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Abstract
Objectives—Late perimenopause and early postmenopause confer an increased risk of
depression in the population, yet bipolar disorder mood course during these times remains unclear.

Methods—Clinic visits in 519 premenopausal, 116 perimenopausal including 13 women
transitioning from perimenopause to postmenopause, and 133 postmenopausal women with
bipolar disorder who received naturalistic treatment in the multisite STEP-BD study over
19.8±15.5 months were analyzed for mood state. History of postpartum and perimenstrual mood
exacerbation and current hormone therapy were evaluated as potential mood predictors.

Results—A progression in female reproductive stage (premenopause, perimenopause, and
postmenopausae) was significantly associated with percent of visits decreasing in euthymia
(29.3%, 27.0%, 25.0%, respectively, p<0.05) decreasing in syndromal mood elevation (5.3%,
4.1%, and 3.0%, respectively, p<0.001), and increasing in subsyndromal symptoms (47.3%,
50.7%, and 52.7%, respectively, p = 0.05). Thirteen women transitioning from peri- to
postmenopause had a significantly greater proportion of visits in syndromal depression (24.4%,
p<0.0005) compared to premenopausal, perimenopausal and postmenopausal women, while
depression in the latter three groups (18.1%, 18.1%, and 19.3%, respectively) did not differ.
Perimenstrual and/or postpartum mood exacerbation, or hormone therapy did not significantly
alter depression during perimenopause.
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Conclusions—A progression in female reproductive stages was associated with bipolar illness
exacerbation. A small number of women transitioning from perimenopause to postmenopause had
significantly greater depression than other female reproductive groups. Euthymia and mood
elevation decreased with progressing female reproductive stage. Menstrual cycle or postpartum
mood exacerbation, or current hormone therapy use, was not associated with perimenopausal
depression. Future studies, which include hormonal assessments, are needed to confirm these
preliminary findings.
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INTRODUCTION
Women with bipolar disorder are at risk of severe mood episodes, particularly depression,
during the postpartum (1, 2), a time of decline in reproductive hormones. Overall women
with bipolar disorder differ from men by bearing a greater depressive burden with more
frequent depressive episodes (3, 4), rapid cycling (4, 5), and mixed mania (6, 7). Yet little is
known about the mood episode course in bipolar disorder during the menopausal transition,
another time of marked gonadal hormone fluctuation and decline.

While most women in the population do not experience a depressive episode during the
menopausal transition, psychological symptoms are frequent and consist of irritability,
tearfulness, anxiety, depression, emotional lability, low energy, low motivation, poor
concentration and interrupted sleep (8–10). These symptoms may overlap or potentially
contribute to a mood episode and an expanding literature is reporting an increased risk of
major (and minor) depression in women with or without a history of depression during the
late perimenopause or early postmenopause (11–14). The likelihood of depressed mood
during the menopausal transition has been reported to be approximately 30% to 300%
greater compared to premenopause (15).

Neurobiological changes during the menopausal transition indicate the importance of
evaluating the relationship between reproductive hormonal fluctuation and mood during this
time period. Sex steroid receptors are located in the cognitive and mood processing regions
of the brain, including the amygdala, hippocampus, cingulate cortex, locus ceruleus,
midbrain raphe, and central grey matter (16). Estrogens, progestins, and androgens affect a
wide rangeof neuromodulator processes, including the neuromodulators serotoninand
norepinephrine, implicated in the development of depression (17) Estradiol stimulates
synaptogenesis, and leads to a significant increase in serotonin 5-HT2A binding sights,
increase in serotonin synthesis, decrease in monoamine oxidase concentrations, and thus in
sum, to a possible antidepressant-like effect (18).

Gonadal steroids such as estrogen and progesterone fluctuate greatly during the menopausal
transition, especially in the early transition (change by at least seven days from regular cycle
frequency) where estradiol levels can even rise above the normal menstrual cycle range.
During the late menopausal transition (greater than 60 days between menstruations) gonadal
sex steroids often have their greatest decline. After 365 days of not menstruating a woman is
considered postmenopausal although estrogen and progesterone levels continue to vary, and
from an endocrinological perspective the immediately post-menopausal period may not be
distinguished from the long cycles of perimenopausal women (19, 20).

Prior studies of women with bipolar disorder during the menopausal transition have been
small (21–23) or retrospective (11, 24). Most involved cross-sectional or retrospective
assessment of mood (22, 24, 25). The literature in bipolar disorder suggests an increase in
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mood instability during the menopausal transition (21, 22, 24, 25), particularly an increase in
depression (21, 25) or high rate of depression (23). However, to date no study has compared
mood episodes in women undergoing the menopausal transition with premenopausal and
postmenopausal women with bipolar disorder nor used longitudinal menstrual cycle data.
We investigated whether women with bipolar disorder were at an increased risk of
syndromal depression during the menopausal transition, particularly during the late
perimenopause and early postmenopause compared to premenopause or postmenopause. We
also examined whether a history of mood exacerbation associated with reproductive events
predicted worse mood course during the perimenopause or if use of hormone therapy (HT)
was associated with mood stability.

METHODS
Subjects

Prospectively collected systematic clinical data were analyzed for 268 women with a DSM-
IV diagnosis of bipolar disorder type I, II, or NOS or schizoaffective disorder, bipolar type
(26), who were then selected for reproductive stage of premenopausal, perimenopausal and
postmenopausal as defined below in Subject Classification. Systematic Treatment
Enhancement Program for Bipolar Disorder (STEP-BD) included 4108 female and male
participants enrolled between September 1998 and September 2005 who were treated
according to model practice procedures, which included published pharmacotherapy
guidelines (26) at twelve academic U.S. sites (ClinicalTrials.gov identifier NCT00012558).

