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Abstract

Background. The menopause transition is a vulnerable period that can be associated with
changes in mood and cognition. The present study aimed to investigate whether a symptomatic
menopausal transition increases the risks of depression, anxiety, and sleep disorders.
Methods. This population-based, retrospective cohort study analysed data from five electronic
health record databases in South Korea. Women aged 45—64 years with and without symptom-
atic menopausal transition were matched 1:1 using propensity-score matching. Subgroup
analyses were conducted according to age and use of hormone replacement therapy (HRT). A
primary analysis of 5-year follow-up data was conducted, and an intention-to-treat analysis was
performed to identify different risk windows over 5 or 10 years. The primary outcome was first-
time diagnosis of depression, anxiety, and sleep disorder. We used Cox proportional hazard
models and a meta-analysis to calculate the summary hazard ratio (HR) estimates across the
databases.

Results. Propensity-score matching resulted in a sample of 17,098 women. Summary HRs for
depression (2.10; 95% confidence interval [CI] 1.63—2.71), anxiety (1.64; 95% CI 1.01-2.66), and
sleep disorders (1.47; 95% CI 1.16—1.88) were higher in the symptomatic menopausal transition
group. In the subgroup analysis, the use of HRT was associated with an increased risk of
depression (2.21; 95% CI 1.07—4.55) and sleep disorders (2.51; 95% CI 1.25-5.04) when
compared with non-use of HRT.

Conclusions. Our findings suggest that women with symptomatic menopausal transition
exhibit an increased risk of developing depression, anxiety, and sleep disorders. Therefore,
women experiencing a symptomatic menopausal transition should be monitored closely so that
interventions can be applied early.

Introduction

The menopause transition is a vulnerable time in which women may experience changes in
cognition and mood [1, 2]. In self-report surveys conducted in the United Kingdom, half of all
menopausal women reported feeling depressed, 37% reported anxiety, 65% reported cognitive
impairment, and 64% reported sleep disturbances [3]. The menopause transition is marked by
dramatic changes in levels of sex hormones such as oestrogen. These hormonal changes are
associated with vasomotor, somatic, cognitive, and mood changes [4]. Specifically, oestrogen is
known to interact with serotonin, a neurotransmitter that modulates mood [5, 6]. In addition to
serotonin, oestrogen interacts with noradrenaline, a neurotransmitter associated with energy
levels, sleep, and arousal [7, 8].

A previous study reported that women who experienced a more symptomatic menopausal
transition were at greater risk of depressive symptoms [9]. Moreover, research has demonstrated
strong positive associations between symptomatic menopausal transition, which refers to the
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presence of severe menopausal symptoms during the menopause
transition, and mood and anxiety disorders [10]. Although one
third of women who experience perimenopause are considered to
have symptomatic menopausal transition [11], few studies have
focussed on the relationship between symptomatic menopausal
transition and mental wellbeing, and their relationship remains
unclear [10, 12].

Hormone replacement therapy (HRT) with oestrogen is admin-
istered to treat severe menopausal symptoms. HRT is mainly used
to relieve vasomotor symptoms, but it may also improve mood
symptoms [13, 14]. In the ancillary, Cognitive and Affective Study
(KEEPS-Cog) of the Kronos Early Estrogen Prevention Study
(KEEPS), women receiving HRT experienced improvements in
symptoms of depression and anxiety, but not in cognitive function
[15]. However, KEEPS-Cog was limited to women in late meno-
pausal transition and the early postmenopausal periods, and the
effect of HRT in women with symptomatic menopausal transition
was not examined.

Evaluating the long-term effects of symptoms during the meno-
pause transition may aid in identifying potential factors influencing
the development of psychiatric disorders. The current study aimed
to characterise the relationship between symptomatic menopausal
transition and the risks of depression, anxiety, and sleep disorders.
Further, we aimed to evaluate the effects of HRT on the risk of
adverse outcomes in women with symptomatic menopausal
transition.

Study design and data sources

We performed a population-based, retrospective observational
cohort study using data from approximately 7 million patients
across five electronic health record databases in South Korea:
Ajou University Hospital (AJH), Kangdong Sacred Heart Hospital
(KDH), Myoungji Hospital (MJH), Kangwon University Medical
Center (KWMC), and Pusan National University Hospital
(PNUH) (see Supplementary Method S1). These databases were
standardised using the Observational Medical Outcomes
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Partnership Common Data Model version 5 [16]. This study was
performed using a bio-health big data platform supported by the
Korean National Project (https://feedernet.com), which comprises
electronic health record data from 37 hospitals (50 million patients)
in South Korea.

Symptomatic menopausal transition manifests with many dif-
ferent somatic symptoms, and women who experience symptom-
atic menopausal transition can be diagnosed with symptomatic
menopausal transition [10, 17]. For the current analysis, women
diagnosed with symptomatic menopausal transition (ICD-10-CM
code: N95) were included in the study cohort, while those without
symptomatic menopausal transition were included in the compari-
son cohort. Symptomatic menopausal transition (N95) included
subcodes such as postmenopausal bleeding (N95.0), menopausal
and female climacteric states (N95.1), postmenopausal atrophic
vaginitis (N95.2), other specified menopausal and perimenopausal
disorders (N95.8), and unspecified menopausal and perimeno-
pausal disorder (N95.9). A flow diagram of selection for the study
and comparison cohorts is shown in Figure 1. First, we used these
databases to identify women aged 45-64 years who were experien-
cing menopausal transition [12]. We excluded patients with a
history of gynaecological diseases (ovarian, endometrial, cervical,
and breast cancer) and artificial menopause (hysterectomy, radio-
therapy, and chemotherapy). We also excluded patients with a
history of psychiatric disorders (depressive disorder, anxiety dis-
order, and sleep disorder) before the perimenopausal phase. For
those without symptomatic menopausal transition, we excluded
patients with a history of oestrogen exposure. The date of the first
hospital visit at which symptomatic menopausal transition was
diagnosed was identified as the index date for each woman in the
study cohort, whereas the index date for each woman in the
comparison cohort was defined as the date of the earliest hospital
visit. Further details of the cohort definitions are presented in
Supplementary Method S2.

