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Abstract

Aims. There has been increasing evidence of hormonal changes during reproductive events
that lead to mood changes. However, studies on the severity of psychological problems accord-
ing to the menopausal stage are limited. Thus, this study aimed to investigate the association
between menopausal stages, depression and suicidality.
Methods. A total of 45 177 women who underwent regular health check-ups between 2015 and
2018 at Kangbuk Samsung Hospital were included. Participants were stratified into four groups
(pre-menopause, early transition, late transition and post-menopause) based on the Stages of
Reproductive Aging Workshop Criteria. The Center for Epidemiological Studies-Depression
scale (CESD) was used to evaluate depressive symptoms, and the degree of depressive symptoms
was classified as moderate (CESD score 16–24) or severe (CESD score⩾ 25). To measure suicide
risk, we administered questionnaires related to suicidal ideation.
Results. Overall, the prevalence of CESD scores of 16–24 and⩾ 25 was 7.6 and 2.8%, respect-
ively. Menopausal stages were positively associated with depressive symptoms in a dose-
dependent manner. Multivariable-adjusted prevalence ratios (PRs, 95% confidence intervals)
for CESD scores of 16–24 comparing the stages of the early menopausal transition (MT), late
MT and post-menopause to pre-menopause was 1.28 (1.16–1.42), 1.21 (1.05–1.38) and 1.58
(1.36–1.84), respectively. The multivariable-adjusted PRs for CESD scores⩾ 25 comparing
the stages of the early MT, late MT and post-menopause to pre-menopause were 1.31
(1.11–1.55), 1.39 (1.12–1.72), 1.86 (1.47–2.37), respectively. In addition, the multivariable-
adjusted PRs for suicidal ideation comparing the early MT, late MT and post-menopause
stages to the pre-menopause stage were 1.24 (1.12–1.38), 1.07 (0.93–1.24) and 1.46 (1.25–1.70)
( p for trend <0.001), respectively.
Conclusions. These findings indicate that the prevalence of depressive symptoms and suicidal
ideation increases with advancing menopausal stage, even pre-menopause.

Introduction

Depression affects more than 300 million people worldwide, with a global prevalence of
approximately 4.4% (Friedrich, 2017). Women are twice as likely to be diagnosed with depres-
sion as men (Albert, 2015), and depressive symptoms are associated with reproductive events
such as menstruation, childbirth and menopause (Soares and Zitek, 2008; Smith et al., 2015;
Hofmeister and Bodden, 2016). A similar trend exists with suicide rates for women during
climacteric periods (Kulkarni, 2018).

Prior studies have investigated the prevalence and risk of depression during perimenopause.
However, most studies used a binary category of menopause (postmenopausal v. premenopau-
sal) and reported a lack of association, possibly due to the low prevalence of depressive symp-
toms and the use of relatively small sample sizes (Maki et al., 2018). The menopausal
transition (MT) is a complex process comprising multiple stages, ranging from pre-
menopause, early MT, late MT, to post-menopause, all of which accompany changes in female
sex hormones and various aspects of physical health (Derby et al., 2009; Harlow et al., 2012;
Kozakowski et al., 2017). It is important to identify the critical period within the MT during
which women become vulnerable to mental disorders to provide insights into the optimal
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timing to ensure timely intervention; however, there is still limited
evidence on the association between specific menopausal stages
and depressive symptoms.

This study aimed to examine the association between meno-
pausal stages and the prevalence of depressive symptoms and sui-
cidality in a large sample of middle-aged Korean women.

Methods

Setting and studying the population

The Kangbuk Samsung Health Study was a cohort study of
Korean men and women who underwent comprehensive annual
or biennial examinations at the Kangbuk Samsung Hospital
Total Healthcare Centers in Seoul and Suwon, South Korea
(Chang et al., 2016).