DSM-IV diagnoses were based on assessments using the STEP-BD Affective Disorders
Evaluation (ADE) (26), which includes the mood disorders module of the Structured
Clinical Interview for DSM-IV (SCID) (27) and independently confirmed using the Mini
International Neuropsychiatric Interview (MINI) (28). Longitudinal observation of mood
episodes was performed with the STEP-BD Clinical Monitoring Form (CMF) which yielded
DSM-IV mood status for each visit and has been validated with robust correlations with
formal mood symptom rating scales (29). All assessors were psychiatrists trained to use
standardized criteria for mood and symptom ratings. Mood status at each visit was
categorized as recovering/recovered (euthymic), roughening/continued subsyndromally
symptomatic (subsyndromal depressive and or subsyndromal mood elevation), and the
following based on DSM-IV criteria: syndromal depression (major depressive episode), or
syndromal mood elevation (mania, hypomania, mixed mania). Mood status determination
details are published previously (29).

Subject Classification
Premenopausal Women were defined as 28–38 years old at enrollment and having
menstruation recorded every 60 days or fewer. Self-report of regular menstruation was
considered evidence of non-pregnancy and intact uterus (no hysterectomy).

Perimenopausal Women were defined as women 42 to 60 years old who had 60 to 365 days
between the first days of consecutive reported menstruations according to STRAW criteria
for the late menopausal transition (30). All visits of women ages 42 to 60 years old who had
record of menstruating between 60 and 365 days apart were included in the perimenopausal
group.

Postmenopausal women were defined as over 42 years old and having a reported menstrual
cycle after which 365 days passed without further menstruation (i.e. if at any time she had
two menstrual cycles less than 365 days apart, she was considered perimenopausal). If over
60 years old women were considered postmenopausal even if no menstrual cycle data were
recorded.
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Transitioning Perimenopausal to Postmenopausal Women were defined as a subgroup of
perimenopausal women whose menstrual cycle frequency changed from 60 to 365 days to
greater than 365 days without menstruation during participation in STEP-BD

Procedure
The STEP-BD protocol was approved by the human subjects review panel of each site, and
subjects provided verbal and written informed consent prior to participation. Baseline
demographic, diagnostic, illness history, psychiatric comorbidity and reproductive data were
obtained from the baseline STEP-BD ADE assessments. Longitudinal data regarding mood
status as defined by DSM-IV, treatment received, and menstrual status at each visit were
obtained from the STEP-BD CMF assessments performed at each clinical visit. STEP-BD
patients received treatment in accordance with guidelines that exceeded rates previously
reported in randomized controlled trials of guideline implementation (31).

Specific baseline variables used from the baseline ADE included age, sex, bipolar diagnosis,
current comorbid psychiatric diagnoses including substance use and anxiety disorders,
medication at intake (specifically, hormone therapy), age of first mood episode, rapid
cycling status, history or perimenstrual mood exacerbation, history of postpartum mood
exacerbation, menstrual and reproductive history. Variables used from the CMF assessments
included current clinical mood status (syndromal depression, syndromal mood elevation,
subsyndromal mood symptoms or euthymic), and self-reported date of first day of most
recent menses.

Analysis
Proportions of clinic visits with syndromal depression, syndromal elevation and euthymia
for women transitioning from late perimenopause to postmenopause were compared to those
of premenopausal, non-transitioning perimenopausal and postmenopausal women using Chi
square analysis. Pair-wise comparisons between individual reproductive groups for
differences in proportions of clinic visits with syndromal depression were performed using a
Z test of proportions.

A within-woman comparison of mood states in the perimenopause stage compared to
postmenopause stage in the group of women transitioning from perimenopause to
postmenopause was performed by t-test.

Analysis by clinic visit for an overall difference in proportion of clinic visits with differing
mood states between premenopausal, perimenopausal and postmenopausal was performed
by Chi square test.

Differences between premenopausal, perimenopausal and postmenopausal women in known
covariates of mood severity were examined. Possible predictors of recurrence in bipolar
disorder were assessed for presence of significant differences between premenopausal,
perimenopausal and postmenopausal women including bipolar diagnostic subtype, rapid
cycling status, age at onset (32), and current comorbid anxiety (33) and substance use (34)
disorders.

Perimenstrual and Postpartum Mood Exacerbation
To examine whether the presence compared to the absence of a reported history of
postpartum and/or perimenstrual mood exacerbation was associated with an increased
proportion of clinic visits with syndromal depression or syndromal mood elevation in the
menopausal transition women a within-woman analysis using a Z test of proportions.
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Hormone Therapy
The proportion of clinic visits with syndromal depression or syndromal elevation in women
with bipolar disorder taking and not taking hormonal therapy in both the perimenopausal
and postmenopausal women were compared using a Z-test of proportions.

RESULTS
Study Sample

Among 4,108 participants who enrolled in STEP-BD and had an initial diagnostic
assessment with the ADE, 1,740 had complete baseline data. Among 4,108 enrolled subjects
2,196 were women, 1,548 of whom had a recorded age (though not necessarily complete
base line data). Total visit count for the 768 women who met inclusion criteria for one of the
three reproductive groups was 9960.

