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ARTICLE INFO ABSTRACT

Keywords: Objectives: To determine whether the risk of suicidal ideation or behavior during mixed states exceeds that

Bipolar disorder attributable to the depressive components of these states alone in bipolar disorder.

Mania Methods: We utilized real-world, longitudinal clinical data collected on 290 patients with bipolar disorders

Depression (bipolar I, bipolar II, and bipolar not otherwise specified (NOS)) from the National Network of Depression

itizﬁ:iggiﬁ:;e Centers (NNDC) Clinical Care Registry (CCR) seen for 891 visits over a mean of 27.5 weeks. Depressive symp-
toms were measured with the Patient Health Questionnaire-9 (PHQ-9), manic symptoms with the Altman Self-
Rating Mania (ASRM), and suicidal ideation and behavior with the Columbia-Suicide Severity Rating Scale (C-
SSRS), obtained as part of the routine, measurement-based care provided across the NNDC. The relations be-
tween depressive symptoms, manic symptoms, and the interaction thereof (mixed symptoms) on coinciding
suicidal ideation and behavior were modeled in generalized linear mixed models.
Results: Depressive symptoms, as measured by the PHQ-9, were strongly associated with suicidal ideation and
behavior (p < 0.0001), while there was no significant association with manic symptoms as measured by the
ASRM or the interaction between depressive and manic symptoms. Similar results were observed when the
outcome was restricted to suicidal behavior and when mood was modeled categorically. There was evidence of a
gender by ASRM interaction (p = 0.011) and risk of suicidal ideation or behavior was significant for women, but
not men with manic symptoms.
Limitations: Diagnoses were based on clinician assessment and not structured interview. Mood assessments were
self-reported rather than clinician-administered. Suicidal ideation was more frequently observed than suicidal
behavior (23/272 visits where outcome positive).
Conclusions: Depression represents the primary mood state accounting for suicide risk in bipolar disorder. Co-
occurring symptoms of mania (mixed symptoms) do not appear to convey an elevated risk for suicidal ideation
or behavior beyond that explained by the depressive symptoms alone.
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1. Introduction

Mixed states have been variably described as a combination of
manic and depressive symptoms, often occurring during transitions
between these mood states (Perlis et al., 2010; Swann et al., 2013).
Mixed states are experienced by an estimated 20% of individuals with
bipolar disorder based on retrospective estimates from cross-sectional
studies (Rihmer et al., 2008; Swann et al., 2013; Shim et al., 2015) and
by 37-38% of individuals with bipolar disorder based on long-term
prospective studies (Gonzalez-Pinto et al., 2011; Persons et al., 2018).
Mixed states are considered to be a high-risk state for suicide regardless
of the specific constellation of symptoms or predominant polarity
(Swann et al., 2013). However, this has been largely assumed from
cross-sectional studies demonstrating greater past suicidal behavior
among those with a history of mixed symptoms compared to those
without such history (Strakowski et al., 1996; Cassidy et al., 1998;
Balazs et al., 2006; Goldberg et al., 2009; Swann et al., 2009;
Pacchiarotti et al., 2011).

Few prospective studies have investigated suicidal behavior across
mood states. A prospective study that followed 120 persons with bi-
polar I disorder for up to 10 years found that those with a history of
mixed states (37% of the sample prospectively) had a more chronic
course of illness, with approximately 10 mood episodes compared to 5
mood episodes per patient in those without a history of mixed states.
Individuals with a history of mixed states also had more suicide at-
tempts (30% vs. 13%), a difference that was significant in univariate
analysis, but not after adjustment for age of onset (Gonzalez-Pinto et al.,
2011), a feature that has been consistently linked to a more chronic or
persistent depressive course of illness (Coryell et al., 2013). A two-year
prospective cohort study followed 91 individuals with bipolar I dis-
order, looking at the month in which patients scored highest on the
suicide item from a modified Hamilton Rating Scale for Depression, and
found higher suicidality to be more strongly correlated with depression
and hopelessness, but less robustly with mixed state (Johnson et al.,
2005). Using time-varying variables over 18 months of follow-up,
Valtonen et al. found an elevated risk of suicide attempts in mixed
phases (HR 28.0, 95% C.I. 7.9-99.2) although did not directly test
whether this was in excess of that attributable to depressive sympto-
matology. Persons JE et al. recently conducted a prospective analysis of
429 individuals with bipolar disorder followed for a mean of 18 years in
the Collaborative Depression Study to prospectively assess suicidal
behavior with mixed states in a time-varying manner and in relation to
the component depressive or manic states (Persons et al., 2018). This
analysis found that those who experienced mixed symptoms had a
much more persistent course of depressive symptomatology and it was
this greater depressive symptom burden that explained 71% of the
excess risk for suicidal behavior. There was no increased risk of suicidal
behavior in mixed states beyond that attributable to the component
depressive symptoms (Persons et al., 2018).

