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Abstract

BACKGROUND: It has not been established that suicide risk with mixed symptoms is any
greater than the depressive component or if there is synergy between depressive and manic
symptoms in conveying suicide risk.
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METHODS: The National Network of Depression Centers Mood Outcomes Program collected
data from measurement-based care for 17,179 visits from 6,105 unique individuals with clinically
diagnosed mood disorders (998 bipolar disorder, 5,117 major depression). The Patient Health
Questionaire-8 (PHQ-8) captured depressive symptoms and the Altman Self-Rating Mania scale
(ASRM) measured hypomanic/manic symptoms. Generalized linear mixed models assessed
associations between depressive symptoms, manic symptoms, and their interaction (to test for
synergistic effects of mixed symptoms) on the primary outcome of suicidal ideation or behavior
(secondarily suicidal behavior only) from the Columbia-Suicide Severity Rating Scale (C-SSRS).
Moderation was assessed.

RESULTS: PHQ-8 scores were strongly associated with suicide-related outcomes across
diagnoses. ASRM scores showed no association with suicidal ideation/behavior in bipolar disorder
and an inverse association in major depression. There was no evidence of synergy between
depressive and manic symptoms. There was no moderation by sex, race, or mood disorder polarity.
Those over 55 years of age showed a protective effect of manic symptoms, which was lost when
depressive symptoms were also present (mixed symptoms).

DISCUSSION: Mixed depressive and manic symptoms convey no excess risk of suicidal ideation
or behavior beyond the risk conveyed by the depressive symptoms alone. Depressive symptoms
are strongly linked to suicidal ideation and suicidal behavior and represent an important and
potentially modifiable risk factor for suicide.

Keywords

Bipolar disorder; Major Depressive Disorder; Mania; Depression; Mixed Symptoms; Suicidal
ideation; Attempted Suicide

INTRODUCTION

The course of illness in mood disorders is frequently complicated by the presence of
significant depressive symptoms during manic or hypomanic episodes and significant
hypomanic or manic symptoms during episodes of major depression. Long-term prospective
studies suggest these mixed states may be experienced by up to 38% of individuals with
bipolar disorder [1, 2]. Mixed states have long been considered to be a high risk period for
suicide; however, most of the evidence on this topic comes from cross-sectional associations
between those who have had mixed states at some point and prior suicide attempts [3]. One
recent systematic review of 16 cross-sectional studies of individuals with bipolar disorder
found increased suicidal behavior in mixed state compared to mania/hypomania, and overall
no difference in suicidal behavior in mixed state than in depression [4]. While there have
been some limited prospective studies, the International Society of Bipolar Disorders Task
Force on Suicide concluded “there was insufficient data to specifically analyze mixed
episodes” as a risk factor due to low rates of mixed episodes in a limited number of studies
[5]. In a sample of 120 individuals with bipolar | followed for 10 years, Gonzalez-Pinto et al.
found that those with a history of mixed states had more mood episodes (~10 vs. ~5) and
more suicide attempts (29.5% vs. 13%). The difference in suicide attempts was significant in
only univariate models [1]. In a two year follow-up of 91 individuals with bipolar I, Johnson
et al. performed a cross-sectional analysis using the month with the highest level of
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suicidality from a modified Hamilton Rating Scale for Depression and found depression,
hopelessness, and, less strongly, mixed states were associated with suicidal ideation and
attempts [6]. Two analyses that fully utilized the same prospective data from the Jorvi
Bipolar Study indeed confirmed higher risk of suicide attempts with mixed states [7, 8]. In
both of these analyses, risk estimates were quantitatively higher for categorically defined
mixed states than pure depressive states although neither analysis assessed whether there
was any risk beyond that attributable to the underlying depressive symptoms.

Understanding the interplay between depressive and manic symptoms in mixed states has
important implications. If it is the case that depressive symptoms and manic symptoms exert
only additive effects, then there is little reason to think of them as anything more than
independent risk factors for suicide. As such, depressive and manic symptoms, whether
separated in time or co-occurring, could be considered separately in risk assessment. If,
however, depressive and manic symptoms interact to convey a greater-than-additive effect,
this would be suggestive of synergy and would be of great interest. Kenneth Rothman
classically described synergy as occurring when “the risk attributable to a combined
exposure exceeds the sum of the risks attributable to each exposure separately [9].” Recent
analyses of longitudinal data have found that mixed states are not associated with an
elevated risk for suicide outcomes beyond that attributable to the component depressive
symptoms [2, 10]. Persons et al. addressed this question in a cohort of 429 individuals with
bipolar disorder who were followed for a mean of 18 years through the Collaborative
Depression Study (CDS). In the CDS, individuals with bipolar mixed states experienced a
greater burden of depressive symptoms, and the risk of suicidal behavior in mixed states was
not increased beyond the risk attributable to the depressive component [2]. Fiedorowicz et al.
replicated these findings in a cohort of 290 patients with bipolar disorder with more limited
prospective follow-up in the National Network of Depression Centers (NNDC) Clinical Care
Reqistry, a real-world sample of patients with mood disorders receiving treatment at sites
across the United States. This study similarly found no evidence of increased suicide risk in
mixed states beyond that explainable by the depressive symptoms [10]. Ostacher et al.
similarly reported no association between manic (and therefore mixed symptoms) and
suicidal ideation or behavior in the NIMH LiTMUS trial [11].

