

63.4
17.8
10.6
8.2

68.7
15.3
8.8
7.2

59.1
17.7
12.3
10.8

78.3
21.7

50.8
25.4
23.8

.8 50
239
011

67.7
16.9
9.0
6.3

77.8
13.8
2.6
5.8

63.5
18.5

9.0

65.1
34.9

42.8
32.4
24.7

62.9
27.6
9.5

56.1
28.8
111
4.0

62.1
25.7
8.7
3.5

49.7
32.7
12.2
5.3

96.8
3.2

85.6
13.2
1.2

86.7
4.0
9.3

54.9
33.0
7.8
4.3

75.2
20.7
3.0
1.1

49.5
37.4
8.6
4.4

Data are presented as percentage (%).
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ALSWH Australian Longitudinal Study on Women’s HealSHD National Survey of Health and DevelopmeéMiDS National Child Development Stud$WAN Study of
Women'’s Health Across the NatioWHITEHALL, Whitehall Il Study;SMWHS Seattle Midlife Women’s Health StuddOW, Healthy Ageing of Women StudyMWHS
Japanese Midlife Women’s Health Study.

20nly 357 (1.7%) women were underweight (BMI<18.3nkg and thus they were categorised into the normajhteroup.

® \Vasomotor symptoms were defined as having eitbefliishes or night sweats.

¢IJMWHS provided age by category oni$bb and >55 years). Thus, birth year was categohiasdd on age categories.
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Table 3 Adjusted cross-sectional associations of body nmaksx and smoking status with the risk of vasomeyenptoms at baseline (n=21,460)

VMS (hot flushes and night sweats)
(%)

Mode 1
RRR (95% CI)

Modd 2
RRR (95% CI)

N Never Rarely Sometimes  Often Rarely Sometimes Often Rarely Sometimes Often
/Mild /Moderate  /Severe /Mild /Moderate /Severe /Mild /Moderate /Severe
Frequency of VM S (ALSWH, SWAN,;
n=12668)
Body mass index
Normal (<25 kg/rf) 5830 46.0 184 224 13.3 - - - - - -
Overweight (25-29.9 kgfin 3906 37.9 19.7 25.4 17.0 1.31(1.26-1.36) 1.3W6(L.61) 1.54 (1.40-1.68) 1.26 (1.21-1.31) 1.38141.56) 1.51 (1.34-1.71)
Obesex30 kg/nf) 2932 38.0 20.7 231 18.2 1.32(1.08-1.61) 10191(-1.49) 1.50 (1.49-1.50) 1.17 (1.15-1.18) YB@7-1.32) 1.51(1.50-1.51)
Smoking status
Never smoker 7193 441 19.7 22.3 13.9 e - — - — —
Former smoker 3381 41.1 18.9 24.4 15.6 102¢1.02) 1.16 (1.03-1.30)  1.17 (0.98-1.39) {D00-1.02) 1.15(1.03-1.28) 1.12 (0.95-1.32)
Current skomer 2094 33.9 18.8 26.2 21.1 (1217-1.23)  1.41(0.99-2.01) 1.72(1.33-2.24) Yn72-1.22) 1.33(1.11-1.61) 1.58(1.46-1.70)
Severity of VM'S (NSHD, NCDS,
WHITEHALL, SMWHS, HOW, IMWH;
n=8792)
Body mass index
Normal (<25 kg/r) 4583 46.1 18.1 23.6 12.3 - - - - - -
Overweight (25-29.9 kgfin 2625 39.2 16.8 26.2 17.8 1.10 (0.90-1.34)  11306:-1.62)  1.70 (1.30-2.23) 1.20 (1.08-1.33) YR@6-1.24) 1.56 (1.31-1.85)
Obesex30 kg/nf) 1584 36.9 144 28.9 19.8 0.98 (0.70-1.36)  11489-2.02) 1.92(1.30-2.82) 1.07 (0.87-1.33) YB07-1.74) 1.79(1.38-2.33)
Smoking status
Never smoker 4598 46.4 18.6 22.9 12.1 — - — - — —
Former smoker 2547 41.2 15.3 27.8 15.7 MI™¢1.20) 1.43 (1.07-1.91) 1.53 (1.08-2.16) 1099-1.26) 1.19(0.95-1.48) 1.26 (0.99-1.59)
Current skomer 1647 32.9 154 28.2 23.6 (0181-1.68) 1.80 (1.54-2.10) 2.70 (1.91-3.82) iBB1-1.76) 1.43(1.33-1.52) 2.11(1.69-2.64)
Overall sample (n=21460)
Body mass index
Normal (<25 kg/rf) 10413  46.0 18.3 22.9 12.8 - - - - - -
Overweight (25-29.9 kgfin 6531 38.4 18.6 25.7 17.3 1.23(1.11-1.36) 1.3M7(L.55) 1.61 (1.42-1.84) 1.24(1.18-1.30) 1.30741.46) 1.53 (1.42-1.65)
Obesex30 kg/nf) 4516 37.6 185 25.1 18.8 1.22(1.00-1.48) 11285-1.56) 1.67 (1.37-2.05) 1.15(1.08-1.24) YB20-1.44) 1.59(1.41-1.78)