We sought to replicate this analysis of the Collaborative Depression
Study utilizing real-world evidence (Sherman et al., 2016), consisting of
validated mood and suicide assessment scales collected during routine
clinical care, not clinical research, from patients enrolled in the Na-
tional Network of Depression Centers (NNDC) registry. We hypothe-
sized that suicidal ideation or behavior would be more common in
those with current depression and not rendered more likely by the
concurrent presence of manic or hypomanic symptomatology. While
mania/hypomania is more common in bipolar I than bipolar II disorder
(Judd et al., 2003), the prevalence of mixed depressive symptoms with
hypomania does not differ by bipolar subtype although is greater in
women (Suppes et al., 2005). We subsequently also tested whether
gender and bipolar subtype moderated the relation between mood and
suicidal ideation or behavior.
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2. Method
2.1. Study sample

The NNDC is an inter-dependent nonprofit consortium of 26 aca-
demic depression centers. We utilized real world evidence from the
NDDC Clinical Care Registry (CCR). The registry includes patients with
a mood disorder who were 18 years or older, could speak English, and
were receiving treatment at one of the participating centers. During the
initial phase of establishing the registry between 12/24,/2011-11/29/
2014, longitudinal data was collected through measurement-based care
at 18 United States centers affiliated with the NNDC: Brigham and
Women's Hospital (Harvard Medical School), Duke University, Emory
University, Johns Hopkins University, Massachusetts General Hospital
(Harvard Medical School), Mayo Clinic, McLean Hospital (Harvard
Medical School), Medical University of South Carolina, Stanford
University, University of Illinois at Chicago, University of Cincinnati &
Linder Center of HOPE, University of Iowa, University of Louisville,
University of Massachusetts, University of Michigan, University of
Pennsylvania, University of San Francisco and Weill Cornell Medical
College. The Michigan Institute for Clinical Health Research manages
the collection of the de-identified data and database creation. For
protection of privacy, sites are identified by number and not name in
the database. We included data from all visits for individuals in the CCR
with a diagnosis of bipolar I disorder, bipolar II disorder, and bipolar
disorder not otherwise specified (NOS), even including those with only
one visit.

2.2. Mood measures

Mood measures were selected as part of a common assessment
package through expert consensus. Depressive symptoms were captured
using the Patient Health Questionnaire-9 (PHQ-9), a nine-item de-
pression scale based on DSM-IV diagnostic criteria for major depressive
disorder (Kroenke et al., 2001). Scores for this measure range between 0
and 27 based on the persistence of depressive symptoms over the past
two weeks. Primary analyses utilized PHQ-9 as a continuous measure,
but for identifying depression categorically an established cut-off of
=10 was used, which has a pooled specificity for major depression of
0.87 (Moriarty et al., 2015).

Manic/hypomanic symptoms were captured using the five-item
Altman Self-Rating Mania (ASRM) scale (Altman et al., 1997). Scores
range on this measure between 0 and 20 and a score of > 5 has a high
sensitivity but a variable specificity (33-87%) for mania, although the
lower specificity was observed in samples with mild or hypomanic
symptoms (Altman et al., 1997,2001).

Mixed symptoms were defined as the simultaneous presence of de-
pressive and manic symptoms. For primary models, mixed symptoms
were modeled as an interaction term between the continuous PHQ-9
and ASRM measures described above. In the absence of an oper-
ationally-based definition of mixed states from patient screening scores,
mixed states were categorically defined as the concurrence of a PHQ-
9 = 10 and an ASRM > 5.