The study population consisted of women aged 40–65 years
who underwent comprehensive health examinations at the
Kangbuk Samsung Hospital Total Healthcare Centers in Seoul
and Suwon, South Korea, between 2015 and 2018 (N = 59 940).
Among the 59 940 women, 14 763 were excluded for the following
reasons: history of cancer (n = 3962); history of hysterectomy or
ovariectomy (n = 4422); history of premature menopause (n =
256); history of artificially-induced menopause due to radiation
(n = 209), chemotherapy (n = 383) or other (n = 629); currently
receiving hormone replacement therapy (n = 1672, as such inter-
ventions can affect menopausal symptoms); currently taking an
oral contraceptive (n = 320) or currently pregnant (n = 6); history
of mental illness diagnoses such as panic disorder, claustrophobia,
depression and others (n = 2357); currently taking anxiety drugs
(n = 703), antidepressants or other neuropsychological medica-
tions (n = 869); and missing data related to depressive symptoms
and suicidality (n = 3779). As some individuals met more than
one exclusion criteria, the total number of women ultimately
included in the study was 45 177.

This study was approved by the Institutional Review Board of
Kangbuk Samsung Hospital (IRB No. KBSMC 2020-08-042). The
requirement for informed consent was waived because we used
non-identified retrospective data that were routinely collected
during the health screening process.

Measurements

Data on demographic factors, socioeconomic status, health
behaviours, dietary intake, medical history (including a history
of physician-diagnosed mental illness such as panic disorder,
claustrophobia or depression) and medication use (including
neuropsychiatric medications such as anxiety drugs and antide-
pressants) were collected using standardised, structured, self-
administered questionnaires. Physical activity was assessed using
the validated Korean version of the International Physical
Activity Questionnaire Short Form (Oh et al., 2007; Ryu et al.,
2015). Health-enhancing physical activity (HEPA) was defined
as physical activity that meets either of the following two criteria:
(i) vigorous-intensity activity on 3 or more days per week for a total
of 1500 metabolic equivalent (MET) min/week, or (ii) 7 days of
any combination of walking, moderate-intensity or vigorous-
intensity activities achieving at least 3000 MET min/week.

Sleep duration and quality were assessed using the Korean ver-
sion of the Pittsburgh Sleep Quality Index (PSQI). Regarding sub-
jective sleep quality, the response categories of the PSQI were very
good, fairly good, fairly bad and very bad. The last two categories
were defined as poor subjective sleep quality.

Anthropometric parameters and sitting blood pressure (BP)
were measured by trained nurses. Obesity was defined as a
body mass index (BMI) of ⩾25 kg/m2 according to the criteria
for obesity in Asians. Hypertension was defined as BP⩾ 140/90
mmHg or current use of antihypertensive medication.

Fasting blood measurements included glucose, haemoglobin
A1c, insulin, high-sensitivity C-reactive protein and lipid profiles.
The homeostatic model assessment-insulin resistance (HOMA-IR)
was calculated as follows: fasting blood insulin (uU/ml) × fasting
blood glucose (mg/dl)/405. Type 2 diabetes mellitus was defined
as fasting serum glucose⩾ 126mg/dl, haemoglobin A1c⩾ 6.5%
or current use of insulin or medications for diabetes.

Assessment of menopausal stage

The participants were classified into four groups according to
menopausal stage based on the Stage of Reproductive Aging
Workshop + 10 criteria as follows: (1) premenopause (having
regular menstrual periods), (2) early MT (having a persistent dif-
ference of 7 or more days in the length of consecutive cycles), (3)
late MT (occurrence of amenorrhoea of ⩾60 days) and (4) post-
menopause (amenorrhoea for ⩾1 year).

Assessment of depression, suicidal ideation and suicidal
behaviour

The Center for Epidemiological Studies-Depression (CESD) was
used to evaluate depressive symptoms within the past week
using the Korean version of the CESD scale; the internal consist-
ency of the Korean version has been reported to range from 0.84
to 0.91. The CESD is composed of 20 items, each rated on a scale
from 0 to 3, with total scores ranging from 0 (lowest) to 60 (high-
est) (Farmer et al., 1988; Cho and Kim, 1998; Kim et al., 2007). In
a previous study validating the Korean version of the CESD scale,
the optimal cut-off point was suggested as 24/25, the point that
best corresponds to a clinical diagnosis of depression. In contrast,
a CESD score of 16 has been traditionally used as an optimal cut-
off for the detection of depressive symptoms. Therefore, the pres-
ence of depressive symptoms was defined as a CESD score of ⩾16,
and the presence of case-level depression was defined by a cut-off
score of ⩾25.

