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ABSTRACT
Background: Schizophrenia is a serious mental health disorder that has a lifetime population
risk of nearly 1%. It typically begins in early adulthood and is a major cause of disability.
Schizophrenia outcomes vary, ranging from slight to severe disability. For affected individuals
and their families, schizophrenia can be devastating. Repeated hospitalizations, crises, and
serious medical illnesses commonly disrupt the lives of people with schizophrenia. Age-specific
all-cause mortality rates in schizophrenia are more than 3 times higher than in the general
population. Many people with schizophrenia have substantial social and functional
impairments that contribute to high rates of homelessness, unemployment, disability, and
incarceration. Globally, schizophrenia is among the top 10 causes of years lost due to disability.
Antipsychotic medications are a cornerstone of schizophrenia treatment. However, because
most people with schizophrenia respond only partially or not at all to an antipsychotic
medication, these medications are changed frequently and combined, or different classes of
psychotropic medications are added. Although the US Food & Drug Administration has
approved only antipsychotics for the treatment of schizophrenia, the vast majority of patients
with schizophrenia take multiple classes of psychotropic medications. Evidence is scarce for
effectiveness of psychotropic medications other than antipsychotics in people with
schizophrenia.
Methods: For this retrospective cohort study, we used 10 years of US Medicaid data from 44
states to examine treatment outcomes among 81 921 patients with schizophrenia who were
stably treated with a single (baseline) antipsychotic. We then initiated a second drug: an
antidepressant (N = 31 117), a benzodiazepine (N = 11 941), a mood stabilizer (N = 12 849), or
another antipsychotic medication (N = 26 014). The reference group was the one that started
another antipsychotic medication. Patients were required to have an active prescription for the
baseline antipsychotic at the time of initiation, but no refills were required.
We used multinomial logistic regression models to estimate propensity scores to balance
covariates across the 4 medication groups. We used weighted Cox proportional hazards models
to compare treatment outcomes over 365 days on an intent-to-treat basis for each patient.
Outcomes included time to hospitalization for a mental health disorder (primary), emergency
department (ED) visits for a mental health disorder, and all-cause mortality. We conducted
multiple sensitivity analyses to examine the robustness of the primary results. In addition,
secondary analyses examined possible heterogeneity of treatment effects according to age or
presence of a substance use disorder and compared the effectiveness of the treatments within
clinical subgroups.
Results: Compared with initiating another antipsychotic, initiating an antidepressant was
associated with a lower risk (0.84; 95% CI, 0.80-0.88) of psychiatric hospitalization, initiating a
benzodiazepine was associated with a higher risk (1.08; 95% CI, 1.02-1.15), and initiating a
mood stabilizer was not significantly different (1.01; 95% CI, 0.97-1.06). For psychiatric ED visits,
we observed a similar pattern of associations for initiating an antidepressant (0.92; 95% CI,
4

0.88-0.96), a benzodiazepine (1.12; 95% CI, 1.07-1.19), and a mood stabilizer (1.00; 95% CI,
0.96-1.05). Initiating a mood stabilizer was associated with an increased risk of mortality (1.31;
95% CI, 1.04-1.55). Sensitivity analyses supported the main findings.
Conclusion: In the treatment of schizophrenia, initiating adjunctive treatment with an
antidepressant was associated with reduced risk of psychiatric hospitalization and ED visits
compared with initiating other psychotropic medications. Associations of benzodiazepines and
mood stabilizers with poorer outcomes warrant clinical caution and further investigation.
Limitations: The data on medication use are based on prescriptions filled, but no information
was available on actual medication ingestion. The data do not include information on what
prompted the changes in medications or which symptoms were targeted. Because this is an
observational study, the results must be interpreted with caution. Although many features of
the study design, including propensity score adjustment and weighting, enhanced our ability to
make causal inferences, residual confounding cannot be completely ruled out as an explanation
for the associations.
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BACKGROUND
Schizophrenia is a serious mental health disorder that has a lifetime population risk of
nearly 1%.1 In the United States, schizophrenia affects approximately 2.4 million individuals.2 It
typically begins in early adulthood and, for affected individuals and their families, can be
devastating. Age-specific all-cause mortality rates in schizophrenia are more than 3 times
greater than in the general population.3 While schizophrenia outcomes vary, ranging from slight
to severe disability, many affected individuals have substantial social and functional
impairments that contribute to high rates of homelessness, unemployment, disability, and
incarceration.4,5 Globally, schizophrenia is the fifth leading cause of years lost due to disability
for men and the sixth leading cause for women.6
Antipsychotic medications are the first-line treatment for schizophrenia. However, more
than half of individuals diagnosed with schizophrenia have an incomplete response to a
prescribed antipsychotic medication.7-9 The best treatment strategy for people who do not
respond adequately to antipsychotic medications is unclear. In the absence of good evidence
or professional consensus about what to do when an antipsychotic medication does not work
adequately, antipsychotic medications are changed frequently and combined, or different
classes of psychotropic medication are added.9,10 Our research revealed that, over the course of
a single year, many individuals diagnosed with schizophrenia received multiple psychotropic
medications—50.1% filled prescriptions for an antidepressant, 33.4% for a sedative/hypnotic
(eg, benzodiazepine), and 32.3% for a mood stabilizer.11 (Mood stabilizers are medications used
to treat or prevent manic and depressive episodes, most commonly in the context of bipolar
disorder.) The US Food & Drug Administration has not approved any of these classes of
medications to treat schizophrenia, although strong evidence supports their use for the
conditions for which they have been approved.
Evidence is scarce for the effectiveness of adjunctive psychotropic medications in
people with schizophrenia.12 Schizophrenia treatment guidelines and algorithms have
concluded that there is little evidence to guide selection of pharmacologic strategies for
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schizophrenia beyond the initial recommendation for antipsychotic monotherapy and then for
clozapine for people with treatment-resistant illness.12-14
Current medication management practice patterns vary widely. In preliminary
analyses, we found wide variation in the prescribing of different classes of psychotropic
medications to patients with schizophrenia in the year prior to initiation of a new
antipsychotic medication, providing additional evidence regarding the uncertainty of these
treatment strategies. Across states, rates of other psychotropic medication use varied by 2- to
3-fold. Specifically, initiation of benzodiazepines varied from 9.2% (Kentucky) to 29.7%
(Vermont); antidepressants varied from 19.8% (Vermont) to 48.3% (Oklahoma); and mood
stabilizers varied from 6.6% (North Dakota) to 18.9% (Texas). Such variation underscores
deficiencies in evidence to guide treatment decisions.
Previous evidence on adjunctive treatments in schizophrenia comes primarily from
relatively small randomized controlled trials (RCTs), meta-analyses of pooled results of these
trials, and Scandinavian patient registries.15-21 Evidence supporting the effectiveness of
adjunctive psychotropic medications for schizophrenia has mostly been equivocal, resulting in
calls for additional research to determine their clinical utility. Important exceptions to these
mixed findings are recent meta-analyses that have found antidepressants have beneficial,
though small, effects.22,23 Considerably less information is available to support the effectiveness
of benzodiazepines or mood stabilizers as adjunctive treatments in schizophrenia.
Researchers used a patient registry in Sweden to examine relationships between
cumulative exposure to different classes of psychotropic medications and mortality in a cohort
of 21 492 individuals diagnosed with schizophrenia.15 Compared with no treatment with
antidepressants, antidepressant treatment was associated with reduced mortality. Compared
with no treatment with benzodiazepines, benzodiazepine treatment was associated with
increased mortality.
Researchers investigated associations of death with simultaneous use of multiple
psychotropic medications (ie, polypharmacy) among 2588 Finnish patients diagnosed with
7