The overall mean ± SD duration of longitudinal monitoring for all three reproductive groups
was 19.8 ± 15.5 months, with an average frequency of 0.8 ± 0.6 visits a month.

Premenopausal Women
There were 640 women (8943 visits) age 28–38 years of whom 533 (6279 visits) had
information on menses. Of the 533 women with menses information, 29.7% of clinic visits
were missing menstrual cycle data and 519 women (5989 visits) met the inclusion criteria of
menses within sixty days from consent.

Perimenopausal Women
There were 810 women (with 11803 visits) between 42 and 60 years old. Of these women,
68.8% of clinic visits were missing menstrual cycle data and 369 (4538 visits) had
information on menses. From the women with information on menses, 116 women (2046
visits) meet the criteria of a record of menses within 60–365 days.

Postmenopausal Women
Postmenopausal women were between 42 and 83 years old on study entry. 43 (488 visits)
women were under 60 years old and had visits at least 365 days after last menses. 98 women
(1437 visits) were over the age of 60 with 99.5% missing menstrual data, presumably
because the clinician assumed that they were well past their final menstrual period and did
not continue to record a last menstrual cycle many years prior. A total of 133
postmenopausal women with 1924 visits were used for the postmenopausal analysis.

Transitioning Peri to Postmenopausal Women
Within the perimenopausal women, thirteen women met criteria for transitioning from
perimenopause into postmenopause by progressing from 60 to 365 days between menstrual
cycles to greater than 365 days from last menstrual period.

Sample Characteristics
The majority of the subjects were Caucasian and there was no significant difference between
the three reproductive groups in bipolar subtype (I, II, or NOS) or rapid cycling status. Age
of first mood episode was significantly different between the three reproductive groups, with
premenopausal women having the youngest age of onset and postmenopausal women having
the oldest. Also, rates of comorbid anxiety disorders significantly differed across
reproductive groups with notably lower rates in postmenopausal women. There was no
significant difference across the three groups with respect to comorbid alcohol or substance
use disorders (Table 1). Pre-, peri-, and post-menopausal women had statistically similar
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rates of taking mood stabilizing (antipsychotic, antiepileptic or lithium) agents (92.7%,
100.0%, and 92.4%, respectively), antidepressants with mood stabilizing agents (64.1%,
75.9%, and 63.9%), and antidepressants without mood stabilizing agents (3.6%, 0.0%,
3.0%)

Reproductive characteristics varied across the three reproductive cohorts. All three groups
reported similar age of menarche and number of miscarriages, however postmenopausal
women had more births and fewer abortions than the younger two groups. While there was
no significant difference between the three groups in the percentage of women who reported
postpartum mood exacerbation, significantly fewer postmenopausal women compared to the
younger cohorts reported a history of perimenstrual mood exacerbation (Table 2).

Overall Mood State Description by Reproductive Group
There was a significant overall difference in number of visits in different mood states
(euthymic, subsyndromal, depressed or elevated) at clinic visits between the premenopausal,
perimenopausal and postmenopausal women with bipolar disorder, χ2 (6, N = 9959) = 31.6,
p <0.0001.

An ordinal logistic regression model revealed a gradient of worsening mood state from
premenopause to perimenopausal (estimate = 0.0773; 95% CI: 0.9 to −0.1) to
postmenopausal women (estimate = 0.1501 95% CI: −0.06 to 0.4). Thus, there was a
significant increase in the proportion of visits in a subsyndromal state from premenopausal
(47.3±32%) to perimenopausal (50.7±28%) to postmenopausal (52.7±32%) women F(2,
N=768) 3.0, p=0.05. Euthymia and syndromal mood elevations decreased (both detailed
below) and there was no significant difference between the proportion of visits in a
depressed state between the three reproductive groups (Figure 1).

Women Transitioning from Perimenopause to Postmenopause
Thirteen women had a recorded menstrual cycle transition from late menopausal transition
(perimenopause) to postmenopause. These women experienced a significantly greater
proportion of clinic visits in a syndromal depression (24.4±18%) compared to
premenopausal, non-transitioning perimenopausal or postmenopausal women χ2 (3, N =
9960) = 19.8, p <0.0002. However, while a significant difference in proportion of visits in
euthymia in women transition from perimenopause to postmenopause (29±14%) on
comparison of the remaining three reproductive groups was foundχ2 (3, N = 9960) = 9, p
=0.046, there was no notable difference of transitioning peri to postmenopausal women on
pair-wise comparisons with premenopause, non-transitioning perimenopausal and
postmenopausal women in proportion of visits in a euthymic state. Likewise, no significant
difference in proportion of visits in a mood elevation (3.2±0.5%) was found in a pair-wise
comparison of the transitioning peri to post group compared to premenopausal, non-
transitioning perimenopausal and postmenopausal women (Figure 2).

These thirteen women did not have a significant within woman change in the proportion of
clinic visits in a syndromal depression t (24)=0.8, p=0.4, syndromal elevation t (24)= −0.34,
p=0.7 or euthymia t(24)= −0.7, p=0.5, from late menopausal transition to early
postmenopause stages.

Proportion of Visits with Syndromal Depression Across Reproductive Stages
There was no significant difference in the proportion of visits with syndromal depression
among premenopausal, perimenopausal and postmenopausal women when analyzed by
clinic visit,χ2 (2, N = 9960) = 1.6, p=0.4. Nor were any of the reproductive group pair-wise
comparisons significantly different in the proportion of clinic visits depressed (Table 3).
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Proportion of Visits with Syndromal Mood Elevation across Reproductive Stages
There was a significant overall difference in the proportion of visits with syndromal mood
elevation (manic, hypomanic or mixed episodes) among reproductive age (5.3%),
perimenopausal (4.1%) and postmenopausal (3.0%) women with bipolar disorder when
analyzed by visit,χ2 (2, N = 9960) = 19.5, p <0.0001.

