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Abstract

Objective—To examine the association between age at menarche and risk of vasomotor
menopausal symptoms (VMS) and whether midlife body mass index (BMI) modified the
association.

Design—A pooled analysis of six cohort studies.

Setting—The International collaboration on the Life course Approach to reproductive health and
Chronic disease Events (InterLACE).

Population—18,555 women from the UK, USA, and Australia.

Methods—VMS frequency data (never, rarely, sometimes, and often) were harmonised from two
studies (n=13,602); severity data (never, mild, moderate, and severe) from the other four studies
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(n=4,953). Multinominal logistic regression models were used to estimate relative risk ratios
(RRRs) and 95%Cls adjusted for confounders and incorporated study as random effects.

Main Outcome Measures—Hot flushes and night sweats.

Results—Frequency data showed that early menarche <11 years was associated with an
increased risk of ‘often’ hot flushes (RRR 1.48, 1.24-1.76) and night sweats (RRR 1.59, 1.49—
1.70) compared with menarche at =14 years. Severity data showed similar results, but appeared
less conclusive, with RRRs of 1.16 (0.94-1.42) and 1.27 (1.01-1.58) for “severe’ hot flushes and
night sweats, respectively. BMI significantly modified the association as the risk associated with
early menarche and ‘often’ VMS was stronger among women who were overweight or obese than
those of normal-weight, while this gradient across BMI categories was not as strong with the risk
of ‘severe’ VMS.

Conclusions—Early age at menarche is a risk factor for VMS, particularly for frequent VMS,
but midlife BMI may play an important role in modifying this risk.
Tweetable abstract

Overweight and obesity exacerbate the risk of vasomotor symptoms associated with early
menarche.

Keywords
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INTRODUCTION

The timing of menarche, defined as the first menstrual period, is an indicator of the onset of
reproductive capacity and has significant health implications. The International collaboration
on the Life course Approach to reproductive health and Chronic disease Events (InterLACE)
recently reported that the average age at menarche across 20 studies ranged from 12.5 to
13.6 years, and the pooled analyses showed a significant increase for earlier age at menarche
for women born more recently and substantial variations across racial/ethnic groups.t There
are known biological links between childhood obesity and earlier onset of puberty that is
often defined by age at menarche in girls.? Increasing prevalence of childhood obesity may
be contributing to the decline in age at menarche.

Women with early menarche are at higher risk of premature and early menopause,3 but the
association with menopausal symptoms is unclear. Vasomotor menopausal symptoms
(VMS), including hot flushes and night sweats, are the most bothersome symptoms during
the menopausal transition.# Race/ethnicity, low socioeconomic position, obesity, and
smoking are key risk factors for VMS. For instance, the rate of reporting VMS was higher
among African American but lower among Japanese and Chinese compared with Caucasian
women.® Reproductive history, such as age at menarche, has also been examined for links
with VMS; however, the results have been conflicting. The Midlife Women’s Health Study
found that menarche at <10 years was associated with higher odds of hot flushes compared
with menarche at 11-12 years, though this association was attenuated after adjusting for
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covariates.’ In contrast, two studies found that women with earlier menarche were less likely
to experience hot flushes.8:9 A few studies have reported no associations.10-14

Early menarche®17 and VMS18-20 have been associated with an increased risk of
cardiovascular diseases, type 2 diabetes, and breast cancer in later life. Adult obesity may be
part of the mechanism linking early menarche with these disease risks.2! As obesity is also a
key risk factor for VMS, it may play an important role in the association between age at
menarche and VMS. Therefore, this study pooled data from over 18,000 women to examine
the association between age at menarche and risk of frequent/severe VMS and to investigate
whether body mass index (BMI) modified the association.

Study populations

InterLACE consortium has pooled individual-level data on women’s health from over 20
observational studies. More detailed descriptions of the InterLACE collaboration and the
harmonisation protocols have been published previously.22:23 The InterLACE project is
funded by the Australian National Health and Medical Research Council project grant
(APP1027196). The present study used data from six studies that collected information on
age at menarche and frequency or severity of VMS: Australian Longitudinal Study on
Women’s Health (ALSWH), Healthy Ageing of Women Study (HOW), MRC National
Survey of Health and Development (NSHD), National Child Development Study (NCDS),
Study of Women’s Health Across the Nation (SWAN), and Seattle Midlife Women’s Health
Study (SMWHS). Patient involvement is not relevant to this study.