schizophrenia.16 Compared with antipsychotic monotherapy, adjunctive benzodiazepines—but
not the simultaneous use of multiple antipsychotics or the use of adjunctive antidepressants—
were associated with increased risk of mortality.
The current investigation extends this prior observational work by examining additional
outcome measures, including psychiatric hospital admissions, psychiatric emergency
department visits, self-injury, and major adverse medical outcomes. The analyses compare
outcomes in cohorts that initiated new treatments, thereby reducing underascertainment of
events that occur early in treatment and avoiding adjustment for risk factors that could have
been altered by the medications under study.24 Compared with RCTs that have investigated
adjunctive treatments for schizophrenia, the present study is much larger and examines
outcomes over a longer period.
We used 10 years of data from 44 state Medicaid programs in the United States to
compare the effectiveness of initiating different classes of psychotropic medications with
starting a new antipsychotic in a cohort of individuals with schizophrenia. Medicaid is the
medical insurance program for most (approximately two-thirds) individuals in the United States
who are treated for schizophrenia.25 Our study focused on people who were treated with a
single antipsychotic and then initiated treatment with a new psychotropic. Our goal was to
compare adjunctive psychotropic medication strategies; people who initiated a new
antipsychotic were the reference group.
This investigation addressed key patient-centered questions about medication
strategies for individuals with schizophrenia who face common clinical situations. For example,
a patient might think, “I have schizophrenia and take an antipsychotic drug but still have
symptoms that interfere with my daily life.” When this happens, a doctor may recommend a
medication change. Patients with schizophrenia might want to know, “What are my options?
Which will best keep me out of the hospital so that I can keep my housing and job? Which will
help me to lead a long life? Which choice will help me avoid the emergency department? I’m
worried about side effects—which option will help me avoid serious heart problems or
diabetes?”
8

Similarly, a physician working with an individual with schizophrenia might want to know,
“What is the best medication to recommend for a person with schizophrenia who is not feeling
better with just an antipsychotic?”
The project addressed critical knowledge gaps in the comparative effectiveness of
pharmacologic management of patients with schizophrenia, broadly conceived to include the
diagnoses of schizophrenia, early-course schizophrenia (schizophreniform disorder), and
schizoaffective disorder. Schizoaffective disorder, a subtype of schizophrenia characterized by
psychotic symptoms and persistent mood symptoms, is often diagnosed in the Medicaid
population.26 The project compared the effectiveness of second-line medication treatment
strategies for the entire population of people diagnosed with schizophrenia and among 5
subgroups defined by diagnoses they had received immediately preceding the initiation of a
new psychotropic strategy: (1) schizoaffective disorder, (2) depression, (3) anxiety, (4) mania,
and, for those with no other diagnoses, (5) uncomplicated schizophrenia.
The project also investigated heterogeneity of treatment effects according to age and
the presence of a substance use disorder. The rationale for investigating patient age as a
moderator of antipsychotic treatment effects follows from evidence that individuals early in the
course of psychosis may respond differently to medications than people with more chronic
illness.27 The rationale for investigating the comorbid diagnosis of a substance use disorder as a
moderator of treatment effects follows from evidence that people diagnosed with
schizophrenia and comorbid substance use disorders respond more poorly to antipsychotic
medications than do those without comorbid substance use disorders.28
The goal of the study was to help doctors and patients find effective treatments earlier
than by simple trial and error, and potentially to reduce the harms and inconveniences of
ineffective medication trials, adverse effects, and unnecessary hospitalizations.
The project had the following specific aims:
1. Compare the effectiveness and safety of alternative psychotropic medication strategies
beyond antipsychotic monotherapy in a cohort with schizophrenia.
9

2. Examine heterogeneity of treatment effects by comparing the effectiveness and safety
of alternative treatment strategies that vary according to patient age and the presence
of a substance use disorder.
3. Examine the robustness of the primary treatment effectiveness results using
instrumental variable and sensitivity analyses.
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STAKEHOLDER PARTICIPATION
Stakeholders participated directly in the operations of the study and through a
stakeholders advisory board. We identified stakeholders by considering the types of input
needed and reaching out to leaders in the field. The stakeholders advisory board included 3
patients, 1 policymaker, 2 family members, 3 clinicians, and 1 leader of a private third-party
payer.
Because we used administrative data for our project, we did not seek stakeholder input
regarding which data to collect.
A patient/patient advocate participated throughout as a member of our operations
committee and contributed to the questions asked and the interpretation of results. He
contributed to our discussions regarding analyses; results; and implications for practice, policy,
and patients.
To obtain the input of clinicians in New York State’s public mental health system, we
administered an online survey about which treatments would be considered in specific clinical
situations. A policymaker on our stakeholder advisory board facilitated the conduct of the
survey; 97 prescribers participated.
Because the study analyzed existing administrative data (Medicaid claims), no subject
recruitment was required, and therefore no stakeholder assistance was needed.
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METHODS
Study Overview
This is a retrospective cohort study of adults with schizophrenia who initiated new
psychotropic medication strategies after a period of using only antipsychotic medications. Using
10 years of Medicaid data, we compared the effectiveness of initiating another antipsychotic, a
mood stabilizer, an antidepressant, or a benzodiazepine on patient-centered outcomes.