Suicidal ideation was also assessed via a self-administered
questionnaire with specific questions, such as ‘In the last year,
have you ever thought about wanting to die?’ Suicidal behaviour
was determined based on a question, ‘Have you attempted suicide
in the last year?’. Responses to the questions were dichotomous as
either ‘Yes’ or ‘No’.

Statistical analyses

The characteristics of the study participants were explored accord-
ing to CESD score categories. CESD scores were categorised as
moderately (16–24 points) and severely depressed (⩾25 points).
To test for linear trends, the number of categories was used as
continuous variables in the regression models.

We estimated the prevalence ratios (PRs) and 95% confidence
intervals (CIs) for CESD scores of 16–24 and ⩾25 for the early
MT, late MT and post-menopause stages compared to the pre-
menopause stage using participants with a CESD score <16 as
the reference group in multinomial logistic regression models.
Moreover, to evaluate the association of suicidal ideation across
menopausal stages, we used a logistic regression model to estimate
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the odds ratios with 95% CIs for suicidal ideation. We used three
models to progressively reduce confounding associations. We ini-
tially adjusted for age and then further adjusted for the centre,
year of screening examination, smoking status, alcohol intake,
physical activity level, total energy intake, BMI, educational
level, antihypertensive medication, parity and age at menarche.
In addition, to evaluate the effects of psychological symptoms
around the period of the MT, sleep duration and sleep quality
were adjusted.

Additionally, we performed stratified analyses in pre-specified
subgroups defined by BMI (<25 v. ⩾25 kg/m2), age at menarche
(<12 v. ⩾12 years), parity (0 v. ⩾1 time), sleep quality (good v.
poor), smoking status (never smoker v. ex-smoker or current
smoker), alcohol intake (<10 v. ⩾10 g of alcohol per day) and
physical activity (no HEPA v. HEPA). Interactions by subgroup
were tested using likelihood ratio tests comparing models with
and without multiplicative interaction terms. All p values were
two-tailed, and statistical significance was set at p < 0.05. We
used STATA version 13.0 (Stata Corp., College Station, TX,
USA) for the data analyses.

Results

The mean (standard deviation) age of the 45 177 study partici-
pants was 47.3 (6.5) years (online Supplementary Table S1).
The prevalence of pre-menopause, early MT, late MT and post-
menopause was 49.7, 15.5, 8.7 and 26.1%, respectively.
Compared to premenopausal women, participants in the later
menopausal stages were more likely to be older and engage in
HEPA. They also had higher rates of hypertension and diabetes,
BMI, BP, glucose level and HOMA-IR, and were more likely to
take dyslipidaemia medication and have unfavourable lipid
profiles.

Overall, the prevalence of CESD scores of 16–24 and ⩾25 was
7.6% and 2.8%, respectively (Table 1). Participants with higher
CESD scores were more likely to be older, and current smokers,
to drink alcohol and have shorter sleep duration and have poor
sleep quality. They were also more likely to have higher parity
and prevalence of hypertension, diabetes and dyslipidaemia medi-
cation use, as well as higher BMIs, glucose levels and HOMA-IR.

Menopausal stages were positively associated with depressive
symptoms in a dose-dependent manner (Table 2). After adjust-
ment for age, centre, year of a screening exam, smoking status,
alcohol intake, physical activity level, total energy intake, BMI,
educational level, antihypertensive medication, parity and age at
menarche, the PR (95% CI) for CESD scores of 16–24 comparing
early MT, late MT and post-menopause stages to the pre-
menopausal stage was 1.40 (1.26–1.55), 1.32 (1.15–1.51) and
1.78 (1.54–2.06), respectively. The corresponding PR (95% CIs)
for CESD scores ⩾25 was 1.50 (1.27–1.76), 1.59 (1.29–1.95) and
2.21 (1.76–2.79), respectively (Table 2, model 1). After further
adjustments for sleep quality and sleep duration, and the history
of suicidal behaviour, the association between the menopausal
stage and depressive symptoms was slightly attenuated although
remained statistically significant (Table 2, model 2; online
Supplementary Table S2).