The SWAN and SMWHS had different recruitment criteria regarding menopausal stage.
SWAN recruited pre-/perimenopausal women (at least one menstrual period in the previous
three months), who were not taking hormones and who had not undergone surgical removal
of the uterus and/or both ovaries, with a median age of 46 years at baseline. SMWHS also
recruited women without surgical removal of uterus or ovaries, but in their early 40s (median
age 41 years), which was too young to experience VMS. Thus, we used the follow-up data
collected at around age 50 years as our analytic baseline. The two birth cohorts (NSHD and
NCDS) first collected information on women'’s health at age 47 and 50 years respectively, so
data collected at midlife were used. For ALSWH, data from the baseline survey were used in
the analyses (median age of 48 years), while HOW recruited women at age 55 years. A total
of 24,596 women were included at analytic baseline. Women who had missing data on age
at menarche (n=4,001), frequency/severity of VMS (n=207), BMI (n=1,089), and other
covariates (listed below; n=744) were excluded, leaving 18,555 women for the complete
case analyses (Table 1). Women excluded from the analyses were more likely to report
frequent/severe VMS and more likely to be a current smoker, less educated, postmenopausal,
and having had a hysterectomy/oophorectomy, compared with included women.

Main outcome and exposure variables

In each study, the frequency or severity of hot flushes and night sweats were collected from
the menopausal symptom checklists. For example, women in ALSWH were asked fow
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frequently they have had the symptoms in the last 12 months (response categories: never,
rarely, sometimes, and often). SWAN asked the frequency in the last 2 weeks (not at all, 1-5
days, 6-8 days, 9-13 days, and every day); we categorised 9-13 days and every day as often,
6-8 days as sometimes, and 1-5 days as rarely. However, women in NSHD and NCDS were
asked how severely they have been bothered by the symptoms in the last 12 months.
SMWHS and HOW also asked the severity of symptoms but over much shorter periods (in
the last 24 hours and at the moment, respectively). The severity response categories were
generally similar across studies as not at all, a little, quite a bit, and quite a lot/extremely. In
our analyses, the frequency data were harmonised from ALSWH and SWAN and
categorised as never, rarely, sometimes, and often (n=13,602); the severity data were
harmonised from the other four studies and categorised as never, mild, moderate, and severe
(n=4,953).

Age at menarche was collected retrospectively in midlife (except the two birth cohorts)
ranged 8-20 years, and was categorised as <11 (defined as early menarche3), 12, 13, and
>14 years.

BMI and other covariates

Weight and height were collected at analytical baseline. BMI was calculated as weight
divided by height squared (kg/m?) and was categorised as underweight (<18.5), normal
weight (18.5-24.9), overweight (25-29.9), and obese (=30). As only 1.5% of women were
underweight, they were combined into the normal weight group (<25 kg/m#). Other
covariates included: birth year (1940-49 and 1950-59), race/ethnicity/region (Caucasian-
Australian, Caucasian-European, Caucasian-American, Asian, African American/Black, and
Other), education level (<10, 11-12, and >12 years), and smoking status (never, past, and
current smoker). Menopausal status at the time of reporting VMS was categorised as
unknown due to surgery (hysterectomy/oophorectomy), unknown due to hormone use
(before the menopause), premenopause (regular menstrual cycles in the last 3 and 12
months), perimenopause (menses in the last 3 months and changes/irregularity in menstrual
patterns in the last 12 months; or no menses in the past 3 months but menses in the
preceding 11 months), and postmenopause (amenorrhea for at least 12 months). Menopausal
hormone therapy (MHT) was categorised as current and non-current user. Certain
medications or conditions, such as type 2 diabetes, are linked with VMS like symptoms or
worse symptoms. Physician-diagnosed type 2 diabetes reported before or at analytic baseline
was defined as a diabetes case.

Statistical analyses

We performed multinominal logistic regression models to examine the association of age at
menarche with four categories of each outcome for the frequency and severity of VMS,
which estimated the probabilities relative to the reference group. The exponentiated
coefficients from multinomial logistic regression provided an estimate of relative risk ratios
(RRRs) and 95% confident intervals (Cls).24 No VMS was the referent for the outcome and
menarche at =14 years as the referent for the exposure. We also treated age at menarche as a
continuous variable in the analyses. We first conducted study-specific analyses in studies
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with sufficient data, and then performed pooled analyses separately for the frequency
(n=13,602) and severity (n=4,953) of VMS.