Several studies have found that mixed states are associated with more frequent or longer
episodes of mood symptoms [3]. Gonzalez-Pinto et al. followed 120 participants with
bipolar I disorder for a decade and found that those who experienced mixed states had
roughly twice as many mood episodes over follow-up [1]. Several cross-sectional studies
have also reported those with mixed symptoms had more prior or longer episodes or a more
chronic course for bipolar disorder [12—15] and major depression [12]. The presence of
mixed states is also associated with an earlier age of onset for both bipolar disorder [1] and
major depression [12, 16]. An early age of onset is associated with a more chronic course of
illness in mood disorders [17]. The aggregate of evidence therefore supports that the cross-
sectional association between those who have had mixed states and prior suicide attempts is
confounded by a more persistent course of depressive symptoms.

In the CDS cohort, we found some evidence of moderation by bipolar subtype such that
weeks in which manic and depressed states occurred were associated with a greater suicide
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risk in bipolar | disorder but not in bipolar Il disorder [2]. Moderation of the effects of mood
symptoms on suicidality by bipolar subtype was, however, not replicated in the NNDC
analysis, but there was evidence of moderation by sex such that women, but not men
experienced an increased suicide risk during manic states [9]. While these previous analyses
suggest that mood state related suicide risk may not be homogeneous across individuals with
bipolar disorder, they were underpowered to test for moderation. There is a need to conduct
adequately powered analyses on these putative moderators and to examine other factors that
alter the effects of mood state on suicidality.

In this study, we sought to use a large, real-world sample, the NNDC Mood Outcomes
Program (MOP), to assess whether mixed states elevate suicide risk beyond any risk
attributable to the manic or depressive components of mood symptoms alone. These
analyses will be extended to unipolar major depressive disorder and are better powered to
assess pre-specified moderators: age, sex, race, polarity (bipolar/unipolar), and bipolar
subtype (assessed only within the bipolar disorder subsample).

METHODS

This study utilized real-world data, defined here as data obtained from normal clinical
practice [18], from the NNDC Mood Outcomes Program (MOP). The National Network of
Depression Centers is a comprehensive, multidisciplinary collaboration of leading mood
disorder experts across 26 academic medical centers of excellence, dedicated to reducing the
burdens of morbidity and mortality in mood disorders. The Mood Outcomes Program is a
clinical program created by the NNDC to collect standardized patient-reported outcomes at
each clinical visit via a patient portal. This program simultaneously improves patient care by
allowing clinicians to view patient data across visits in real time and increases the fund of
knowledge by creating a large-scale longitudinal database. Each site meets their institutional
review board requirements for the provision of clinical data. Because this data is provided as
part of standard clinical care at each site, patient consent is not obtained. The data is
centralized in collaboration with the Altarum Institute, a non-profit health informatics
organization [19].

Mood was captured as a component of MOP using the Patient Health Questionnaire-9
(PHQ-9) for depressive symptoms and the Altman Self-Rating Mania (ASRM) scale for
manic/hypomanic symptoms [21]. To avoid overlap with outcome, only the first 8 items of
the PHQ-9 were used, also known as the PHQ-8 [20]. The PHQ-8 was treated as a
continuous measure in primary analyses. For the categorical determination of clinically
significant depressive symptoms, we used a PHQ-8 threshold of =10, which has been shown
to have high sensitivity and specificity in various clinical and community samples [21, 22].
Manic/hypomanic symptoms were captured using continuous ASRM score in primary
analyses and secondarily categorically using a cutpoint of >5, which has high sensitivity but
quite variable specificity (33-87%) for mania, depending on the severity of symptoms [23,
24]. For our purposes, and in keeping with our previous publications, mixed symptoms were
defined as concurrent depressive and manic/hypomanic symptoms [2, 10].
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This analysis was conducted for MOP data from June 2015 to December 2019, at which
time the ASRM was removed from the common assessment package due to its psychometric
limitations. MOP data during this date range was collected from measurement-based care at
the following ten member centers: Johns Hopkins University, Mayo Clinic, Medical
University of South Carolina, Penn State University, University of Illinois at Chicago,
University of Colorado Anschutz Medical Campus, University of lowa, University of
Louisville, University of Michigan, and University of Texas at Houston. For privacy reasons,
sites are not named in the MOP. The MOP patient database for this date range includes more
than 10,000 individuals with a mood disorder, within which we restricted to those with
bipolar disorder or major depressive disorder. We included data from all patients with a
diagnosis of bipolar I disorder (ICD10 codes F31.1-F31.78; F30.1-F30.9), bipolar Il disorder
(ICD10 code F31.81), bipolar disorder not otherwise specified (ICD10 codes F31.8; F31.89;
F31.9), and major depressive disorder (ICD10 codes F06.3-F06.4; F32.0-F34.0; F34.1-
F40.0). Per NNDC data protocol, the mood disorder diagnosis used across all analyses is the
most recent chart diagnosis from the clinicians providing care at these NNDC centers.

