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Abstract

Many women going through the menopausal transition experience vasomotor symptoms
(VMS), and research has shown that there is a large amount of variation in their frequency
and severity. Many lifestyle factors have been found to co-vary with VMS, including the level
of social support received by the woman, and how stressed she is. Stress is well docu-
mented to worsen menopause symptoms, and there is some evidence that support eases
them; however, there is little research into whether support is an effective buffer against the
negative effects of stress on VMS. Using nine years of data from the Study of Women’s
Health Across the Nation (n = 2718), we use multilevel Poisson regression with random
effects to test: 1) if more social support is associated with decreased VMS frequency, 2) if
increased life stress worsens VMS, and 3) if support acts as a buffer against stress. After
adjusting for age, marital status, smoking, self-perceived overall health, ethnicity, and meno-
pausal status, we find that stress increases the frequency of VMS. Contrary to our hypothe-
sis, we did not find strong evidence that emotional support led to lower VMS frequency, or
that support buffers against the effects of stress. Experience of a stressful event, but not
amount of social support, was included in the best fitting model; with the degree to which the
woman was upset by the life stressor having the largest effect on menopause symptoms.
Here, women who said they were currently upset by a stressful event experienced 21%
more VMS than women who had experienced no life stressor. This research highlights that
social factors may impact the menopausal transition.

Introduction

Menopause is often a significant event for women; and, for many, the process is not smooth.
Rather, it is accompanied by a multitude of physical symptoms, with vasomotor symptoms
(VMS) being the most frequently reported, which include hot flashes, night sweats, and cold
sweats [1]. In addition to VMS being generally bothersome, they have also been observed to have
a negative impact on women’s mental health and wellbeing [2]. Typically, menopause symptoms
are confined to the perimenopausal period; however, they are known to occasionally persist
beyond final menstruation [3]. They are thought to be primarily the result of hormonal fluctua-
tions that occur during the menopausal transition, with higher levels of follicular stimulating hor-
mone and lower oestradiol being associated with a greater likelihood of reporting VMS [4].
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However, while all women experience these hormonal changes during the menopausal transition,
not all report VMS [5]: while population estimates vary [6], it is thought that over 70% of all
women experience VMS at some point during the menopausal transition [3,7], meaning the
minority of women do not experience VMS. Further, even amongst the women who do report
VMS, the symptomatology is not uniform within and between populations, with women report-
ing them to varying degrees of severity and frequency [3,8-13]. Given the negative impact of
VMS reported by women [14], it is important to understand what co-varies with VMS prevalence
and severity, as it may better equip women to deal with the menopausal transition.

In recent years, different social and ecological factors have been found to associate with
VMS, including ethnicity, living arrangements, and socioeconomic position (SEP) [3,12,15].
Importantly, it has been argued that stress may mediate the relationship between such factors
and the women’s reported menopause symptoms [12,16]. Experience of stressors and
increased perceived stress have been linked to higher levels of cortisol and fibrinogen, with the
former being associated with the suppression of the immune, reproductive, and digestive sys-
tems, and the latter with increased inflammation [17]. As such, stress has causally been associ-
ated with a greater risk of cardiovascular disease [18], faster progression of HIV [19], delayed
wound healing [20,21], decreased receptivity to the influenza vaccine [22], and a greater risk of
upper respiratory tract infection [23,24]. Moreover, a number of studies have found that
increased stress (both perceived stress and stressful experiences) can worsen the frequency and
severity of menopause symptoms [3,25-28]; however, the causal pathway underlying this par-
ticular association is currently unclear [16].

The potential effect of stress on menopause symptoms is of importance to understand: mid-
life is often a highly stressful time for women, with many major life events coinciding with one
another, such as parental death, children leaving home, and divorce [29-31]. Further, going
through menopause can itself be a stressful event, as it marks a transition to a new phase of life,
with many women reporting a sense of loss accompanying the end of their fertility [32]. Previ-
ous research suggests that a strong social network and higher levels of social support through-
out the menopausal transition may reduce menopause symptom frequency and severity [3,33-
35]. Similar associations have also been observed between social relationships and other health
outcomes [36,37], with strong social ties being related to an increased likelihood of cancer
recovery [38,39], a reduced risk of Alzheimer’s and dementia [40,41], and also protect against
cardiovascular disease [42,43]. Exactly how social ties work to sustain and/or improve health
and well-being is not completely clear [37]. However, possible pathways include lower social
support manifesting itself in more negative behavioural (i.e. poorer health behaviours) and
psychological (i.e. depression) processes [36].