A total of 3236 women (7.16%) reported suicidal ideation.
Menopausal stages were positively associated with suicidal idea-
tion (Table 3). There were 1286 (5.73%) cases of suicidal ideation
during the pre-menopause stage, 531 (7.57%) during the early
MT, 261 (6.65%) during the late MT and 1158 (9.8%) during the
post-menopause stage. The multivariable-adjusted PRs for

suicidal ideation comparing early MT, late MT and post-
menopause stages to the pre-menopause stage were 1.33 (1.20–
1.48), 1.15 (1.00–1.33) and 1.61 (1.38–1.87) ( p for trend
<0.001), respectively. Although attenuated after adjusting for
sleep duration and sleep quality, the association with the early
MT and post-menopause stages remained statistically significant.
However, a significantly higher prevalence of suicidal ideation
during late MT compared with pre-menopause was no longer
observed. After further adjustment for the history of suicidal
behaviour, the associations remained virtually unchanged (online
Supplementary Table S3). Depressive symptoms (CESD scores
⩾25) showed a tendency towards a consistently higher prevalence
of suicidal behaviour across menopausal stages (online
Supplementary Table S4). In additional analyses without exclud-
ing women with a history of psychiatric diagnosis, the results were
slightly attenuated but overall patterns remained similar to those
of the original analyses (online Supplementary Table S5).
Analyses using binary category (pre- v. postmenopausal stages)
showed similar patterns (online Supplementary Tables S6 and
S7). When we evaluated the prevalence of (i) isolated depression
within the past week, (ii) isolated suicidal ideation within the past
12 months and (iii) concurrent depression and suicidal ideation
(i.e. women who reported having both depression and suicidal
ideation at a given visit) across menopausal stages, overall patterns
of association were similar to the findings of the original analyses
for all three dependent variables, with the post-menopause stage
being associated with the highest prevalence of either isolated
or concurrent depression and suicidal ideation (online
Supplementary Table S8).

In the subgroup analyses, the association between the meno-
pausal stage and depressive symptoms differed by obesity, defined
as BMI ⩾ 25 kg/m2, with a stronger association in obese women
than in non-obese women ( p for interaction 0.002) (online
Supplementary Table S9). The association between the meno-
pausal stage and suicidal ideation was stronger in women with
alcohol intake ⩾10 v. <10 g/day ( p for interaction 0.014) (online
Supplementary Table S10). Otherwise, the associations did not
significantly differ among the subgroups.

Discussion

In this large study of middle-aged Korean women, depressive
symptoms and suicidality were significantly associated with
menopausal stages and started to increase from the early transi-
tion stage. This association remained significant after adjusting
for possible confounders. Our results provide the time window
during which both depressive symptoms and suicidal ideation
are more likely to occur among women in the early to late tran-
sition stage who may benefit from appropriate screening
measures.

Previous epidemiologic studies have demonstrated that the
prevalence and risk of depressive symptoms markedly rise during
peri- and post-menopause (Cohen et al., 2006; Freeman et al.,
2006, 2014; Woods et al., 2008; Timur and Sahin, 2010;
Bromberger et al., 2011; Colvin et al., 2017). A cross-sectional
study of 685 women found that, compared to premenopausal
women, perimenopausal and postmenopausal women had a two-
fold higher risk of developing depressive symptoms (Timur and
Sahin, 2010). Another cross-sectional study reported that major
depression was significantly higher when women were in the
late perimenopausal or postmenopausal period relative to when
they were premenopausal or early perimenopausal (Colvin
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et al., 2017). A longitudinal study from the Study of Women’s
Health Across the Nation (SWAN) cohort of 221 women demon-
strated that women were about two to four times more likely to
experience a major depressive episode during or immediately
after MT, with the highest risk in postmenopausal women
(Bromberger and Kravitz, 2011). However, as these previous stud-
ies did not differentiate between early and late MT or between
perimenopausal and postmenopausal stages, it is unclear whether
there are differences in the prevalence of depressive symptoms
across menopausal stages. Studies that did incorporate more spe-
cific menopausal stages reported that the likelihood of depressive
symptoms tended to peak in the late MT, or immediately before
menopause, and slowly wanes thereafter, independent of age
(Bromberger et al., 2007; Woods et al., 2008). In a 14-year longi-
tudinal study from the Penn Ovarian Aging Study, the risk of
depressive symptoms was higher before the final menstrual period