Study Design and Setting
We selected a retrospective cohort design because our goal was to compare multiple
treatment options over an extended period. Because our focus was on the real-world
treatment of individuals with schizophrenia, the settings included all the typical community
treatment venues that Medicaid pays for.
Medicaid is a joint federal and state program that, during the study period, provided
health care coverage to low-income families, qualified pregnant women , children, and certain
individuals with disabilities. As seen in Table 1, most members of the study cohort were eligible
due to disability.
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Table 1. Demographic and Clinical Characteristics of Weighted Patients With Schizophrenia Who Initiated New Psychotropic
Medications*
Second
Antipsychotic
N = 26 014

Mood Stabilizer
N = 12 849

Antidepressant
N = 31 117

Benzodiazepine
N = 11 941

Standardized
Mean Differencea

Female (%)

45.8

46.5

45.9

46.5

0.0140

Age, years (mean)

40.5

40.3

40.5

40.5

0.0152

White, non-Hispanic

35.8

36.4

35.9

36.1

0.0124

Black, non-Hispanic

38.9

38.5

38.8

37.9

0.0215

Hispanic or Latino

2.1

2.1

2.1

2.0

0.0039

Asian

2.6

2.5

2.6

2.7

0.0121

Hawaiian or Pacific
Islander

0.9

0.9

0.9

0.9

0.0028

Native American or
Alaskan Native

0.2

0.2

0.2

0.2

0.0021

More than one race

10.1

10.2

10.0

10.3

0.0106

Unknown

9.4

9.1

9.6

9.9

0.0265

Disability

92.3

92.2

92.4

92.5

0.0139

Low income

3.1

3.2

3.0

3.1

0.0088

Other

4.6

4.7

4.6

4.4

0.0136

Characteristic
Sex
Male

Race/Ethnicity (%)

Medicaid eligibility (%)

13

Second
Antipsychotic
N = 26 014

Mood Stabilizer
N = 12 849

Antidepressant
N = 31 117

Benzodiazepine
N = 11 941

Standardized
Mean Differencea

Depression

29.4

31.1

29.1

30.2

0.0432

Anxiety

12.0

12.7

11.8

12.1

0.0271

Bipolar disorder

18.7

19.2

18.6

19.2

0.0154

Substance use
disorder

14.7

15.6

14.5

14.7

0.0307

Schizoaffective

41.7

42.5

41.1

42.1

0.0278

Schizophreniform

3.8

3.9

3.9

4.1

0.0113

Antidepressant

27.2

28.4

26.6

27.6

0.0394

Mood stabilizer

15.9

15.8

15.7

16.3

0.0174

Benzodiazepine

12.8

14.0

12.9

12.5

0.0450

Characteristic
Diagnostic history, past
year (%)

Schizophrenia subtype
(%)

Psychotropic
medication history, past
year (%)

* N = 81 921.
a
Standardized mean difference applies to differences between all treatment groups.
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Data Source
Data were from 2001-2010 Medicaid Analytic eXtract (MAX) files from 44 states,
excluding Arizona, Delaware, Nevada, Ohio, Oregon, Rhode Island, and the District of Columbia.
The files are from claims made for payment for clinical services and treatments provided. We
selected Medicaid because it is the predominant payer of services for schizophrenia in the
United States25 and because it provided the largest available database to study psychotropic
treatment options.

Study Cohort
The cohort consisted of adults aged 18 to 64 diagnosed with schizophrenia who initiated
a new psychotropic medication after a period of stable antipsychotic treatment. We excluded
individuals aged 65 or older because they might have also received pharmacy benefits through
Medicare Part D rather than Medicaid, which are not captured in the database. We defined
schizophrenia as ≥ 2 outpatient claims or ≥ 1 inpatient claim for schizophrenia (International
Classification of Diseases, Ninth Revision, Clinical Modification [ICD-9-CM]: 295) during 365 days
of consecutive Medicaid enrollment immediately prior to the date that the prescription for the
new psychotropic (index) medication was filled (ie, the index date).29 Stable antipsychotic
monotherapy was defined by filled prescriptions for only 1 second-generation antipsychotic
(excluding clozapine), and no other psychotropics, for ≥ 90 days immediately preceding the
date of the start of the index medication. After ≥ 90 days of stable treatment with a single
second-generation antipsychotic, we defined a change in therapy as (1) initiation of another
antipsychotic or (2) initiation of a different psychotropic drug class (antidepressant, mood
stabilizer, or benzodiazepine; Figure 1). To ensure that patients were in active treatment, an
active supply of antipsychotic medication was required on the index date. Refills of the original
antipsychotic were not required after the index date (t0).
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Figure 1. Cohort timeline

Abbreviation: ICD-9-CM, International Classification of Diseases, Ninth Revision, Clinical Modification.

We designed the eligibility criteria to identify a cohort of individuals who were stably
treated with antipsychotic monotherapy but who required a change in pharmacotherapy as
evidenced by initiation of a new psychotropic medication. We required a 1-year period of
eligibility prior to the index date to allow sufficient time to collect the necessary covariates to
characterize cohort members and balance the comparator groups.
We excluded patients with stable clozapine monotherapy because clozapine is indicated
for treatment-resistant schizophrenia and is largely reserved for the most severely ill patients.
We also excluded patients who implemented more than one change in therapy at the index
date.

Subgroups
From the base study population described previously, we defined 5 clinical subgroups
based on the presence of psychiatric diagnoses during the 30 days prior to and inclusive of the
index date. We selected the 30-day period to ensure that the subgroup diagnoses were
proximate to the new medication initiation. We defined the subgroups by codes to capture (1)
uncomplicated schizophrenia (without any diagnoses that would qualify them for the other
subgroups during the 365 days prior to the index date); (2) schizoaffective disorder (ICD-9:
295.7) as the most recent schizophrenia-spectrum diagnosis; (3) depression (ICD-9: 293.83,
296.2, 296.3. 296.9, 298.0, 300.4, 311); (4) mania (ICD-9: 296.0, 296.4-296.8); and (5) anxiety
16

(ICD-9: 293.84, 300.00-300.02, 300.09, 300.20-300.23, 300.29, 300.3, 300.7, 308.0-308.9,
309.21, 309.81, 312.39, 313.0, 313.21, 313.23). We defined these subgroups in an effort to
capture the reason for the change in medication treatment.