In a pair-wise comparison, premenopausal women had a significantly greater proportion of
clinic visits in mood elevation than either postmenopausal or perimenopausal while
postmenopausal compared to perimenopausal women did not significantly differ in
proportion of visits with syndromal mood elevation (Table 3).

Proportion of Visits in a Euthymic Mood across Reproductive Stages
There was a significant overall difference in the proportion of visits in a euthymic healthy
mood among the premenopausal (29.2%), perimenopausal (27.0%) and postmenopausal
(25.0%) women with bipolar disorder when analyzed by visit χ2(2, N=9960)=7.7, p=0.02.

In a pair-wise comparison, postmenopausal women had a significantly smaller proportion of
clinic visits in euthymic mood than premenopausal women while there was no significant
difference in the proportion of visits in a euthymic mood between premenopausal and
perimenopausal or peri and postmenopausal women (Table 3).

History of Perimenstrual and or Postpartum Mood Exacerbation
Of perimenopausal women with bipolar disorder, 46% gave a history of perimenstrual mood
exacerbation, 42% gave a history of no perimenstrual mood exacerbation and 12% had
missing data. Women with versus without a history of perimenstrual mood exacerbation did
not significantly differ in proportion of visits with syndromal depression (18% vs 19%) or
with syndromal mood elevation (4% vs 4%) during the perimenopause.

Of perimenopausal women with bipolar disorder, 30% gave a history of postpartum mood
exacerbation, 40% gave a history of no postpartum mood exacerbation and 30% had missing
postpartum mood data. Women with versus without a history of postpartum mood
exacerbation did not significantly differ in proportion of visits with syndromal depression
(18% vs 14%) or with syndromal mood elevation (3% vs 4%) during the perimenopause.

Likewise, perimenopausal women with bipolar disorder who reported both perimenstrual
and postpartum mood exacerbations (29%) did not significantly differ from those who
reported no mood exacerbation at either time (24%) in the proportion of visits in a
depression (18% vs 14%) or mood elevation (3% vs 3%) during the perimenopause.

Hormone Therapy Use
In the 28% of perimenopausal and postmenopausal women with bipolar disorder who used
HT, 16% of their clinic visits were in a syndromal depression and 2% were in a syndromal
mood elevation. These ratios did not significantly differ from those of the 72% of women
not using HT, in whom 16% of visits were with syndromal depression and 4% were with
syndromal mood elevation. Similarly, use of oral contraceptive pill by premenopausal
women was not associated with a difference in proportion of visits elevated or depressed
compared to premenopausal women not using an oral contraceptive.

Hormone Therapy use did not predict a greater proportion of visits in a depressed state by
logistic regression χ2(2, N=768)=1.9, p=0.38.
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DISCUSSION
Bipolar Illness Exacerbation with Progression Toward Late Female Reproductive Stages

We found a progression toward later female reproductive life (premenopausal,
perimenopausal, and postmenopausal) associated with increasing overall mood disturbance
(increasing percentage of visits with mood symptoms). This decreasing proportion of visits
in a healthy euthymic state with advancing stage of female reproductive life is consistent
with Kraepelin’s report that well intervals between episodes tend to become shorter with age
in individuals with bipolar disorder (35), but is not consistent with Angst’s more recent
report that longitudinal occurrence of syndromes remains more or less constant with
advancing age (3). This decline in the proportion of visits in a euthymic state with
reproductive age despite treatment may have been due to age-related episode accumulation
yielding worsening illness due to sensitization (36) or kindling (37). However, this
worsening of illness with age in women could also be related to progressing stage of female
reproductive life, from premenopause to perimenopause and then to postmenopause. For
example, in the unipolar depression literature within-woman change in menopausal status
along with increased levels of follicle-stimulating hormone and luteinizing hormone, which
are increased in postmenopausal women, have been found significantly associated with high
Center for Epidemiologic Studies Depression Scale (CES-D) scores (more depressive
symptoms) (38). In another examination of depression in relation to reproductive phase,
higher testosterone levels but not estradiol, follicle-stimulating hormone, or
dehydroepiandrosterone sulfate, were associated with higher CES-D scores during the
menopausal transition (39)

Despite of the above finding for depression in the general population during the menopausal
transition, we observed no significant difference in the proportion of clinic visits with
syndromal depression experienced by premenopausal, perimenopausal or postmenopausal
women with bipolar disorder. This is in contrast to the few small studies in women with
bipolar disorder that report significant or notable worsening of depression during the
perimenopause compared to younger reproductive years either within woman by
retrospective report (25, 40) or in contrast to a longitudinal report in a concurrent cohort
(23).

However, the thirteen women who transitioned from late perimenopause into
postmenopause during study participation had a significantly greater proportion of visits in a
syndromal depression than any of the original three reproductive groups. Within the thirteen
women who transitioned from late perimenopause to postmenopause there was no
significant difference in rates of depression from the former to latter reproductive phase.
These results are in accordance with multiple prospective studies in the unipolar depression
literature, where both the menopausal transition (11, 13, 14, 38, 41) and early
postmenopause have been found to have an increased rate of depression (15, 38, 39). In
women without bipolar disorder studies find that within the menopausal transition the late
stage is associated with greater risk of depression than the early (41, 42). Our study was
unable to compare the specific late and early menopause stages.