We conducted distributed network analyses, as described in
previous studies [18]. The study package for the entire process
was built on the OHDSI Methods Library in R and is available
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Figure 1. Study flowchart of women aged 45 to 64 years with or without symptomatic menopausal transition.
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online at https://github.com/ABMI/ImpactOfPMSonMentalDisor
der. Each data partner executed this package locally inside the
firewall. The pre-designated statistical results (without patient-level
information) were then shared for interpretation and database-
level meta-analysis. All partners received institutional review board
approval or exemption (IRB number: AJIRB-MED-MDB-21-637).

Outcomes

This study investigated the association between symptomatic
menopausal transition diagnosis and the risk of psychiatric dis-
orders. The primary outcome was first-time diagnosis of depres-
sion, anxiety, and/or sleep disorder. To increase the diagnostic
accuracy, we included all depressive disorders except bipolar
depression, all anxiety disorders except phobic disorder, and all
sleep disorders except obstructive sleep apnoea and narcolepsy.
Furthermore, we applied a restricted definition of the outcomes,
which included at least one diagnosis and at least two medication
prescriptions (antidepressants for depression, anxiolytics for anx-
iety disorder, and sleep medications for sleep disorder) any time
after the first diagnosis of any of the above psychiatric disorders.
Our analysis considered the time-to-first event, with a follow-up
duration of 5 years. Further details concerning the outcome defin-
itions are provided in Supplementary Method S3.

Statistical analyses

We used large-scale propensity score (PS) modelling [19], which
included >3,000 baseline patient characteristics between the study
and comparison cohorts, including all available demographic char-
acteristics as well as medical, medication, and procedure history in
each database. The study populations were then matched using
one-to-one greedy matching of the PS. After PS matching, a stan-
dardised difference of <0.25 for every covariate was considered
negligible [20]. Cox proportional hazard models were used to
estimate the association between exposures and outcomes. We then
performed a meta-analysis to calculate the summary hazard ratio
(HR) estimates across the databases. Before performing the meta-
analysis, the I” statistic was used to measure the heterogeneity
among the included studies. If the I* value was >50%, a random-
effects meta-analysis was performed. If the I* value was <50%, a
fixed effects meta-analysis was conducted [21]. A pre-specified
two-sided P-value of <0.05 was considered statistically significant.
We followed the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) reporting guidelines.

Sensitivity analyses

Multiple sensitivity analyses were conducted using different defin-
itions of the study population, at-risk time windows, and follow-up
duration. We also performed a sensitivity analysis after stratifying
the patients according to age (45-54 and 55-64 years) to check if
any differences emerged [12]. Additionally, to examine the effects
of HRT in patients diagnosed with symptomatic menopausal tran-
sition, we compared patients with symptomatic menopausal tran-
sition treated with and without HRT. HRT regimens included
oestrogen alone as well as oestrogen plus progesterone. Drug
exposure was defined as at least 180 days of use in the 3 years after
the index date. Furthermore, an additional time-at-risk window
(intention-to-treat basis) was applied. The intention-to-treat
period was defined as the period from 1 day after the index date
until the end of observation. Moreover, to investigate potential
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surveillance bias, subgroups were stratified according to the
follow-up duration (0-1, 1-5, and =5 year) since symptomatic
menopausal transition diagnosis.

Results
Cohort characteristics

A total of 13,575 patients with symptomatic menopausal transition
and 382,178 without symptomatic menopausal transition were
included across the five data sources. The aggregated patient cohort
size, follow-up duration, incidence of psychiatric disorders, and
minimum detectable relative risk before and after PS matching in
the five databases are shown in Supplementary Table S1.

The baseline characteristics of the overall study population
before and after PS matching are shown in Table 1 and Supple-
mentary Table S2. The baseline characteristics before and after PS
matching for each database are presented in Supplementary Tables
S3-S57. After PS matching, the absolute standardised differences for
all baseline characteristics between patients with and without
symptomatic menopausal transition were <0.25 within each data
source (7,883 pairs in AJH, 6,480 pairs in KDH, 6,095 pairs in MJH,
4,665 pairs in KWMC, and 3,848 pairs in PNUH; see Supplemen-
tary Figure S1).

Outcome assessment

The survival curves for the occurrence of psychiatric disorders
during the 5-year follow-up after PS matching are shown in
Figure 2. Cases where the proportional hazards assumption was
not met in the survival analysis were excluded from the meta-
analysis. Specifically, KDH was excluded for anxiety disorders
and KWMC was excluded for sleep disorders. The meta-analytic
comparative effect estimates for the outcomes of depressive, anx-
iety, and sleep disorder are presented in Figure 3. Symptomatic
menopausal transition was significantly associated with an
increased risk of depression (summary HR 2.10, 95% confidence
interval [CI] 1.63-2.10; P < 0.01 in meta-analysis). Symptomatic
menopausal transition was significantly associated with an
increased risk of anxiety (summary HR 1.64, 95% CI 1.01-2.66,
P = 0.04). Symptomatic menopausal transition was significantly
associated with an increased risk of sleep disorder (summary HR
1.47,95% CI 1.16-1.88, P < 0.01).