Based on the directed acyclic graph (DAG; Figure 1), birth year and race/ethnicity were
considered as confounders that influenced both the exposure and outcome. Other factors that
were a priori believed to be associated with VMS were also included in the DAG, including
BMI, education, smoking status, menopausal status, and type 2 diabetes. BMI was
considered as the key intermediate variable on the causal path from exposure to outcome.
Thus, the main results were only adjusted for birth year and race/ethnicity/region (Model 1)
and then adjusted for BMI (Model 2) before examining effect modifications. Other factors
were adjusted for in the sensitivity analyses described below.

To investigate whether BMI modified the association between age at menarche and risk of
VMS, we assessed the effect of statistical interaction between age at menarche and BMI, and
also estimated their joint effects. A new variable with the combination of age at menarche
(=11, 12, 13, and =14 years) and BMI (normal weight, overweight, and obese) was created.
The joint associations were adjusted for confounders (Model 1).

Multiple sensitivity analyses were conducted to examine the robustness of the results. First,
we adjusted for confounders listed in Model 1 plus factors that only affected VMS,
including education level, smoking status, menopausal status, MHT use, type 2 diabetes
(Model 3), as well as BMI (Model 4), which produced results comparable with previous
studies that adjusted for these factors. However, this may lead to over-adjustment and makes
the findings difficult to interpret. To better understand the influence of menopausal stage, we
further stratified the analyses by women who had hysterectomy/oophorectomy, natural
menopause, and those who were pre-/perimenopausal. Second, this cohort was relatively
early in the menopausal transition (median age of 48 years), and the women may not yet
have experienced VMS. Thus, we conducted a sensitivity analysis using only women with
VMS and used the lowest category of frequency/severity as referent, rather than compared
with those without VMS. Third, to minimise the influence of concurrent hot flushes and
night sweats, we examined the association with hot flushes alone (any hot flushes but never
or rarely/mild night sweats), night sweats alone (any night sweats but never or rarely/mild
hot flushes), and both symptoms (same degree of both symptoms, i.e., both never or both
often/severe). The Glimmix procedure in SAS 9.4 was used for multinomial logistic
regression, with the study ID included as a random effect.

Participant characteristics

A total of 18,555 women with a median age of 48 years (interquartile range 46-50 years)
were included in this study (Table 1). The mean age at menarche was 12.8 years (SD 1.5),
with 19.1% of the women experiencing early menarche <11 years. Across studies, over 60%
of women were premenopausal (34%) or perimenopausal (28%), and 8% were
postmenopausal; 17% had unknown menopausal status due to surgery and 12% due to
hormone use (Table S1). Half of the women were either overweight (29%) or obese (21%),
18% were current smokers, and 3% had type 2 diabetes. There were significant differences
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in mean age at menarche across birth year and racial/ethnic/regional groups (Table 2). All
participant characteristics also showed significant differences across the hot flushes groups.

Age at menarche and risk of frequent and severe VMS

Overall, almost 50% of the women experienced some degree of hot flushes, and nearly 40%
experienced night sweats. Four studies (ALSWH, SWAN, NSHD, and NCDS) had sufficient
data to conduct the study-specific analyses (Table S2). There was evidence suggesting that
women with earlier age at menarche were more likely to experience ‘often’ or ‘severe’
VMS, but the strength of the effect varied across studies and the confidence intervals were
wide due to small sample size.

We then performed pooled analyses separately for the frequency and severity of VMS. The
frequency data showed that early menarche was associated with increasing frequency of hot
flushes compared with menarche at =14 years, with adjusted relative risk ratios (RRRs;
95%Cl) of 1.20 (1.05-1.37), 1.15 (1.01-1.32), and 1.48 (1.24-1.76) for ‘rarely’,
‘sometimes’, and ‘often’ hot flushes, respectively (Table 3; Model 1). Similar results were
seen for the frequency of night sweats, with adjusted RRRs (95%Cl) of 1.06 (0.89-1.26),
1.10 (1.06-1.15), and 1.59 (1.49-1.70), respectively. Earlier age at menarche was also
associated with higher risk of ‘often” hot flushes and night sweats, with adjusted RRRs of
1.10 (1.09-1.10) and 1.12 (1.10-1.13) per 1-year decrease in age at menarche, respectively.
After adjustment for BMI, the association remained, but the effect of early menarche was
attenuated considerably (Model 2). Severity data showed similar results, but appeared less
conclusive as the effect estimates were smaller and with wider confidence intervals. Early
menarche was associated with ‘severe’ hot flushes (1.16, 0.94-1.42) and night sweats (1.27,
1.01-1.58) (Model 1).

