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Objectives: To examine the independent effects of sex on the risk of
rapid cycling and other indicators of adverse illness course in patients
with bipolar I disorder (BP-I) or bipolar II disorder (BP-II).

Methods: We analyzed data from the first 1,225 patients enrolled in the
Mayo Clinic Individualized Medicine Biobank for Bipolar Disorder.
Demographic and clinical variables were ascertained using standardized
questionnaires; height and weight were assessed to determine body mass
index (BMI). Rates of rapid cycling, cycle acceleration, and increased
severity of mood episodes over time were compared between women and
men overall and within subgroups defined by bipolar disorder subtype
(BP-I or BP-II). Multiple logistic regression analysis was used to assess
the independent effect of sex on the risk of these indicators of adverse
illness course.

Results: Women had significantly higher rates of rapid cycling than
men. Overall rates of rapid cycling were higher in patients with BP-11
than BP-I; and sex differences in the rate of rapid cycling were more
pronounced in patients with BP-II than BP-I, although the power to
detect statistically significant differences was reduced due to the lower
sample size of subjects with BP-I1. Female sex was a significant predictor
of rapid cycling, cycle acceleration, and increased severity of mood
episodes over time after adjusting for age, bipolar disorder subtype,
BMI, having any comorbid psychiatric disorder, and current
antidepressant use.

Conclusions: Female sex was associated with significantly higher risk of
rapid cycling, cycle acceleration, and increased severity of mood episodes
over time in a sample of 1,225 patients with bipolar disorders.
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lar disorder, have higher rates of associated illness
features of bipolar II disorder (BP-II), rapid
cycling and antidepressant-associated rapid
cycling, and higher rates of comorbid anxiety and

There is evidence for sex differences in a number of
important clinical features of bipolar disorder.
Clinical data have suggested that women with
bipolar disorder, in comparison to men with bipo-
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eating disorders—two conditions that predict rapid
cycling and a more severe bipolar course of illness
(1-6).

However, a meta-analysis that evaluated 10
studies published between 1977 and 1988 con-
cluded that rapid cycling was moderately but
inconsistently associated with female sex (7), and
some recent studies have not confirmed earlier
observations of higher rates of rapid cycling and
illness course in women with bipolar disorder (8—
11). As such, there is still considerable uncertainty
regarding the relationship between sex and risk of
rapid cycling and other indicators of adverse illness
course in patients with bipolar disorders, indepen-
dent of known risk factors. Additionally, very few
studies have examined these sex differences by
bipolar disorder subtype.

To address these uncertainties, we conducted an
analysis of data from the Mayo Clinic Individual-
ized Medicine Biobank for Bipolar Disorder. Our
objective was to examine the relationship between
sex and the lifetime risk of rapid cycling and other
markers of adverse illness course in a large, well-
characterized cohort of patients with bipolar I dis-
order (BP-I) or BP-II.

Methods

The Mayo Clinic Individualized Medicine Biobank
for Bipolar Disorder (referred to hereafter as the
Bipolar Biobank) was initiated in 2009 as a collab-
oration between the Mayo Clinic, the Lindner
Center of HOPE/University of Cincinnati, and the
University of Minnesota to identify novel
biomarkers for bipolar disorder disease risk and
treatment response. Details regarding the Bipolar
Biobank procedures for subject recruitment, the
obtaining of informed consent, clinical phenotyp-
ing, and biospecimen collection and processing
have been published elsewhere (12).

Data for this study were derived from the first
1,225 patients enrolled in the Bipolar Biobank. Eli-
gible participants were adults (age > 18 years) with
clinical diagnoses of BP-I or BP-II who were able
to provide valid informed consent. Actively psy-
chotic or suicidal patients were excluded from par-
ticipation.

The Bipolar Biobank protocol included a
detailed baseline evaluation, conducted over sev-
eral visits. The Structured Clinical Interview for
the DSM-1V (SCID) was completed for all partici-
pants to confirm the clinical diagnosis of bipolar
disorder, and to establish illness characteristics
(such as bipolar disorder subtype and age at onset)
and comorbid Axis I disorder diagnoses. The base-
line evaluation also included completion of struc-
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tured patient-rated and clinician-administered
questionnaires to determine demographic variables
(age at Bipolar Biobank enrollment, sex, race, His-
panic ethnicity, employment status, and education
level) and additional bipolar illness characteristics.
The latter included lifetime history of rapid cycling
(at least four mood episodes in a given calendar
year), cycle acceleration (self-reported decrease in
inter-episode duration over time), changes in the
severity of mood episodes over time (self-reported
increase or decrease in episode severity), lifetime
psychosis, lifetime suicidality, comorbid psychi-
atric and substance use disorder diagnoses, and
level of inter-episode functioning. Psychosis was
positive if the patient had a lifetime history of hal-
lucinations or delusions during a depressive or
manic episode. Suicidality was positive if the
patient had one or more lifetime suicide attempts
requiring medical intervention, and was further
classified according to lifetime number of attempts.
Age of bipolar disorder onset was collected using
pre-defined age strata (<20, 20-49, 50-64, and 65—
79 years). Height and body weight measurements
were obtained at the time of enrollment to calcu-
late body mass index (BMI; kg/m?).