Comparators
The psychopharmacologic treatment options under study were (1) initiation of a second
antipsychotic, (2) initiation of an antidepressant, (3) initiation of a mood stabilizer, and (4)
initiation of a benzodiazepine. We selected these comparators because they are commonly
prescribed in the treatment of schizophrenia in the United States.11,26
Within the clinical subgroups, we refined treatment options according to what
prescriber participants of the online survey indicated were reasonable treatment options. We
identified 2 exceptions: (1) Antidepressants were not considered a rational treatment
alternative for mania, and (2) mood stabilizers were not endorsed as a treatment for anxiety.
Initiation of an additional antipsychotic was the reference category because it is a frequently
recommended approach to improving treatment response.30 The additional antipsychotic
group included some people who were switching antipsychotics and others who were initiating
antipsychotic polypharmacy; the intent could not be determined from claims data at the time
of starting a new antipsychotic.

Study Outcomes
The primary effectiveness outcome was time to psychiatric hospitalization, which is
important to patients because of the disruption it causes to their lives, including family, social,
and occupational responsibilities and opportunities. Secondary outcomes included psychiatric
emergency department visits, self-injury, and death. Additional secondary outcomes of interest
were incidence of major cardiovascular events and diabetes mellitus. (Individuals with an
existing diabetes diagnosis were excluded from the diabetes analyses.) These medical outcomes
are of particular interest to people with schizophrenia because they occur at an increased rate
in this population and are associated with the adverse effects of some psychotropic
medications. Table 2 displays the outcome definitions.
17

Table 2. Outcome Definitions
Outcomes

Measurement and Evidence of Reliability and Validity

Psychiatric hospitalization
(primary)

Inpatient admissions with a first listed mental health disorder
diagnosis (ICD-9: 290-319). High levels of agreement between
diagnoses in inpatient medical records and inpatient claims
have been reported for several mental health disorder
groups, including schizophrenia (100.0%), major mood
disorders (98.7%), alcohol dependence (97.8%), and drug
dependence (96.4%).31

Death

Date of death defined by the MAX Date of Death File (MAX
DOD), which is auxiliary to the Centers for Medicare &
Medicaid Services Medicaid Analytic Extract (MAX). The MAX
DOD File was constructed from the Social Security Death
Master File.

Psychiatric emergency
department (ED) visits

ED visits in which the first listed diagnosis is a mental health
disorder (ICD-9-CM: 290-319). ED claims are a reliable source
of diagnostic information in relation to medical records32,33
and a valid source of illness severity information.34 ED visits in
which the first listed diagnosis is a mental health disorder
(ICD-9-CM: 290-319) were defined as ED mental health visits.

Self-injury

Defined by an E-code of E950-E958, excluding late effects of
deliberate self-harm (E959), on any inpatient, ED, or
outpatient claim. High positive predictive values have been
reported.35

Diabetes mellitus

Defined by the Mini-Sentinel Algorithm for type 2 diabetes36
(individuals with diabetes at baseline were excluded from
analyses):
• ≤ 1 inpatient claims with primary or secondary ICD-9 codes
250.XX, 357.2, 362.01-362.07, 366.41, OR
• ≤ 2 outpatient claims on separate dates with any listed
ICD-9 codes 250.XX, 357.2, 362.01-362.07, 366.41, OR
• ≤ 2 prescriptions for an antidiabetic medication (2
dispensations of metformin or 2 dispensations of
thiazolidinediones with no other indication of diabetes
were not included)

Cardiovascular admissions

Defined by first listed diagnosis of acute myocardial infarction
(ICD-9-CM: 410) or stroke (430-438, except 435) on inpatient
claims37-39

Abbreviation: ICD-9-CM, International Classification of Diseases, Ninth Revision, Clinical Modification.
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Time Frame
Follow-up began at the date of new treatment initiation (the index date) and ended
after 365 days regardless of changes in pharmacotherapy (intent-to-treat; ITT). We chose 365
days to allow sufficient time to detect relatively rare events. We did not investigate a longer
period because we expected that a large percentage of the new treatments would be
discontinued within 1 year. We also conducted sensitivity analyses using a 180-day follow-up
period, in which all follow-up ended after 180 days, and an as-treated specification, in which
follow-up ended when the new medication was discontinued.

Statistical Analysis
Approach to Confounding
To reduce confounding, we controlled for a broad range of potentially relevant factors
from claims histories. These factors were identified in the 365-day period before medication
initiation and were used to calculate propensity scores. We conducted sensitivity analyses to
estimate the extent of unmeasured confounding necessary to fully explain our observed
findings.

Censoring
In the as-treated approach, follow-up ended at discontinuation of the new treatment (>
10 days without drug) or addition of another psychotropic medication (antipsychotic, mood
stabilizer, antidepressant, or benzodiazepine). All analyses were also censored at loss of
Medicaid eligibility except for ITT mortality analyses. Because National Death Index mortality
data were available independent of Medicaid eligibility, follow-up for this outcome was not
censored at loss of Medicaid eligibility.

19

Aim 1: Compare the Effectiveness and Safety of

We used propensity score methods to control for measured confounding.40 For each
medication, the propensity score was the predicted probability of receiving that medication
given all measured covariates. We estimated the propensity scores by employing multinomial
logistic regression models, including all variables in Table 3.41 We selected these variables from
among all available variables in the Medicaid claims because we considered them potentially
relevant to choice of treatment. After weighting by the inverse of their associated propensity
scores (inverse probability of treatment weighting), we assessed covariance balance between
the treatment groups using the maximum standardized difference.42 We applied the same
methods to both the overall group and the clinical subgroups (ie, mania, depression, anxiety).

20

Table 3. Covariates Included in Propensity Score Calculation
Covariates
Year of initiating treatment augmentation
Sex
Male
Female
Medicaid eligibility
Low income
Disability
Others
Age at index
18-21
22-25
26-29
30-33
34-37
38-41
42-45
46-49
50-53
54-57
58-61
62-64
Race
White, non-Hispanic
Black, non-Hispanic
Hispanic or Latino
Asian
Hawaiian or Pacific Islander
Native American or Alaskan Native
Unknown
State
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Covariates
Prescriptions filled during baseline period
Attention-deficit/hyperactivity disorder (ADHD) medication
Antibiotics
Antidepressants
Benzodiazepines
Cardiovascular disease medication
Antidiabetics
Gastrointestinal disease medication
Gynecological disease medication
Hyperlipidemia medication
Metabolic medication
Mood stabilizers
Neurologic/musculoskeletal disease medication
Non-benzodiazepine anxiolytics/hypnotics
Other psychiatric medication
Psychotropic medication (any)
Respiratory disease medication
Diagnosis received during baseline period
Acute bronchitis
Anemias
Anxiety
Appendicitis
Asthma
Bipolar disorder
Blood cells (white) disorder
Cellulitis and abscess
Cerebrovascular disease
Cholelithiasis
Chronic bronchitis
Depression
Diabetes
Intervertebral disc disorder
22