Joint effect of age at menarche and BMI

Women with early menarche had a much higher prevalence of obesity in midlife than those
with menarche at =14 years (29.4% vs 19.6%). There was a significant interaction between
age at menarche and BMI on the risk of VMS (p<0.0001), indicating potential effect
modification by BMI. The frequency data showed that the association of early menarche
with “often’ hot flushes was stronger among women who were overweight (2.36, 2.17-2.57)
or obese (2.87, 2.79-2.95) than those of normal-weight (1.10, 0.95-1.28) (Table 4).
Similarly, the risk associated with early menarche and ‘often’ night sweats was higher
among women who were overweight (2.04, 1.80-2.30) or obese (2.42, 2.36-2.47) than
women with normal-weight (1.24, 1.20-1.28). The effect modification by BMI was more
apparent for hot flushes than night sweats (graphically shown in Figure S1). However, this
gradient across BMI categories was not as strong for the association of early menarche and
the risk of ‘severe’ VMS, especially for night sweats.

Sensitivity analyses

For the frequency of VMS, the association with early menarche was robust in multiple
sensitivity analyses. The increased risk of frequent VMS was attenuated slightly after
adjusting for factors that significantly affected VMS, including menopausal status (Table
S3). The association remained even after adjusting for BMI. Similar results were obtained in
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the analyses restricted to women who had undergone a hysterectomy/oophorectomy, and for
those who were postmenopausal and even those who were pre-/perimenopausal (Table S4).
When we excluded women without VMS and compared the risk with the lowest category of
frequency, the association with increased risk of ‘often’ VMS remained (Table S5).
Furthermore, hot flushes and night sweats were moderately correlated (Kendall’s Tau-
b=0.61, 95%CI 0.60-0.62) (Table S6). A sensitivity analysis, in which the association was
examined with hot flushes alone, night sweats alone, and both symptoms, yielded similar
findings (Table S7). Women with early menarche had a higher risk of often experiencing
both symptoms (1.71, 1.48-1.96) than hot flushes alone (1.28, 1.23-1.33) or night sweats
alone (1.31, 0.82-2.11). However, for the severity of VMS, the results were less robust as
the effect sizes were smaller, and some estimates were not statistically significant.

DISCUSSION

Main findings

To our knowledge, this is the first pooled study to provide robust evidence for the association
between earlier age at menarche and higher risk of frequent VMS, but the association with
increased risk of severe VMS was less conclusive. Women with early menarche had an
increased risk of frequent hot flushes and night sweats compared with those with menarche
at =14 years, and the risk was higher for experiencing both symptoms than hot flushes alone
or night sweats alone. However, midlife BMI modified the association. The increased risk of
frequent VMS associated with early menarche was greater among women who were
overweight or obese than those who were of normal-weight.

Strengths and limitations

The large sample size of the pooled data ensured adequate power for more precise estimates
and sufficient variation in the distributions of age at menarche and VMS to examine the
graded associations. However, some limitations need to be considered in interpreting the
findings. First, the main limitation was the different assessments of VMS across studies. As
frequency and severity measure distinct concepts, we performed all the analyses separately
for the frequency and severity of VMS. Future studies will benefit from the COMMA
initiative (Core Outcome set in Menopause) currently under development that aims to
achieve consensus on standardised measures for menopause, including VMS. Second,
previous research has found a negative association between BMI and VMS in late
menopause.2> In the stratification analysis by menopausal status, we found that the
association between early menarche and frequent VMS remained in all menopausal stages,
but the association with severe VMS was not apparent in postmenopausal women, including
those who had undergone a hysterectomy/oophorectomy. Further studies are needed to
confirm these findings for postmenopausal women. Third, we found variability in the
strength of the associations across studies, though the effect estimates were consistently in
the same direction, partly due to differences in study designs and distributions of
menopausal status.28 Fourth, most of the women reported their age at menarche
retrospectively (except the two birth cohorts), which may have led to some degree of recall
bias. The NSHD had information on age at menarche reported prospectively and
retrospectively and found that validity was improved by categorising the age as early (<11

BJOG. Author manuscript; available in PMC 2022 February 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Chung et al.