Smoking status
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Never smoker 11791 45.0 19.3 225 13.2 - - — - — -
Former smoker 5928 41.2 17.3 25.8 15.6 OW(1.07)  1.26 (1.01-1.57)  1.30 (0.99-1.71) 1M97-1.09) 1.16 (1.05-1.27) 1.17 (0.99-1.38)
Current smoker 3741 335 17.3 27.1 22.2 1M103¢1.33)  1.55(1.20-2.00)  2.07 (1.45-2.96) {P08-1.35) 1.39 (1.24-1.56)  1.83 (1.45-2.30)
Joint effect

Normal weight & never smoker 5824 49.2 19.0 121 10.8 - - - - - -

Normal weight & former smoker 2675 45.2 179 .24 12.1 1.04 (0.89-1.21) 1.29 (1.03-1.63) 1.294aL.61) 1.12 (1.02-1.23)  1.15(1.06-1.24) 1.09§01.18)
Normal weight & current smoker 1914 37.3 16.7 5.82 20.3 1.13(0.96-1.33) 1.54 (1.20-1.99) 2.287B.53) 1.18(0.97-1.44) 1.31(1.21-1.42) 1B8T-2.52)
Overweight & never smoker 3583 41.3 19.7 23.9 521 1.25(1.11-1.40) 1.35(1.13-1.60) 1.68 (1.3} 1.28 (1.18-1.38)  1.26 (1.08-1.46)  1.50 (11386)
Overweight & former smoker 1849 375 16.6 28.0 17.9 1.17 (0.97-1.41) 1.77 (1.41-2.22) 2.23 (3@R) 1.23(1.09-1.40) 1.56 (1.38-1.76)  1.87 (425m)
Overweight & current smoker 1099 30.5 18.4 27.8 23.3 1.53 (1.15-2.03) 2.02 (1.71-2.39) 3.17 (A3B) 1.59 (1.37-1.84) 1.73 (1.56-1.93)  2.542229)
Obese & never smoker 2384 40.1 19.5 24.0 16.4 1.25(1.03-1.50) 1.33(1.07-1.66) 1.76 (1.37-2.26) 1.21 (1.08-1.35) 1.30 (1.18-1.42) 1.52 (1.35-1.73)
Obese & former smoker 1404 38.3 17.4 24.9 19.4 1.15(0.86-1.54) 1.43 (1.17-1.76) 2.13(1.38-3.28) 1.13(0.94-1.38) 1.38(1.23-1.55) 1.85 (1.33-P.57
Obese & current smoker 728 27.9 17.3 29.4 25.4 1.55(1.20-2.02) 2.29 (1.73-3.03) 3.72(2.56-5.40) 1.50 (1.28-1.75) 2.14 (1.79-2.56) 3.02 (2.41-3.78

Data are presented as percentage (%) or relasikeaiio (RRR) and their 95% confidence interv85% CI) using multinomial logistic regression wityeneralised logit link.