In addition to the noted direct benefits of social support, it is also thought that support can
act as a buffer against the negative effects of stress on health [44]. Here, a stronger support sys-
tem is thought to lessen the impact of stress, decrease its intensity, and also help to correct any
maladaptive behaviours forming as a result of stress (e.g. alcoholism) [44]. Hence, social sup-
port may weaken the association between stress and negative health outcomes by moderating
the actor’s reaction or perception of the stress they are experiencing. Despite the fact that stress
has been widely associated with worse menopause symptoms, to our knowledge, the stress-
buffering hypothesis for social support has not been explicitly tested in relation to VMS.

In this study, we build on previous research into stress, support and menopause symptoms
by testing whether social support acts as an effective buffer against the negative influence of
stress on VMS. First, we test whether higher levels of social support and stress associate with
less frequent VMS and more frequent VMS, respectively. Further, we test whether social sup-
port buffers against the proposed negative impact of stress on VMS. This research aims to clar-
ify how support and stress are associated with one another in regards to VMS.
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Material and methods

Study sample

Data from the Study of Women’s Health Across the Nation (SWAN) were used in this study.
SWAN is an ongoing, multi-site, longitudinal cohort study currently being carried out in the
US. Data collection began in 1996/97, with women aged between 42 and 52 being recruited ini-
tially. Criteria to be part of the baseline cohort including having an intact uterus, at least one
ovary, experience of a menstrual period in the past three months, and not currently being
pregnant. 11 years’ worth of data is currently publicly available for analysis [45-53], and this
present study utilises data from nine years of interviews based on data available at the time of
analysis (visits 1, 2, 3, 4, 5, 6, 8, 9 and 10). Baseline data (visit 0) was omitted as the stress mea-
sure was not comparable to the question patterning in later years, and data from visit 7 was
also not included as participants were not asked any questions on social support in that year of
interviews.

Variables

Vasomotor symptoms. VMS served as the outcome variable in all analyses, and was mea-
sured through combining how often women experienced hot flashes, cold sweats and night
sweats in the two weeks approaching the interview. These were measured individually on a
Likert scale (not at all; 1-5 days; 6-8 days; 9-13 days; every day), and we then assigned each of
these responses a value ranging from 0 to 5 (i.e. 0 = not at all; 1 = 1-5 days; and so on) and
summed the woman’s experience of the three symptoms. This left each respondent with a
score between 0 and 15, in which a higher score indicated more frequent VMS.

Social support. SWAN provides four measures of social support which include how often
the respondent feels she has someone to confide in, someone to listen to her, take her to the
doctors, and help out when sick (see S1 Text Figure A). These were measured on a 5-point
Likert scale (none of the time; a little of the time; some of the time; most of the time; all of the
time), and taken from the Medical Outcome Study: Social Support Survey which is one of the
most widely used instruments for measuring social support [54], and shows high levels of
validity and reliability [55-58]. An average measure of support was created, in which the Likert
scales for each measure of support were converted to numeric (i.e. none of the time = 1; a little
of the time = 2, and so on), then summed and averaged to create a value ranging from 1-5,
where a higher value indicated greater social support [54].

Stress. For this study, experience of stressful events was used as a metric of how stressed the
participant was. SWAN asks participants about the occurrence of, and perceived stressfulness of,
18 life stresses that have occurred over the past year. These include the death of close kin, employ-
ment changes, and changes in household structure (see Fig 1 for the specific stressors and indi-
vidual relationships). This is a modified version of the Psychiatric Epidemiology Research
Interview life events scale [59], which has been validated across multiple racial and ethnic groups
and shows high internal consistency [60]. Each stressful event was measured on a 5-point Likert
scale which indicated whether she had experienced the event or not and how much it affected her
(no-did not experience; yes—not upsetting; yes—somewhat upsetting; yes—very upsetting; yes—
very upsetting and still upsetting). From these 18 questions, we derived two variables:

