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Abstract

Background: Anxiety disorder (AD) and substance use disorder (SUD) highly co-occur with
bipolar disorder (BD). AD and/or SUD co-occurrence is associated with poorer clinical outcomes
in BD. However, respective associations between AD and/or SUD diagnoses and BD outcomes
require clarification. Baseline data from the Systematic Treatment Enhancement Program for
Bipolar Disorder (STEP-BD) were therefore utilized to investigate independent and simultaneous
contributions of ADs and SUDs on clinical variables in BD.

Methods: Two latent factors, “pathological anxiety” and “substance use problems,” were derived
from presence/absence of lifetime AD and SUD diagnoses. Latent dimensions’ associations with
clinical variables, obtained from the Affective Disorders Evaluation, Mini-International
Neuropsychiatric Interview and Range of Impaired Functioning, were estimated via structural
equation modeling (SEM).

Results: Modeled independently, pathological anxiety and substance use problems were
significantly associated with several variables. Yet when modeled simultaneously, pathological
anxiety’s associations with functional impairment, past-year rapid cycling, and past-year %time
spent anxious and depressed remained while most variables’ associations with substance use
problems became non-significant. The only significant latent- factor interaction evidenced was for
age of BD onset.
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Limitations: Analyses were limited to lifetime diagnoses and causality may not be inferred given
cross-sectional data.

Conclusions: ADs and SUDs impact on BD was mostly additive rather than synergistic.
Findings highlight the potentially understated importance of treating inter-episodic anxiety in BD
as it may exacerbate mood symptoms, increasing functional impairment and risk for subsequent
mood episodes.

Keywords

bipolar disorder; clinical outcomes; anxiety; substance dependence; structural equation modeling;
STEP-BD

1. Introduction

Psychiatric disorder co-occurrence is the norm rather than the exception in bipolar disorder
(BD) (Bauer et al., 2005; McElroy et al., 2001). In fact, approximately 65 to 92% of BD
individuals will meet lifetime diagnostic criteria for an additional axis | disorder(s)
(McElroy et al., 2001; Merikangas et al., 2007). Lifetime anxiety disorder (AD) and
substance use disorder (SUD) are the most common co-occurring psychiatric disorders in
BD (Boylan et al., 2004; Cassidy et al., 2001; Goldstein and Levitt, 2008). Despite the high
prevalence of AD and/or SUD in BD, there remains a continued need for novel
investigations of their impact on bipolar illness. Clarification of respective associations
between AD, SUD, and BD outcomes may inform understanding of BD’s etiology and
course while potentially providing insight for targeted intervention.

It is known that AD and/or SUD co-occurrence in BD is associated with significantly poorer
clinical outcomes versus BD alone (Farren et al., 2012; Pavlova et al., 2015). BD and co-
occurring AD (BD+AD) is associated with earlier age of BD onset, increased rapid cycling,
greater symptom severity and persistence, greater functional impairment across a range of
life domains, increased substance abuse, and increased risk for attempted suicide (Gao et al.,
2010; Hawke et al., 2013; Simon et al., 2004; Thibodeau et al., 2013). Similarly, co-
occurring SUD in BD (BD+SUD) is associated with earlier age of BD onset, greater
functional impairment, and history of attempted suicide (Farren et al., 2012; Ongiir et al.,
2009; Oquendo et al., 2010). While these findings are convergent and compelling, an
important limitation is that independent associations between AD, SUD, and BD clinical
outcomes have been examined without accounting for concomitant associations between AD
and SUD. This is problematic because associations between SUD and BD outcomes may
have been spuriously produced by unaccounted for associations with AD and vice versa.
Moreover, the impact of AD on SUD trajectory or the impact of SUD on AD trajectory in
people with BD remains unclear.