SURVEYLOGISTIC procedure in SAS was used to incoapmthe study cluster into the analyses.

Model 1 included menopausal status and use of neersah hormone therapy at baseline.

Model 2 additionally included race/ethnicity/regi@aucation, and included both BMI and smokingustéh the same model. The model for joint effedy @ulditionally included

race/ethnicity/region and education.

ALSWH Australian Longitudinal Study on Women’s HealSHD National Survey of Health and Developmeéi;DS National Child Development Stud$WAN Study of

Women'’s Health Across the NatioW/HITEHALL Whitehall Il Study;SMWHS Seattle Midlife Women’s Health StuddOW, Healthy Ageing of Women StudyMWHS

Japanese Midlife Women’s Health Study.
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Table 4 Adjusted cross-sectional dose-response relatioadfgfween smoking and the risk of vasomotor symgtainaseline (n=14,709; data from ALSWH,

SWAN and WHITEHALL)

VMS (hot flushes and night sweats)
(%)

Mode 1
RRR (95% CI)

Modd 2
RRR (95% CI)

Never Rarely Sometimes  Often Rarely Sometimes Often Rarely Sometimes Often
/Mild /Moderate  /Severe /Mild /Moderate /Severe /Mild /Moderate /Severe
Smoking status (n=14,709)
Never smoker 8259 46.3 19.4 20.9 13.4 — S — - — —
Former smoker 4011 44.0 18.7 22.4 14.9 1008%(1.06)  1.11(0.98-1.25)  1.13 (0.98-1.30) 1MO9-1.02) 1.13(1.06-1.20) 1.12 (0.98-1.28)
Current smoker 2439 36.6 18.9 24.6 19.9 1M116¢1.21)  1.38(1.08-1.77)  1.66 (1.39-1.98) {n85-1.21) 1.35(1.17-1.55) 1.58 (1.51-1.65)
Intensity of smoking (n=14,442)
Never smoker 8259 46.3 19.4 20.9 13.4 = - — - — —
Former smoker 4011 44.0 18.7 22.4 14.9 10®41.05) 1.11(0.98-1.25) 1.13 (0.98-1.30) 1@29-1.02) 1.13(1.06-1.21) 1.12(0.98-1.28)
Current smoker 1-9 cigarettes/day 362 43.7 22.4 18.8 15.2 1.15(0.96-1.38) 0.92(0.69-1.23) 1QL76-1.63) 1.08 (1.07-1.08) 1.13(0.77-1.67) X@94-1.45)
Current smoker 10-19 cigarettes/day 675 396 .118 237 18.7 1.04 (0.76-1.43)  1.20 (0.88-1.65) 111400-1.97) 1.01(0.77-1.33)  1.19 (0.93-1.52) 331(1.04-1.70)
Current smoker20 cigarettes/day 1135 32.2 18.0 27.7 22.2 1.25¢1.52) 1.71(1.31-2.23) 2.02 (1.65-2.47) 1P291-1.49) 1.58(1.47-1.70) 1.87 (1.75-1.99)
Duration of smoking (n=14,684)
Never smoker 8259 46.3 19.4 20.9 13.4 — - — - — —
Former smoker 4011 44.0 18.7 22.4 14.9 100®41.05) 1.11(0.98-1.25) 1.13 (0.98-1.30) 1@29-1.02) 1.13(1.06-1.21) 1.12 (0.98-1.28)
Current smoker duration <20 years 103 42.7 17.5 185 214 0.93(0.64-1.35) 0.90 (0.47-1.71) 115635-1.82) 0.93(0.64-1.34) 0.84(0.47-1.48) X487-1.79)
Current smoker duration 20-29 years 566 447 017 230 15.4 0.91 (0.64-1.32)  1.15(1.00-1.31) 211201-1.46) 0.92 (0.66-1.30)  1.17 (1.11-1.23) 221(0.99-1.49)
Current smoker duratigrB0 years 1745 335 19.5 25.6 21.4 1.32(1.11-1.56)52 (1.10-2.11)  1.85 (1.40-2.44) 1.30 (1.12-1.501.46 (1.19-1.80)  1.74 (1.49-2.03)
Cumulative dose of smoking (n=14,431)
Never smoker 8259 46.3 19.4 20.9 13.4 — - — - — —
Former smoker 4011 44.0 18.7 22.4 14.9 10®1.05) 1.11(0.98-1.25) 1.13 (0.98-1.30) {D00-1.02) 1.13(1.06-1.21) 1.12(0.98-1.28)
Current smoker <10 pack-years 285 44.2 21.1 816. 17.9 1.10 (0.85-1.42) 0.83(0.59-1.17) 1.35J41(B0) 1.03(0.82-1.30) 1.01(0.67-1.53) 1.42@11.72)
Current smoker 10-19 pack-years 431 40.1 200 232 17.6 1.11 (0.84-1.46) 1.12 (0.84-1.48) 1.31441.51) 1.05(0.89-1.23) 1.13(0.90-1.44) 1P3%-1.32)
Current smoker 20-29 pack-years 436 40.1 16.5 6.82 16.5 0.96 (0.76-1.22) 1.40(0.99-1.97) 1.3084L..72) 0.97 (0.76-1.22)  1.39(1.10-1.76) 126@-1.60)
Current smoker 30-39 pack-years 493 32.9 19.9 6.6 2 20.7 1.35(1.18-1.54) 1.59 (1.25-2.01) 1.7I§2.68) 1.35(1.15-1.59) 1.54 (1.40-1.69) 1599-2.42)
Current smoker40 pack-years 516 28.5 17.3 28.7 25.6 1.36 (1.27)1 1.95(1.22-3.12) 2.55 (2.05-3.16) 1.39 (128t) 1.68(1.35-2.09) 2.21 (2.06-2.37)