Covariates
Dysrhythmias
Dyskinesia
Emphysema
Enteritis and colitis (noninfectious)
Fracture (any)
Fracture of neck
Heart failure
HIV
Hyperlipidemia
Hypertension
Injury
Intestinal diverticula
Intestinal obstruction
Ischemic heart disease
Kidney failure (acute)
Kidney failure (chronic)
Kidney infection
Liver disease
Mental retardation
Obesity infection
Osteoarthrosis
Other neoplasms
Pancreatitis
Pneumonia
Poisonings (any)
Poisoning by psychotropic medication
Pulmonary circulation
Severe cardiovascular disease
Suicidality
Substance use disorder
Schizoaffective disorder
Schizophreniform disorder
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Covariates
Number of hospitalizations for primary diagnosis during baseline period
Mental health disorders
Non–mental health disorders
Number of outpatient visits for primary diagnosis during baseline period
Mental health disorders other than schizophrenia
Non–mental health disorders
Schizophrenia
Number of outpatient emergency department visits for primary diagnosis during baseline
period
Mental health disorders
Non–mental health disorders
Psychosocial service contacts during baseline period
Psychotherapy during baseline period
All primary analyses examined outcomes on an ITT basis during the first 365 days after
initiation of one of the study medications. We used inverse probability of treatment-weighted
Cox proportional hazards models with robust variance estimation43 to estimate the
comparative effects of initiating the study medications (with second-generation initiation as the
reference treatment) on the risk for each of the outcome measures. Follow-up began at
initiation of the study medications (index date) and was censored at day 365 or loss of Medicaid
eligibility, whichever came first. We capped follow-up at 365 days because by this point most
patients were expected to have discontinued index treatment.

Aim 2: Examine Heterogeneity of Treatment Effects by Comparing the
Effectiveness and Safety of Alternative Treatment Strategies That Vary According
to Patient Age and the Presence of a Substance Use Disorder
To study heterogeneity of treatment effects, we fit weighted Cox proportional hazards
models that included the presence of a substance use disorder (ICD-9-CM 291.x, 292.x, 303.x, or
304.x during the 365 days before the index date) or age group (aged 18-45 or 46-65) and its
interaction with the treatments. We used the coefficients associated with the interactions
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to estimate relative hazard ratios between 2 substance use or age groups when comparing
treatments. We calculated CIs at the 95% level.

Aim 3: Examine the Robustness of the Primary Treatment Effectiveness Results
Using Instrumental Variable and Sensitivity Analyses
Instrumental Variable Analyses
Instrumental variable analyses are used to control for unobservable confounders. Valid
instruments are variables that are associated with the use of treatments but are not directly
related to the study outcomes. We investigated 3-digit zip code, state of patient residence, and
prescribing patterns of prescribers as possible instruments.
We evaluated the candidate instruments according to the following criteria: (1) The
instrument is associated with use of the treatment; (2) the instrument is not related to the
outcomes except through its relationship with the treatment (known as exclusion restriction);
and (3) the instrument is not confounded with the outcomes (known as independence
assumption).

Sensitivity Analyses
In addition to the primary 365-day ITT analyses, we conducted 180-day ITT analyses
along with as-treated analyses, which were censored when the new (index) treatment was
discontinued. An additional sensitivity analysis allowed individuals to contribute multiple
episodes.
Because the observed relative risk (RR) is a closed-form function of the balance of
confounders among exposure groups, the strength of the confounder, and the prevalence of
the confounder, it is possible to estimate the extent of unmeasured and thus unadjusted
confounding necessary to fully explain the observed findings—that is, they would move the
observed RR to statistical insignificance (the null).
To quantify how strong unmeasured confounding would have to be to explain the
observed effect sizes among our comparison groups, we used the array approach to understand
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how the strength of unmeasured confounders with known associations with our outcomes,
such as suicidality, and the confounder imbalance among study groups might affect the
observed RR.44
We performed all analyses with R version 3.4.1.

Changes to Protocol
We originally proposed that diagnoses from 2 different providers would be required for
inclusion in the clinical subgroups (ie, mania, depression, anxiety, schizoaffective disorder, and
uncomplicated schizophrenia). Because National Provider Identifier (NPI) codes were missing
for more than half of the encounters, we were unable to apply this criterion to the subgroup
diagnoses and therefore used a single diagnosis for inclusion in the clinical subgroups. Because
of the missing NPI codes, we were also unable to investigate provider as a possible instrumental
variable.
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RESULTS
Background Characteristics
The cohort consisted of 81 921 individuals diagnosed with schizophrenia who, after a
period of stable treatment with a single antipsychotic, initiated a new psychotropic (Figure 2).
Figure 2. Study cohort*

Abbreviations: APM, antipsychotic medication; SGA, second-generation antipsychotic.
*N = 81 921.

Baseline demographic and clinical characteristics of the groups of patients who initiated
each of the treatments are presented in Table 1. Table 4 lists the medicines included in each of
the psychotropic medication groups and their frequency of use.
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Table 4. Treatment Medications and Study Outcomes*
Generic