and decreased thereafter (Freeman et al., 2014). Our findings are
largely consistent with prior findings in that the likelihood of
experiencing depressive symptoms markedly increases during
the MT, especially towards the later stages compared with the pre-
menopausal period. In addition, the associations with advancing
menopausal stages do not seem to be fully explained by increasing
age. However, contrary to previous reports, our findings show that
the prevalence of depressive symptoms was higher in postmeno-
pausal women than in women in MT. Depression is a multifactor-
ial condition that can be attributed to genetic, psychosocial,
demographic or cultural factors (Bailey et al., 2019). It is thus pos-
sible that some unmeasured factors inherent to our study popula-
tion that are distinct from those of Western populations, which
have been extensively studied previously, may have led to the dif-
ferences in patterns. Our findings need to be further evaluated in
future longitudinal studies of other Asian populations.

Table 1. Baseline characteristics of study participants by depression category

Characteristics Overall

CESD score

p for trend<16 16–24 ⩾25

Number of participants 45 177 40 486 3419 1272

Age (years)a 47.3 (6.5) 47.2 (6.4) 48.2 (6.9) 48.4 (7.0) <0.001

Early menarche (%)b 3.0 3.0 2.9 2.4 0.319

Parity (%)c 7.3 7.2 8.6 9.2 <0.001

Current smoker (%) 1.8 1.6 3.3 3.6 <0.001

Alcohol intake (%)d 10.8 10.4 14.8 15.3 <0.001

HEPA (%) 15.2 15.3 14.4 11.8 <0.001

Education level (%)e 70.3 71.0 65.0 63.8 <0.001

Diabetes (%) 4.1 3.9 5.3 6.6 <0.001

Hypertension (%) 9.6 9.4 10.9 11.1 0.002

Medication for dyslipidaemia (%) 4.7 4.5 6.2 6.1 <0.001

Poor sleep quality (%) 19.2 16.1 42.1 57.5 <0.001

Sleep duration (h/day) 6.56 (1.13) 6.60 (1.10) 6.27 (1.25) 6.03 (1.38) <0.001

Body mass index (kg/m2)a 22.6 (3.1) 22.5 (3.09) 22.7 (3.29) 22.7 (3.45) 0.001

Systolic BP (mmHg)a 106.7 (12.7) 106.7 (12.7) 106.8 (12.6) 107.0 (12.7) 0.272

Diastolic BP (mmHg)a 67.8 (9.2) 67.8 (9.2) 67.9 (9.0) 68.4 (9.2) 0.027

Glucose (mg/dl)a 94.5 (14.2) 94.4 (14.1) 94.9 (13.7) 96.0 (16.4) <0.001

Total cholesterol (mg/dl)a 195.7 (34.0) 195.6 (33.9) 196.1 (33.8) 196.2 (36.1) 0.365

LDL-C (mg/dl)a 124.9 (32.8) 124.9 (32.7) 125.7 (32.3) 125.6 (35.6) 0.125

HDL-C (mg/dl)a 66.3 (16.3) 66.3 (16.2) 65.7 (16.4) 66.1 (17.0) 0.097

Triglycerides (mg/dl)f 79 (59–109) 78 (59–108) 81 (61–111) 80 (59–114) <0.001

hsCRP (mg/l)f 0.04 (0.02–0.07) 0.04 (0.02–0.07) 0.04 (0.02–0.08) 0.04 (0.02–0.08) 0.004