Age initiated smoking (n=14,543)
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Never smoker
Former smoker initiated aR0 years
Former smoker initiated at 16-19 years
Former smoker initiated gi.5 years
Current smoker initiated a0 years
Current smoker initiated at 16-19 years
Current smoker initiated ail5 years
Age at quitting smoking (n=10,034)
Never smoker
Current smoker
Former smoker quit at <30 years
Former smoker quit at 30-39 years
Former smoker quit a40 years
Years since quitting smoking (n=10,031)
Never smoker
Current smoker
Former smoker quit 1-5 years
Former smoker quit 6-14 years
Former smoker quit 15-19 years

Former smoker quit20 years

8259
854
2149
882
605
1124
670

5800
1764
807
834
829

5800
1764
445
739
450
833

46.3
44.7
545.
39.3
40.0
537
31.6

42.5
33.5
46.1
40.3
32.7

42.5
335
31.2
375
42.2
44.8

19.4 20.9
19.2 20.7
19.3 21.3
17.2 26.4
17.9 22.3
19.8 25.8
17.8 25.4
16.7 26.0
16.5 28.6
150 552
17.6 28.4
16.2 31.1
16.7 26.0
16.5 28.6
14.8 33.7
18.1 2 28.
158 329
15.6 25.2

134
15.3
14.0
17.0
19.8
16.9
25.2

14.8
21.5
13.4
13.7
20.0

14.8
215
20.2
16.2
12.7
14.4

1.00 (0.78-1.28)00 (0.87-1.16)  1.12 (0.91-1.37)

1.00 (0.93-1.08)  1.03 (0.91-1.16).04 (0.87-1.25)
1.01 (0.81-1.28)42 (1.17-1.72)  1.38 (1.19-1.60)
1.00 (0.80-1.26)13 (0.92-1.39)  1.48 (1.35-1.61)