Sensitivity analyses

The survival curves for the occurrence of psychiatric disorders in
the intention-to-treat analysis after PS matching are presented in
Supplementary Figure S2. In the different risk windows of the
intention-to-treat analysis, symptomatic menopausal transition
was significantly associated with an increased risk of depression,
anxiety, and sleep disorder (summary HR 2.01, 95% CI 1.61-2.51,
P < 0.01, summary HR 1.73, 95% CI 1.13-2.66, P = 0.01, and
summary HR 1.45,95% CI 1.18-1.78, P < 0.01 in the meta-analysis,
respectively; Figure 4).

The meta-analytic comparative effect estimates for the different
target age definitions during the 5-year follow-up and intention-to-
treat analyses are presented in Supplementary Figures S3 and S4. In
the subgroup of patients aged 45-54 years, in both risk windows,
symptomatic menopausal transition was significantly associated
with an increased risk of depression, anxiety, and sleep disorder
(follow-up 5 years: summary HR 1.77,95% CI 1.33-2.36, P < 0.01 in
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Table 1. Baseline characteristics
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Patients with and without symptomatic menopausal transition

Before matching

After matching

With SMT Without SMT Std. With SMT Without SMT Std.
(n =13,575) (n =382,178) diff. (n = 8,549) (n = 8,549) diff.
Age (years)
45-49 26.1 38.4 0.30 28.0 30.7 0.07
50-54 40.8 23.7 0.51 37.3 37.0 <0.01
55-59 223 20.2 0.10 22.8 20.9 0.06
60-64 10.8 17.6 0.24 11.9 11.4 0.02
Medical history
Diabetes mellitus 31 2.3 0.08 34 35 <0.01
Hyperlipidaemia 1.4 1.8 0.36 6.4 6.7 <0.01
Obesity 1.8 0.3 0.19 1.8 1.9 <0.01
Cerebrovascular disease 0.7 0.8 0.01 0.7 0.9 0.03
Hypertension 77 4.7 0.19 75 77 0.03
Ischaemic heart disease 0.9 0.9 0.02 11 0.9 <0.01
Renal failure syndrome 0.7 0.6 0.03 0.7 0.5 0.03
Chronic liver disease 0.6 0.7 0.02 0.6 0.7 0.02
Urinary tract infection 0.6 0.3 0.06 0.5 0.6 0.04
Malignant neoplastic disease 2.9 3.6 0.02 2.8 31 0.03
Medication
Beta-blocking agents 4.7 3.9 0.06 4.3 4.9 0.06
Calcium channel blocker 5.8 4.5 0.10 5.6 5.8 0.02
Diuretics 5.8 3.6 0.13 55 5.7 0.01
ACE inhibitors or angiotensin Il
antagonist 6.1 3.7 0.18 5.7 5.7 0.01
Anti-thrombotic agents 8.6 7.5 0.06 8.1 8.5 0.01
Blood glucose-lowering drugs 3.4 2.5 0.10 3.6 3.5 0.02
Antibacterial drugs 22.8 17.8 0.14 20.7 22.6 0.07

Values are presented as proportion of patients (%).

Abbreviations: ACE inhibitors, angiotensin-converting enzyme inhibitors; SMT, symptomatic menopausal transition; Std. diff., standardised difference.

the meta-analysis, summary HR 1.72, 95% CI 1.17-2.55, P < 0.01 in
the meta-analysis, and summary HR 1.91, 95% CI 1.37-2.66,
P < 0.01 in the meta-analysis; intention to treat: summary HR
1.62, 95% CI 1.26-2.08, P < 0.01 in the meta-analysis, summary
HR 1.52, 95% CI 1.09-2.11, P = 0.01 in the meta-analysis, and
summary HR 1.55,95% CI 1.20-2.02, P < 0.01 in the meta-analysis,
respectively) (see Supplementary Figure S3). In the subgroup of
patients aged 55-64 years, in both risk windows, symptomatic
menopausal transition was significantly associated with an
increased risk of depression. (5-year follow-up: summary HR
1.73, 95% CI 1.19-2.52, P < 0.01 in the meta-analysis; intention
to treat: summary HR 1.66, 95% CI 1.19-2.33, P < 0.01 in the meta-
analysis, respectively) (see Supplementary Figure S4). No signifi-
cance differences related to anxiety disorders and sleep disorders
were observed in the subgroup of patients aged 55-64 years.

The meta-analytic comparative effect estimates for HRT in the
5-year follow-up and intention-to-treat analyses are presented in
Supplementary Figure S5. At the 5-year follow-up, HRT was sig-
nificantly associated with an increased risk of depression and sleep
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disorder (summary HR 2.21, 95% CI 1.07-4.55, P = 0.03 in the
meta-analysis; summary HR 2.51, 95% CI 1.25-5.04, P < 0.01 in the
meta-analysis, respectively). In the intention-to-treat analysis, HRT
was significantly associated with an increased risk of sleep disorder
(summary HR 1.81, 95% CI 1.16-2.82, P < 0.01).

Results stratified by follow-up duration are presented in Sup-
plementary Table S8. Incidence rate ratios of depression, anxiety
disorder, and sleep disorder significantly increased in all the follow-
up duration groups (0-1, 1-5, and 5 years).

Discussion

In this retrospective cohort study, we estimated the comparative
effects of symptomatic menopausal transition on the occurrence of
depressive disorder, anxiety disorder, and sleep disorder. Women
diagnosed with symptomatic menopausal transition demonstrated
associations regarding an increased risk of depressive, anxiety, and
sleep disorders when compared with women who had not been
diagnosed with symptomatic menopausal transition. In the
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Figure 2. Kaplan-Meier plots for the risk of depression, anxiety, and sleep disorder associated with symptomatic menopausal transition.

subgroup of patients aged 45-54 years, symptomatic menopausal
transition was significantly associated with an increased risk of
depressive disorder, anxiety disorder, and sleep disorder, whereas
only the risk of depressive disorder was higher association in the
subgroup of patients aged 55-64 years. In the subgroup analysis, for
estimating the effect of symptomatic menopausal transition
patients with HRT, the use of HRT was associated with an increased
risk of sleep disorders when compared with non-use of HRT. These
results were consistent for the different risk windows.