HOMA-IRf 1.22 (0.81–1.82) 1.21 (0.81–1.81) 1.25 (0.82–1.88) 1.25 (0.82–1.94) 0.001

Total energy intake (kcal/d)f,g 1119.1 (804.6–1481.3) 1118.5 (804.8–1479.5) 1110.4 (789–1497) 1167.9 (833.5–1528.9) 0.051

BP, blood pressure; CESD, Center for Epidemiological Studies-Depression; HDL-C, high-density lipoprotein cholesterol; HEPA, health-enhancing physical activity; HOMA-IR, homeostasis model
assessment of insulin resistance; hsCRP, high-sensitivity C-reactive protein; LDL-C, low-density lipoprotein cholesterol.
aMeans (standard deviations).
b<12 years.
c⩾3 times.
d⩾10 g of ethanol per day.
e⩾college graduate; data are expressed as.
fMedians (interquartile ranges), or percentages.
gAmong 24 840 participants with plausible estimated energy intake levels (within three standard deviations from the log-transformed mean energy intake).
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Similarly, we found the highest prevalence of suicidal ideation
in postmenopausal women among all menopausal stages. There is
relatively limited evidence on suicidality in peri- and post-
menopausal women; however, our study findings are consistent
with several prior studies (Pinto-Meza et al., 2006; Kornstein
et al., 2010). The reasons underlying the heightened risk of sui-
cidal ideation associated with the postmenopausal stage in our
study are not clear. A previous study examined the association
between suicide attempts and menstrual stage and reported that
women who had experienced menopause and amenorrhoea had
low oestradiol and progesterone levels, and women with low
gonadal hormones had suicide attempts of greater severity
(Baca-Garcia et al., 2010). Existing evidence supports the associ-
ation of oestrogen and increased serotonin activity and low sero-
tonergic function due to a drop in oestrogen levels (McQueen
et al., 1997; Carretti et al., 2005; Berman et al., 2006), which

may increase suicide risk in those with predisposing factors
(Arango et al., 2001; Oquendo and Mann, 2001), suggesting
that suicidality in postmenopausal women may at least partly
have neurobiological underpinnings. Environmental factors also
play a crucial role in the association between menopause and sui-
cide. In particular, the role of family was found to be significant in
women experiencing menopause. The emotional support of a
spouse during the climacteric period was an important protective
factor, whereas the lack of family support could lead to increased
suicide (Murphy et al., 2013). Our study is supported by previous
studies that found that MT and post-menopause are periods of
not only physical but also psychological vulnerability, demonstrat-
ing that women in these stages have an elevated likelihood of
depression and suicidal ideation. Optimal intervention strategies
need to be developed to prevent depression and suicide attempts
in this at-risk population.

Table 2. Prevalence ratiosa (95% CI) of depression by menopausal stage

Menopausal stages

p for trendPre-menopause Early transition Late transition Post-menopause

Number 22 454 7011 3924 11 788

CESD score 16–24

Cases (%) 1376 (6.1) 582 (8.3) 302 (7.7) 1159 (9.8)

Age-adjusted PR 1.00 (reference) 1.41 (1.27–1.56) 1.32 (1.15–1.50) 1.82 (1.57–2.10) <0.001

Multivariate-adjusted PRa

Model 1 1.00 (reference) 1.40 (1.26–1.55) 1.32 (1.15–1.51) 1.78 (1.54–2.06) <0.001

Model 2 1.00 (reference) 1.28 (1.16–1.42) 1.21 (1.05–1.38) 1.58 (1.36–1.84) <0.001

CESD score ⩾25

Cases (%) 479 (2.1) 216 (3.1) 123 (3.1) 454 (3.9)

Age-adjusted PR 1.00 (reference) 1.51 (1.28–1.78) 1.58 (1.29–1.95) 2.26 (1.81–2.84) <0.001

Multivariate-adjusted PRa

Model 1 1.00 (reference) 1.50 (1.27–1.76) 1.59 (1.29–1.95) 2.21 (1.76–2.79) <0.001

Model 2 1.00 (reference) 1.31 (1.11–1.55) 1.39 (1.12–1.72) 1.86 (1.47–2.37) <0.001

CESD, Center for Epidemiological Studies-Depression; CI, confidence interval; PR, prevalence ratio.
aEstimated from multinomial logistic regression models using CESD scores as outcomes categorised as <16, 16–24 and ⩾25. Multivariable model 1 was adjusted for age, centre, year of
screening examination, smoking status, alcohol intake, physical activity level, total energy intake, body mass index, educational level, antihypertensive medication, parity and age at
menarche; model 2: model 1 plus an adjustment for sleep duration and quality.