2.3. Suicidal behavior

The primary outcome under investigation is suicidal ideation or
behavior as reported on the Columbia-Suicide Severity Rating Scale (C-
SSRS) (Posner et al., 2011) at a coinciding visit to the mood ratings.
Suicidal ideation was defined as any thoughts of killing oneself or
wishing oneself dead, as both are associated with risk of suicide be-
havior (Szanto et al., 1996; Baca-Garcia et al., 2011; Greist et al., 2014).
Suicidal behavior was defined as any suicide attempt (including
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interrupted or aborted attempts) or preparations for an attempt re-
ported on the C-SSRS (Conway et al., 2016). The C-SSRS has been
shown to have very high sensitivity and specificity compared to expert
consensus ratings for suicidal behavior and is sensitivity to change over
time (Posner et al., 2011).

2.4. Statistical analysis plan

Analyses were conducted using SAS 9.4. In descriptive analyses,
comparisons of those with and without observed mixed states at any
visit with regard to demographic information, self-reported depressive
and manic symptom burden, and any available comorbidities (e.g.,
panic disorder, generalized anxiety disorder, etc.) were made using chi-
square for categorical measures and the Wilcoxon rank sum for

Table 1
Baseline sociodemographic and clinical characteristics of sample.
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continuous measures. As per the statistical analysis plan, these group-
ings were not used in subsequent analyses. Our a priori primary out-
come variable was suicidal thoughts or behavior as reported on the
Columbia-Suicide Severity Scale, modeled an indicator variable.
Primary models assessed risk of suicidal thoughts or behavior as a
function of depressive symptoms (Patient Health Questionnaire-9
(PHQ-9) score, continuous, linear effect, range 0-27) and manic/hy-
pomanic symptoms (Altman Self-Rating Mania (ASRM) score, con-
tinuous, linear effect, range 0-20) using generalized linear mixed
models (GLMM - binomial distribution, logit link (canonical)) with a
random intercept term to account for repeated observations within
patients. The variance-covariance matrix was unstructured and effects
of time were not modeled. To model mixed symptomatology, a
mania X depression interaction term was entered into the models as a

Total (n = 290)

Mixed states (n = 44)

No mixed states (n = 246)