Only two known studies examined simultaneous associations between lifetime AD and SUD
diagnoses and clinical outcomes in BD; both employed multiple regression approaches with
cross-sectional data (Bauer et al., 2005; Goldstein and Levitt, 2008). Bauer and colleagues
(2005) examined lifetime co-occurring AD and SUD associations with age of BD onset,
number of past-year episodes (depressive, manic, or mixed), mental and physical component
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scores (MCS and PCS, respectively), and general assessment scores (GAS). Lifetime AD
was significantly associated with lower MCS scores while lifetime SUD was unassociated
with any of the aforementioned predictors. Lifetime AD+SUD significantly associated with
earlier age of BD onset, and lower MCS, PCS, and GAS scores. The other study, by
Goldstein and Levitt (2008), examined lifetime prevalence of mixed mania (presence or
absence), prolonged mood episodes, forensic history, 12-month prevalence of mania and
depression, BD-related treatment utilization, and general mental-health functioning as
outcomes. Lifetime AD significantly associated with prolonged depressive episodes and 12-
month prevalence of depression, mixed episodes, BD-related treatment utilization, and
worse general mental health functioning. Additionally, lifetime SUD was significantly
associated with forensic history. Taken together, lifetime co-occurring AD (xSUD) may be
more associated cross-sectionally with negative clinical variables in BD.

The statistical approaches employed by Bauer and colleagues (2005) and Goldstein and
Levitt (2008) allow for more accurate estimates of the unique effects of each co-occurring
disorder on BD clinical variables. However, both studies analyzed ADs and SUDs broadly
rather than as specific DSM diagnoses, examining the presence or absence of any AD or
SUD diagnosis, thereby reducing statistical power to detect effects befween co-occurring
disorders. Moreover, this approach assumes multiple ADs and/or SUDs have similar clinical
variable outcomes as single AD and/or SUD diagnoses in BD, which is unlikely (Sala et al.,
2014). Also, a limited range of ADs were considered in each of these studies.

The present manuscript utilized baseline data from the Systematic Treatment Enhancement
Program for Bipolar Disorder (STEP-BD) (Sachs et al., 2003) to investigate cross-sectional
independent and simultaneous contributions of lifetime ADs and SUDs on BD clinical
variables. A structural equation modeling (SEM) statistical framework was employed which
accounted for the presence of multiple co-occurring ADs and SUDs; simultaneously
modeling the impact of ADs and SUDs on clinical variables while minimizing measurement
error. Clinical variables (beyond age of BD onset, functional impairment, and legal problem
history) included: suicide attempt history, history of violence, rapid cycling, and past-year
%time spent irritable and %time spent anxious as well as %time elevated and %time
depressed. Rapid cycling and %time spent symptomatic variables were specifically selected
because of their associations with negative clinical outcomes including reduced
responsiveness to treatment (Blanco et al., 2014; Goldstein and Levitt, 2007; Tondo and
Baldessarini, 1998).

2. Methods

2.1. Participants and procedures

STEP-BD was a multi-site longitudinal study that evaluated clinical outcomes in a large
cohort of outpatients with BD (Sachs et al., 2003). Individuals meeting DSM-1V criteria for
BD at the 21-plus participating sites were eligible to participate. Exclusion criteria were
minimal: non-desire or inability to provide consent and/or complete study assessments,
and/or inpatient detoxification required upon enrollment (Kogan et al., 2004). Participants
provided written informed consent, and 15-17 year-old participants provided parental
assent, prior to completing baseline assessments.
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2.2. Measures

Bipolar diagnoses, along with most clinical variables of interest (i.e., age of bipolar disorder
onset [patient’s report of age of first (hypo)manic episode], lifetime history of suicide
attempt, violence, or legal problems, past-year rapid cycling [total number of past-year
(hypo)manic or depressive episodes = 4], and past-year %time [percentage of days] spent
depressed, elevated, irritable, or anxious) were assessed via the Affective Disorders
Evaluation (Sachs, 1990), a semi-structured assessment including the mood/psychosis
modules of the Structured Clinical Interview for DSM-IV (First et al., 1995); lifetime
comorbid Axis | diagnoses (including PD, agoraphobia, SP, obsessive compulsive disorder
[OCD], posttraumatic stress disorder [PTSD], GAD, alcohol abuse, alcohol dependence,
drug abuse, and drug dependence; presence or absence of particular drug use disorders [e.g.,
cocaine versus opiate use disorder] was not available) were assessed using the Mini-
International Neuropsychiatric Interview (MINI) (Sheehan et al., 1998). Functional
impairment in work, recreational activity, interpersonal relations, and overall satisfaction
was assessed via the clinician/rater-administered Range of Impaired Functioning Tool
(LIFE-RIFT) (Leon et al., 1999). A maximum sample of 4,107 individuals was available
from baseline STEP-BD data, however effective sample sizes varied slightly across analyses
due to missing data. 80% of tested statistical models had <1.5% missing data; in contrast,
models involving past-year rapid cycling and LIFE-RIFT had <3% and 7% missing data,
respectively. Taken together, missing data reflected a very small proportion of total data
suggesting results would yield similar inferences withstanding.