Total

Additional antipsychotics

26 014

Percentage by Class

Aripiprazole

6194

23.81%

Asenapine

92

0.35%

Iloperidone

64

0.25%

Olanzapine

4095

15.74%

Paliperidone

722

2.78%

Quetiapine

5814

22.35%

Risperidone

5569

21.41%

Ziprasidone

3464

13.32%

TOTAL
Mood stabilizers

100.00%
12 849

Carbamazepine

493

3.84%

Divalproex

6486

50.48%

Gabapentin

1755

13.66%

Lamotrigine

700

5.45%

Lithium

1228

9.56%

Oxcarbazepine

777

6.05%

Topiramate

1082

8.42%

Valproate

159

1.24%

Valproic acid

169

1.32%

TOTAL
Antidepressants

100.00%
31 117

Amitriptyline

792

2.55%

Amoxapine

10

0.03%

Bupropion

3300

10.61%

Citalopram

2725

8.76%

Clomipramine

59

0.19%

Desipramine

39

0.13%

Desvenlafaxine

55

0.18%

Doxepin

376

1.21%

Duloxetine

477

1.53%
28

Generic

Total

Percentage by Class

Escitalopram

3569

11.47%

Fluoxetine

3229

10.38%

Fluvoxamine

193

0.62%

Imipramine

128

0.41%

Maprotiline

2

0.01%

Mirtazapine

1553

4.99%

Nefazodone

89

0.29%

Nortriptyline

146

0.47%

Paroxetine

2550

8.19%

Protriptyline

6

0.02%

Sertraline

4258

13.68%

Trazodone

6 431

20.67%

Trimipramine

2

0.01%

Venlafaxine

1135

3.65%

TOTAL
Benzodiazepines

100.00%
11 941

Alprazolam

1068

8.94%

Chlordiazepoxide

103

0.86%

Clonazepam

3168

26.53%

Clorazepate

39

0.33%

Diazepam

855

7.16%

Estazolam

11

0.09%

Flurazepam

179

1.50%

Lorazepam

5283

44.24%

Oxazepam

36

0.30%

Quazepam

1

0.01%

Temazepam

1122

9.40%

Triazolam

69

0.58%

TOTAL
TOTAL

100.00%
81 921

*365-day intent-to-treat: N = 81 921.
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Psychiatric Hospitalization
For the primary outcome of psychiatric hospitalization, patients initiating treatment
with antidepressants had a lower risk of hospitalization compared with those initiating a new
antipsychotic (0.84; 95% CI, 0.80-0.88; Table 5). Compared with initiating treatment with a new
antipsychotic, patients initiating treatment with benzodiazepines had a higher risk of psychiatric
hospitalization (1.08; 95% CI, 1.02-1.15). The reasons for censoring in the Cox proportional
hazards model are displayed in Table 6.

Psychiatric Emergency Department Visits
For the psychiatric emergency department (ED) visit outcome, patients initiating
treatment with antidepressants had a lower risk of ED visits compared with those who initiated
treatment with a new antipsychotic (0.92; 95% CI, 0.88-0.96). Compared with initiating
treatment with a new antipsychotic, patients initiating treatment with benzodiazepines had a
higher risk of psychiatric ED visits (1.12; 95% CI, 1.07-1.19).
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Table 5. Effectiveness and Mortality Outcomes*
Second Antipsychotic
N = 26 014
N

%

Antidepressant
N = 31 117

HR
(Ref.)

N

%

Benzodiazepine
N = 11 941

HR

95% CI

N

%

Mood Stabilizer
N = 12 849

HR

95% CI

N

%

HR

95% CI

Psychiatric
hospitalization

4965 19.1

1.0

5247 16.9

0.84

0.80-0.88

2385 20.0

1.08

1.02-1.15

3093 24.1

0.98

0.94-1.03

Psychiatric
ED visit

5505 21.2

1.0

6508 20.9

0.92

0.88-0.96

2930 24.5

1.12

1.07-1.19

3429 26.7

0.99

0.94-1.04

Self-injury

91

0.4

1.0

141

0.5

0.92

0.68-1.24

38

0.3

0.80

0.50-1.28

61

0.5

0.97

0.64-1.46

Mortality

259

1.0

1.0

327

1.1

0.97

0.81-1.17

204

1.7

1.22

0.98-1.52

161

1.3

1.31

1.04-1.66

Admissions for
cardiovascular
disease

67

0.3

1.0

102

0.3

1.24

0.88-1.75

43

0.4

1.43

0.97-2.09

41

0.3

1.31

0.79-2.18

Second Antipsychotic
N = 21 738a
Diabetes mellitus 967

4.5

1.0

Antidepressant
N = 26 062a
1004 3.9

0.87

Benzodiazepine
N = 9764a
0.79-0.96

424

4.3

0.94

Mood Stabilizer
N = 10 564a
0.82-1.08

423

4.0

0.98

0.85-1.12

*N = 81 921.
Those with a diagnosis of diabetes during the baseline period were excluded.

a

31

Table 6. Censoring Reason for Psychiatric Hospitalization*

*

Reason

Number (%)

Psychiatric hospitalization (outcome)

15 690 (19.2%)

Day 365

54 146 (66.1%)

Data ended (censored at 12/31/2010)

6978 (8.5%)

Medicaid eligibility discontinued

5107 (6.2%)

365-day intent-to-treat: N = 81 921.

Mortality
Compared with initiating treatment with a new antipsychotic, patients initiating
treatment with mood stabilizers had a higher risk of mortality (1.31; 95% CI, 1.04-1.66).
Because of the unexpected finding of increased risk of mortality associated with mood
stabilizers, we investigated deaths according to specific medications (Table 7). Gabapentin
accounted for 13.7% of the mood stabilizer initiations and was associated with 28.0% (N = 45)
of the deaths. No other mood stabilizer appeared to be associated with a higher rate of death
than the others.
Figure 3 shows time-to-event survival curves for the main outcomes.
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Table 7. Deaths Among Mood Stabilizer Initiations

MoodStabilizers

Number of
Initiations

Percentage of
Mood
Number of
Stabilizer Use Deaths

Percentage of
Deaths

Carbamazepine

493

3.84%

4

2.48%

Divalproex

6486

50.48%

61

37.89%

Gabapentin

1755

13.66%

45

27.95%

Lamotrigine

700

5.45%

4

2.48%

Lithium

1228

9.56%

13

8.07%

Oxcarbazepine

777

6.05%

10

6.21%

Topiramate

1082

8.42%

17

10.56%

Valproate

159

1.24%

5

3.11%

Valproic

169

1.32%

2

1.24%

Total

12 849

161
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Figure 3. Weighted Kaplan-Meier time-to-event survival curves for initiators of new
psychotropic medications
A. Days to psychiatric hospitalization, 365-day intent-to-treat (ITT), adjusted

B. Days to psychiatric ED visits, 365-day ITT, adjusted

C. Days to death, 365-day ITT, adjusted

Note: 1 = antipsychotic, 2 = mood stabilizer, 3 = antidepressant, 4 = benzodiazepine.
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Self-injury
We observed no significant differences between any of the treatments in risk of selfinjury.

Medical Outcomes
Antidepressants were associated with a lower risk of new-onset diabetes mellitus
compared with initiating a different antipsychotic (0.88; 95% CI, 0.81-0.96). We observed no
significant differences between the treatment strategies in risk of admission for a new-onset
cardiovascular condition.