Suicidal ideation and behavior was captured using the Columbia-Suicide Severity Rating
Scale (C-SSRS), with suicidal ideation defined as any thoughts of killing oneself or wishing
oneself dead and suicidal behavior defined as any suicide attempt or preparations for an
attempt since last visit. The C-SSRS demonstrates 100% sensitivity and 96% specificity
compared to evaluation by a panel of experts [25].

Our a priori power calculations conservatively assumed a dataset of 9,000 patients with only
one visit per participant and a similar proportion with bipolar disorder, mixed states, and
suicide outcomes as was observed in our prior analysis of the NNDC Clinical Care Registry,
where 31% of visits included suicidal ideation or behaviors [10]. Using PS Power and
Sample Size Calculations Version 3.0, under the assumptions of an uncorrected chi-square
case to minimize assumptions, with 24% of visits being classified as mixed and using the
aforementioned estimates from the Clinical Care Registry, we would have 84% power (at
alpha=0.05) to detect a 10% difference in suicidal ideation (centered around estimate of
50%) between categorical mixed states and depression and a 6% difference in risk of
suicidal behavior (centered around estimate of 9%). With any correlation between repeated
observations in the actual analysis, these power calculations conservatively underestimate
power.

Analyses were conducted using SAS 9.4 (SAS Institute, Inc., Cary, NC). Generalized linear
mixed models (GLMM - binomial distribution, logit link (canonical)) with a random
intercept term were used to account for the violation of the assumption of independent
observations with repeat visits (the unit of analysis) for some patients. Linear mixed models
did not include any variable for time to accommodate repeated measures data with highly
irregular follow-up periods. Mixed symptoms were modeled as a depressive x manic
symptom interaction term in primary analyses; for the purpose of describing visits, patients
were considered to have had a mixed state if they met both the thresholds of PHQ-8 =10 and
ASRM >5. In primary models, depressive symptoms were modeled as the continuous
PHQ-8 score and manic symptoms as the continuous ASRM score with suicidal ideation or
behavior as the dependent variable without centering of variables to assess moderation [26].
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The Baron and Kenny approach was selected over the MacArthur approach as the data did
not allow ascertainment of temporality [27]. Continuous variables were used to model the
interaction to reduce the likelihood of biased results when grouping categorical variables
which can falsely imply synergy [28]. A significant interaction would suggest significantly
greater (or lower) suicide risk in mixed states beyond what can be additively attributed to the
component depressive or manic symptoms. We secondarily assessed the narrower but more
clinically relevant outcome of suicidal behavior only. Models also addressed the potential for
moderation by sex, race (White/non-White due to observed frequencies), age (<55 or =55
years) bipolarity, bipolar subtype (within sub-sample with bipolar disorder). The arbitrary
age threshold was determined a priori over more popular thresholds of 60 or 65 so as to have
better balance between groups while still using a threshold that has been used elsewhere
[29-31]. These putative moderators could all be assumed to precede the mood symptom
target variable. Moderation was assessed for depressive, manic, and mixed symptoms as
continuous variables adding an interaction term for each of the aforementioned putative
moderators as indicator variables. Moderation of mixed symptoms subsequently involved a
three-way interaction term (PHQ-8xXASRMxmaoderator). When present, moderation was
illustrated with stratified models. Post hoc logistic regression models used a categorical
threshold of PHQ-8 > 10 for depressive symptoms and ASRM > 5 for manic/hypomanic
symptoms with mixed symptoms modeled as their concurrence.