n(%) n(%) n(%) %2 p-value
Diagnosis
Bipolar I disorder 152 (52.4%) 23 (52.3%) 129 (52.4%) 0.98
Bipolar II disorder 101 (34.8%) 13 (29.6%) 88 (35.8%) 0.42
Bipolar disorder NOS 37 (12.8%) 8 (18.2%) 29 (11.8%) 0.24
Co-occurring psychiatric diagnoses
Generalized anxiety disorder 19 (6.6%) 2 (4.5%) 17 (6.9%) 0.56
Obsessive-compulsive disorder 7 (2.4%) 0 7 (2.8%) 0.26
Panic disorder 10 (3.4%) 1 (2.3%) 9 (3.7%) 0.64
Phobic disorder 5 (1.7%) 1 (2.3%) 4 (1.6%) 0.76
Anxiety disorder NOS 16 (5.5%) 5 (11.4%) 11 (4.5%) 0.065
Substance use disorder 5 (1.7%) 1 (2.3%) 4 (1.6%) 0.76
Past psychiatric hospitalizations 0.39
Yes 186 (64.2%) 30 (68.2%) 156 (63.4%)
No 74 (25.5%) 12 (27.3%) 62 (25.2%)
Unknown 30 (10.3%) 2 (4.5%) 28 (11.4%)
Gender (missing = 1) 0.32
Female 171 (59.2%) 29 (65.9%) 142 (58.0%)
Male 118 (40.8%) 15 (34.1%) 103 (42.0%)
Race 0.99
Asian/Asian American 6 (2.1%) 1 (2.3%) 5 (2.0%)
Black or African American 17 (5.9%) 3 (6.8%) 14 (5.7%)
Native Hawaiian/Pacific Islander 1 (0.3%) 0 1 (0.4%)
White 255 (87.9%) 38 (86.4%) 217 (88.2%)
Other 6 (2.1%) 1 (2.3%) 5 (2.0%)
Unknown 5 (1.7%) 1 (2.3%) 4 (1.6%)
Married (missing = 4) 0.60
Single 98 (34.3%) 19 (43.2%) 79 (32.6%)
Married 107 (37.4%) 17 (38.6%) 90 (37.2%)
In a committed relationship 32 (11.2%) 3 (6.8%) 29 (12.0%)
Divorced 36 (12.6%) 3 (6.8%) 33 (13.6%)
Separated 5 (1.8%) 1 (2.3%) 4 (1.7%)
Widowed 8 (2.8%) 1 (2.3%) 7 (2.9%)
Education Level (missing = 12) 0.11
8th grade or less 3 (1.1%) 2 (4.5%) 1 (0.4%)
Some high school 9 (3.2%) 2 (4.5%) 7 (3.0%)
High school Diploma 24 (8.6%) 6 (13.6%) 18 (7.7%)
Some college 77 (27.7%) 14 (31.8%) 63 (26.9%)
Technical or Associate's degree 15 (5.4%) 2 (4.5%) 13 (5.6%)
Bachelor's degree 83 (29.9%) 8 (18.2%) 75 (32.1%)
Advanced degree 67 (24.1%) 10 (22.7%) 57 (24.4%)
Employment
Full-time 77 (26.5%) 9 (20.5%) 68 (27.6%) 0.32
Part-time 38 (13.1%) 8 (18.2%) 30 (12.2%) 0.28
Student 20 (6.9%) 2 (4.6%) 18 (7.3%) 0.50
Homemaker 13 (4.5%) 2 (4.6%) 11 (4.5%) 0.98
Retired 42 (14.5%) 7 (15.9%) 35 (14.2%) 0.77
Disability 75 (25.9%) 19 (43.2%) 56 (22.8%) 0.004
Leave of Absence 10 (3.5%) 2 (4.6%) 8 (3.3%) 0.67
Unemployed 41 (14.1%) 5 (11.4%) 36 (14.6%) 0.57
Age Category 0.89
Less than 30 years old 63 (21.7%) 9 (20.5%) 54 (22.0%)
30-39 years old 56 (19.3%) 7 (15.9%) 49 (19.9%)
40-49 years old 43 (14.8%) 8 (18.2%) 35 (14.2%)
50-59 years old 65 (22.4%) 9 (20.5%) 56 (22.8%)

60 years old or older 63 (21.7%)

11 (25.0%)

52 (21.1%)
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covariate such that a significant interaction supports, a significantly
greater (or lesser) risk than would be expected additively by the com-
ponents attributable to manic or depressive symptoms alone.
Multivariable-adjusted models adjusted for gender (indicator variable),
age (continuous), race, marital status, and comorbidities (anxiety and
substance use disorders). We assessed for moderation of any relation
between depressive, manic, and mixed symptoms and our suicide out-
come by bipolar diagnosis (bipolar I vs. bipolar II/NOS) and gender. A
role for anxiety was explored by adding the seven-item Generalized
Anxiety Disorder (GAD-7) score (Spitzer et al., 2006) as a covariate.
Sensitivity analyses excluded those with bipolar disorder NOS, who
were not included in the original statistical analysis plan but added
prior to primary analyses to augment the sample size and improve
generalizability. We secondarily modeled depressive and hypomanic/
manic symptoms categorically using a PHQ-9 threshold of > =10 and
an ASRM threshold of > 5 in analogous GLMM models.

3. Results

There were 290 patients contributing a total of 891 visits included
in the analysis. The majority of visits were outpatient encounters
(94.6%), with a small percentage of visits (5.4%) occurring in an in-
patient setting (642 outpatient vs. 37 inpatient, 212 missing); out-
patient visits accounted for 87.1% of intake visits (176 outpatient, 26
inpatient, and 17 missing) and 97.7% of follow-up visits (466 out-
patient, 11 inpatient, 195 missing). The mean number of visits per
patent included in the CCR database was 3.1 (SD 3.5, range 1.0-21.0)
and the mean length of follow-up was 27.5 weeks (SD 37.9, range
1.0-155.0). Suicidal ideation or behaviors were present at 272 visits
(30.5%) with 23 of these 272 (8.5%) involving suicidal behaviors. Thus,
91.5% of outcomes observed involved suicidal ideation only without
suicidal behaviors. Across visits, the overall mean ASRM score was 2.7
(median 1, SD 3.4) and mean PHQ-9 was 9.2 (median 8, SD 7.1).