Our findings indicating that women diagnosed with symptom-
atic menopausal transition are associated with an increased risk of
depressive disorder are consistent with those of previous studies,
including a nationwide cohort study in Taiwan [22]. The presence
of clinically significant menopausal symptoms may exacerbate
depressive symptoms in perimenopausal women [23]. The pattern
for the risk of depression is consistent with the results of our sub-
population analysis. Although it has been demonstrated that most
women do not develop depression at menopause [24], our results
show that perimenopausal symptoms may be a factor in the devel-
opment of depressive disorders during menopausal transition.
Furthermore, since menopausal transition usually lasts for approxi-
mately 3-9 years [25], the increased risk of depressive disorder in
the sensitivity analysis on an intent-to-treat basis suggests that
women who experienced a more symptomatic menopausal transi-
tion were at higher risk of developing depression within the 10-year
observation period, regardless of whether they currently have
menopausal symptoms. This also suggests that in the long-term,
lack of protective hormonal effects increases the risk of depression.
These findings are consistent with the result of the previous study in
which an increased risk of significant depressive symptoms was
observed in postmenopausal women [26]. Additionally, consider-
ing that sleep quality and anxiety symptoms are positively correl-
ated with perimenopausal symptoms [27, 28], our results regarding
the increased risk of anxiety disorders and sleep disorders are in line
with previous literature. However, inconsistent results concerning
anxiety disorders and sleep disorders were observed in the sub-
population analysis. Associations between menopausal symptoms
and anxiety/sleep disorders have been less consistent in other
studies [28, 29]. In particular, anxiety disorders showed heterogen-
eity of results even in the total population. Unlike depression and
sleep disorders, which have a small number of codes, anxiety
disorders have multiple codes with different characteristics, such
as panic disorder, mixed depressive anxiety disorder, generalised
anxiety disorder, and anxiety disorders caused by drugs or general
medical conditions. Due to the variety of anxiety disorder codes, the
composition of anxiety disorders may differ between hospitals,
which may be related to the heterogeneity of anxiety disorders. It
has been reported that there were differences according to institu-
tions for psychiatric patients in South Korea [30]. Overall, the
relationship between perimenopausal symptoms and anxiety or
sleep disorders may not be as robust as that between perimeno-
pausal symptoms and depression.

In our study, both subgroups by age showed association of an
increased risk of depression; however, for anxiety and sleep dis-
orders, only the subgroup of patients aged 45-54 years demon-
strated an increased risk. These findings are consistent with the
results of epidemiological studies demonstrating that anxiety dis-
orders are more prevalent at younger ages than in the older popu-
lation [31]. Regarding sleep disorders, their prevalence generally
increases with increasing age [32]. However, the prevalence of sleep
disorders has been shown to decrease from perimenopause to
postmenopause [33]. These results indicate that there is a “window
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Follow up 5 years

1. Depression

With SMT Without SMT Favors| Favors
Source Total Event Total Event HR  95% CI symptomatic | asymptomatic
AJH 4,187 96 4,187 46 2.12 [1.41;3.19] —-—
KDH 1576 43 1576 16 3.44 [1.62;7.30] —_—
MJH 1,335 75 1,335 45 1.71 [1.10; 2.67] ——*—i—
KWMC 945 37 945 14 2.89 [1.34;6.23] —_——
PNUH 506 13 506 8 1.43 [0.53; 3.83] * :
Overall 8,549 264 8,549 129 2.10 [1.63;2.71] —
Heterogeneity: 17 =0.0% I f ‘ |
0.25 0.5 1 2 4
2. Anxiety
With SMT Without SMT Favors| Favors
Source Total Event Total Event HR  95% CI symptomatic | asymptomatic
AJH 4,187 57 4,187 18 3.07 [1.67;5.64] 4-*-7
MJH 1,335 49 1,335 31 1.12 [0.65;1.96] —_—
KWMC 945 41 945 19 1.61 [0.89; 2.91] -
PNUH 506 13 506 9 1.14 [0.41;3.22] i
Overall 6,973 160 6,973 77 1.64 [1.01; 2.66] --—--
Heterogeneity: 12 =52.7% I T |
0.25 0.5 1 2 10
3. Sleep disorder
With SMT Without SMT Favors| Favors
Source Total Event Total Event HR  95% CI symptomatic | asymptomatic
AJH 4,187 139 4,187 79 1.38 [1.00;1.89] ——
KDH 1576 17 1,576 13 1.20 [0.51;2.81] i
MJH 1,335 82 1,335 48 1.71 [1.07;2.74] —
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Figure 3. Risk of depression, anxiety, and sleep disorder at the 5-year follow-up.

of opportunity” when hormonal imbalance and other perimeno-
pausal changes increase the risk of anxiety and sleep disorders,
while for depressive disorders, it appears that the chronic changes
conferred by menopause may act as a sustained risk throughout
postmenopausal years.

