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Abstract
Aim—Characterize longitudinal patterns of substance use across a large sample of psychiatric
patients discharged from inpatient admission, followed for 1-year post-hospitalization.

Design—Prospective cohort study.

Setting—Kansas City, Missouri, USA; Pittsburgh, Pennsylvania, USA; Worcester,
Massachusetts, USA.

Participants—Eight hundred one schizophrenia-spectrum (N=204), bipolar (N=137) and
depressive disorder (N=460) patients from the MacArthur Violence Risk Assessment Study.

Measurements—Symptoms, functioning, drug/alcohol use assessed by the Brief Psychiatric
Rating Scale, the Global Assessment of Functioning, and substance use interviews.

Findings—Patients used alcohol (67.0%; N=540) and cannabis (30.0%; N= 237) more frequently
than other substances up to 30 days before admission, and those with depressive and
schizophrenia-spectrum used heroin more than individuals with bipolar (p = .023). Post-
hospitalization, patients using alcohol (B = −.15, p <.001) and cannabis (B= −.27, p <.001)
decreased, but patterns varied across diagnosis and genders. Patients using cannabis decreased at
greater rates in depressive and schizophrenia-spectrum compared with bipolar (all p <.05), and
more men used alcohol (B = .76, p < .001) and cannabis (B = 1.56, p < .001) than women.
Cannabis (B = 1.65, p < .001) and alcohol (B = 1.04, p = .002) were associated with higher
symptomatology; cannabis (B = −2.33, p < .001) and alcohol (B = −1.45, p = .012) were
associated with lower functioning.

Conclusions—Substance use is frequent and associated with poor recovery in patients with
serious mental illness recently discharged from psychiatric hospitalization. Addiction treatments
personalized by diagnosis and gender may be effective for improving outcomes in people with
serious mental illness.
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Introduction
The reported rates of substance use are higher among persons who experience serious
mental illnesses (SMIs) than adults in the general population [1–7], and the use of drugs or
alcohol is known to worsen the course of many major mental health conditions [7–17]. To
date, epidemiological studies have procured general estimates of substance use among
persons with SMIs [1–8], and have documented that substance use disorders (SUDs) are
significantly comorbid with schizophrenia-spectrum, bipolar, and depressive disorders [1–
8]. Evidence from community-based and clinical investigations also reports a high
prevalence of comorbid SUDs among persons who are affected by these conditions [9–35],
and that the use of drugs or alcohol by individuals with SMIs can substantially impede their
recovery [9–19, 27, 31–35]. Indeed, considerable work has examined substance abuse and
SMI [1–35], yet few longitudinal investigations have studied drug and alcohol use
heterogeneity across the diverse population of individuals with SMIs.

Differences in demographic, clinical and substance use characteristics are important
considerations for the treatment and recovery of persons with SMIs [9–10, 12, 14, 16, 33–
35]. For example, a first-episode psychosis (FEP) study showed a greater proportion of
males used substances compared to females, and that cannabis use was associated with
greater degrees of positive symptomatology [9]. A similar study of FEP patients associated
persistent drug/alcohol use with poorer remission rates from substances of abuse [10]. A
study of adults with schizophrenia-spectrum disorders showed multiple substances were
used in the sample, a greater proportion of males were diagnosed with SUDs, and alcohol
use was associated with greater degrees of positive symptomatology [8]. A 10-year
investigation of patients with schizophrenia-spectrum and bipolar disorders revealed alcohol
use was associated with poorer rates of achieving a 6-month remission status over the
follow-up period [14]. However, a three-year study revealed patients generally achieved
remission from substances of abuse, with schizophrenia-spectrum disorder patients faring
less well in terms of hospital readmission compared to patients with bipolar disorders [12,
16]. An investigation of adults with bipolar disorders associated persistent substance use
with poorer functional outcomes [33], and similar research associated alcohol use with
increased symptoms of depression for females but not for males [35]. A similar study
associated persistent alcohol abuse with chronic course of depressive illness for females but
not for males [34]. Indeed, heterogeneity in demographic, clinical and substance use
characteristics can have a profound influence on the recovery of persons with different
SMIs, which may signal sub-samples of patients at risk for addiction related problems, thus
having implications for treatment.