1. A ‘stress index’ which is the maximum amount of stress the participant experienced across
all of the 18 stressful events. It can be seen in Fig 1 that all the events individually present a
similar relationship with VMS, with increased upset being associated with more VMS, and
therefore we created a composite measure from these which indicates the maximum
amount of stress experienced by the respondent. For example, if a woman answered “No”
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Fig 1. Relationship between the 18 individual measures of stress and vasomotor symptoms. Models are unadjusted, with a higher Incidence Rate Ratio indicating
more frequent vasomotor symptoms.

https://doi.org/10.1371/journal.pone.0245444.9001

to 17 of the events, and stated that one event had “Somewhat upset her”, her stress index
would be “Yes—somewhat upsetting”. An outline of the derivation of this variable can be
found in the S1 Text Table A. In summary, a woman’s stress index can be seen as:

Did the participant experience a stressful event over the past year, and was she upset by it?

With the possible response being either: No; Yes, but she did not find it upsetting; Yes, and she
found it somewhat upsetting; Yes, and she found it very upsetting, or; Yes, and she found it

very upsetting at the time and is still upset by it.

2. A ‘stress dose variable’ was also created to measure the woman’s ‘stress dose’, or how

many stressors she has experienced. This was therefore a count variable which ranged
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from 0 to 18, with a higher number indicating that she has experienced more stressful
events. An explanation of how this variable was derived is presented in S1 Text Table B.

Both the stress index and stress dose variables were included as time varying. A detailed
description of the creation of the variables and variable selection can be found in S1 Text
(Tables A and B, and Figure C).

Covariates. Covariates were selected based on existing research into VMS and included as
time varying. These included age, marital status (divorced/separated, married/in a relation-
ship, widowed) [61], smoking habits (never smoked, ever smoked) [62], maximum level of
education (less than high school, high school, some college/technical college, college degree,
post-graduate degree) [63], ethnicity (self-identified as Black or African American, Chinese
American, Japanese American, non-Hispanic Caucasian, Hispanic) [3], self-perceived overall
health (poor, fair, good, very good, excellent) [64], and menopausal status (pre-menopausal,
early perimenopause, late perimenopause, post-menopausal, and not menstruating for another
reason). In all analyses, age was centred on the mean, with cubic and quadratic terms also
included.

Analyses

To test whether support and stress influence vasomotor symptom experience throughout the
menopausal transition, multivariable, multilevel Poisson regression with mixed effects was
used. This method was deemed as appropriate as the VMS in our data follows a Poisson distri-
bution, with most women reporting infrequent symptoms. In total, 8 models were made,
which are shown in Table 1. An initial model that comprised solely of the covariates (the Base
model) was first created as a unit of comparison. Social support, the stress index, and stress
dose variables were then subsequently added to the base model (the Support model, Stress
model 1 and Stress model 2, respectively) individually, and then together (Full model 1 and 2;
stress measures were always included in separate models due to collinearity). Finally, to mea-
sure whether support buffers against stress, two models were made with an interaction effect
between support and the two measures of stress (Interaction model I and 2).

Model fitting was then carried out using the Akaike Information Criterion (AIC), which
has been shown to be appropriate for Poisson regression with random effects [65]. The AIC

Table 1. Candidate models.

Model name Covariates

Base model Age + Age” + Age’ + Marital status + Smoking habits + Education + Ethnicity + Overall health
+ Menopause status

Support model Social support + Age + Age” + Age® + Marital status + Smoking habits + Education + Ethnicity
+ Overall health + Menopause status

Stress model 1 Stress index + Age + Age” + Age’ + Marital status + Smoking habits + Education + Ethnicity
+ Overall health + Menopause status

Stress model 2 Stress dose + Age + Age” + Age’ + Marital status + Smoking habits + Education + Ethnicity
+ Overall health + Menopause status

Full model 1 Social support + Stress index + Age + Age” + Age® + Marital status + Smoking habits
+ Education + Ethnicity + Overall health + Menopause status

Full model 2 Social support + Stress dose + Age + Age” + Age® + Marital status + Smoking habits
+ Education + Ethnicity + Overall health + Menopause status

Interaction model | Social support*Stress index + Age + Age” + Age® + Marital status + Smoking habits + Education
1 + Ethnicity + Overall health + Menopause status

Interaction model | Social support*Stress dose + Age + Age” + Age® + Marital status + Smoking habits + Education
2 + Ethnicity + Overall health + Menopause status

https://doi.org/10.1371/journal.pone.0245444.t001
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shows which model is a relatively better fit to the data, and also penalises models for complex-
ity. The model with the lowest AIC value is deemed to best fit the data, and a AAIC increase of
more than 3 signifies weaker support for the model [66]. Models were then weighted based on
how much their AIC value changed relative to the best fitting model [66]. All analyses were
performed in R version 4.0.2 [67] using the packages Ime4 [68] and ggeffects [69]. Model fitting
was carried out using AICcmodavg [70], and data visualisations created using ggplot2 [71].