For HRT, the 5-year follow-up results revealed a higher risk of
depression in the HRT group, whereas a higher risk of sleep
disorders was found in both observation periods. Similar to our
findings, Wium-Andersen et al. showed that use of HRT during
menopause was associated with risk of depression diagnosis
[34]. Consistent with our findings of a higher risk of depression
in the first 5 years of HRT, the risk was higher in the first 5 years
than in subsequent years. The biological mechanisms linking HRT
and depression have suggested that oestradiol has a negative effect
on depression and anxiety in the later stages of menopause
[35]. Contrary to our findings, Kulkarni et al. showed the anti-
depressant efficacy of tibolone for depressive disorders in women
through the menopause transition [36]. Also, in previous double-
blind randomised-controlled trial (RCT), depression rating scale
scores were significantly lower in the oestrogen treatment group
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compared with controls [37]. However, both the Kulkarni and RCT
studies had a short observation period of less than 3 months, so the
results may be different from a long-term impact evaluation such as
our findings. In addition, given that studies have shown that the
addition of progesterone can reduce the psychological effects of
oestrogen treatment, [38] it is possible that our study design, which
included both combination and single agent treatments, had the
opposite effect of oestrogen. Since anxiety and depression played a
mediating role in the relationship between menopausal symptoms
and quality of sleep [27], HRT may have affected sleep through
mood symptoms. Another study showed that HRT users in general
reported more daytime sleepiness and were more likely to use sleep
medications, suggesting an overall poorer quality of sleep [39]. Pre-
vious studies have demonstrated that symptom severity during
menopausal transition are the main contributors to a poor sleep
quality [40]. Association between HRT use and sleep disorder may
be because patients receiving HRT had more menopausal symp-
toms than those without HRT. Our findings on HRT need to be
confirmed by studies considering drug composition and symptom
severity. Although there is a possibility of bias, our findings do not
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Figure 4. Risk of depression, anxiety, and sleep disorder in intention-to-treat analysis.

support previously suggested effects of HRT on depression, anxiety,
and sleep disorders [24].

The results of stratification by duration of follow-up indicated
that the incidence of depressive disorder, anxiety disorder, and
sleep disorder was increased in the first year after the diagnosis of
symptomatic menopausal transition. These findings have the
potential for surveillance bias. However, the incidence of depressive
disorder, anxiety disorder, and sleep disorder remained signifi-
cantly elevated after the first year of follow-up, suggesting that
the observed effects were not solely due to surveillance bias.

In our study, we used a retrospective observational cohort study
based on EHR data. Although the RCT is the gold standard, the
advantages of the cohort study, such as larger samples and longer
follow-up, may provide an alternative to the RCT. Since confound-
ing is a limitation of the cohort study, we applied extensive PS
adjustment including 1:1 PS matching to reduce the effects of
confounding.

Limitations

This study had several limitations. First, we could not include
psychosocial factors such as stressful life events, attitudes toward
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menopause, and personality. However, to reduce the effect of a lack
of detailed information, we used large-scale PS methods, which
were able to balance the unmeasured characteristics [41]. Second,
symptomatic menopausal transition may include psychiatric symp-
toms such as sleep disturbance. Psychiatric or sleep-related meno-
pausal symptoms can also be early signs of psychiatric diseases.
However, previous studies have mentioned that most patients are
diagnosed with symptomatic menopausal transition based on som-
atic symptoms, including hot flushes, cold or night sweats, sexual
discomfort, vaginal dryness, headaches, and joint pains [22]. Previ-
ous papers on the association between menopausal transition and
psychiatric disorders have included sleep disorders as an outcome
[42]. Third, HRT use was not considered in the primary analysis
comparing women with and without symptomatic menopausal
transition. However, only 7.7% of women diagnosed with symp-
tomatic menopausal transition received more than 6 months of
HRT. Due to the low number of patients treated, patients regardless
HRT were used in the primary analysis. Instead, as a sensitivity
analysis, we compared differences by HRT status among patients
diagnosed with symptomatic menopausal transition. Also, we
assumed that only women diagnosed with symptomatic meno-
pausal transition were exposed to HRT and compared the effects
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of HRT only among women diagnosed with symptomatic meno-
pausal transition. As we assumed, 98.7% of the women who were
not diagnosed with symptomatic menopausal transition in our
study had never been exposed to HRT during their lifetime.
Fourth, in the meta-analysis, the results of Ajou University Hos-
pital contributes all effect sizes for the outcome of anxiety dis-
orders. Especially, when the number of included studies is small
(<5 studies), the results of a meta-analysis should be interpreted
with caution [43]. Regarding this, the results should be interpreted
with caution, and further analysis using advanced statistical
methods may be necessary in the future. Fifth, this study used
data from Koreans only; thus, the results cannot be generalized.
Sixth, because this was a retrospective cohort study, our findings
are only associations and causality cannot be assumed. Seventh,
since this was a code-based analysis, data on specific symptoms
were not available from the cohorts. For this reason, we were
unable to identify if specific symptom types were associated with a
greater risk of psychiatric disorders. Further symptom-specific
analyses are needed in the future for clinical implications of the
relationship between menopausal symptoms and psychiatric dis-
orders. Eighth, it is possible that asymptomatic menopausal
women have symptoms but simply choose not to engage in health
care. Specifically, there may be instances where patients did not
visit their obstetrics and gynaecology despite a physician’s request
for a consultation. Our results should be interpreted considering
the differences in help-seeking between the asymptomatic and
symptomatic groups.

Conclusion

In conclusion, our findings suggest an increased risk of depression,
anxiety, and sleep disorders in women diagnosed with symptomatic
menopausal transition. Our study results did not support the
therapeutic effects of HRT on depression, anxiety, and sleep dis-
orders. Therefore, more attention should be paid to women with a
symptomatic menopausal transition. Additionally, options other
than HRT may need to be considered for the treatment of mood
symptoms during perimenopause. Considering the number of
unmeasured confounders, further investigations are necessary to
clarify the association between symptomatic menopausal transition
and psychiatric disorders.
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Acknowledgements. The authors thank the participants and investigators for
this study.