Although previous research has identified characteristics that influence the recovery of
persons with SMIs, improving outcomes is challenging [33, 36], and thus an investigation
comparing the patterns of drug and alcohol use over time across patients with schizophrenia-
spectrum, bipolar and depressive disorders is important. The present study sought to
prospectively examine the longitudinal patterns of substance use in terms of recovery across
a large and diverse sample of psychiatric patients. Accordingly, we followed 801 patients
with schizophrenia-spectrum, bipolar and depressive disorders who participated in the
MacArthur Violence Risk Assessment Study [37] for 1-year post-hospitalization, to
examine: (1) longitudinal patterns in the proportion of patients using different substances;
(2) diagnostic differences in the proportion of patients using substances; (3) associations
between substance use, symptoms and functioning; and (4) diagnostic differences in the
association between substance use, symptomatology and functional recovery.
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Methods
Participants

Data were collected from the MacArthur Violence Risk Assessment Study; the results and
methodological details are reported elsewhere [37]. The MacArthur Violence Risk
Assessment Study assessed 1136 individuals every 10-weeks for 1-year post-hospitalization.
Participants were recruited from consecutive inpatient admissions at: Pittsburgh,
Pennsylvania; Kansas City, Missouri; and Worchester, Massachusetts [37]. Descriptions of
each site and their sample characteristics can be found elsewhere [37–38]. Inclusion criteria
required participants be able to read and comprehend English, be between the ages of 18 and
40, and have a medical chart diagnosis of SMI (e.g., schizophrenia, schizophreniform
disorder, schizoaffective disorder, major depression, dysthymia, bipolar disorder, delusional
disorder, or a personality disorder), which was verified by the DSM-III-R Checklist [39].
Inclusion criteria required participants be of risk for future violence, which was ascertained
from patient self-report, collateral informants’ reports and official records (i.e. hospital and
arrest records) [37]. Patients were excluded if they were hospitalized for longer than 145
days or if they had been under commitment for more than 21 days [38]; the median length of
hospitalization was 9 days for those who met inclusion criteria [38]. We selected the 801
patients from the MacArthur Violence Risk Assessment Study sample with a psychiatric
diagnosis within one of the following major categories of SMI: depressive, schizophrenia-
spectrum, or bipolar disorders. These 801 patients comprised our sample, and we examined
associations between substance use and recovery outcomes for patients with different SMIs
during the 1-year post-hospitalization period.

Measures
Substance Use—Participants were assessed by trained raters via self-reported semi-
structured interviews of drug and/or alcohol use when hospitalized and at each follow-up
assessment post-hospitalization. Patients were asked to self-report their use of 10 types of
illicit drugs (e.g. cannabis, heroin, cocaine, PCP, stimulants, opiates, psychedelics, inhalants,
sedatives, other) and alcohol, and indicated (“Yes” = use; “No’ = no use) whether they had
used the substance during the period assessed. Participants were rated as using if they
admitted to any use (i.e. at least one time) for the period assessed.

Psychopathology—Psychiatric symptomatology and psychopathology were assessed
using the Brief Psychiatric Rating Scale [41]. This instrument, consisting of 18-items, was
administered by trained clinical raters using face-to-face interviews, and assesses
psychopathology across symptom domains including; thought disturbance, suspiciousness/
hostility, anergia, activation, and anxiety/depression. Each item is rated on a scale ranging
from 1 (not present) to 7 (extremely severe), and corresponds with the degree to which
symptoms are endorsed [41]. Ratings are computed by summing across symptom domains;
higher scores are indicative of more serious symptomatology (18 = minimum score; 112 =
maximum score). The BPRS has an established factor structure with good psychometric
properties [42], and has been widely used in psychiatric institutional and community-based
research settings.

Functioning—Functional outcomes assessed by raters trained in using the Global
Assessment of Functioning scale [43]. The GAF is an established measure of global
psychosocial and occupational functioning, and is used to assess functional impairment on
Axis-V of the Diagnostic and Statistical Manual of Mental Disorders [43–45]. The GAF has
been used to assess functional outcomes in SMI. The GAF consists of a global judgment of
psychological, social and occupational functioning, is rated on a scale ranging from 1 to 100
(1 = poor functioning; 100 = superior functioning). Final ratings are based on the rater’s

Bahorik et al. Page 3

Addiction. Author manuscript; available in PMC 2014 July 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



combined impressions that pertain to symptom severity and functional impairment exhibited
across occupational, interpersonal and social settings.