1.22 (1.12-1.32)  1.42 (1.1631.73.40 (1.21-1.62)
1.29 (1.17-1.42)63 (1.09-2.45)  2.41 (1.81-3.20)

11102¢1.40)  1.26 (1.10-1.45)  1.58 (1.35-1.85)
0.85 (0.69-1.06) 0.95 (0.79-1.15)  0.97%@.15)
1.11(0.90-1.37) 1.14(0.95-1.37) (@®77-1.22)

1.18 (0.94-1.47)40 (1.16-1.68)  1.50 (1.21-1.86)

11182¢1.40)  1.26 (1.10-1.45)  1.58 (1.35-1.85)
1.11(0.82-1.51) 1.54 (1.21-1.97) 1.52 (2D1B)
1.22 (0.98-1.53) 1.20 (0.99-1.46) 1.210L%3)
0.96 (0.73-1.28)  1.17 (0.92-1.48)  0.96G@L.25)

0.90 (0.72-1.11)  0.937%.12) 0.94 (0.75-1.19)

1.04 (0.86-1.261.06 (0.98-1.15)  1.17 (1.07-1.28)
1.01(0.98-1.05)  1.05 (0.96-)..151.06 (0.86-1.30)
0.98 (0.80-1.20}.41 (1.21-1.64)  1.29 (1.15-1.46)
1.00 (0.78-1.281.11 (1.00-1.22)  1.43 (1.35-1.50)
1.23(1.11-1.36)  1.38 (1.2MW).5 1.37 (1.32-1.42)
1.25 (1.22-1.28).57 (1.14-2.17)  2.19 (1.88-2.54)

1101-1.39) 1.26 (1.10-1.45) 1.54 (1.31-1.81)
0.85 (0.68-1.06) 0.96 (0.80-1.16)  0®F1-1.15)
1.10 (0.89-1.35)  1.13(0.94-1.36) (Q@74-1.18)

1.14 (0.91-1.431.34 (1.11-1.62)  1.37 (1.10-1.71)

1181-1.39) 1.26 (1.10-1.45) 1.54 (1.31-1.81)
1.06 (0.78-1.44) 1.47 (1.15-1.88) 1.3734183)
1.20 (0.96-1.50) 1.17 (0.96-1.43)  1.18@6L.45)
0.96 (0.72-1.28)  1.18 (0.93-1.50)  0.88%€l.23)

0.89 (0.72-1.10)  0.97%01.13) 0.93 (0.74-1.17)

Data are presented as percentage (%) or relagkeatio (RRR) and their 95% confidence intervAB% CI) using multinomial logistic regression wétgeneralised logit link.

SURVEYLOGISTIC procedure in SAS was used to incaapmthe study cluster into the analyses.

Model 1 included menopausal status and use of nersgh hormone therapy at baseline.

Model 2 additionally included race/ethnicity/regi@uucation, and BMI at baseline.

ALSWH Australian Longitudinal Study on Women’s Heal8WAN Study of Women’s Health Across the NatidviHITEHALL Whitehall 11 Study.

@The analysis was only based on data from the ALS3Vidy.
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Table 5 Adjusted prospective associations of body masaxirgethd smoking status at baseline with the riskubsequent vasomotor symptoms at three-year follow-

up (n=11,986; data from ALSWH, NSHD, SWAN and WHHALL)

VMS (hot flushes and night sweats)