The sociodemographic and clinical characteristics of this sample are
detailed in Table 1 and stratified by those that meet our categorical
threshold for a mixed state at some assessment. There were 44 patients
(15.2%) observed to meet our operationalized definition of mixed state
at any point in the follow-up period. Patients with mixed states were
not appreciably different from those without apart from a marginally
increased likelihood of having been diagnosed with anxiety disorder
not otherwise specified. Individuals with a history of mixed states also
had a significantly higher overall mean PHQ-9 score (13.4vs. 8.2;
p < 0.0001) and a significantly higher mean ASRM score (5.3 vs. 2.1;
p < 0.0001) compared to those without. Among patients with de-
pressive symptoms that exceed the PHQ-9 = 10 threshold, the severity
of depressive symptoms was similar for patients with and without
mixed states (mean PHQ-9 score 15.0 vs. 16.4). Among patients with
manic symptoms exceeding the ASRM > 5 threshold, ASRM scores
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were similar for patients with and without mixed states (mean ASRM
score 9.1 vs. 8.8).

In the primary GLMM models, suicidal ideation or behavior was
significantly associated with depression (f 0.31, SE 0.036, 95% CI
0.24-0.38, p < 0.0001), but not mania (f 0.048, SE 0.049, 95% CI
—0.048-0.14, p = 0.33) or mixed symptoms (# 0.0021, SE 0.0072,
95% CI —0.012 - 0.016, p = 0.77), adjusting for age, race, education,
marital status, and comorbid substance use or anxiety disorders as
shown in Table 2. In analogous secondary models restricting the out-
come definition to suicidal behavior, similar results were observed with
suicidal behavior significantly associated with depression ( 0.29, SE
0.13, 95% CI 0.032-0.55, p = 0.028), but not mania (f —0.091, SE
0.12, 95% CI —0.33-0.15, p = 0.45) or mixed symptoms (3 0.026, SE
0.020, 95% CI —0.014 — 0.062, p = 0.18) as shown in Table 3. There
was no significant moderation by bipolar I subtype (bipolar subtype by
PHQ-9 interaction p = 0.50, bipolar subtype by ASRM interaction
p = 0.072). The marginally significant bipolar subtype by ASRM in-
teraction was driven by a higher but not statistically significant asso-
ciation between ASRM score and suicidal ideation/behavior in those
with bipolar NOS. Exclusion of the heterogeneous bipolar NOS group
from the analysis produces a more clearly non-significant bipolar sub-
type by ASRM interaction p = 0.13. There was evidence of moderation
by gender (gender by PHQ-9 interaction p = 0.49, gender by ASRM
interaction p = 0.011). In stratified analysis by gender, among men
suicidal ideation or behavior was significantly associated with depres-
sion (3 0.34, SE 0.070, 95% CI 0.21-0.48, p < 0.0001) but not mania
(B —0.11, SE 0.083, 95% CI—0.27-0.058, p = 0.20) or mixed state (3
0.0078, SE 0.012, 95% CI —0.016 —0.032, p = 0.52); among women,
suicidal ideation or behavior was significantly associated with depres-
sion ($ 0.30, SE 0.043, 95% CI 0.22-0.39, p < 0.0001) and mania (
0.16, SE 0.066, 95% CI 0.03-0.29, p = 0.016), but not mixed state (3
—0.0020, SE 0.0097, 95% CI—0.021-0.017, p = 0.84). Results did not
substantively differ after omitting individuals with a diagnosis of bi-
polar NOS (including with regard to moderation by gender) or after
further adjustment for GAD-7 score, which was not significantly related
to outcome (p = 0.82).