2.3. Analytic Strategy

Latent variable models were estimated in a logistic modeling framework, with study center
entered as a clustering variable, using maximum likelihood with robust standard errors in
MPlus 6.11 (Muthén and Muthén, 1998-2011). A two-factor model of “pathological
anxiety” and “substance use problems” represented by binary (0O=absent, 1=present) lifetime
diagnoses of panic disorder (PD), agoraphobia, social phobia (SP), OCD, PTSD, and
generalized anxiety disorder (GAD) and alcohol abuse, alcohol dependence, drug abuse and
drug dependence, respectively, was estimated. Latent factors were free to covary and factor
loadings were freely estimated, with factor variances fixed to “1.” Item response theory
(IRT) discrimination and difficulty/severity parameters were calculated per Muthén and
Muthén (Muthén and Muthén, 2010). Discrimination parameters are conceptually equivalent
to factor loadings whereas difficulty parameters indicate the severity level on a latent factor
(e.g., pathological anxiety) at which an individual has a 50% of receiving a disorder
diagnosis. Associations between latent factors and the 10 clinical variables of interest (age of
BD onset, lifetime history of suicide, violence, or legal problems, past-year rapid cycling,
past-year %time spent depressed, elevated, irritable, or anxious, and functional impairment
[across life domains; i.e., social relationships, work/school, and recreational activity]) were
each estimated via separate SEMs using a model building approach. First, models were
estimated with each latent variable individually predicting each clinical variable to ascertain
zero-order associations between pathological anxiety, substance use problems, and clinical
variables. Next, models were estimated with both latent variables simultaneously predicting
each clinical variable to demonstrate how zero-order associations between latent variables
and clinical variables changed when both latent variables were modeled simultaneously.
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Finally, a third set of models tested simultaneous latent variables as well as their interaction
predicting each clinical variable to evaluate whether latent variables’ associations varied
depending on levels of substance use problems and vice versa (Klein and Moosbrugger,
2000). Interaction models were retained and probed only if they provided superior
parsimony-adjusted fit to the data (indicated by a smaller Bayesian Information Criterion;
BIC) (Schwarz, 1978) relative to non-interaction models. Interaction models that
significantly improved parsimony-adjusted model fit (ABIC > 10) (Raftery, 1995) were
probed with simple slopes (Preacher et al., 2006). Across models, associations between
latent variables and binary and continuous clinical variables were represented by odds ratios
and standardized betas, respectively.

3. Results

See Table 1 for observed frequencies of anxiety and substance use disorders as well as
parameters from the two-factor logistic model of “pathological anxiety” and “substance use
problems.” Forty-three point one percent of participants were without an AD diagnosis,
49.6% were without an SUD diagnosis, and 25.3% had neither an AD nor SUD diagnosis.
Lifetime prevalence of ADs ranged from 11.6% (OCD) to 22.8% (GAD) and lifetime
prevalence of SUDs ranged from 19.6% (drug dependence) to 34.1% (alcohol abuse). On
average, participants had1.19 (SD = 1.39) lifetime ADs and 1.06 (SD = 1.28) SUDs. In the
two-factor logistic model of lifetime ADs and SUDs, agoraphobia (standardized loading =
0.94) and drug dependence (standardized loading = 0.85) were most strongly associated with
the latent factors. Relative to other diagnoses, OCD (difficulty = 2.72) and drug dependence
(difficulty = 0.99) indicated the most severe levels of pathological anxiety and substance use
problems, respectively. Latent factors were moderately intercorrelated (r= 0.32, p< 0.001).