Author contribution. Conceptualisation: D.Y.L; Formal analysis: D.Y.L;
Funding acquisition: S.J.S. and R.-W.P.; Investigation: D.Y.L.; Methodology:
DYL, CA, HK, S.Y, YK, SJ.S., and RW.P.; Resources: J.L., EJH., Y.-T.
0., and H.H.K; Supervision: S.Y., S.J.S., and R-W.P.; Writing — original draft:
D.Y.L; Writing — review and editing: C.A., H.A,, HK,, AM.,, AK, YK, SJ.S.,
and R-W.P. All authors have approved the final article.

Financial support. This work was supported by the National Research Foun-
dation of Korea (NRF), funded by the Ministry of Science and ICT
(NRF-2019R1A5A2026045); and by a grant of the Korea Health Technology
R&D Project through the Korea Health Industry Development Institute
(KHIDI), funded by the Ministry of Health & Welfare, Republic of Korea
(Grant No. HR22C173401). The funding sources had no role in the study
design; collection, analysis, and interpretation of the data; writing of the report;
and decision to submit the article for publication.

Competing interest. The authors declare no competing interests exist.

https://doi.org/10.1192/j.eurpsy.2023.2439 Published online by Cambridge University Press

Lee et al.

References

(1]

[10]

(11]

[12]

[13]

[14]

[15]

[16]

(17]

(18]

Hogervorst E, Craig J, O’'Donnell E. Cognition and mental health in
menopause: a review. Best Pract Res Clin Obstet Gynaecol. 2022;81:
69-84. https://doi.org/10.1016/j.bpobgyn.2021.10.009

Woods NF, Smith-DiJulio K, Percival DB, Tao EY, Mariella A, Mitchell ES.
Depressed mood during the menopausal transition and early postmeno-
pause: observations from the Seattle midlife women’s health study. Meno-
pause. 2008;15:223-32. https://doi.org/10.1097/gme.0b013e3181450fc2
Nuffield Health. One in four with menopause symptoms concerned about
ability to cope with life. Available at https://www.nuffieldhealth.com/
article/one-in-four-with-menopause-symptoms-concerned-about-abil
ity-to-cope-with-life#about; 2022 (accessed 1 March 2022).

Gibbs Z, Lee S, Kulkarni J. Factors associated with depression during the
perimenopausal transition. Womens Health Issues. 2013;23:e301-7.
https://doi.org/10.1016/j.whi.2013.07.001

Lokuge S, Frey BN, Foster JA, Soares CN, Steiner M. Depression in women:
windows of vulnerability and new insights into the link between estrogen
and serotonin. J Clin Psychiatry. 2011;72:¢1563-9. https://doi.org/
10.4088/JCP.11com07089

Hernéndez-Herndndez OT, Martinez-Mota L, Herrera-Pérez JJ, Jiménez-
Rubio G. Role of estradiol in the expression of genes involved in serotonin
neurotransmission: implications for female depression. Curr Neuropharma-
col. 2019;17:459-71. https://doi.org/10.2174/1570159X16666180628165107
Deecher D, Andree TH, Sloan D, Schechter LE. From menarche to
menopause: exploring the underlying biology of depression in women
experiencing hormonal changes. Psychoneuroendocrinology. 2008;33:
3-17. https://doi.org/10.1016/j.psyneuen.2007.10.006

Woods NF, Cray LA, Mitchell ES, Herting JR. Endocrine biomarkers and
symptom clusters during the menopausal transition and early postmeno-
pause: observations from the Seattle midlife women’s health study. Meno-
pause. 2014;21:646-52. https://doi.org/10.1097/gme.0000000000000122
Strauss JR. The reciprocal relationship between menopausal symptoms
and depressive symptoms: a 9-year longitudinal study of American
women in midlife. Maturitas. 2011;70:302—6. https://doi.org/10.1016/j.
maturitas.2011.08.002

Li RX, Ma M, Xiao XR, Xu Y, Chen XY, Li B. Perimenopausal syndrome
and mood disorders in perimenopause: prevalence, severity, relationships,
and risk factors. Medicine (Baltimore). 2016;95:e4466. https://doi.org/
10.1097/MD.0000000000004466

Liu M, Wang Y, Li X, Liu P, Yao C, Ding Y, et al. A health survey of Beijing
middle-aged registered nurses during menopause. Maturitas. 2013;74:84—
8. https://doi.org/10.1016/j.maturitas.2012.10.006

Shea AK, Sohel N, Gilsing A, Mayhew AJ, Griffith LE, Raina P. Depression,
hormone therapy, and the menopausal transition among women aged 45 to
64 years using Canadian longitudinal study on aging baseline data. Meno-
pause. 2020;27:763-70. https://doi.org/10.1097/GME.0000000000001540
Hickey M, Elliott J, Davison SL. Hormone replacement therapy. BMJ.
2012;344:¢763. https://doi.org/10.1136/bmj.e763

Ruiz AD, Daniels KR, Barner JC, Carson JJ, Frei CR. Effectiveness of
compounded bioidentical hormone replacement therapy: an observational
cohort study. BMC Womens Health. 2011;11:1-10. https://doi.org/
10.1186/1472-6874-11-27

Gleason CE, Dowling NM, Wharton W, Manson JE, Miller VM, Atwood
CS, et al. Effects of hormone therapy on cognition and mood in recently
postmenopausal women: findings from the randomized, controlled
KEEPS—cognitive and affective study. PLoS Med. 2015;12:¢1001833.
https://doi.org/10.1371/journal.pmed.1001833

Overhage JM, Ryan PB, Reich CG, Hartzema AG, Stang PE. Validation of
a common data model for active safety surveillance research. ] Am Med
Inform Assoc. 2012;19:54-60. https://doi.org/10.1136/amiajnl-2011-
000376