Procedures
The 801 participants we selected from the MacArthur Violence Risk Assessment Study were
initially assessed, while hospitalized, via face-to-face interviews (100%) by trained raters
(PhD or MSW/MA) using the self-report measures of substance use, the BPRS and the
GAF, respectively. At hospitalization, data were collected using a 30-day retrospective
index to examine the initial levels of symptomatology, functioning, and the proportions of
patients using substances [37–38]. Then, the same symptom, functional and substance use
assessments were re-administered 5 times (every 10-weeks) via face-to-face (89%) or
telephone (11%) interviews by trained raters, during the 1-year post-hospitalization period
[37–38, 40]. The findings of the parent MacArthur Violence Risk Assessment Study
indicated that patients in the follow-up sample were significantly more likely to have a
diagnosis of bipolar disorder, less likely to have a history of drug or alcohol abuse, less
likely to have a legal status of grave disability, and less likely to have a documented history
of violence toward family members or others [38]. Within our sample of patients diagnosed
with schizophrenia-spectrum, bipolar, and depressive disorders we found drug/alcohol use at
hospitalization was not associated with study completion, χ2(1) = .72, N = 801, p = .400,
failure to complete any follow-up assessments, χ2(1) = .06, N = 801, p = .804, failure to
complete the final follow-up assessment, χ2(1) = .01, N = 801, p = .945, or number of
follow-up assessments completed (r = −.02, p = .664). Participants provided written
informed consent, and this research was reviewed annually by each university’s Institutional
Review Board.

Data Analysis
To investigate heterogeneity in longitudinal patterns of substance use and the associations of
use with recovery outcomes across a large sample of patients with different SMIs, our
analytic approach focused on examining: (1) longitudinal patterns in the proportion of
patients using substances; (2) diagnostic differences in these patterns; (3) the longitudinal
associations between substance use over 1-year with symptom and functional recovery; and
(4) diagnostic differences in the association between substance use and recovery outcomes.
These questions were examined by employing a series of mixed-effects growth models,
which is a form of hierarchical linear modeling for repeated measures data, where multiple
measurement occasions are nested within individuals [46]. Longitudinal patterns in the
proportion of individuals using substances over 1-year were examined using generalized
linear mixed-effects growth models employing penalized-quasi likelihood estimation for
computing parameter estimates of binary outcomes. These analyses began with
unconditional growth models predicting substance use from time (coded as 0=baseline;
1=10 weeks, 2=20 weeks, etc.) to examine the overall trajectory of the proportion of the
sample using substances throughout the follow-up. Subsequently, conditional growth models
were constructed predicting substance use from diagnosis and a diagnosis by time
interaction to examine diagnostic differences in longitudinal trajectories of substance use.
To examine the association between substance use and functional outcome, general linear
mixed-effects models using restricted maximum likelihood estimation were constructed
predicting symptom and functioning measures from time and time-varying substance use
variables. Diagnostic differences in these relationships were also investigated by examining
diagnosis by substance use interactions. Finally, exploratory analyses were conducted to
examine the degree to which gender moderated these relationships. All conditional growth
models included age, race, and gender, as well as initial levels of the outcome variable that
was under study (e.g., baseline substance use/functioning) as potentially confounding
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covariates. Additionally, level of psychopathology, represented by total BPRS scores, was
entered in the alcohol use outcome models due to its observed relation with alcohol use.

Analyses were carried out using R version 2.15.0 [47], and all mixed-effects models
included both individual and study site as nested random intercept factors, as well as time as
a random slope factor. A first-order autoregressive error structure suitable for longitudinal
data was used [46]. Mixed-effects models utilized an intent-to-study approach based on
intent-to-treat principles that are commonly employed in longitudinal clinical trials by
including all eligible individuals who entered the study, regardless of whether they
completed all study assessment periods [48]. This approach was taken because examining
only those participants who complete the entire study is well-known to bias parameter
estimates in longitudinal studies with attrition [48–50]. Rather than discard partial study
completers and potentially bias the final sample of individuals analyzed, the expectation-
maximization approach was used to handle missing data during maximum likelihood
estimation at the time of analysis [51–52]. This approach to missing data is not imputation-
based, but relies on estimating model parameters (e.g., individual trajectories) using all
available data (e.g., existing measurement occasions for the individual, overall sample
parameter estimates, model covariates), and is currently the standard for handling missing
data in longitudinal studies [53–54]. Overall missing data was modest at 23% across the
study duration, with the largest proportion of missing observations at week 50 follow-up
(see Supplementary Table 1). Complete case (N = 419) sensitivity analyses revealed similar,
although less statistically powerful results (see Supplementary Table 2).