Table 3. Odd ratiosa (95% CI) of suicidal ideation by menopausal stage

Menopausal stages

p for trendPre-menopause Early transition Late transition Post-menopause

Number 22 454 7011 3924 11 788

Cases (%) 1286 (5.73) 531 (7.57) 261 (6.65) 1158 (9.82)

Age-adjusted OR 1.00 (reference) 1.34 (1.21–1.49) 1.15 (1.00–1.32) 1.66 (1.43–1.93) <0.001

Multivariate-adjusted ORa

Model 1 1.00 (reference) 1.33 (1.20–1.48) 1.15 (1.00–1.33) 1.61 (1.38–1.87) <0.001

Model 2 1.00 (reference) 1.24 (1.12–1.38) 1.07 (0.93–1.24) 1.46 (1.25–1.70) <0.001

CI, confidence interval; OR, odds ratio.
aEstimated from binomial logistic regression models. Multivariable model 1 was adjusted for age, centre, year of a screening exam, smoking status, alcohol intake, physical activity level, total
energy intake, body mass index, educational level, antihypertensive medication, parity and age at menarche; model 2: model 1 plus an adjustment for sleep duration and quality.
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In our subgroup analysis, we observed a stronger association
between the menopausal stage and depressive symptoms in
women with a high BMI. Middle-aged women in MT are predis-
posed to being obese due to the ageing process, changes in hormo-
nal status and/or mood changes that may prompt maladaptive
coping behaviours such as stress eating, and obesity may also
exacerbate depressive symptoms (Freeman et al., 2006; Blumel
et al., 2015; Schreiber and Dautovich, 2017). Furthermore, obesity
is related to increased severity and frequency of menopausal symp-
toms or physical limitations that may cause considerable discom-
fort or irritability and, in turn, may negatively affect the
psychological well-being of women. A study found that obese
women experienced more frequent vasomotor symptoms (hot
flushes, sweating and weight gain) than non-obese women, and
the association between obesity and vasomotor symptoms was
strongest in postmenopausal women (Koo et al., 2017).
Compared to women with a normal BMI, overweight and obese
women were more likely to have physical limitations, which is
also significantly associated with depression (Tseng et al., 2012).
In addition, obesity may be associated with lower self-esteem,
although this association may be population-specific. For instance,
an inverse association between obesity and depressive symptoms
was found in postmenopausal women with lower education levels,
whereas no such association was observed in better-educated
women (Jasienska et al., 2005). Moreover, there are reports that
body image, rather than obesity, is associated with lower self-
esteem, which can be a significant predictor of depressive symp-
toms (Kékes Szabó, 2015; Noh et al., 2018). A study conducted
on midlife women in the USA suggested that depressive symptoms
were not directly correlated with weight per se in postmenopausal
women after adjustment for available confounders (Schreiber and
Dautovich, 2017). In Korean culture, which has relatively high
societal pressure for thinness, women tend to overestimate their
weight status and develop a distorted body image, which is also
observed in other East Asian cultures (Noh et al., 2018).
Therefore, it is likely that being overweight or obese may be
much more of a distressing factor for women in Korea compared
to those in Western countries. However, given that our study is
cross-sectional, the directionality of the association is unclear; fur-
ther studies should investigate how obesity mediates the associ-
ation between menopausal stages and depressive symptoms, and
whether there are cultural variations in the relationship.