RESULTS

The sociodemographic and clinical characteristics of the 6,105 patients in the sample are
reported in Table 1. Relative to those with a diagnosis of bipolar disorder, patients with
major depressive disorder were also more likely to be diagnosed with a co-occurring anxiety
disorder and were more likely to be female. They also tended to be younger. The differences
between those were categorically classified as experiencing mixed symptoms, defined as a
PHQ-8=10 and an ASRM>5 at any visit, are reported in Supplemental Tables 1 for bipolar
disorder and Supplemental Table 2 for major depressive disorder. The overall mean PHQ-8
score was 10.3 (SD 6.7) and the overall mean ASRM score was 2.7 (SD 3.0). Relative to
patients with bipolar disorder, those with major depressive disorder had a higher mean
PHQ-8 score (10.4 vs. 9.9, p<0.001) and a lower mean ASRM score (2.6 vs. 3.2, p<0.001).
Those who categorically reported mixed symptoms at any visit reported significantly higher
mean PHQ-8 and ASRM scores for both the bipolar disorder subsample (PHQ-8: 13.1 vs.
8.9, p<0.001; ASRM: 5.7 vs. 2.5, p< 0.001) and the major depressive disorder subsample
(PHQ-8: 13.0 vs. 9.8, p<0.001; ASRM: 4.6 vs. 2.2, p<0.001).

Analyses were performed for 17,179 visits in this sample (an average of 2.8 visits/patient
with a range of 1 to 36). By categorically defined and mutually exclusive mood states, there
were a total of 7,535 visits with depressive symptoms, 1,710 visits with manic/hypomanic
symptoms, 1,028 visits with both (mixed symptoms), and 6,906 visits with neither clinically
relevant depressive nor manic/hypomanic symptoms. Among the subsample with bipolar
disorder, there were 816 visits with depressive symptoms, 259 visits with manic/hypomanic
symptoms, 212 visits with mixed symptoms, and 891 visits with no clinically relevant
depressive or manic/hypomanic symptoms. At a total of 5,839 visits (34.0% of total visits),
suicidal ideation or behavior was reported with 1,068 of those visits reporting suicidal
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behavior (6.2% of total visits). The subsample with bipolar disorder, included 988 patients
with 2,178 visits, at which 698 (32.0%) reported suicidal ideation or behavior and 129
(5.9%) reported suicidal behavior. The percentage of visits in which our primary outcome
(suicidal ideation or behavior) was observed grouped by whether the patient categorically
reported no clinically significant depressive or manic symptoms, depressive symptoms,
manic symptoms, or both (PHQ-8>10 and ASRM>5) are illustrated in Figure 1a with Figure
1b restricted to the secondary outcome of suicidal behavior. Supplemental Figures 1la—d
present the same information stratified by diagnosis of bipolar disorder or major depressive
disorder.

In our primary GLMMs with suicidal ideation or behavior as the dependent variable, the
PHQ-8xASRM interaction terms (as continuous variables) were not significant (p’s 0.38-
0.95). Thus, there was no evidence of more- or less-than-additive effect of the symptom
categories. Depressive symptoms, as measured by the PHQ-8, were strongly related to
suicidal ideation/behavior in all models. Manic/hypomanic symptoms, as measured by the
ASRM, were not related to suicidality in the subsample with bipolar disorder and were
inversely associated with the outcome in the subsample with major depression in models
adjusting for sex, age, race, marital status, and the presence of co-occurring substance use or
anxiety disorders (p=-0.42, 95% CI -0.067 to —0.016, p=0.001). The results of these
models are detailed in Table 2. Similar results were observed in secondary GLMMSs on the
dependent variable of suicidal behavior, with the exception of an association of mania/
hypomania with increased risk of suicidal behavior in the subsample with major depression
(B 0.05, 95% CI 0.02-0.09, p=0.004). The results of these models are detailed in Table 3.

Post hoc analyses looking at mood state categorically among patients with bipolar disorder
demonstrated a higher odds of suicidal ideation or behavior with depressive symptoms (OR
7.93, 95% CI 5.67-11.09, p<0.001), but not manic/hypomanic symptoms (OR 1.04, 95% CI
0.72-1.49, p=0.85) or mixed symptoms (OR 0.94, 95% CI 0.46-1.90, p=0.86). Similar
relationships were noted among patients with major depression for depressive symptoms
(OR 9.71, 95% CI 8.35-11.28, p<0.001) and mixed symptoms (OR 1.03, 95% CI 0.73-1.47,
p=0.86), with a protective effect noted for manic/hypomanic symptoms (OR 0.60, 95% ClI
0.50-0.72, p<0.001).