Results
Descriptive statistics

In the first round of interviews used in this analysis (n = 2718) women were aged between 42
and 54 (mean [M]: 46.91; standard deviation [SD]: 2.69), with the majority of participants
either being married or in a relationship (76.09%). A greater proportion of women had never
smoked (58.06%), and very few women were not educated to a high school standard, with
most women having attended some kind of college or technical school (32.38%). Half of the
women in the sample were white (49.71%), and at this point in the study very few women were
post-menopausal (1.51%), with most of them being in early perimenopause (60.60%). Women
were receiving high levels of social support on average (M: 4.18; SD: 0.78, see S1 Text

Figure B), most had experienced a stressful event that upset them to some degree (76.49%),
and the stress dose variable was positively skewed (S1 Text Figure D), with women experienc-
ing on average 3 (SD: 2.45) stressful events in the past year. At this stage, the majority of
women were not reporting frequent menopause symptoms (M: 1.21; SD: 2.05). Full descriptive
statistics are presented in Table 2.

Base model

The Base model, which comprised of all the covariates, was created to serve as a unit of com-
parison (see S1 Text Table C for full results). Within this model, women who were married
experienced more frequent VMS compared to divorced or separated women (IRR: 1.10; 95%
CI: 1.05-1.16), as did women who had ever smoked (IRR: 1.22; 95% CI: 1.12-1.32). There was
a near linear relationship between level of education and reporting of menopause symptoms,
with a longer time spent in education being associated with decreased VMS frequency (IRR:
0.72; 95% CI: 0.59-0.88). As in previous studies [3], African American reported VMS most
often, with Japanese American women experiencing them least (IRR: 0.41; 95% CI: 0.35-0.48);
and women who perceived themselves to be healthier also reported less frequent VMS (IRR:
0.65; 95% CI: 0.58-0.72). Women who were in late perimenopause (IRR: 1.87; 95% CI: 1.79—
1.96) or had experienced menopause (IRR: 1.44; 95% CI: 1.37-1.51) reported symptoms more
often.

Support and stress

Our study is testing the prediction that social support and stress influence symptom severity,
and that support would act as a buffer against the effects of stress. Should this be the case, we
would expect models with these variables included to better fit the data, in addition to an inter-
action effect. Results from model fitting are presented in Table 3, where it can be seen that the
best fitting model is Stress model 1 (AAIC = 0.00), which included the stress index and covari-
ates. The inclusion of social support (Full model 1 AAIC = +0.66) and an interaction term
(Interaction model 1 AAIC = +16.13) worsened the model fit. The model that included just the
covariates worst fit the data (Base model AAIC = +91.52).
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Table 2. Characteristics of the participants in visit 1.

Variable n (%) Mean (S.D)
Vasomotor symptoms 1.21 (2.05)
Social support 4.18 (0.78)
Stress index (experienced a stressful life event in past year)

No 388 (14.3)

Yes—not upsetting 251(9.2)

Yes—somewhat upsetting 766 (28.2)

Yes—very upsetting 642 (23.6)

Yes—very upsetting and still upsetting 671 (24.7)
Stress dose 3.07 (2.45)
Age 46.91 (2.69)
Marital status

Divorced/Separated/Single 601 (22.1)

Married/In a relationship 2068 (76.1)

Widowed 49 (1.8)
Smoking habits

Ever smoked 1140 (41.9)

Never smoked 1578 (58.1)
Education

Less than high school 169 (6.2)

High school 443 (16.3)

Some college/technical school 880 (32.4)

College degree 569 (20.9)

Post-graduate education 657 (24.2)
Ethnicity

African American 687 (25.3)

Chinese American 220 (8.1)

Japanese American 262 (9.6)

White 1351 (49.7)

Hispanic 198 (7.3)
Self-perceived overall health

Poor 50 (1.8)