We also found that higher alcohol intake was significantly
associated with a higher prevalence of suicidal ideation in the
late MT and post-menopause stage. It is uncertain whether alco-
hol consumption is driven by existing depressive symptoms, or
whether it causes or worsens depressive symptoms and leads to
suicidal ideation. It has been reported that depression and alco-
holism have strong reciprocal relationships and frequently
co-occur (Sullivan et al., 2005). There are also reports that alcohol
consumption may have a causal effect on the development of
major depression (Flensborg-Madsen et al., 2009; Boden and
Fergusson, 2011). While there is a lack of data on the specific
effect of alcohol consumption on the association between meno-
pausal stages and depression, there is a plethora of evidence sug-
gesting that drinking is strongly associated with suicidal ideation
(Norstrom and Rossow, 2016), and the association is stronger in
women than in men (Yi et al., 2016). Studies have suggested
that as women reach menopause, various environmental or psy-
chosocial factors such as retirement and loss of loved ones,
along with changes in body composition, may affect or exacerbate
their drinking habits (Milic et al., 2018). Based on the data from

the SWAN study, although excessive alcohol consumption may
not increase during MT, it is a period of instability that may be
associated with changes in alcohol-related behaviours (Peltier
et al., 2020), which may also be driven by affective factors such
as negative mood, retained stress and depressive symptoms related
to menopause which may trigger suicidal ideation. Nevertheless,
due to the cross-sectional nature of our study, it is difficult to
draw conclusions regarding the role of alcohol use in the relation-
ship between MT and depressive symptoms. Further longitudinal
studies are needed to confirm our findings.

The present study has several limitations. First, due to the
cross-sectional design of our study, causality in the association
between menopausal stages and depressive symptoms could not
be determined. Second, the diagnosis of depressive symptoms
was not made clinically by a physician and was based on a self-
administered questionnaire. However, the CESD is one of the
most widely used tools in population-based research settings to
assess depressive symptoms and has good validity and reliability
(Luckett et al., 2010). Third, we did not consider the effect of
vasomotor symptoms due to the lack of data. Previous reports
have documented the close associations between depression,
sleep and vasomotor symptoms in peri-menopausal women
(Eichling and Sahni, 2005; Cohen et al., 2006; Alvaro et al.,
2013; Worsley et al., 2014). Future studies should examine
whether the observed association between MT and depression is
modified by the presence of vasomotor symptoms. Fourth,
although past-year suicidal ideation has been widely implemented
in psychiatric surveys and epidemiologic studies (Klimes-Dougan
et al., 2007; Voss et al., 2019), it does not allow for estimating the
precise onset time of suicidal ideation. In analyses using isolated
depression, isolated suicidal ideation and concurrent depression
and suicidal ideation (i.e. women who reported having both
depression and suicidal ideation at a given visit) as a dependent
variable, overall patterns of association across menopausal stages
were similar to the findings of the original analyses. However,
given the lack of information on the exact timing of suicidal idea-
tion with the timeframe of the inquiry being within the past 12
months, we cannot rule out the possibility that some women
may have reported the events that had occurred in the prior
stage. Further large-scale longitudinal studies are warranted to
confirm the association between MT and suicidality. Lastly, our
study subjects consisted mostly of relatively healthy Korean
women with high socioeconomic status, which may limit the gen-
eralisability of our findings to other populations with different
races/ethnicities or demographic characteristics.

The present study has several strengths. First, this was a
large-scale study that examined women’s psychological health
across menopausal stages in Korea. To our knowledge, this is
the first study to examine women’s psychological health based
on the four distinctive menopausal stages in an Asian population.
Second, this study used the STRAW+ 10, which is known to be
the current standard measure for classifying the specific meno-
pausal stages. Because most women’s health studies, especially
concerning menopause, are based on dichotomous classification,
either menopausal or non-menopausal, our study has the great
advantage of identifying the menopausal stage and the potential
health complications at a certain stage. Third, a wide range of
data was obtained through standardised methods, enabling us to
examine independent associations between menopausal stages
and depressive symptoms.

In conclusion, in this study of middle-aged women, the preva-
lence of depressive symptoms and suicidality gradually increased
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with the advancing menopausal stage. Thus, psychological vulner-
ability around the time of MT should be considered, and a better
understanding of the association between menopausal stages and
women’s mental health may help identify women at risk for
depression and suicidality.
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