Categorical assessment of mood state revealed that a total of 160
patients (55.2%) met PHQ-9 = 10 criteria for depression and 97 pa-
tients (33.4%) met ASRM > 5 criteria for mania at any point during
follow-up, contributing to a total of 379 observations meeting criteria
for depression and 147 observations meeting criteria for mania with 70
of each overlapping for mixed. Fig. 1 presents the raw data for the
percentages of all visits in each mood state wherein the primary out-
come was observed: 56.3% of visits with depression (PHQ-9 = 10 and
ASRM < 5), 13.0% of visits with mania (ASRM > 5 and PHOQ-
9 < 10), 47.1% of mixed visits (PHQ-9 = 10 and ASRM > 5), com-
pared to only 12.6% of visits meeting neither threshold. In categorical
GLMM mood models as shown in Table 4, suicidal behavior was

Table 2
Generalized linear mixed model analyses: effects of continuous mood state on combined suicidal behavior or ideation.
Unadjusted
B SE 95% CI p-value
Mixed state 0.0070 0.0072 —0.0071-0.021 0.33
Depression 0.31 0.033 0.24-0.37 < 0.00-
01
Mania 0.055 0.047 —0.037-0.15 0.24
Multivariable-adjusted”
B SE 95% CI p-value
Mixed state 0.0021 0.0072 —0.012-0.016 0.77
Depression 0.31 0.036 0.24-0.38 < 0.00-
01
Mania 0.048 0.049 —0.048-0.14 0.33

@ Adjusted for gender, age, race, education, marital status, and presence of comorbid substance use or anxiety disorders.
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Table 3
Generalized linear mixed model analyses: effects of continuous mood state on suicidal behavior.
Unadjusted
B SE 95% CI p-value
Mixed state 0.026 0.020 —0.012-0.065 0.18
Depression 0.29 0.11 0.064-0.51 0.012
Mania —0.053 0.11 —0.28-0.17 0.64
Multivariable-adjusted®
B SE 95% CI p-value
Mixed state 0.024 0.019 —0.014-0.062 0.22
Depression 0.29 0.13 0.032-0.55 0.028
Mania —0.091 0.12 —0.33-0.15 0.45

? Adjusted for gender, age, race, education, marital status, and presence of comorbid substance use or anxiety disorders.

significantly associated with depression (OR 15.12, 95% CI 7.85-29.12,
p < 0.0001), but not mania (OR 0.85, 95% CI 0.40-1.81, p = 0.67) or
mixed state (OR 0.90, 95% CI 0.20-3.97, p = 0.89).

4. Discussion

In this real world sample of patients with mood disorders receiving
treatment at sites across the United States, we found a robust associa-
tion between both PHQ-9 score and categorical presence of depressive
symptoms (PHQ-9 = 10) and suicidal ideation and behavior. Consistent
with a recent analysis from the Collaborative Depression Study
(Persons et al., 2018) and from the Lithium Treatment Moderate dose
Use Study (LiTMUS) study (Ostacher et al., 2015), we failed to identify
any additional risk associated with mixed states that couldn't be ex-
plained by depressive symptoms alone in both primary models (asses-
sing mood symptoms as a continuous variable) and in secondary cate-
gorical models. With an OR of 15.8 (95% C.I. 8.3-30.0), our estimates
of elevated risk with depressive symptoms was comparable to that re-
ported for major depressive phases by Valtonen et al. (RR 18.1, 95% C.I.
6.5-50.8), but higher than that reported by Persons et al. (HR 2.0, 95%
C.I. 1.3-3.0) (Valtonen et al., 2008; Persons et al., 2018).

Interestingly, our analyses also uncovered significant gender dif-
ferences, demonstrated by a gender by mania interaction, such that
mania was associated with suicidal ideation or behavior in women, but
not men with bipolar disorder in follow-up stratified analyses. This is

not likely explained by women having higher rates of bipolar II disorder
(Baldassano et al., 2005) as the prior Collaborative Depression Study
Analysis found a relationship between mania and suicidal behavior only
in bipolar I disorder (Persons et al., 2018), a result that was not re-
plicated in the current analysis. Akin to our results, in the aforemen-
tioned LiTMUS study, a six-month randomized trial of 283 subjects with
bipolar I or II disorder, a measure of suicide risk, the Concise Health
Risk Tracking Self-Report, was closely correlated with measures of
depression but had no association with manic symptoms
(Ostacher et al., 2015). Large prospective samples will be needed to
more clearly discern and replicate gender and bipolar subtype as pu-
tative moderators of mood states on suicidal ideation and behavior as
four times the sample size is required to detect an interaction as is
needed to detect a main effect of the same magnitude (Leon and Heo
2009).