Fully adjusted model

Fully adjusted model + baselineVM'S

(%) RRR (95% CI) RRR (95% ClI)
N Never Rarely Sometimes  Often Rarely Sometimes Often Rarely Sometimes Often
/Mild /Moderate  /Severe /Mild /Moderate /Severe /Mild /Moderate /Severe
Body mass index
Normal (<25 kg/rf) 5859 35.7 19.7 25.3 19.3 - - - - - -
Overweight (25-29.9 kgfin 3638 31.0 21.6 25.8 21.7 1.21(1.12-1.31)  11101¢1.23)  1.17 (0.99-1.38) 1.13 (1.09-1.18) (®94-1.05) 1.01 (0.89-1.14)
Obesex30 kg/nf) 2489 31.3 21.6 243 22.8 1.08 (1.00-1.17) 11@3-1.21) 1.12(0.92-1.37) 1.00 (0.94-1.05) (@®@91-1.03) 0.93(0.78-1.11)
Smoking status
Never smoker 6629 34.6 20.3 25.0 20.1 = - — - —
former smoker 3406 33.0 22.0 25.0 19.9 11181¢1.26) 1.13 (1.11-1.16)  1.13 (1.09-1.17) {081-1.25) 1.11(1.07-1.15) 1.09 (1.03-1.15)
Current skomer 1951 29.7 19.7 26.2 245 1187-1.26) 1.22 (1.02-1.45)  1.39 (1.22-1.59) {Do0-1.15) 1.08(0.92-1.27) 1.17 (1.02-1.33)
Joint effect
Normal weight & never smoker 3251 37.1 19.5 924. 18.6 - - - - -
Normal weight & former smoker 1592 36.0 205 .125 18.4 1.14 (1.06-1.23) 1.12 (1.06-1.19) 1.1R741.24) 1.12 (1.02-1.24) 1.09 (1.01-1.16)  1.09§@L.24)
Normal weight & current smoker 1016 31.0 193 6.92 22.8 1.23(1.10-1.37) 1.24(0.91-1.70) 1.30941.76) 1.15(1.04-1.27) 1.12(0.85-1.48) 1019%-1.50)
Overweight & never smoker 2029 32.1 20.8 26.0 1.02 1.18(1.07-1.31) 1.13(1.05-1.21) 1.17 (1.G8B) 1.10 (1.01-1.21)  1.00 (0.93-1.08)  1.01 (018B4)
Overweight & former smoker 1053 30.0 24.0 25.6 204 154 (1.32-1.79) 1.27 (1.11-1.45) 1.31 (1GH) 1.45(1.26-1.67) 1.12(1.02-1.24) 1.11 (A.8®))
Overweight & current smoker 556 28.4 20.0 25.4 26.3 1.30 (1.09-1.56) 1.26 (1.17-1.34) 1.60 (1&2) 1.10 (0.92-1.31) 0.98 (0.86-1.13)  1.15 (41(2F)
Obese & never smoker 1349 323 21.6 23.9 22.2 1.12(0.92-1.35) 1.09(1.02-1.17) 1.11(0.85-1.44) 1.03(0.87-1.22) 0.95(0.89-1.02) 0.94 (0.74-1.20)
Obese & former smoker 761 31.0 22.3 24.3 22.3 1.24(1.18-1.31) 1.28 (1.11-1.47) 1.28(1.00-1.64) 1.14 (1.05-1.24) 1.09 (0.95-1.26)  1.03 (0.80-1.31)
Obese & current smoker 379 28.0 20.3 25.6 26.1 1.20(1.08-1.35) 1.45(1.23-1.71) 1.55(1.37-1.76) 1.00(0.88-1.14) 1.06 (0.88-1.27) 1.05(0.99-1.11

Data are presented as percentage (%) or relasikeaiio (RRR) and their 95% confidence interv@5% CI) using multinomial logistic regression wityeneralised logit link.

SURVEYLOGISTIC procedure in SAS was used to incoapothe study cluster into the analyses.

Fully adjusted model included menopausal statwespfisnenopausal hormone therapy at three-yeanfealip, race/ethnicity/region, education, BMI and &mng status at baseline.

VMS vasomotor menopausal symptoms.
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Relative Risk Ratios (RRR)

Cross-sectional association between BMI and VMS at baseline
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Prospective association between BMI at baseline and VMS at three-year follow-up
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