See Table 2 for SEM results involving associations between latent factors, both individually
and simultaneously, and clinical variables of interest. When evaluated separately, substance
use problems significantly predicted all clinical variables and pathological anxiety
significantly predicted all clinical variables except legal problem history. When evaluated
simultaneously, pathological anxiety continued to predict all clinical variables with the
exception of history of legal problems. In contrast, formerly significant associations between
substance use problems and several clinical variables were no longer significant once levels
of pathological anxiety were statistically controlled. This pattern of associations suggests
substance use problems were only associated with past-year rapid cycling, functional
impairment, and past-year %time spent depressed or anxious due to their association with
pathological anxiety.

For all clinical variables except age of BD onset and functional impairment, BIC values
were larger (indicating poorer parsimony-adjusted fit) for models featuring latent factor
interaction terms versus models without such interaction terms. For functional impairment,
BIC was smaller for the interaction model; however, the difference between models was
minimal (ABIC = 2.53). In contrast, for age of BD onset (interaction OR = 2.60, p < 0.001)
BIC values suggested significantly improved parsimony-adjusted fit for the interaction
model (BIC = 63120.94) versus the non-interaction model (BIC = 63293.52; ABIC =
172.58). Simple slopes analyses demonstrated that pathological anxiety was significantly
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associated with age of BD onset at average (£= -12.86, p< 0.001) and 1 SD below average
(t=-12.66, p< 0.001) levels of substance use problems but not at 1 SD above average (¢=
-0.16, p=0.87) levels of substance use problems (see Figure 1 for a plot of these results).
This pattern of simple slopes suggests the presence of increased levels of substance use
problems substantially reduced the magnitude of the association between pathological
anxiety and age of BD onset.

4. Discussion

The present manuscript investigated associations between lifetime ADs, SUDs, and a range
of important clinical variables collected through STEP-BD. SEM was used to examine
individual and simultaneous associations between latent factors of lifetime ADs and SUDs
and clinical BD variables. Modeled individually, substance use problems and pathological
anxiety were each associated with most clinical variables of interest. However, when
modeled simultaneously, pathological anxiety’s associations with clinical variables remained
while many but not all (e.g., past suicide attempts) of clinical variable associations with
substance use problems diminished. This echoes Bauer and colleagues (2005) and Goldstein
and Levitt (2008) who found ADs, rather than SUDs, to be predominantly associated with
cross-sectional clinical variables in BD. The pattern of findings may suggest that individuals
with BD, who also have substance use problems, may only have elevated past-year rapid
cycling, functional impairment, and past-year %time spent with depressive and anxious
symptomatology due to co-occurring elevations in pathological anxiety.

Modern conceptualizations of BD highlight the role that inter-episodic residual depressive
and/or (hypo)manic symptoms play in clinical outcomes and treatment response (Fagiolini et
al., 2013). However, in BD (+AD, +SUD, or +AD+SUD), anxiety symptoms may also
persist inter-episode (Blanco et al., 2014), exacerbating mood symptoms and increasing risk
for subsequent mood episodes; an interplay suggested by the unique association between
pathological anxiety and past-year rapid cycling. This association, along with others found,
align with research demonstrating co-occurring AD(s), rather than SUD(s), relate more
prospective depressive and (hypo)manic episodes, prolonged depressive periods, and worse
general mental health functioning in BD (Goldstein and Levitt, 2007, 2008).

Interestingly, pathological anxiety rather than substance use problems retained sole
statistical significance associating with functional impairment. Though perhaps
counterintuitive, this is consistent with general psychiatric comorbidity (sans SUD) being
associated with more functional impairment compared to SUDs in isolation (Johnson et al.,
1995). Increased functional impairment in social support, work, and finances in BD+AD(s)
compared to BD without AD(s) has been demonstrated which may be due to the
aforementioned interactions between anxiety, depressive, and/or (hypo)manic symptoms
(Boylan et al., 2004; Sala et al., 2014).