Results
Sample Characteristics

Characteristics of the 801 participants at hospitalization are presented in Table 1. A total of
57.4% (N = 460) of patients were diagnosed with depressive disorders, 25.5% (N = 204)
with schizophrenia-spectrum disorders, and 17.1% (N = 137) with bipolar disorders. At
hospitalization, participant ages ranged between 18 and 40 (M = 29.88, SD = 6.18), most
(55.1%) were males; the overall majority (70.9%) were white. Most participants had never
been married (58.4%) and were hospitalized (72.3%) voluntarily.

Pre-Hospitalization Patterns of Substance Use Across Psychiatric Diagnosis
An examination of the frequency of substance use across the sample indicated that alcohol
and cannabis were the two most common substances used 30-days prior to hospitalization,
with 540 (67.0%) and 237 (30.0%) patients respectively reporting use of these substances
within 30-days of admission (see Table 2). Heroin was used by a small proportion (N = 148,
18.0%) of patients and the use of other substances was minimal. Few differences were
observed with regard to the proportion of patients who used substances 30-days prior to
hospitalization. Equivalent proportions of patients with bipolar, depressive, and
schizophrenia-spectrum disorders reported using alcohol and cannabis (all p < .379). A
greater proportion of patients with depressive and schizophrenia-spectrum disorders reported
using heroin within 30-days of hospitalization, compared to patients with bipolar disorders
(see Table 2).

Longitudinal Post-Hospital Discharge Patterns of Substances Use Across Psychiatric
Diagnosis

After finding that few significant diagnostic differences in substance use prior to
hospitalization, we investigated the longitudinal patterns for the use of the two most
commonly used substances, alcohol and cannabis, over the course of 1-year. As can be seen
in Table 3, results of unconditional growth models revealed that the overall proportion of
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patients using alcohol and cannabis significantly decreased over 1-year. Equivalent
proportions of patients reported using alcohol post-hospitalization across diagnostic groups;
however, the proportion of schizophrenia-spectrum and depressed patients using cannabis
declined at significantly greater rates over the course of the study compared to patients with
bipolar disorders who used cannabis.

Variability in the longitudinal trajectories of substance use became even more pronounced
when examining the moderating effects of gender on cannabis and alcohol use. A
significantly greater proportion of men reported using alcohol and cannabis, and the
proportion of males who reported using cannabis declined significantly compared to females
post-hospitalization (see Table 3). Among women, patients with depressive disorders
demonstrated the greatest decline in rates of alcohol use, whereas patients with
schizophrenia-spectrum disorders showed the greatest decline in alcohol use among men
(see Figure 1). A significantly greater decline in the proportion of men who reported using
cannabis was observed in those with schizophrenia-spectrum disorders compared to those
with depressive and bipolar disorders (see Figure 2). The proportion of females who
reported using cannabis, however, was uniformly low across diagnoses and remained stable
throughout the course of the study.

Longitudinal Impact of Substance Use on Psychopathology and Functional Outcome
Cannabis (B = 1.65 [95% CI = .83 to 2.47], p < .001) and alcohol (B = 1.04 [95% CI = .36
to 1.72], p = .002) use were both associated with consistently higher BPRS scores.
Similarly, cannabis (B = −2.33 [95% CI = −3.67 to −.99], p = .001) and alcohol (B = −1.45
[95% CI = −2.59 to −.32], p = .012) use were also associated with poorer functional
outcomes. Although no significant differences were observed between diagnostic groups for
these outcomes over the follow-up, moderator model results showed significant interactions
between diagnostic groups and gender with regard to the associations between alcohol, but
not cannabis use and psychopathology and functional outcomes. Females with
schizophrenia-spectrum disorders who used alcohol displayed higher levels of
psychopathology compared to other diagnostic groups and their male counterparts, F(2,
2561) = 4.27, p = .014. Males with bipolar and depressive disorders who used alcohol
exhibited poor functioning compared to their female counterparts, F(2, 2872) = 5.64, p = .
004.

Discussion
Substance use by persons with SMI is problematic [7–17], and not many longitudinal
investigations have studied the patterns of drug and alcohol use across psychiatric
conditions. Therefore, we studied 801 schizophrenia-spectrum, bipolar, and depressive
disorder participants in the MacArthur Violence Risk Assessment Study [37] and followed
these patients and their recovery and substance use outcomes for 1-year post-hospitalization.