In the current study, the prevalence of mixed states, as operationally
defined using PHQ-9 and ASRM cutoffs was 15%, which is lower than
the 20% reported in previous cross-sectional studies (Rihmer et al.,
2008; Swann et al., 2013; Shim et al., 2015) and the 37-38% from past
prospective studies (Gonzalez-Pinto et al., 2011; Persons et al., 2018).
Given that prospective prevalence estimates come from studies with
10-18 years of follow-up, our estimates would have been expected to
more closely approximate the 20% reported from cross-sectional stu-
dies. This slightly lower than expected observed prevalence estimate
may due to the lack of an assessment at baseline for any prior mixed

Percentage of Visits with Suicidal Behavior or Ideation

100%

90%

80%

70%
60%

50%
40%
30%
20%
10% -

0% -

No Depression or
Mania

Depression

Mixed

Mania

Fig. 1. Percentage of visits with suicidal behaviors or ideation. This figure illustrates the percentage of visits in each categorically-defined and mutually-
exclusive mood state wherein the outcome of suicidal behavior or ideation was observed. A given patient could provide multiple visits in this descriptive pre-

sentation.
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Table 4

Generalized linear mixed model analyses: effects of binomial mood state on combined suicidal ideation or behavior.
Unadjusted
OR 95% CI p-value
Mixed state 1.32 0.30-5.89 0.72
Depression 15.81 8.33-30.00 < 0.0001
Mania 0.89 0.42-1.90 0.77
Multivariable-adjusted®
OR 95% CI p-value
Mixed state 0.90 0.20-3.97 0.89
Depression 15.12 7.85-29.12 < 0.0001
Mania 0.85 0.40-1.81 0.67

@ Adjusted for gender, age, race, education, marital status, and presence of comorbid substance use or anxiety

disorders.

states. While any resultant underestimation may have impacted our
delineation of groups based on history of mixed vs. no history of mixed
states, these groupings were not used in any of the prospective statis-
tical models. The lower than expected prevalence estimate may also
reflect differences in our sample, which consisted of actual patients
being treated at NNDC centers, rather than participants in clinical trials
or the application of PHQ-9 and ASRM-based definitions. As expected,
Patients who demonstrated mixed states had marginally more frequent
unspecified anxiety disorders although otherwise lacked the additional
co-morbidity reported in samples with a history of mixed states
(Valtonen et al., 2007; Persons et al., 2018). The prevalence of co-oc-
curring anxiety and substance use disorders is well under that expected
from  systematic  assessments of  representative  samples
(Merikangas et al., 2007) and suggests that even in specialized mood
disorders centers that co-occurring conditions continue to be under-
diagnosed on clinical interview alone in the absence of structured
evaluations (Zimmerman and Mattia 1999).

Patients who demonstrated mixed states also appeared to have
higher mean PHQ-9 and ASRM scores at each visit. While this would be
expected based on prior studies (Gonzalez-Pinto et al., 2011; Persons
et al., 2018), there is the potential for this to be tautological since mixed
states were defined as meeting both thresholds at a given visit and each
patient had a mean of only just over three clinic visits. There were si-
milar mean mood ratings between groups (mixed vs. not mixed) for
visits exceeding either depressive or manic rating thresholds. Our
finding of a primary role for depressive symptoms in the manifestation
of suicidal ideation and behavior was independent of concurrent an-
xiety symptoms or the categorical presence of a diagnosed anxiety
disorder, consistent with that previously reported in a large cross-sec-
tional study of mixed symptoms and suicidal thoughts and behavior
(Valtonen et al., 2007).