The present study also demonstrated that the impact of substance use problems and
pathological anxiety on clinical variables was primarily additive as opposed to multiplicative
or synergistic. The sole variable deviating from this finding was age of BD onset.
Pathological anxiety only significantly associated with age of BD onset given low-moderate
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levels of substance use problems. Inferences from this finding, as with others, are tempered
since temporal relations between AD(s), SUD(s), and age of BD onset are unclear, leaving
the proverbial chicken or the egg causality dilemma.

Several studies show ADs to predict BD onset (Meier et al., 2016; Sala et al., 2012b) with
several potential explanations for this relationship. One reason may simply be a function of
AD age of onset as some of the modeled ADs in the present study (Social Phobia and OCD,
specifically) often emerge in late-childhood or adolescence prior to average age of BD onset
(American Psychiatric Association, 2013). Therefore, anxiety symptoms could precede
mood episodes and/or substance use in some study participants. With respect to moderation
findings, assuming low-to-moderate substance use problems, AD(s) may negatively
influence the expression of prodromal unipolar or bipolar depression symptoms. Perhaps
shared mechanistic features of AD(s), SUD(s), and BD results in the expression of anxiety
symptoms first. To this end, pharmacological treatment of AD(s) prior to BD onset, such as
selective serotonin reuptake inhibitors (SSRIs) or benzodiazepines, may in fact increase risk
for BD onset among vulnerable individuals by triggering or destabilizing early symptoms of
BD (Provencher et al., 2012; Sala et al., 2012a). At-risk individuals also may have a
propensity for developing substance use problems. To this end, a strong interplay between
pathological anxiety, substance use, and prodromal symptoms could occur thereby
diminishing pathological anxiety’s influence on BD onset.

“Self-medicating” with illicit substances may occur prior to the frank onset of BD. Heavy
substance use is known to reorganize neural circuity through neurotransmitter-mediated (i.e.,
glutamate and y-aminobutyric acid [GABA]) neuroplasticity (Kalivas and O’Brien, 2008).
Recent magnetic resonance spectroscopy findings implicate abnormally low levels of
prefrontal GABA and glutamate in individuals with co-occurring BD and alcohol
dependence, compared to BD or alcohol dependence alone, which the authors suggest may
be due to alcohol dependence’s modification of the effects of BD on these neurotransmitter
concentrations (Prisciandaro et al., 2017). How and whether such mechanisms increase risk
for BD in predisposed individuals with SUD(s) remains to be precisely determined, yet these
findings and others suggest further investigation is warranted (Freeman et al., 2002). These
considerations aside, the interaction between substance use problems and pathological
anxiety implies a threshold between these factors determining their respective contributions
to age of BD onset. From a statistical standpoint, given both latent factors were uniquely
associated with age of BD onset, and age of onset naturally has a limited lower boundary,
individuals whom developed severe substance use problems may have eclipsed said
boundary and therefore pathological anxiety cannot drive age of onset down further.

The present study benefits from notable strengths resulting from the rigorousness of data
collection paired with the statistical methods employed. Nevertheless, there are limitations
worth noting. Although current diagnoses were available in STEP-BD data, lifetime
diagnoses were chosen because the authors thought them more relevant to clinical outcome
measurement. Current diagnoses would be redundant with past-year outcomes. Bipolar
spectrum disorders were examined collectively despite that there may be unique pathological
anxiety and substance use effects within BD subtypes (Albert et al., 2008; Chengappa et al.,
2000). Finally, data were cross-sectional and the statistical approach also prohibits direct
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causal inferences to be made though it does make them more tenable (Bollen and Pearl,
2013). Future longitudinal or prospective studies are therefore required to substantiate
present cross-sectional findings before making meaningful inferences with respect to
causality. Although there has been growing scientific interest in BD+AD in recent decades it
seems to have reached a plateau. There remains a critical need for more systematic studies
examining anxiety across bipolar mood states, exploration of overlapping
pathophysiological mechanisms, and controlled psychotherapy treatment studies targeting
co-occurring anxiety symptoms (and syndromes) in BD. The latter point is especially
concerning since effective treatment of co-occurring anxiety in BD remains to be such a
critically unmet need (Ellard et al., 2012).