From an endocrinological perspective the immediate post-menopausal period may not be
distinguished from the period of long cycles of perimenopause (19, 20). It is possible that
during the transition into early postmenopause when gonadal hormones undergo marked
fluctuation women with treated bipolar are at maximal vulnerability to syndromal
depression. Alternatively, as found by Bromberger et al. in women with unipolar depression,
higher testosterone levels may contribute to greater depressive symptoms (39).
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Mood Elevation in Menopausal Transition
We also report that advancing stage of female reproductive life (premenopausal,
perimenopausal, and postmenopausal) was associated with decreasing mood elevation, a
finding consistent with a previous report of no increased risk of syndromal mood elevation
during the perimenopause compared to the reproductive years (23). Another study reported
the perimenopause as a time of increased mood cycling in bipolar disorder (22). Our study
may be the first to report a decreased rate of syndromal mood elevation in the
perimenopause and postmenopause compared to reproductive years.

Mood elevations tend to be easier to treat and prevent with medication than bipolar
depression and perhaps the older groups found an effective treatment strategy for mood
elevations. Alternatively, the reduction in gonadal hormones associated with youth and
vitality may reduce the upward drive toward mania.

Potential Confounders
Although previous studies have found that alcohol or substance use disorders were
associated with worse mood course in bipolar disorder (43–46), in our subjects, rates of
current alcohol/substance use disorders were low and did not differ significantly between the
three reproductive groups. Alcohol or substance us is an unlikely contributor to our observed
mood worsening with progression toward later female reproductive life.

Comorbid anxiety disorders have also been associated with a worse mood course in bipolar
disorder (4, 33, 47–49), but in the current study, anxiety disorders were more prevalent in
the reproductive age group, followed by the perimenopausal group, followed in turn by the
postmenopausal group, making anxiety an unlikely contributor to the increased mood
symptoms observed with progression toward later stage of female reproductive life.

Earlier age of first mood episode has also been associated with a worse mood course in
bipolar disorder (50), but in our study age of first mood episode was earliest in
premenopausal women, intermediate in perimenopausal group, and latest in postmenopausal
women, making age of onset unlikely to be a contributor to the greater mood symptomolgy
associated with advancing stage of female reproductive life.

History of Mood Exacerbation with Reproductive Events
Reporting a history of mood exacerbation in association with the postpartum period or
menstrual cycle or both did not predict syndromal depression or syndromal mood elevation
in the perimenopause in women with treated bipolar disorder. Thus, women with bipolar
disorder in this study did not carry a lifelong vulnerability to mood episodes associated with
reproductive events.

Early retrospective descriptive studies report a significantly increased risk of ‘manic-
depressive’ relapse during the two years before and after cessation of menstruation (2, 51) or
in the ‘climacteric or post-climacteric age’ (41–60yo) (51) in women with bipolar disorder
who had postpartum depressive episodes. In contrast, our findings are in agreement with
more recent retrospective studies (40, 52). Nonetheless, a case series of five women with
bipolar disorder reported increased risk of mood recurrence in the perimenopause in women
with a history of postpartum psychosis (53). As our study did not select out women with a
postpartum psychotic from non-psychotic mood exacerbation, it may be that only the group
of women with bipolar disorder who experience severe mood episodes in relation to
reproductive events are at increased risk of mood disturbance during the perimenopause.
Also the lack of association between prior premenstrual and/or postpartum mood
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exacerbation and mood instability during the perimenopause in this study could be due to
the limitations of retrospective assessment of premenopausal phenomena.

Mood Episodes and Hormone Therapy
Use of hormone therapy in perimenopausal and postmenopausal women with treated bipolar
was not associated with lower proportion of visits with syndromal depression compared to
non-users. In this study, it appears that in women treated for bipolar disorder, HT did not
confer antidepressant-like effects, although HT could potentially improve a lower baseline
mood of users up to the range of non-users. In a retrospective report of women with bipolar
disorder, women who were not using hormone therapy were significantly more likely than
those who were using HT to report worsening of symptoms during perimenopause (25).
However, as previously reported by this author in a smaller study, women age 45–55 years
who did and did not take HT had similar rates of syndromal depression (40). While analyzed
together, HT formulations varied and it is possible that individual formulations may confer
differential mood effects. In previous reports in women without bipolar disorder, specific
HT formulations have shown distinctive influences on mood, such as antidepressant efficacy
of transdermal estradiol in depressed perimenopausal women (54, 55).

Strengths and Limitations
Strengths of this study include its large sample size compared to previous studies in the
field. Longitudinal assessment averaged approximately a year and a half per patient. The
non-randomized, open, naturalistic treatment subjects received generally reflected that seen
in optimized evidence-based clinical practice. Ours is the first study to assess menstrual
status in conjunction with mood course in bipolar disorder, and took a continuum approach
to female reproductive life – from premenopause to peri to postmenopause. Mood at each
clinic visit was classified by rigorous DSM-IV criteria (although a less sensitive measure
than other mood rating instruments). Characteristics that may influence mood course for the
worse in bipolar disorder were assessed. For thirteen women we performed a within-
individual comparison of mood state from perimenopause to postmenopause.