Mishra GD, Kuh D. Health symptoms during midlife in relation to
menopausal transition: British prospective cohort study. BM]J. 2012;344:
€402. https://doi.org.10.1136/bmj.e402

Bate A, Chuang-Stein C, Roddam A, Jones B. Lessons from meta-analyses
of randomized clinical trials for analysis of distributed networks of


https://doi.org/10.1192/j.eurpsy.2023.2439
https://doi.org/10.1016/j.bpobgyn.2021.10.009
https://doi.org/10.1097/gme.0b013e3181450fc2
https://www.nuffieldhealth.com/article/one-in-four-with-menopause-symptoms-concerned-about-ability-to-cope-with-life#about
https://www.nuffieldhealth.com/article/one-in-four-with-menopause-symptoms-concerned-about-ability-to-cope-with-life#about
https://www.nuffieldhealth.com/article/one-in-four-with-menopause-symptoms-concerned-about-ability-to-cope-with-life#about
https://doi.org/10.1016/j.whi.2013.07.001
https://doi.org/10.4088/JCP.11com07089
https://doi.org/10.4088/JCP.11com07089
https://doi.org/10.2174/1570159X16666180628165107
https://doi.org/10.1016/j.psyneuen.2007.10.006
https://doi.org/10.1097/gme.0000000000000122
https://doi.org/10.1016/j.maturitas.2011.08.002
https://doi.org/10.1016/j.maturitas.2011.08.002
https://doi.org/10.1097/MD.0000000000004466
https://doi.org/10.1097/MD.0000000000004466
https://doi.org/10.1016/j.maturitas.2012.10.006
https://doi.org/10.1097/GME.0000000000001540
https://doi.org/10.1136/bmj.e763
https://doi.org/10.1186/1472-6874-11-27
https://doi.org/10.1186/1472-6874-11-27
https://doi.org/10.1371/journal.pmed.1001833
https://doi.org/10.1136/amiajnl-2011-000376
https://doi.org/10.1136/amiajnl-2011-000376
https://doi.org/10.1136/bmj.e402
https://doi.org/10.1192/j.eurpsy.2023.2439

European Psychiatry

observational databases. Pharm Stat. 2019;18:65-77. https://doi.org/
10.1002/pst.1908

Tian Y, Schuemie MJ, Suchard MA. Evaluating large-scale propensity
score performance through real-world and synthetic data experiments.
Int ] Epidemiol. 2018;47:2005-14. https://doi.org/10.1093/ije/dyy120
Rubin DB. Using propensity scores to help design observational studies:
application to the tobacco litigation. Health Serv Outcome Res Methodol.
2001;2:169-88. https://doi.org/10.1023/A:1020363010465

Yang L, Zhan GD, Ding JJ, Wang HJ, Ma D, Huang GY, et al. Psychiatric
illness and intellectual disability in the Prader—Willi syndrome with dif-
ferent molecular defects-a meta analysis. PLoS One. 2013;8:e72640.
https://doi.org/10.1371/journal.pone.0072640

Chen MH, Su TP, Li CT, Chang WH, Chen TJ, Bai YM. Symptomatic
menopausal transition increases the risk of new-onset depressive disorder
in later life: a nationwide prospective cohort study in Taiwan. PLoS One.
2013;8:e59899. https://doi.org/10.1371/journal.pone.0059899

Gordon JL, Girdler SS. Hormone replacement therapy in the treatment of
perimenopausal depression. Curr Psychiatry Rep. 2014;16:517. https://
doi.org/10.1007/s11920-014-0517-1

Schmidt PJ, Haq N, Rubinow DR. A longitudinal evaluation of the
relationship between reproductive status and mood in perimenopausal
women. Am ] Psychiatry. 2004;161:2238—44. https://doi.org/10.1176/appi.
ajp.161.12.2238

Vivian-Taylor ], Hickey M. Menopause and depression: is there a link?
Maturitas. 2014;79:142-6. https://doi.org/10.1016/j.maturitas.2014.05.014
Bromberger JT, Matthews KA, Schott LL, Brockwell S, Avis NE, Kravitz
HM, et al. Depressive symptoms during the menopausal transition: the
study of women’s health across the nation (SWAN). J Affect Disord. 2007;
103:267-72. https://doi.org/10.1016/}.jad.2007.01.034

Zhou Q, Wang B, Hua Q, Jin Q, Xie J, Ma ], et al. Investigation of the
relationship between hot flashes, sweating and sleep quality in perimeno-
pausal and postmenopausal women: the mediating effect of anxiety and
depression. BMC Womens Health. 2021;21:1-8. https://doi.org/10.1186/
§12905-021-01433-y

Bryant C, Judd FK, Hickey M. Anxiety during the menopausal transition: a
systematic review. ] Affect Disord. 2012;139:141-8. https://doi.org/
10.1016/j.jad.2011.06.055

Baker FC, Lampio L, Saaresranta T, Polo-Kantola P. Sleep and sleep
disorders in the menopausal transition. Sleep Med Clin. 2018;13:443-56.
https://doi:org/10.1016/j.jsmc.2018.04.011

Chung W, Cho WH, Yoon CW. The influence of institutional character-
istics on length of stay for psychiatric patients: a national database study in
South Korea. Soc Sci Med. (2009) 68:1137—44. https://doi.org/10.1016/
j.socscimed.2008.12.045

https://doi.org/10.1192/j.eurpsy.2023.2439 Published online by Cambridge University Press

(31]

(32]

[33

(34]

(35]

[36

[37

(38

(39

(40

S
=

(42]

(43

Lenze EJ, Wetherell JL. A lifespan view of anxiety disorders. Dialogues Clin
Neurosci. 2011;13:381-99. https://doi.org/10.31887/DCNS.2011.13.4/elenze
Jehan S, Masters-Isarilov A, Salifu I, Zizi F, Jean-Louis G, Pandi-Perumal
SR, et al. Sleep disorders in postmenopausal women. J Sleep Disord Ther.
2015;4:212.