Moderation analyses revealed no effects of sex, race, mood disorder polarity, or bipolar
subtype (evaluated only within sub-sample with bipolar disorder) on the relationship
between depressive symptoms, manic/hypomanic symptoms, or their interaction (mixed
symptoms) on the primary outcome of suicidal ideation or behavior. There was significant
moderation by age (age <55 years vs. age = 55 years) for depressive symptoms (p<0.001),
manic/hypomanic symptoms (p=0.001) and mixed symptoms (p=0.02). In subsequent
stratification by age category, among those younger than 55 years old, depressive symptoms
(p 0.26, SE 0.010, 95% CI 0.25-0.28, p<0.001), but not manic/hypomanic symptoms (p
-0.006, SE 0.024, 95% CI -0.053-0.041, p=0.80) or the interaction of depressed and manic
symptoms ($=-0.007, SE 0.002, 95% CI —0.004-0.003, p=0.74) were associated with
suicidal ideation or behavior. Among those 55 years of age or older, however, depressive
symptoms (B 0.20, SE 0.016, 95% CI 0.17-0.23, p<0.001) were associated with higher risk
while manic/hypomanic symptoms with lower risk (B —0.17, SE 0.048, 95% CI —0.26-
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-0.076, p<0.001) of suicidal ideation or behavior, while the depression by manic symptom
interaction (B 0.009, SE 0.004, 95% CI 0.001-0.017, p=0.03) suggested that protective
effect was dampened by the co-occurrence of depressive symptoms. The correlations
between the PHQ-8 and ASRM overall and stratified by the age categories for those with
bipolar disorder and major depression are shown in Supplemental Table 3. These
correlations do not appear to differ by age although the negative correlation between the
ASRM and PHQ-8 in major depression (r= —0.15, p<0.001) is not seen in bipolar disorder
(r=0.015, p=0.45)

DISCUSSION

In this large, real-world, multi-center, longitudinal, clinical sample, we confirmed findings
that mixed symptoms (manic symptoms present during depression and vice versa) do not
convey any increased risk for suicidal ideation or behavior beyond that attributable to
depressive symptoms, which appear to be the primary driver of risk in mood disorders.
Individuals who categorically reported mixed symptoms at any visit had an overall greater
burden of depressive and manic symptoms, as evidenced by significantly higher mean
PHQ-8 and ASRM scores across visits, relative to those without mixed symptoms.
Depressive symptoms, as measured by the PHQ-8, were strongly associated with self-
reported suicide outcome measures from the C-SSRS. Interestingly, scores on the ASRM
were actually associated with lower risk in those with major depression, but not bipolar
disorder. In this larger sample, for which we had adequate power to assess moderation, we
failed to replicate findings on moderation by polarity or sex from prior moderation analyses
in smaller samples. We identified moderation by age, such that those over 55 years of age
demonstrate a protective effect of manic symptoms, and this deserved further investigation.
This effect may be explained by older individuals having more lifetime experience with
managing manic symptoms, and as such being less likely to be moved to suicidal thinking
with them. The significant PHQ-8XASRM interaction within this group likely represents
loss of the protective effect of manic symptoms when depressive symptoms are also present.

The differences in moderation analyses notwithstanding, the primary models for this
analysis successfully replicate the results of our prior analyses, producing a strikingly
similar response to the question of whether there is synergy between depressive and
hypomanic/manic symptoms and suicide risk [2, 10]. With this contribution, all three
analyses on this topic have led to the same conclusion and failed to demonstrate such
synergy. The current analysis is most similar to the prior analysis done with the NNDC
predecessor to the Mood Outcomes Program, the Clinical Care Registry, which involved a
smaller sample without adequate power to assess moderators [10]. A key limitation of both
the NNDC Mood Outcomes Program and Clinical Care Registry analyses related to the
outcome measure that was dominated by suicidal ideation, which is arguably a problematic
surrogate outcome for suicide research. Both analyses secondarily looked at suicide attempts
with similar results.

The first analysis of data from the Collaborative Depression Study used suicide attempts and
suicide deaths as the primary outcome [2]. This suggests that the failure to demonstrate
synergy cannot be ascribed to use of a surrogate outcome. All three studies directly testing
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the hypothesis of synergy between depressive and hypomanic/manic symptoms were not
only negative, but suggested even less than additive effects. There are two important
prospective studies that looked at mood symptoms as time varying covariates in a survival
analysis that temper our conclusions of less-than-additive effects. The only prospective
analyses to contrast risk between mood states, including mixed states, showed higher
estimates of risk with mixed symptoms relative to depressive, both in the same sample [7, 8].
In an analysis of 176 participants of the Jorvi Bipolar Study followed for 18 months, Holma
et al. observed an incidence of 878 (95% CI 421-1,615) suicide attempts per 1,000 patient-
years during mixed states and 411 (95% CI 292-562) during major depressive states. The
total number of suicide attempts in mixed states was not reported nor was patient-years of
follow-up in mixed states to calculate this number [7]. In a prior analysis of the same
sample, Valtonen et al. reported that there were only 10 suicide attempts during 11.42 years
of time spent in mixed phases, corresponding to a RR of 37.7 (95% CI 11.8-120.3), higher
than the estimate for major depression (RR 18.1 (95% CI 6.5-50.8) [8]. These findings are
not necessarily inconsistent with our results if they are driven by more severe depressive
symptoms during the mixed states, which was not assessed.