Limitations include missing data, such as menstrual cycle reporting. Thus, perimenopausal
women may have been mistakenly classified as postmenopausal if a menstrual cycle
occurred but was not reported. Proportion of clinic visits in a mood state does not
necessarily translate into duration of a mood episode, as patients likely attend doctor visits
more often during syndromal mood episode than when euthymic. Thus, while presence of
mood episode was defined, the duration and severity of mood episodes were not accounted
for in the analysis of the impact of reproductive stage upon mood. The absence of baseline
and longitudinal endocrinological assessment, as well as systematic assessments of medical
and psychosocial stressors represents additional limitations. As full DSM-IV major
depression criteria were used, if there were an increase minor depressions, as found in
unipolar depression (14), during the perimenopause they would not have been detected.

The average duration of the current study did not permit more than thirteen transitioning
perimenopausal to postmenopause within-individual comparisons of mood across
reproductive phases.

It could be that limited sample size and hence limited statistical power could have attenuated
ability to demonstrate differences between the reproductive groups. Exclusion of women in
the correct reproductive group age ranges was primarily due to missing menstrual cycle data
and including the excluded women might have modified findings of this study.

In spite of these limitations, our study indicates that additional research is warranted to
assess the finding that bipolar illness may worsen with progression toward later stage of
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female reproductive life. Such studies would be aided by methodological refinements such
as prospectively tracking menstrual cycle and mood course in women with bipolar disorder
through the early and late perimenopause and early postmenopause.
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Figure 1.
Proportion of clinic visits symptomatic of mood by advancing reproductive stage
(premenopause, perimenopause and postmenopause) in women with bipolar disorder. χ2 (6,
N = 9960) = 31.6, p < 0.0001.
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Figure 2.
Proportion of clinic visits in a syndromal depression of women with bipolar disorder
transitioning from late perimenopause to postmenopause (n=13) compared to premenopausal
(n=519), non-transitioning perimenopausal (n=103) and postmenopausal (n=133) women
with bipolar disorder. χ2 (3, N = 9960) = 19.8, p <0.0002.

Marsh et al. Page 15

Bipolar Disord. Author manuscript; available in PMC 2013 August 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Marsh et al. Page 16

Ta
bl

e 
1

Su
bj

ec
t C

ha
ra

ct
er

is
tic

s

P
re

m
en

op
au

sa
l1  

(n
=5

19
)

P
er

im
en

op
au

sa
l2  

(n
=1

16
)

P
os

tm
en

op
au

sa
l3  

(n
=1

33
)

P
re

m
en

op
au

sa
l, 

P
er

im
en

op
au

sa
l,

an
d 

P
os

tm
en

op
au

sa
l G

ro
up

s
C

om
bi

ne
d 

(n
=7

68
)

P
-v

al
ue

N
 (

%
)

N
 (

%
)

N
 (

%
)

N
 (

%
)

N
um

be
r 

of
 C

lin
ic

 V
is

it
s

59
89

20
46

19
25

99
60

R
ac

e

W
hi

te
 o

r 
C

au
ca

si
an

46
0 

(8
9)

10
2 

(8
8)

11
9 

(8
9)

68
1 

(8
9)

0.
04

64

B
la

ck
 o

r 
A

fr
ic

an
 A

m
er

ic
an

30
 (

6)
13

 (
11

)
10

 (
8)

53
 (

7)

O
th

er
29

 (
5)

1 
(1

)
4 

(3
)

34
 (

4)

B
ip

ol
ar

 D
ia

gn
os

is

B
ip

ol
ar

 I
31

7 
(6

1)
67

 (
58

)
87

 (
65

)
47

1 
(6

1)
0.

79
43

B
ip

ol
ar

 I
I

16
6 

(3
2)

42
 (

36
)

37
 (

28
)

24
5 

(3
2)

B
ip

ol
ar

 N
O

S
31

 (
6)

5 
(4

)
8 

(6
)

44
 (

6)

Sc
hi

zo
af

fe
ct

iv
e 

D
is

or
de

r
5 

(1
)

2 
(2

)
1 

(1
)

8 
(1

)

R
ap

id
 c

yc
lin

g

Y
es

16
0 

(3
1)

39
 (

34
)

35
 (

26
)

23
4 

(3
0)

0.
05

96

N
o

15
2 

(2
9)

34
 (

29
)

57
 (

43
)

24
3 

(3
2)

C
ur

re
nt

 S
ub

st
an

ce
 A

bu
se

 o
r 

D
ep

en
de

nc
y

Y
es

14
 (

3)
3 

(3
)

1 
(1

)
18

 (
2)

0.
32

19
*

N
o

50
5 

(9
7)

11
2 

(9
7)

13
1 

(9
9)

74
8 

(9
8)

C
ur

re
nt

 A
lc

oh
ol

 A
bu

se
 o

r 
D

ep
en

de
nc

y

Y
es

31
 (

6)
7 

(6
)

5 
(4

)
43

 (
6)

0.
60

51

N
o

48
6 

(9
4)

10
6 

(9
1)

12
6 

(9
5)

71
8 

(9
3)

N
um

be
r 

of
 P

re
vi

ou
s 

E
pi

so
de

s 0
3 

(0
.6

)
2 

(2
)

5 
(4

)
10

 (
1)

0.
00

02
*

1–
2

20
 (

4)
0 

(0
)

5 
(4

)
25

 (
3)

3–
4

34
 (

7)
5 

(4
)

2 
(2

)
41

 (
5)

5–
6

16
0 

(3
1)

46
 (

39
)

61
 (

46
)

26
7 

(3
5)

7
10

9 
(2

1)
21

 (
18

)
17

 (
13

)
14

7 
(1

9)