Kravitz HM, Joffe H. Sleep during the perimenopause: a SWAN story.
Obstet Gynecol Clin N Am. 2011;38:567-86. https://doi.org/10.1016/
j.08¢.2011.06.002

Wium-Andersen MK, Jorgensen TSH, Halvorsen AH, Hartsteen BH,
Jorgensen MB, Osler M. Association of hormone therapy with depression
during menopause in a cohort of Danish women. JAMA Netw Open. 2022;
5:¢2239491. https://doi.org/10.1001/jamanetworkopen.2022.39491

Bech P, Munk-Jensen N, Obel EB, Ulrich LG, Eiken P, Nielsen SP.
Combined versus sequential hormonal replacement therapy: a double-blind,
placebo-controlled study on quality of life-related outcome measures. Psy-
chother Psychosom. 1998;67:259—65. https://doi.org/10.1159/000012289
Kulkarni J, Gavrilidis E, Thomas N, Hudaib A-R, Worsley R, Thew C, et al.
Tibolone improves depression in women through the menopause transi-
tion: a double-blind randomized controlled trial of adjunctive tibolone. J
Affect Disord. 2018;236:88-92. https://doi.org/10.1016/j.jad.2018.04.103
Schmidt PJ, Nieman L, Danaceau MA, et al. Estrogen replacement in
perimenopause-related depression: a preliminary report. Am J Obstet
Gynecol. 2000;183(2):414-20. https://doi.org/10.1067/mob.2000.106004
Belchetz PE. Hormonal treatment of postmenopausal women. N Engl ] Med.
1994;330(15):1062-71. https://doi.org/10.1056/NEJM199404143301508
Shahar E, Redline S, Young T, Boland LL, Baldwin CM, Nieto FJ, et al.
Hormone replacement therapy and sleep-disordered breathing.
Am ] Respir Crit Care Med. 2003;167:1186-92. https://doi.org/10.1164/
rcem.200210-12380c

Li C, WangL, Sun X, Yang X. Analysis of the long-term beneficial effects of
menopausal hormone therapy on sleep quality and menopausal symp-
toms. Exp Ther Med. 2019;18:3905-12. https://doi.org/10.3892%
2Fetm.2019.8058

Suchard MA, Schuemie MJ, Krumholz HM, Ronco C. Comprehensive
comparative effectiveness and safety of first-line antihypertensive drug
classes: a systematic, multinational, large scale analysis. Lancet. 2019;394:
1816-26. https://doi.org/10.1016/S0140-6736(19)32317-7

Hu LY, Shen CC, Hung JH, Chen PM, Wen CH, Chiang YY, et al. Risk of
psychiatric disorders following symptomatic menopausal transition: a
nationwide population-based retrospective cohort study. Medicine.
2016;95(6):¢2800.

Zhou S, Shen C. Avoiding definitive conclusions in meta-analysis of
heterogeneous studies with small sample sizes. JAMA Otolaryngol Head
Neck Surg. 2022;148(11):1003—4.


https://doi.org/10.1002/pst.1908
https://doi.org/10.1002/pst.1908
https://doi.org/10.1093/ije/dyy120
https://doi.org/10.1023/A:1020363010465
https://doi.org/10.1371/journal.pone.0072640
https://doi.org/10.1371/journal.pone.0059899
https://doi.org/10.1007/s11920-014-0517-1
https://doi.org/10.1007/s11920-014-0517-1
https://doi.org/10.1176/appi.ajp.161.12.2238
https://doi.org/10.1176/appi.ajp.161.12.2238
https://doi.org/10.1016/j.maturitas.2014.05.014
https://doi.org/10.1016/j.jad.2007.01.034
https://doi.org/10.1186/s12905-021-01433-y
https://doi.org/10.1186/s12905-021-01433-y
https://doi.org/10.1016/j.jad.2011.06.055
https://doi.org/10.1016/j.jad.2011.06.055
https://doi.org/10.1016/j.jsmc.2018.04.011
https://doi.org/10.1016/j.socscimed.2008.12.045
https://doi.org/10.1016/j.socscimed.2008.12.045
https://doi.org/10.31887/DCNS.2011.13.4/elenze
https://doi.org/10.1016/j.ogc.2011.06.002
https://doi.org/10.1016/j.ogc.2011.06.002
https://doi.org/10.1001/jamanetworkopen.2022.39491
https://doi.org/10.1159/000012289
https://doi.org/10.1016/j.jad.2018.04.103
https://doi.org/10.1067/mob.2000.106004
https://doi.org/10.1056/NEJM199404143301508
https://doi.org/10.1164/rccm.200210-1238oc
https://doi.org/10.1164/rccm.200210-1238oc
https://doi.org/10.3892%2Fetm.2019.8058
https://doi.org/10.3892%2Fetm.2019.8058
https://doi.org/10.1016/S0140-6736(19)32317-7
https://doi.org/10.1192/j.eurpsy.2023.2439

	Impact of symptomatic menopausal transition on the occurrence of depression, anxiety, and sleep disorders: A real-world multi-site study
	Introduction
	Study design and data sources
	Outcomes
	Statistical analyses
	Sensitivity analyses

	Results
	Cohort characteristics
	Outcome assessment
	Sensitivity analyses

	Discussion
	Limitations
	Conclusion

	Supplementary material
	Acknowledgements
	Author contribution
	Financial support
	Competing interest
	References