Unlike the Collaborative Depression Study analysis, which found a
higher risk of suicidal behavior with mania in bipolar I disorder
(Persons et al., 2018), the current analysis did not observe any risk of
suicidal ideation or behavior with mania in bipolar I disorder, although
this was observed in women. A stronger link between mania and poor
sleep quality has been observed in women (Saunders et al., 2015),
which could influence suicidal thoughts or behaviors (Perlis et al.,
2016). In analyses from the Stanley Foundation Bipolar Treatment
Network, broadly-defined mixed symptoms have also been found to be
more common in women and associated with a greater burden of de-
pressive symptoms (Suppes et al., 2005; Miller et al., 2016). Variable
findings may have been influenced by the lower specificity of the ASRM
when used in samples with a spectrum of mood elevation symptoms
(Altman et al., 2001) and more limited ability relative to clinician-ad-
ministered mania scales of capturing impairments in insight and func-
tion, which are well-documented in mania (Dell'Osso et al., 2002; Judd
et al., 2008). Although it is not established whether women have more

780

insight than men into mood symptoms (Baldassano et al., 2005), one
study assessing insight in remitted patients with bipolar disorder re-
ported a quantitatively but not significantly disproportionate number of
women in the preserved insight group with cell counts translating to a
marginally significant association (X2 =29, p=0.09) (Dias et al.,
2008). Any differential misclassification of mania on the self-report
ASRM due to group differences in insight could result in apparent
moderation as an artifact. Categorical mania (ASRM > 5) was seen at
1/3 of visits, more than would be expected from prospective cohort
data, wherein depression was present 59% of weeks and mania 2% of
weeks over long-term follow-up in the Collaborative Depression Study
(Judd et al., 2003). This greater than expected frequency of mania is
likely due to the low specificity of ASRM - that is, ASRM scores > 5
often do not actually represent categorical mania in a clinic population
— but may in part be due to selection bias with clinic visits more likely
when ill (although the PHQ-9 threshold for depression was met at ap-
proximately 55% of visits as expected).

This study is notable for the partial replication of prior observa-
tional data in a real world clinical setting, although the sample has
more limited and irregular follow-up assessments. Information on past
suicidal behavior was not available. Diagnoses were made by clinicians
in NNDC Centers of Excellence and not by structured interview. Mixed
symptoms and states were operationalized by PHQ-9 and ASRM scales
and the validity of such self-report measures to define mixed states is
not established. While meant to approximate DSM-5 and with use of
established thresholds, assessments could not be based directly on DSM-
5 criteria. The DSM-5 mixed features specifier is applied during defined
major depressive episodes with at least three manic/hypomanic
symptoms or during defined manic/hypomanic episodes with at least
three depressive symptoms (American Psychiatric Association, 2013).
Our models were not impacted by the irregular follow-up, and the re-
peated measurements available improved our ability to estimate risk of
suicidal thoughts and behavior. Our outcome, which primarily involved
suicidal thoughts, is a surrogate for the more clinically relevant suicidal
behavior, and suicidal behavior, albeit infrequently observed, was
secondarily assessed with similar results. Although potentially clinically
relevant in its own right, even suicidal behavior is a questionable sur-
rogate for completed suicide (Wortzel et al., 2010). Our sample in-
cluded patients in a clinical setting and may be more representative of
the general population of those treated for mood disorders than those
who have participated in clinical research studies, especially clinical
trials. Patients had relatively low levels of mood symptoms and the
results may not generalize to more severe presentations, although the
majority of the Persons et al. sample were inpatients on intake. The full
use of the longitudinal data with generalized linear mixed models that
assessed the impact of mood symptoms on suicidal ideation and beha-
vior at any point in time within patients was a notable strength of the
study
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This analysis does not suggest any additional suicide risk of mixed
depressive and manic symptoms beyond the contribution of the de-
pressive and manic symptoms themselves, with depressive symptoms
standing out unequivocally as the primary syndromal influence on risk
of suicidal thoughts of behavior. Our findings suggest women are at
greater risk of suicidal ideation and behavior with mania and future
study is indicated to better understand this potential moderator of
suicide risk with mania. With continued growth of the network, the
NNDC registry may be a useful resource to later confirm this moderator
as well as to reassess the previously reported moderation of risk with
mania by bipolar subtype. In the meantime, clinicians should heed the
importance of depressive symptoms in assessments of suicide risk and
aggressively target depressive symptoms as a potentially modifiable risk
factor for suicide.
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