Heterogeneity of Treatment Effects by Age Group and Substance Use Disorder
The presence of a substance use disorder affected the risk of hospitalization among
those who initiated treatment with an antidepressant.
For initiating antidepressant treatment vs another antipsychotic, patients without a
substance use disorder had reduced psychiatric hospitalization rates (0.79; 95% CI, 0.75-0.83),
but we did not observe a similar reduction among those with substance use disorder (1.02; 95%
CI, 0.93-1.11); the relative hazard ratio was 1.28 (95% CI, 1.16-1.42). Of note, substance use
disorder was itself associated with a marked increase in risk of psychiatric hospitalization (2.05;
95% CI, 1.89-2.22).
The risk of hospitalizations associated with initiation of antidepressants and
benzodiazepines varied by age group. For risk of hospitalization, the benefit of initiating an
antidepressant over initiating another antipsychotic was greater for older patients (0.77; 95%
CI, 0.71-0.83) than for younger patients (0.88; 95% CI, 0.83-0.93); the relative hazard ratio
between older and younger patients was 0.87 (95% CI, 0.79-0.96). For initiating a
benzodiazepine vs another antipsychotic, younger patients had elevated hospitalization rates
(1.14; 95% CI, 1.06-1.22), but we did not observe a similar increase for older patients (0.98; 95%
CI, 0.89-1.08); the relative hazard ratio between older and younger patients was 0.86 (95% CI,
0.77-0.98).
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Sensitivity Analyses
We performed multiple sensitivity analyses; they were generally consistent with the
main findings. When we reduced the ITT period from 365 to 180 days, our findings were
similar—as expected, effects tended to be stronger during the shorter period. In the main
analyses described previously, we included only an individual’s first qualifying treatment
episode that involved initiation of a new psychotropic. When individuals were allowed to
contribute multiple episodes (N = 103 858), analyses produced the same results (Table 8).
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Table 8. Effectiveness and Mortality Outcomes (Sensitivity Analyses in Which Individuals Were Allowed to Contribute Multiple Episodes)
Second Antipsychotic Antidepressant
N = 33 307
N = 38 550

Benzodiazepine
N = 16 059

N

%

HR
(Ref.)

Psychiatric
hospitalization

6475

19.4

1.0

6546

17.0

0.85 0.81-0.88

Psychiatric
department visit

7275

21.8

1.0

8182

21.2

Self-injurious
behavior

106

0.3

1.0

159

Mortality

332

1.0

1.0

Admissions for
cardiovascular
disease

88

0.3

1.0

N

%

HR

95% CI

HR

95% CI

3136 19.5

1.08

0.92 0.89-0.95

3947 24.6

0.4

0.97 0.73-1.28

61

409

1.1

1.00 0.85-1.18

130

0.3

1.28 0.95-1.73

Second Antipsychotic Antidepressant
N = 27 523a
N = 31 953a
Incident cases of 1220
diabetes mellitus
*
a

4.4

1.0

1259

3.9

N

%

Mood Stabilizer
N = 15 942
HR

95% CI

1.02-1.13 3894 24.4

1.01

0.97-1.06

1.12

1.07-1.17 4357 27.3

1.00

0.96-1.05

0.4

1.01

0.83-1.24 70

0.4

1.03

0.71-1.50

256

1.6

1.17

0.97-1.42 206

1.3

1.33

1.09-1.63

53

0.3

1.16

0.76-1.79 54

0.3

1.41

0.92-2.16

Benzodiazepine
N = 12 934a
0.88 0.81-0.96

584

4.5

0.98

N

%

Mood Stabilizer
N = 12 963a
0.87-1.10 531

4.1

1.00

0.89-1.13

N = 103 858.
Those with a diagnosis of diabetes during the baseline period were excluded.
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Figure 4 presents the results of the quantitative sensitivity analyses.
Figure 4. Quantitative sensitivity analyses of residual confounding with different levels of
confounder prevalence*
A. Antidepressants and psychiatric hospitalization, relative risk (RR) = 1.19 (1/0.84)
Pc=0.25

Pc=0.10

Pc=0.05
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B. Benzodiazepines and psychiatric hospitalization (RR = 1.08)
Pc=0.25

Pc=0.10

Pc=0.05
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C. Effect of mood stabilizers on mortality (RR = 1.31)
Pc=0.25

Pc=0.10

Pc=0.05
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2.00
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2

4

6
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10

RRCD
*Pc = 0.05; Pc = 0.10; Pc = 0.2544.
OREC = Association between exposure and confounder (odds of getting a specific treatment if a confounder was
present over the odds of getting the treatment in the absence of the confounder).
RRCD = Relative risk between an unmeasured confounder and the disease outcome.
Each line splits the area into 2. The upper right area represents all combinations of OREC and RRCD that would
create confounding by an unmeasured factor strong enough to move the observed point estimate of the RR to the
null (RR = 1.0) or beyond. The area to the lower left represents all parameter combinations that would not be able
to move the observed RR to the null.

As an example, Figure 4A shows the effect that unmeasured confounders might have on
the finding of decreased risk of psychiatric hospitalization associated with antidepressant
initiation compared with initiation of another antipsychotic (calculated here as 1/0.84 to be RR
= 1.19). Consider as an example the assumption that an unmeasured factor, such as suicidality,
triples the risk of psychiatric hospitalization (ie, RR between an unmeasured confounder and
the disease outcome [RRCD] = 3). If this factor is present in 5% of the study population (PC = 0.05,
green line, on right), then even a large association between the choice of an antidepressant and
suicidality would not explain the observed association between antidepressant medication and
psychiatric hospitalization (Figure 4A). However, if suicidality has a 25% prevalence (PC = 0.25,
blue line, on left), then even a relatively small association with the exposure (ie, suicidality is
twice as common in initiators of antipsychotics compared with initiators of antidepressants)
could fully explain the association.
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Subgroup Analyses
In the uncomplicated schizophrenia subgroup—defined as not meeting criteria for any
of the other subgroups—results were very similar to the overall group (Table 9).
Table 9. Subgroup Analyses: Uncomplicated Schizophrenia*
Second
Antipsychotic

Mood Stabilizer

Antidepressant

Benzodiazepine

Psychiatric
hospitalization

1

1.00 (0.94-1.07)

0.81 (0.77-0.85)

1.07 (1.00-1.15)

Death

1

1.47 (1.14-1.91)

1.06 (0.85-1.32)

1.07 (0.84-1.37)

Psychiatric
emergency
department visit

1

1.02 (0.96-1.09)

0.90 (0.86-0.94)

1.07 (1.01-1.14)

Self-injury

1

1.0 (0.56-1.78)

0.87 (0.59-1.28)

1.05 (0.44-3.08)

Cardiovascular
admission

1

1.09 (0.62-1.90)

1.12 (0.77-1.64)

0.96 (0.58-1.59)

New-onset
diabetes

1

1.04 (0.88-1.21)

0.87 (0.78-0.97)

1.04 (0.90-1.20)

*N = 63 715; adjusted hazard ratios (95% CIs).