Frequency distributions and summary statistics
were computed as proportions for categorical vari-
ables and as means with standard deviations (SDs)
for continuous measures. Demographic and clini-
cal variables, and frequencies of lifetime rapid
cycling, cycle acceleration, and increasing mood
episode severity over time, were compared between
women and men overall, and within subgroups
defined by bipolar disorder subtype (BP-1 or BP-
IT) using chi-square/Fisher’s exact tests for cate-
gorical data and #-tests/Wilcoxon rank sum tests
for continuous data. The independent effects of sex
on the risk of rapid cycling, cycle acceleration, and
increasing mood episode severity over time were
examined using multiple logistic regression models
adjusted for age at enrollment, bipolar disorder
subtype, BMI at enrollment, presence of any
comorbid psychiatric or substance use disorder
diagnosis, and current antidepressant use. Covari-
ates were selected based on prior evidence for their
association with rapid cycling or worse bipolar dis-
order illness course (2, 13-17).

Results

Demographic characteristics by sex and bipolar
disorder subtype are presented in Table 1. A total
of 1,225 persons with bipolar disorder were
enrolled at the time of analysis (60.7% women),
including 863 subjects with BP-1 (58.3% women)
and 362 with BP-II (66.6% women). The sample
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was predominantly middle-aged, Caucasian, and
educated beyond the level of high school graduate.
No statistically significant differences in age at
study enrollment, race, education level, marital or
employment status, or presence of at least one
comorbid mental health disorder diagnosis were
observed between men and women. Men had sig-
nificantly higher rates of substance use disorders
than women in the overall sample, and in patients
with BP-1 and BP-II.

Differences in bipolar illness course by sex and
bipolar disorder subtype based on univariate anal-
yses are presented in Table 2. Women had signifi-
cantly higher rates of rapid cycling [odds ratio
(OR) =1.36, p =0.009] and self-reported cycle
acceleration than men (OR = 1.64, p < 0.0001).
Significant sex differences in rates of rapid cycling
were observed in patients with BP-I (OR = 1.33,
p = 0.04), but not BP-II (OR =1.36, p = 0.18),
whereas significant sex differences in self-reported
cycle acceleration were observed regardless of
bipolar disorder subtype. Women reported signifi-
cantly higher rates of increased episode severity
over time than did men in the overall sample
(OR = 1.55, p = 0.0002), and in patients with BP-
I, but not BP-II. Significantly higher rates of life-
time suicide attempts were observed in women
than men, regardless of the bipolar subtype. There
were no statistically significant sex differences with
respect to age of bipolar disorder onset or lifetime
occurrence of psychotic episodes (data not shown).

In multivariable analyses, female sex was associ-
ated with a significantly higher risk of rapid cycling
[OR = 1.35, 95% confidence interval (CI): 1.05—
1.73], self-reported cycle acceleration (OR = 1.58,
95% CI: 1.22-2.05), and increased mood episode
severity over time (OR = 1.53, 95% CI: 1.19-1.96),
in models adjusted for age and BMI at enrollment,
bipolar disorder type, comorbid psychiatric disor-
der, and antidepressant use. The main results
(women at higher risk for each outcome) were
unchanged in multivariable sensitivity analyses
that also adjusted for categorical age at bipolar ill-
ness onset (data not shown).

Discussion

To our knowledge, the present study represents the
largest study to examine sex differences in the life-
time risk of rapid cycling and other indicators of
adverse illness course in patients with BP-I or BP-
II. The odds of rapid cycling were higher for
women than for men, after adjusting for other risk
factors. The adjusted odds of self-reported cycle
acceleration and increased mood episode severity
over time were also higher for women than for

Sex differences in risk of rapid cycling

men. Although our overall sample size was large,
our BP-II sample was much smaller than our BP-I
sample, which may have limited our ability to
detect subtle but important sex differences of inter-
est in patients with BP-1I. Our study employed a
cross-sectional design, and there was no longitudi-
nal follow-up. Instead, we used retrospective data
collection methods to define rapid cycling and
other bipolar disorder illness course measures.
Although our multivariable modeling procedures
accounted for important risk factors for rapid
cycling and adverse illness course, we cannot
exclude the possibility of residual confounding by
other risk factors such as clinical or subclinical
hypothyroidism.