The results of this study showed considerable heterogeneity in the patterns of substance use
across the diagnostic groups studied, which became exceedingly apparent after examining
the moderating effects of gender. Reported rates of alcohol and cannabis tended to be the
highest within 30-days of hospitalization, regardless of diagnosis, and more males continued
to use these substances over the follow-up compared to females. Furthermore, patients with
bipolar disorder were particularly at risk for continued cannabis use throughout the study,
and women with depression were more likely to stop using alcohol whereas men with
schizophrenia tended to be the most likely to stop their alcohol use. Regardless, both alcohol
and cannabis were associated with poorer symptom and functional outcomes. This study
reports results showing substance use is associated with poor outcomes, and that the use of
alcohol and cannabis varies by gender and diagnosis, suggesting that personalizing
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substance use interventions to the psychiatric condition and gender of the patient may be
most effective in achieving recovery for individuals with co-occurring conditions.

Several limitations should be noted. First, our measure of substance use was admittedly
limited by patients’ self-report [37], and since substance use was not quantified, we are
precluded from commenting on the rates of change in terms of drug or alcohol consumption
over the follow-up. Given the potential for underreported substance use, our estimates
should be interpreted with caution. Second, questions may arise in terms of the applicability
of our results because our sample was selected from the MacArthur Violence Risk
Assessment Study, which required participants to ‘be at risk for future violence’[37–38].
The investigators of the parent study endorsed their results as ‘fairly representative of the
community behaviors of psychiatric patients discharged from acute inpatient facilities’ [37–
38], which suggests our findings should be comparatively representative in terms of the
sample we selected. Indeed, the MacArthur Violence Risk Assessment Study has not been
replicated, and future research will be needed to test these effects in samples more
generalizable to the recent literature on substance abuse in SMI. Third, there may be
concerns about our use of the DSM-III-R [43]. We found few differences existed between
the DSM-III-R and the DSM-IV-TR criteria [43–45]. Given that DSM-III-R criteria were
rigorously applied, and confirmed by the DSM-III-R checklist [39], we do not believe that
our use of the DSM-III-R has markedly restricted the applicability of this research. It should
also be noted that our use of the GAF to assess functional outcomes is limited because of its
global focus and its incorporation of symptomatology into the measurement [43]. Since
information on treatment and medication compliance were not systematically collected [37],
it will be important for future research to examine the potentially confounding effects of
these factors. Lastly, we can only comment on the differences observed during the course of
1-year, and future longitudinal research will need to be conducted in this population.

The present study has implications for future research on substance abuse and SMI. Our
results indicate that substance use, while a common a prevalent problem in SMI, is not the
same for everyone. There appears to be remarkable and complex heterogeneity in substance
use patterns by psychiatric diagnosis and genders, signaling sub-groups that may show
differences in etiology, maintaining factors and treatment needs. Thus, our findings suggest
characterizing the factors associated with poor outcomes may be critical to facilitating
effective treatments for substance abuse in this population. Indeed, there is a diagnostic
dilemma in terms of whether SMI is associated with primary or induced SUD [36, 55–63],
and thus an accurate psychiatric diagnosis is a key component of substance use treatment
planning [36]. Delivering treatments for substance abuse presents challenges for mental
health professionals [64], and there is seemingly no consensus on a recommended model of
intervention to follow in these patients [36], although models employing integrated
treatment for co-occurring disorders have a solid evidence base [68–69]. Regardless, the
preponderance of the evidence indicates combinations of psychotherapies, behavioral and
pharmacological interventions offer effective treatments for this population [65], but how
these should be applied in light of such heterogeneity in substance use problems is not well-
established. Recent reports suggest that the intensity of substance abuse treatment should be
commensurate with the severity of SMI [65], and advise implementing the integrated model
due to the favorable results achieved [66, 36]. The integrated model assumes that the patient
is cared for by a single team [66–67], and since it already targets the impact of substance use
on psychiatric symptomology [66–67], these programs are adaptable to account for sub-
group characteristics in terms of treatment needs. The integrated model is expensive and
difficult to implement within the current systems of care [36, 68–69], but it will be crucial
for efforts to focus on creating cost-effective programs while initiating personalized
interventions.
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While more research is required to replicate these results, our findings suggest that it will be
critical for future efforts to disseminate specialized integrated treatments for persons with
SMIs who use drugs and alcohol, and such programs should focus on personalizing
interventions by diagnosis and gender, which may help improve outcomes and facilitate
recovery.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
One-Year Patterns of Alcohol Use Among Men and Women with Schizophrenia-Spectrum,
Bipolar, and Depressive Disorders.
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Figure 2.
One-Year Patterns of Cannabis Use Among Men and Women with Schizophrenia-Spectrum,
Bipolar, and Depressive Disorders.
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