Fair 294 (10.8)

Good 820 (30.2)

Very good 1073 (39.5)

Excellent 481 (17.7)
Menopausal status

Pre-menopausal 676 (24.9)

Early peri 1647 (60.6)

Late peri 112 (4.1)

Menopaused 41 (1.5)

Other 242 (8.9)

https://doi.org/10.1371/journal.pone.0245444.1002

In the best fitting model (Stress model I) it can be seen that the degree to which the woman
was affected by the stressor was most critical. Fig 2 displays the predicted VMS at any given
age based on experience of a stressor. Here, being still upset by a stressful event increased VMS
frequency by 21% (95% CI: 1.15-1.26), and women who found the stressful event very upset-
ting at the time (but were no longer upset by it) experienced a 7% increase in VMS frequency
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Table 3. Results from model fitting based on Akaike Information Criterion (AIC) value.

Model K AIC AAIC w;

Stress model 1 28 64167.97 0.00 0.58
Full model 1 29 64168.64 0.66 0.42
Interaction model 1 29 64184.11 16.13 0.00
Stress model 2 25 64187.53 19.55 0.00
Full model 2 26 64187.96 19.99 0.00
Interaction model 2 25 64204.12 36.14 0.00
Support model 25 64258.49 90.52 0.00
Base model 24 64259.50 91.52 0.00

A lower AIC value indicates better fit for the model, and a AAIC increase of more than 3 signifying weaker support
for the model. w; shows the Akaike weights that indicate the level of support for the model, or the ‘model
probabilities’.

https://doi.org/10.1371/journal.pone.0245444.t1003

(IRR: 1.03-1.13). However, those who were not upset by the stressful event (IRR: 1.01; 95% CI:
0.95-1.06) or only found it somewhat upsetting (IRR: 1.03; 95% CI: 0.98-1.07) did not experi-
ence a statistically significant increase in VMS at the time of reporting (see Table 4).

As our current understanding of the physiological pathways around stress and VMS leads
us to predict that current stress is an important determinant of VMS, we then also conducted
an additional post hoc analysis with a time-lagged stress measure to test whether current stress
is a better predictor of VMS than historical stress. Results (see S1 Text Table C) show that
experience of stressful life events from a year prior to VMS reporting have a weaker relation-
ship with VMS frequency than currently reported stressful events. Here, a very upsetting event

ExPe'ien,ced stressful event No Yes - not upsetting Yes - somewhat upsetting === Yes - very upsetting Yej -t\'llfry upafeﬁmg
in past year and still upsetting
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Fig 2. Predicted vasomotor symptoms any given age based on the best fitting model. Model adjusted for adjusted for marital status,
education, smoking habits, ethnicity, self-perceived overall health, and menopause status.

https://doi.org/10.1371/journal.pone.0245444.9002
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Table 4. Results from multilevel Poisson regression models showing the Incidence Rate Ratio and 95% confidence interval.

Support Stress model 1 | Stress model 2
model
Stress index (ref.: No)
Yes—not upsetting 1.01 (0.95-
1.06)
Yes—somewhat upsetting 1.03 (0.98-
1.07)
Yes—very upsetting 1.07** (1.03-
1.13)
Yes—very upsetting and still upsetting 1.217* (1.15-
1.26)
Stress dose 1.03*** (1.02-
1.03)
Support 0.98 (0.96—
1.00)

Social support:Stress index (ref.: No)
Social support:Yes—not upsetting

Social support:Yes— somewhat

upsetting
Social support:Yes—very upsetting

Social support:Yes—very upsetting and
still upsetting

Social support:Stress dose

Note:

* P<0.05

“* P<0.01
*** P<0.001.