The inverse association between ASRM score and suicidal ideation or behavior in major
depressive disorder was not seen with bipolar disorder. In patients with major depressive
disorder, it seems plausible that the scale is instead inadvertently capturing improvements in
depressive symptoms. If a similar effect is seen for some patients with bipolar disorder as
well, this could obscure any mania-related associations. The low specificity of the ASRM in
detecting mania is an important limitation of this analysis, however, [24] and any resultant
misclassification could bias results toward the null hypothesis, which must be considered
given the inability of this study to detect an association with mixed manic and depressive
symptoms. The self-reported ASRM may also fail to accurately and adequately capture
mania. Insight is likely to be more impaired for manic than depressive symptoms,
introducing the potential for comparative difficulty in accurately cataloging and rating the
severity of manic symptoms [32]. In addition, the ASRM only captures symptoms related to
select facets, such as elevated mood and increased energy, and doesn’t capture other
accompanying factors such as irritability, impulsivity, or psychasis. Our prior Collaborative
Depression Study analysis did not rely on a self-report rating [2] and future studies should
consider use of a comprehensive, clinician-administered mania assessment where able.
Mania is a complex mood state, consisting of many possible combinations of symptoms. As
such, aggregate measures of manic symptom may miss the influence of a more complex
interplay between manic and depressive symptoms on suicide risk. It may be the case that
only certain combinations of symptoms (or valence of symptoms) increase suicide risk,
while other combinations do not. Relatedly, this current study does not account for the
potential influence of personality traits such as neuroticism or categorical personality
disorders like borderline personality disorder, which demonstrates considerable symptom
overlap with bipolar disorder and a resultant potential for misdiagnosis [33, 34]. The current
dataset did not have any systematic assessment of personality. In the prior Collaborative
Depression Study analysis, models adjusting for neuroticism did not alter the findings
although neuroticism itself was an independent predictor of risk [2].
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The strength of this study is that a large sample allowed us to assess potential moderators of
depressive, manic, and mixed mood symptoms on suicidal ideation or behavior with greater
power than prior analyses. Given the multi-center design and racial and ethnic diversity of
this sample, the results may be more generalizable than from those of samples from more
traditional clinical research studies. However, the real-world data brings its own unique
limitations. Patients had limited follow-up assessments at irregular time intervals. This
precluded us from modeling time in the models that still allowed for repeat observations per
patient, although we did not model changes over time between visits. Diagnoses were
determined by clinicians at NNDC Centers, but there is potential for misclassification since
formal, structured diagnostic interviews were not used. This may explain some of the
unexpected findings in the sample, such as a lower frequency of reported anxiety disorders
in bipolar, compared to unipolar major depression, which although unusual was also
observed in an early analysis from the Collaborative Depression Study [35]. This unexpected
lower frequency of anxiety disorders may be the result of diagnostic overshadowing, where
clinicians are less likely to report a co-occurring anxiety disorder for bipolar disorder than
major depression, or due to a more limited diagnosis in clinical care compared to research
studies that utilize more comprehensive diagnostic instruments. Mood symptoms and
outcome were assessed at each clinic visit and therefore represent overlapping, but not
identical time periods.

Suicidal ideation is also a problematic surrogate outcome for suicidal behavior, which we
assessed only secondarily to ensure adequate power for moderation analyses; as such, the
relationships observed between mood symptoms and our composite outcome measure of
suicidal ideation or behavior may not hold for attempted suicide or suicide death. There is
some suggestion of this in our findings among the patient subgroup with major depressive
disorder, in which we detected a protective effect of mania’hypomania in our composite
primary outcome of suicidal ideation or behavior, but an increased risk associated with
mania/hypomania in our secondary outcome of suicidal behavior alone. One potential
explanation could be that manic symptoms increase the risk of attempting suicide without
increasing suicidal thoughts, such as through increasing impulsivity, although this was not
observed in the smaller, less powered subsample with bipolar disorder. It is also possible that
there is greater misclassification of manic symptoms among the subgroup with major
depressive disorder, such that the ASRM within this subgroup may also be capturing a
component of recovery from depressive symptoms. Another limitation of this study is the
use of self-assessment instruments to capture mood symptoms and suicidal ideation/
behavior, which introduces the potential for measurement bias. Diagnoses were obtained
through normal clinical practice and therefore did not strictly employ the Structured Clinical
Interview for DSM-5 to derive psychiatric diagnoses or determine whether participants met
DSM-5 criteria for the mixed symptom specifier. While this larger sample allowed us to
assess previously unexplored moderation by race, minority groups were underrepresented
and we were forced to use a crude (White/non-White) race category. More diverse samples
would be more useful to assess moderation and may be even more generalizable.