Relatively new psychotherapies with demonstrated efficacy, such as the Unified Protocol for
Transdiagnostic Treatment of Emotional Disorders (UP) (Ellard et al., 2010; Farchione et al.,
2012) which is specifically designed to target core processes underlying bipolar mood and
anxiety disorders, may help address this gap. In hope, the present manuscript provides
further impetus for a resurgence of BD+AD investigations and the development and
empirical evaluation of more novel treatments for improved BD outcomes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights
. Anxiety (AD) and/or substance use disorders (SUD) are common in bipolar
disorder
. Unique and joint AD and SUD contributions to bipolar disorder outcomes
were tested
. AD and SUD solely interacted in association with age of bipolar disorder
onset
. SUD was associated with some outcomes but mostly only in the presence of
AD
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Figure 1.
Pathological anxiety predicting age of BD onset, moderated by substance use problems

Note. Age of onset in years; Pathological anxiety factor represented by binary lifetime
diagnoses of PD, agoraphobia, SP, OCD, PTSD, and GAD; Substance use problems factor
represented by lifetime diagnoses of alcohol abuse, alcohol dependence, drug abuse, and
drug dependence; Factor severity standardized with z-scores: high (+ 1 SD), low (-1 SD),
with a mean of 0.
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Observed frequencies of anxiety and substance disorders and results from a two-factor logistic model of
“Pathological Anxiety” and “Substance Use Problems.”

Table 1.

Axis | Disorder Freq (%) | Std Loading | Discrimination | Difficulty
Factor 1: “Pathological Anxiety”

Panic Disorder 22.0 0.82 1.53 0.93
Agoraphobia 20.5 0.94 3.04 0.87
Social Phobia 223 0.54 0.69 1.34
PTSD 20.1 0.46 0.56 1.70
GAD 22.8 0.39 0.45 1.77
OCD 11.6 0.42 0.49 2.72
Factor 2: “Substance Use Problems”

Alcohol Abuse 34.1 0.68 0.98 0.59
Alcohol Dependence 28.4 0.72 1.09 0.78
Drug Abuse 24.2 0.84 1.66 0.83
Drug Dependence 19.6 0.85 1.74 0.99

Page 14

Note. Freq = Frequency; Std = Standardized; PTSD = Posttraumatic Stress Disorder; GAD = Generalized Anxiety Disorder; OCD = Obsessive

Compulsive Disorder
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Table 2.

Page 15

Associations between “Pathological Anxiety,” “Substance Use Problems,” and clinical variables from separate
and simultaneous SEM models.

Separate Models Simultaneous Model

“Pathological Anxiety” | “Substance Use Problems” | “Pathological Anxiety” | “Substance Use Problems™
Outcome OR/B p OR/B p OR/B p OR/B p
Categorical (OR)
Hx Suicide 1.75 <.001 1.43 <.001 1.65 <.001 1.24 <.001
Hx Violence 1.55 0.001 1.93 <.001 1.32 0.037 1.78 <.001
Hx Legal Problems 1.14 0.354 1.78 <.001 0.96 0.790 1.80 <.001
Rapid Cycling 181 <.001 1.36 0.003 1.74 <.001 114 0.145
Continuous (B)
Age of BD onset -0.29 <.001 -0.24 <.001 -0.24 <.001 -0.16 <.001
Functional impairment | 0.30 <.001 0.13 <.001 0.29 <.001 0.04 0.311
% depressed 0.30 <.001 0.10 <.001 0.30 <.001 0.01 0.754
% elevated 0.12 <.001 0.14 <.001 0.09 0.018 0.11 <.001
% irritable 0.28 <.001 0.15 <.001 0.27 <.001 0.06 0.004
% anxious 041 <.001 0.11 <.001 0.42 <.001 -0.02 0.506

Note. SEM = Structural Equation Modeling; Hx = History of.
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