Full model 1 Full model 2

1.01 (0.95-

1.06)

1.03 (0.98-

1.07)

107 (1.03—

1.13)

1.20"** (1.15-

1.26)
1.03*** (1.02-
1.03)

0.99 (0.96— 0.99 (0.96-

1.01) 1.01)

Interaction
model 1

1.11 (0.78-1.60)

1.02 (0.79-1.30)

1.31* (1.01-1.69)

1.57** (1.23-

2.00)

1.02 (0.97-1.07)

0.98 (0.90-1.06)
1.00 (0.95-1.06)

0.96 (0.90-1.01)
0.94* (0.89-0.99)

Interaction
model 2

1.05%** (1.02—
1.07)

1.00 (0.97-1.03)

1.00 (0.99-1.00)

The dependent variable for all models is vasomotor symptoms, and all models are adjusted for age (linear, cubic and quadratic terms), marital status, smoking habits,

education, ethnicity, self-perceived overall health, and menopausal status.

https://doi.org/10.1371/journal.pone.0245444 1004

from a year ago is not associated with more frequent VMS (IRR: 1.00; 95% CI: 0.95-1.05), and
a very upsetting and still upsetting event from a year ago being associated with a 7% increase
in VMS compared to women who had experienced no stressor a year ago (95% CI: 1.01-1.12).

Discussion

Support is often thought to buffer against the negative health impacts of stress [44], however,
to our knowledge, this has not been tested with respect to menopause symptoms. It is well doc-
umented that stress associates with more severe symptoms that occur at a higher frequency

[3,25-28], with some evidence that a supportive environment decreases symptoms
[3,33,35,72]. In our analyses of a sample of US women, we did not find evidence that increased
social support is associated with decreased menopause symptoms, nor that it moderates the
negative relationship between stress and menopause symptoms. Rather, we find that a model
that does not include social support or its interaction with stress best fits the data, with this
model suggesting that it is not necessarily the stressful event but the degree to which it upsets
the woman (i.e. perceived stress) that impacts VMS.
This is interesting for a number of reasons. These results suggest that experiencing a stress-

ful event in and of itself does not worsen menopause symptoms; rather, it is the woman’s psy-
chological reaction to the stressful event that has the largest effect on VMS frequency. For
example, based on our findings, if the period of upset after a stressful event is short, then
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menopause symptoms may not be significantly impacted. This is in line with findings that per-
ceived stress is influential over symptomology [25], and that women who are deemed to be
more resilient experience fewer menopause symptoms (i.e. women who experienced a stressful
event but were not upset by it) [33]. Further, as we predict that current stress influences VMS,
we carried out an additional post hoc analysis in which we lagged the measure of stress in the
best fitting model. If VMS are partially exacerbated by current stress, we would expect a lagged
variable that indicates historical stress to be a poor predictor, which we found to be the case

(S1 Text Table C). There was a significant effect in the lagged variable amongst women who a
year ago had reported that they had experienced a life stressor that was upsetting at the time,
and there are two reasons that might explain this relationship in the lagged variable: firstly, the
upsetting event that happened last year could still feasibly be upsetting them now (e.g., if it was
the death of a close relative); secondly, women who reported being still upset by a life stressor
may be less resilient to their effects, meaning that they would be more likely to report life
stressors in subsequent years. Nonetheless, these results are more evidence for a possible causal
relationship between stress and VMS.

Contrary to our hypothesis, our results suggest that support may not effectively protect
against the effects of stress in our sample of US women. Elsewhere in the literature, there are
reports that various kinds of support (familial, emotional, etc.) are associated with fewer meno-
pause symptoms [33,35,72], but we did not replicate these effects in our analysis. When look-
ing at other domains of health, researchers have found that social support is not always
protective against stress [73,74]. It may be in this case that the support questions were not spe-
cific enough to capture their effect on menopause symptoms (e.g. women could have been
asked “how often do you have someone to talk to about your health”), and to alleviate symp-
toms, it could be that women need to receive targeted support [35]. Alternatively, it may be
that talking about the menopause does not have a positive impact. There is evidence that the
anticipation of menopause symptoms, which might occur through frequent discussion, can in
fact worsen the woman’s experience of such symptoms [26]. Understanding how support and
discussion relate to symptom expectation is critical to understand. As the discussion of meno-
pause becomes more normalised, so may the discourse on negative symptoms. While one
could expect that normalising the menopause may ease the transition, it may in fact have the
converse effect if it does cause women to expect that hot flashes and such are an inevitable neg-
ative outcome of the menopause. Thus, further research is required to understand how meno-
pause discussion and symptoms interact with one another.