Results of prior studies on the association
between sex and rapid cycling are mixed (8-11, 18—
25). Earlier studies did not control for most con-
founders, and were smaller (sample sizes varied
between 42 and 434 persons) (18, 20-22, 24, 25).
More recent studies were larger, and controlled for
possible confounding factors including age, bipolar
disorder subtype, comorbid medical disorders,
comorbid psychiatric disorders, substance use, and
antidepressant use. (8—11). Among them, the lar-
gest prospective study included 1,191 patients with
bipolar disorder, and reported no significant differ-
ence in rates of rapid cycling between men and
women over one year of follow-up (8). In that
study, the observed rate of rapid cycling was much
lower in the follow-up year (5% of patients) than
in the year before study entry (32%). Similar find-
ings were reported by others (24, 26). These results
support the notion that rapid cycling may be a
transitory phenomenon in the course of bipolar ill-
ness (27), which may explain some of the contra-
dictory findings between studies. Our study, in
contrast, investigated lifetime risk of rapid cycling.
Therefore, potential bias owing to transience of
rapid cycling status is less of a concern here.

There is still controversy regarding the effect of
the interaction between sex and bipolar disorder
subtype on the risk of rapid cycling (27). Female
preponderance for rapid cycling was stronger for
BP-I in some studies (19, 28, 29), although rapid
cycling in BP-II is also strongly related to female
sex (27). Overall, higher rapid cycling rates have
been reported in BP-II than BP-I (2). In line with
previous studies, we observed higher rates of rapid
cycling in patients with BP-II than BP-I in our
sample. Although sex differences in the rates of
rapid cycling were pronounced in both patients
with BP-1 (51.7% versus 44.6% for women versus
men, respectively; OR = 1.33) and those with BP-
IT (60.0% versus 52.5%, respectively; OR = 1.36),
these differences were statistically significant only
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in the larger subset of patients with BP-I; likely, we
were under-powered to detect such a difference in
the smaller sample of patients with BP-II.

Our bipolar disorder questionnaires included
items that assessed lifetime self-reported cycle
acceleration and increased episode severity over
time, which are important self-reported measures
of adverse illness course (30). In our sample,
women reported more cycle acceleration and
higher rates of increased episode severity over time
than men. Whereas significant sex differences in
cycle acceleration were observed regardless of
bipolar disorder subtype, a significant sex differ-
ence in increased episode severity over time was
observed in patients with BP-I but not BP-II.
Others have reported a significant association
between cycle acceleration and female sex (30-32),
which may be tied to higher risk of rapid cycling in
women than men. To our knowledge, this is the
first study to investigate sex differences with regard
to increased self-reported episode severity over
time.

We explored potential sex differences in several
risk factors for rapid cycling and adverse bipolar
illness course. It has been suggested that rapid
cycling patients tend to have a younger age of ill-
ness onset (26); however, we did not find any sig-
nificant differences between men and women with
respect to self-reported age of bipolar disorder
onset, in line with other clinical studies (9, 10, 33—
35). Unfortunately, Bipolar Biobank data on the
age of illness onset were categorized into strata,
not given as a continuous variable, which is a limi-
tation of our study. We found no significant sex
differences in lifetime occurrence of psychotic epi-
sodes. Our results contrast with those of prior
studies that reported higher rates of lifetime psy-
chosis among men (36, 37) or among women (38)
with bipolar disorders. No studies, including ours,
have compared the number of psychotic episodes
in male and female bipolar disorder patients.
Higher suicide attempt rates in women with bipo-
lar disorder have been reported previously (39, 40),
and our findings were confirmatory in both the
overall sample and in patients with BP-I and BP-II
separately. Still, not all studies have found signifi-
cant sex differences with regard to suicidal behav-
iors in patients with bipolar disorders (10, 23).

Antidepressants have been inconsistently associ-
ated with increased risk of precipitating polar
mood switching and rapid cycling (41, 42). Some
prospective studies have linked antidepressant use
and rapid cycling (8), while others have failed to
demonstrate an association between antidepressant
use and onset of rapid cycling or the resolution of
rapid cycling in association with antidepressant
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discontinuation (26). Given that a significantly
higher proportion of women were taking antide-
pressants than men in our cohort and that antide-
pressants may cause destabilization of mood in at
least some patients with bipolar disorders, our
multivariable analyses were adjusted for current
antidepressant use.

In conclusion, female sex was associated with
significantly higher risk of rapid cycling, cycle
acceleration, and increased severity of mood epi-
sodes over time in a sample of 1,225 patients
with bipolar disorders, independent of several
known risk factors. Larger prospective studies of
men and women with bipolar I or II disorders
are needed to more clearly define the longitudinal
impact of sex on bipolar illness course, and to
examine potential sex-specific moderators of
adverse disease course.
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