Page 8

years), normal (12-13 years), and late (=14 years),2’ which is the same categorisation used
in this study. Fifth, women who were excluded from the analyses due to missing data were
more likely to report frequent/severe VMS compared with those who were included, which
may have led to an underestimation of VMS. However, as there was sufficient variation in
the distributions of age at menarche and VMS, we do not expect the relationship observed to
change substantively. Last, we were unable to distinguish between the potential confounding
and mediating effect of body size, due to lack of repeated measures of body size before the
onset of puberty and in adulthood in most studies. The relationship between early menarche
and bodly size is likely to be bi-directional .28 Rapid growth in early childhood precedes a
faster tempo of childhood maturation and early puberty onset,2% but in turn early onset of
puberty can lead to subsequent rapid weight gain during adolescence and early adulthood as
well as shorter adult stature.?

Interpretation

This study confirms earlier findings from the Midlife Women’s Health Study that suggested
women with early menarche <10 years were more likely to report a history of hot flushes
and to experience current hot flushes compared with those with menarche at 11-12 years,
but this association was largely attenuated after adjusting for covariates including BMI and
menopausal status.” A similar pattern of increasing odds of hot flushes with declining age at
menarche was also identified. However, two studies found that earlier menarche was
associated with decreased prevalence of hot flushes (<12 vs =12 years) or reduced odds of
hot flushes (<13 vs =13 years),8% and other studies reported no association.1%-14 To date,
only ALSWH has examined the association with night sweats, in which ‘sometimes’ and
‘often’ categories were combined, but did not find an association.1? There are a number of
possible reasons why the results have been inconsistent, including that study participants had
different racial, cultural, and socioeconomic backgrounds and that the measure of VMS
varied from a single question to a more detailed history. Most studies dichotomised the
response categories for frequency or severity of VMS to have sufficient numbers of women
within each symptom category (e.g., combined moderate and severe as presence), with only
one study examining the graded association.13 Another potential reason is that the studies
used different cut-off ages for early menarche or treated age at menarche as a continuous
variable.1314

This study adds to the body of knowledge on menopausal symptoms in which midlife BMI
was taken into consideration, allowing for a more thorough understanding of the role of
body size in the relationship between early menarche and VMS. We found the association
between early menarche and VMS was stronger among women with overweight or obese
BMI. Previously, the InterLACE study showed that the association between early menarche
and incident type 2 diabetes was only observed in women who were overweight or obese.1®
These findings suggest that being overweight or obese exacerbates the risk associated with
early menarche. On the other hand, it may point to a cumulative effect on adverse health
outcomes of exposure to excess body weight in childhood.

Obesity is associated with increased heat production, and adipose tissue provides an
insulating barrier that impedes heat loss, which during the menopausal transition reduces the
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ability to respond to changes in core temperature (thermoregulatory dysfunction) and results
in VMS,30:31 particularly for hot flushes.32 The North American Menopause Society
recommends that weight loss may be beneficial for alleviating VMS, but additional studies
to confirm the effect are warranted.33 Early monitoring of women with early menarche and
encouraging them to maintain healthy weight in adult life may have important implications
for the prevention of VMS and other adverse outcomes.

There might be other non-adiposity-related mechanisms linking early menarche and VMS,
such as hormone imbalance3! and psychological problems.34 Some oestrogen-related
polymorphisms have been associated with age at menarche, age at menopause, and timing of
onset of menopausal transition.3> These polymorphisms involved in oestrogen synthesis and
metabolism may also influence symptoms during the menopausal transition.3¢ Further
research is needed to investigate possible biological, genetic, and psychosocial mechanisms.

CONCLUSION

This pooled study provided robust evidence for early menarche as a risk factor for VMS, but
midlife BMI may play an important role in modifying this risk. Early age at menarche has
been linked with many adverse health outcomes in later life and therefore represents a
potential target for early preventive interventions, especially weight management in
adulthood.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Directed acyclic graph based on the association between age at menarche, body mass index,

and risk of hot flushes and night sweats
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