A
nx

ie
ty

 D
ia

gn
os

is

Bipolar Disord. Author manuscript; available in PMC 2013 August 01.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Marsh et al. Page 17

P
re

m
en

op
au

sa
l1  

(n
=5

19
)

P
er

im
en

op
au

sa
l2  

(n
=1

16
)

P
os

tm
en

op
au

sa
l3  

(n
=1

33
)

P
re

m
en

op
au

sa
l, 

P
er

im
en

op
au

sa
l,

an
d 

P
os

tm
en

op
au

sa
l G

ro
up

s
C

om
bi

ne
d 

(n
=7

68
)

P
-v

al
ue

Y
es

20
1 

(3
9)

44
 (

38
)

30
 (

23
)

27
5 

(3
6)

0.
00

21

N
o

31
8 

(6
1)

72
 (

62
)

10
3 

(7
7)

49
3 

(6
4)

H
T

 U
se

Y
es

65
 (

13
)

20
 (

17
)

49
 (

37
)

13
4 

(1
7)

<
.0

00
1

N
o

45
4 

(8
7)

96
 (

83
)

84
 (

63
)

63
4 

(8
3)

M
ea

n 
(S

D
)

R
an

ge
M

ea
n 

(S
D

)
R

an
ge

M
ea

n 
(S

D
)

R
an

ge
M

ea
n 

(S
D

)
R

an
ge

P
-v

al
ue

 (
A

N
O

V
 A

)

A
ge

 a
t 

en
tr

y
33

.0
9 

(3
.2

1)
28

–3
8

47
.9

6 
(3

.8
0)

42
–5

9
60

.9
5 

(8
.6

8)
42

–8
3

<
.0

00
1

A
ge

 a
t 

O
ns

et
 o

f 
D

ep
re

ss
io

n
16

.4
0 

(6
.5

9)
3–

37
19

.3
2 

(9
.9

4)
5–

46
25

.8
8 

(1
3.

41
)

4–
61

18
.4

5 
(9

.3
2)

3–
61

<
.0

00
1

A
ge

 a
t 

O
ns

et
 o

f 
M

an
ia

20
.3

2 
(6

.9
0)

2–
36

24
.9

8 
(1

0.
76

)
5–

45
30

.0
8 

(1
3.

58
)

6–
67

22
.7

2 
(9

.7
6)

2–
67

<
.0

00
1

M
on

th
s 

in
 C

lin
ic

17
.2

9 
(1

4.
23

)
0–

57
.5

0
28

.6
5 

(1
7.

02
)

0–
60

.8
8

22
.1

5 
(1

5.
73

)
0–

59
.3

0
19

.8
4 

(1
5.

49
)

0–
60

.8
8

<
.0

00
1

A
ve

ra
ge

 N
um

be
r 

of
 V

is
it

s
11

.5
4 

(1
1.

78
)

1–
86

17
.6

4 
(1

3.
39

)
1–

72
14

.4
7 

(1
2.

74
)

1–
63

12
.9

7 
(1

2.
39

)
1–

86
<

.0
00

1

A
ve

ra
ge

 N
um

be
r 

of
 V

is
it

s 
pe

r 
M

on
th

0.
86

 (
0.

67
)

0.
04

–4
.3

5
0.

72
 (

0.
44

)
0.

11
–2

.6
1

0.
78

 (
0.

55
)

0.
12

–4
.6

8
0.

82
 (

0.
62

)
0.

04
–4

.6
8

0.
05

62

* P-
va

lu
es

 f
or

 c
at

eg
or

ic
al

 v
ar

ia
bl

es
 f

ro
m

 c
hi

-s
qu

ar
e 

te
st

 u
nl

es
s 

as
te

ri
sk

 is
 p

re
se

nt
. A

st
er

is
k 

de
si

gn
at

es
 p

-v
al

ue
 f

ro
m

 li
ke

lih
oo

d 
ra

tio
 c

hi
-s

qu
ar

e.

Bipolar Disord. Author manuscript; available in PMC 2013 August 01.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Marsh et al. Page 18

Ta
bl

e 
2

R
ep

ro
du

ct
iv

e 
H

is
to

ry
 o

f 
Su

bj
ec

ts

P
re

m
en

op
au

sa
l1  

(n
=5

19
)

P
er

im
en

op
au

sa
l2  

(n
=1

16
)

P
os

tm
en

op
au

sa
l3  

(n
=1

33
)

P
re

m
en

op
au

sa
l,

P
er

im
en

op
au

sa
l, 

an
d

P
os

tm
en

op
au

sa
l G

ro
up

s
C

om
bi

ne
d 

(n
=7

68
)

P
-v

al
ue

N
 (

%
)

N
 (

%
)

N
 (

%
)

N
 (

%
)

H
is

to
ry

 o
f 

P
os

tp
ar

tu
m

 E
xa

ce
rb

at
io

n 
of

D
ep

re
ss

io
n

Y
es

11
6 

(2
2)

35
 (

30
)

42
 (

32
)

19
3 

(2
5)

0.
59

63

N
o

15
1 

(2
9)

47
 (

41
)

69
 (

52
)

26
7 

(3
5)

H
is

to
ry

 o
f 

P
er

im
en

st
ru

al
 E

xa
ce

rb
at

io
n 

of
D

ep
re

ss
io

n

Y
es

25
8 

(5
0)

53
 (

46
)

33
 (

25
)

34
4 

(4
5)

<
.0

00
1

N
o

21
4 

(4
1)