Taken together, this and recent analyses do not suggest any additional risk of suicide-related
outcomes with mixed depressive and manic symptoms beyond the contribution of depressive
symptoms themselves. That is, there does is no evidence of synergy between depressive and
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manic symptoms on suicidal ideation/behavior at a given visit and the direction of the
association was toward less than additive effects. Our results are consistent with depressive
symptoms being the primary mood symptoms influencing risk of suicidal thoughts and
behaviors. Clinicians should heed the importance of depressive symptoms in suicide risk
assessment and aggressively target these symptoms as a potentially modifiable risk factor in
bipolar disorder. While the presence of mixed depressive and manic symptoms can be an
important correlate of a harsher course of illness, there is no compelling evidence to date
that their presence within a given mood episode needs to be uniquely considered in the
assessment of suicide risk.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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HIGHLIGHTS

Depressive symptoms are strongly associated with concomitant suicidal ideation and
behavior

Mixed symptoms convey no greater risk for suicidal ideation/behavior than depressive
symptoms alone

Mood disorder polarity did not appear to moderate the risk associated with mood state
Mood disorder polarity, sex, and race did not appear to moderate the relationships

Older individuals were less likely to have suicidal ideation/behavior with manic
symptoms

Any protective effect of manic symptoms in older adults disappears with concurrent
depressive symptoms
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Combined Sample (17,179 total visits):
Percent of Visits with Suicidal Ideation or Behavior

M Suicidal
Ideation or
Behavior

No Depression or Depression Mania Mixed
Mania

FIGURE 1: Frequency of Visits with Primary Outcome of Suicidal Ideation or Behavior by
Mood State

This figure illustrates the overall proportion of visits by mood state for which the primary
outcome of suicidal ideation or behavior was reported within the combined patient sample.
Visits with “no depression or mania” were determined by a self-reported PHQ-8<10 and an
ASRMSS5. Visits with “depression” were defined by a PHQ-8>10 and an ASRM<5 and
mania by a PHQ-8<10 and an ASRM>5. “Mixed” visits were those in which the PHQ-8210
and ASRM>5. This figure is provided for descriptive purposes as primary analyses utilized
these mood measures as continuous variables.
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Combined Sample (17,179 total visits):
Percent of Visits with Suicidal Behavior

No Depression or Depression Mania Mixed
Mania

FIGURE 2: Frequency of Visits with Suicidal Behavior by Mood State
This figure illustrates the overall proportion of visits by mood state for which suicidal

behavior was reported within the combined patient sample. Visits with “no depression or
mania” were determined by a self-reported PHQ-8<10 and an ASRM<5. Visits with
“depression” were defined by a PHQ-8>10 and an ASRM<5 and mania by a PHQ-8<10 and
an ASRM>5. “Mixed” visits were those in which the PHQ-8>10 and ASRM>5. This figure
is provided for descriptive purposes as primary analyses utilized these mood measures as
continuous variables.
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This table highlights key demographic variables and co-occurring mental disorders in this sample stratified by
diagnosis of a bipolar disorder or major depressive disorder. Significant differences by diagnostic grouping are

highlighted in bold.

Total (N=6105)

Bipolar Disorder (n=988)

Major Depression (n=5117)