Our results also showed that women from certain ethnic backgrounds experienced worse
symptoms. Here, African American women experienced the most frequent symptoms, while
Chinese and Japanese Americans reported symptoms less often, which is in line with findings
from previous research [3,9,13,75,76]. It has been suggested that the relationship between
stress and menopause symptoms may help to explain some of this variation. In the US (where
data used in this study was collected), African American individuals present more markers of
stress than other ethnicities [77], likely due to economic and systematic factors [75]. However,
results in this study suggest that stress does not mediate the relationship between ethnicity and
VMS, with the relationship persisting after the inclusion of the stress index and stress dose
within the model (S1 Text Table C). Additionally, attributing ethnic differences to stress does
not account for why women from an East Asian background in this sample report fewer symp-
toms, as—due to being an ethnic minority-it would be predicted that due to higher levels of
stress [75] they would report more symptoms than white women. Therefore, it is unlikely that
stress explains the ethnic differences in menopause symptoms, and further research is still
required to understand this variation.
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How stress affects the menopausal transition is vital to understand, as, for many women,
midlife is accompanied by many negative events such as the death of parents, children leaving
home, and relationship problems [78]. The menopausal transition is also accompanied by a
shift in their societal role: as fertility wanes and children move away, women experience a
sense of loss of identity, which can also be highly stressful for women [79-82]. As we have
shown, there is a dose-effect in regards to stress and menopause symptoms, and therefore the
accumulation of emotionally stressful events can be expected to worsen the menopausal transi-
tion. Furthermore, these stressors that coincide with menopause are largely unavoidable.
Familial death is an inevitability, and children will generally move away at some point. The
coincidence of these events with menopause is somewhat a product of social norms associated
with age of reproduction, and as a result, this is unlikely to change soon. As a means of tackling
the emotional burden of midlife for women, the attitude towards ageing may require a shift.
Cultures in which age is revered often associate with less severe menopause symptoms (e.g. tra-
ditional East Asian cultures) [83]; furthermore, when women report menopause as being
empowering they are less likely to report symptoms [84].

Mechanistically, why stress worsens menopause symptoms is less clear. Increased levels of
cortisol produced in response to stress might mimic the neuroendocrinological changes that
occur alongside VMS. However, recent research has shown that increased perceived stress is
not associated with higher inflammation (measured through fibrinogen), so this may not be
the case [16]. Alternatively, it might be that symptoms that would have otherwise have been
mild or relatively unnoticeable are exacerbated by stressors, much like how pain has been
observed to be worsened by stress [85].

Limitations

While we show a possible causal relationship between stress and VMS, further research using
targeted data collection is likely to establish the precise causal pathway and mechanisms.
Nonetheless, the persisting relationship between stress and menopause symptoms allows us to
consider possible behavioural interventions women could use to deal with the symptoms asso-
ciated with the menopausal transition. We found no relationship between our support mea-
sure and VMS. We chose to use an aggregated measure of support, which means we could not
identify which measures of social support were associated with more or less frequent meno-
pause symptoms (e.g. two women could have the same support score, but completely different
support experiences). Further research may wish to look at support specific to the menopausal
transition (e.g. menopause cafes), or conduct qualitative research to find which forms of sup-
port women themselves find most vital throughout menopause.

Conclusion

This research contributes to the growing body of research linking stress with a worse meno-
pausal transition. For most, stress is an unavoidable aspect of daily life, and our results confirm
an association between stressful events and worse menopause symptoms. However, our results
suggest it is not necessarily the occurrence of a stressor that exacerbates menopause symptoms,
but how the woman psychologically responds to it. In our sample, women who were “still
upset” by a stressful event reported the most severe symptoms, whereas women who had expe-
rienced the same event but were not upset by it did not report significantly worse symptoms.
This suggests that resilience may be important in the relationship between stress and meno-
pause symptoms; however, further research is required to establish this. Little evidence was
found for support reducing menopause symptoms, or acting as a buffer against the effects of
stress. This may be relevant for understanding treatments and interventions for menopause
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symptoms, in particular, whether support-based treatments to tackle menopause symptoms
are effective. Future research should focus on whether social interventions do have the desired
effect on menopause symptoms, and also whether certain personality types—in regards to resil-
ience-experience menopause in a different way.

Supporting information

S1 Text. Supporting text. Supporting information containing information on the selection of
the social support variable (Figure A), and the derivation of the stress index (Table A) and
stress dose (Table B). Figure B demonstrates the justification for how missing data in the stress
dose variable was dealt with, and Figure C shows the distribution of the stress dose variable by
wave and age. Complete model results are presented in Table C.
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