49
 (

42
)

87
 (

65
)

35
0 

(4
6)

N
um

be
r 

of
 M

is
ca

rr
ia

ge
s 0

17
2 

(3
3)

45
 (

39
)

68
 (

51
)

28
5 

(3
7)

0.
87

54
*

1
42

 (
8)

15
 (

13
)

12
 (

9)
69

 (
9)

2
14

 (
3)

5 
(4

)
5 

(4
)

24
 (

3)

3+
10

 (
2)

3 
(3

)
4 

(3
)

17
 (

2)

N
um

be
r 

of
 A

bo
rt

io
ns 0

14
1 

(2
7)

41
 (

35
)

77
 (

58
)

25
9 

(3
4)

0.
00

01

1
62

 (
12

)
16

 (
14

)
8 

(6
)

86
 (

11
)

2
28

 (
5)

5 
(4

)
1 

(0
.8

)
34

 (
4)

3+
10

 (
2)

5 
(4

)
2 

(2
)

17
 (

2)

N
um

be
r 

of
 L

iv
e 

B
ir

th
s 0

63
 (

12
)

12
 (

10
)

5 
(4

)
80

 (
10

)
<

.0
00

1

1
76

 (
15

)
17

 (
15

)
12

 (
9)

10
5 

(1
4)

2
72

 (
14

)
24

 (
21

)
40

 (
30

)
13

6 
(1

8)

3+
38

 (
7)

19
 (

16
)

37
 (

28
)

94
 (

12
)

C
ur

re
nt

 C
on

tr
ac

ep
ti

ve
 M

et
ho

d

N
on

e
15

8 
(3

0)
53

 (
46

)
74

 (
56

)
28

5 
(3

7)
<

.0
00

1

O
ra

l b
ir

th
 c

on
tr

ol
80

 (
15

)
5 

(4
)

4 
(3

)
89

 (
12

)

Bipolar Disord. Author manuscript; available in PMC 2013 August 01.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Marsh et al. Page 19

P
re

m
en

op
au

sa
l1  

(n
=5

19
)

P
er

im
en

op
au

sa
l2  

(n
=1

16
)

P
os

tm
en

op
au

sa
l3  

(n
=1

33
)

P
re

m
en

op
au

sa
l,

P
er

im
en

op
au

sa
l, 

an
d

P
os

tm
en

op
au

sa
l G

ro
up

s
C

om
bi

ne
d 

(n
=7

68
)

P
-v

al
ue

B
ar

ri
er

92
 (

18
)

6 
(5

)
2 

(2
)

10
0 

(1
3)

A
bs

ti
ne

nc
e

54
 (

10
)

8 
(7

)
5 

(4
)

67
 (

9)

O
th

er
83

 (
16

)
30

 (
26

)
29

 (
22

)
14

2 
(1

8)

M
ea

n 
(S

D
)

R
an

ge
M

ea
n 

(S
D

)
R

an
ge

M
ea

n 
(S

D
)

R
an

ge
M

ea
n 

(S
D

)
R

an
ge

P
-v

al
ue

 (
A

N
O

V
 A

)

A
ge

 a
t 

M
en

ar
ch

e
12

.6
1 

(1
.6

8)
8–

18
12

.5
7 

(1
.7

1)
9–

18
12

.6
9 

(1
.7

5)
8–

19
12

.6
2 

(1
.7

0)
8–

19
0.

87
71

N
um

be
r 

of
 L

iv
e 

B
ir

th
s

1.
42

 (
1.

20
)

0–
7

1.
83

 (
1.

29
)

0–
6

2.
41

 (
1.

26
)

0–
6

1.
72

 (
1.

29
)

0–
7

<
.0

00
1

* P-
va

lu
es

 f
or

 c
at

eg
or

ic
al

 v
ar

ia
bl

es
 f

ro
m

 c
hi

-s
qu

ar
e 

te
st

 u
nl

es
s 

as
te

ri
sk

 is
 p

re
se

nt
. A

st
er

is
k 

de
si

gn
at

es
 p

-v
al

ue
 f

ro
m

 li
ke

lih
oo

d 
ra

tio
 c

hi
-s

qu
ar

e.

Bipolar Disord. Author manuscript; available in PMC 2013 August 01.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Marsh et al. Page 20

Table 3

Pair-wise Comparisons of Proportion of Clinic Visits in Depression, Mood Elevation or Euthymia by
Reproductive Cohort

Mood State
Proportion of Visits in Mood
State (%) Z-test for Proportion Value; P value

Syndromal Depression

Reproductive age vs Perimenopause 18.1 vs 18.1 Z=−0.01. p=0.9

Reproductive age vs Postmenopause 18.1 vs 19.3 Z=1.1; p=0.2

Peri- vs Post-Menopause 18.1 vs 19.3 Z=0.9; p=0.3

Syndromal Elevation

Reproductive age vs Perimenopause 5.3 vs 4.1 Z=2.1; p=0.03*

Reproductive age vs Postmenopause 5.3 vs 3.0 Z=4.1, p<0.001*

Peri- vs Post-Menopause 4.1 vs 3.0 Z=1.8. p=0.06

Euthymia

Reproductive age vs Perimenopause 29.2 vs 28.0 Z=1.0, p=0.3

Reproductive age vs Postmenopause 29.2 vs 26.0 Z=2.7, p=0.007*

Peri- vs Post-Menopause 28.0 vs 26.0 Z=1.4;p=0.2

P-values are from a z-test of two proportions
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