n(%) n(%) n(%) x? p-value
Age Category <0.001
Less than 30 years old 1889 (30.9%) 257 (26.0%) 1632 (31.9%)
30-39 yearsold 1362 (22.3%) 225 (22.8%) 1137 (22.2%)
40-49 years old 984 (16.1%) 158 (16.0%) 826 (16.2%)
50-59 years old 963 (15.8%) 190 (19.2%) 773 (15.1%)
60 years old or older 907 (14.9% 158 (16.0%) 749 (14.6%)
Sex (missing = 42) (missing = 15) (missing = 27) 0.03
Female 3985 (65.7%) 605 (62.2%) 3380 (66.4%)
Male 2075 (34.2%) 367 (37.7%) 1708 (33.6%)
Other 3(0.1%) 1(0.1%) 2 (0.04%)
Race (missing = 40) (missing = 7) (missing = 33) 0.15
American India /Alaskan Native 35 (0.6%) 8 (0.8%) 27 (0.5%)
Asian/Asian American 126 (2.1%) 18 (1.8%) 108 (2.1%)
Black or African American 451 (7.4%) 68 (6.9%) 383 (7.5%)
Native Hawaiian/Pacific Islander 7(0.1%) 3(0.3%) 4 (0.1%)
White 5160 (85.1%) 846 (86.3%) 4314 (84.9%)
Other 230 (3.8%) 34 (3.5%) 196 (3.9%)
Unknown 56 (0.9%) 4 (0.4%) 52 (1.0%)
Married (missing=230) (missing = 29) (missing = 201) <0.001
Single 2583 (44.0%) 354 (36.9%) 2229 (45.3%)
Committed Relationship 418 (7.1%) 81 (8.4%) 337 (6.9%)
Married 2058 (35.0%) 366 (38.2%) 1692 (34.4%)
Divorced 572 (9.7%) 110 (11.5%) 462 (9.4%)
Separated 132 (2.2%) 28 (2.9%) 104 (2.1%)
Widowed 112 (1.9%) 20 (2.1%) 92 (1.9%)
Comorbidities
Generalized Anxiety Disorder 1482 (24.3%) 113 (11.4%) 1369 (26.7%) <0.001
Obsessive-Compulsive Disorder 127 (2.1%) 12 (1.2%) 115 (2.2%) 0.04
Panic Disorder 214 (3.5%) 19 (1.9%) 195 (3.8%) 0.003
Phobic Disorder 233 (3.8%) 24 (2.4%) 209 (4.1%) 0.01
Reaction to Severe Stress/Adjustment 561 (9.2%) 62 (6.3%) 499 (9.7%) <0.001
Disorders
Other Anxiety Disorder 766 (12.5%) 77 (7.8%) 689 (13.5%) <0.001
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Total (N=6105)

Bipolar Disorder (n=988)

Major Depression (n=5117)

n(%)

n(%o)

n(%)

x? p-value

Substance Abuse Disorder

475 (7.8%)

78 (7.9%)

397 (7.7%)

0.88
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Table 2.

Generalized Linear Mixed Models: Relationship of Mood State to Suicidal Ideation or Behavior

Unadjusted
Bipolar Major Depression
B SE 95% CI p-value B SE 95% ClI p-value
Mixed symptomsz -0.0002 -0.06 -0.007-0.007 0.95 0.002 0.002 -0.002-0.005 0.38
Depressive Symptoms 0.23 0.017 0.19-0.26 <0.001 0.25 0.0073 0.24-0.27 <0.001
Manic Symptoms 0.017 0.023  -0.028-0.062 0.46 -0.024 0.013  -0.049-0.0006 0.056
Multivariable-adjusted”
Bipolar Major Depression
B SE 95% ClI p-value B SE 95% ClI p-value
Mixed symptomsz 0.0008  0.004 -0.007-0.008 0.84 0.002  0.002  -0.002-0.006 0.39
Depressive Symptoms 0.23 0.017 0.20-0.26 <0.001 0.25 0.0076 0.24-0.27 <0.001
Manic Symptoms 0.015  0.024 -0.031-0.062 0.52 -0.042 0.013 -0.067--0.016  0.001

1 .. . . . .
Adjusted for sex, age, race, marital status, and presence of comorbid substance use or anxiety disorders

2 . . . .
Modeled as the interaction of depressive symptoms (PHQ-8) and manic symptoms (ASRM)
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Table 3.

Generalized Linear Mixed Model Analyses: Effects of Continuous Mood State on Suicidal Behavior

Unadjusted
Bipolar Major Depression
B SE 95% ClI p-value B SE 95% ClI p-value
Mixed symptomsz 0.004 0.005 -0.006-0.013 0.44 0.003 0.003 -0.002-0.007 0.31
Depressive Symptoms ~ 0.12  0.020 0.082-0.16 <0.001 0.11 0.0088 0.098-0.13 <0.001
Manic Symptoms 0.055 0.032 -0.0081-0.12 0.087 0.069 0.018 0.034-0.10 0.001
Multivariable-adjusted™
Bipolar Major Depression
B SE 95% ClI p-value B SE 95% ClI p-value
Mixed symptomsz 0.005 0.005 -0.0054-0.015 0.35 0.002 0.003 -0.030-0.098  0.51
Depressive Symptoms ~ 0.12  0.021 0.076-0.16 <0.001 0.11 0.009 0.092-0.13 <0.001
Manic Symptoms 0.023 0.035 -0.045-0.092 0.51 0.051 0.018  0.017-0.086 0.004

1 .. . . . .
Adjusted for sex, age, race, marital status, and presence of comorbid substance use or anxiety disorders

2 . . . .
Modeled as the interaction of depressive symptoms (PHQ-8) and manic symptoms (ASRM)
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