In the schizoaffective subgroup—defined as not meeting criteria for any of the other
subgroups—results were similar to the overall group, but we observed no association between
mood stabilizers and mortality (Table 10). Mood stabilizers were associated with reduced risk of
psychiatric ED visits.
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Table 10. Subgroup Analyses: Schizoaffective Disorder*
Second
Antipsychotic

Mood Stabilizer

Antidepressant

Benzodiazepine

Psychiatric
hospitalization

1

0.90 (0.81-1.01)

0.90 (0.81-0.99)

1.13 (0.99-1.28)

Death

1

1.04 (0.67-1.61)

0.77 (0.52-1.14)

1.05 (0.64-1.72)

Psychiatric
emergency
department visit

1

0.89 (0.80-0.99)

0.89 (0.83-0.98)

1.02 (0.91-1.15)

Self-injury

1

1.05 (0.52-2.12)

0.67 (0.36-1.25)

0.47 (0.19-1.16)

Cardiovascular
admission

1

1.14 (0.51-2.55)

1.43 (0.75-2.73)

1.87 (0.68-5.15)

New-onset
diabetes

1

0.96 (0.72-1.29)

1.05 (0.86-1.28)

1.14 (0.85-1.53)

*N = 20 944.

Tables 11 to 13 present the results for the smaller subgroups.
Table 11. Subgroup Analyses: Depression*
Second
Antipsychotic

Mood Stabilizer

Antidepressant

Benzodiazepine

Psychiatric
hospitalization

1

1.10 (0.95-1.27)

0.93 (0.84-1.03)

1.04 (0.88-1.22)

Death

1

0.93 (0.45-1.90)

1.06 (0.62-1.83)

1.36 (0.70-2.65)

Psychiatric
emergency
department visit

1

1.04 (0.91-1.19)

1.00 (0.91-1.10)

1.22 (1.05-1.41)

Self-injury

1

1.59 (0.53-4.73)

1.41 (0.63-3.15)

2.84 (0.99-8.12)

Cardiovascular
admission

1

2.34 (0.66-8.37)

0.98 (0.34-2.87)

1.27 (0.37-4.37)

New-onset
diabetes

1

1.03 (0.67-1.59)

0.79 (0.58-1.07)

0.57 (0.35-0.92)

*N = 8960.
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Table 12. Subgroup Analyses: Mania*
Second
Antipsychotic

Mood Stabilizer

Benzodiazepine

Psychiatric hospitalization

1

1.08 (0.94-1.25)

0.93 (0.76-1.14)

Death

1

1.63 (0.69-3.83)

2.54 (1.04-6.18)

Psychiatric emergency
department visit

1

1.01 (0.88-1.15)

1.01 (0.83-1.24)

Self-injury

1

1.41 (0.35-5.76)

3.68 (0.82-16.54)

Cardiovascular admission

1

1.92 (0.39-9.97)

No events

New-onset diabetes

1

1.13 (0.72-1.79)

1.93 (0.63-2.27)

Second
Antipsychotic

Antidepressant

Benzodiazepine

Psychiatric hospitalization

1

0.80 (0.61-1.03)

0.99 (0.77-1.27)

Death

1

2.52 (0.66-9.60)

2.83 (0.78-10.29)

Psychiatric emergency
department visit

1

1.02 (0.81-1.27)

1.73 (1.40-2.14)

Self-injury

1

0.43 (0.07-2.60)

0.86 (0.21-3.56)

Cardiovascular admission

1

1.47 (0.16-13.21)

2.93 (0.27-31.46)

New-onset diabetes

1

1.04 (0.50-2.17)

1.08 (0.64-2.72)

*N = 5026.

Table 13. Subgroup Analyses: Anxiety*

*N = 2701.

The initiation of benzodiazepines was associated with harms in some of the subgroup
analyses: Compared with initiating another antipsychotic, benzodiazepines were associated
with a higher risk of psychiatric ED visits in the depression (1.22; 95% CI, 1.05-1.41) and anxiety
(1.73; 95% CI, 1.40-2.14) subgroups, and with a higher risk of death in the mania subgroup
(2.54; 95% CI, 1.04-6.18). In the depression subgroup, compared with initiating another
antipsychotic, benzodiazepines were associated with a lower incidence of new-onset diabetes
(0.57; 95% CI, 0.35-0.92).
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Instrumental Variable Approach
We investigated 3-digit zip code and state of patient residence as potential instruments
to use in instrumental variable analyses to control for unobservable confounders. We also
considered the prescribing patterns of prescribers, but these data were not reliably available in
the data set.
We evaluated the candidate instruments according to the following basic criteria: (1)
The instrument is associated with use of the treatment; (2) the instrument is not related to the
outcomes except through its relationship with the treatment (known as exclusion restriction);
and (3) the instrument is not confounded with the outcomes (known as independence
assumption).
Our analyses showed that prescription patterns varied by geographical region,
confirming the first criterion. For the second criterion, however, we found considerable
variation in the supply of psychiatric hospital beds,45 in rates of hospitalization for behavioral
health reasons,46 and in mortality47 by geographical region. Thus, we concluded that
geographical region was not an acceptable instrument for our analyses—it failed to meet the
exclusion criterion because it was associated with the outcome, but not only through the
exposure. For example, variation in the supply of psychiatric hospital beds very likely influences
psychiatric hospitalizations separately from whatever effect the psychotropic medications
might have.
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DISCUSSION
Context for Study Results
Ten years of longitudinal data from 44 states allowed us to conduct, as far as we can
determine, the largest comparative effectiveness study of treatments for schizophrenia to date.
For patients with schizophrenia who started a new psychotropic treatment regimen, we found
benefits for starting an antidepressant but harms for starting benzodiazepines or mood
stabilizers. Among patients diagnosed with schizophrenia who were currently treated with only
a single antipsychotic and then initiated a new psychotropic medication, adjunctive
antidepressants were associated with significantly lower risks of psychiatric hospitalization and
ED visits compared with other adjunctive psychotropic strategies. Adjunctive benzodiazepines
were associated with increased risks of psychiatric hospitalization and ED visits but
demonstrated no evidence of benefits compared with the other treatment strategies studied
here. Adjunctive mood stabilizers were associated with an increased risk of death.
The results of this investigation from the United States are consistent with, and extend
findings from, Scandinavia.4,5 In both the United States and Scandinavia, antidepressants
reduced the risk of mortality. In Scandinavia, benzodiazepines increased the risk of death, but a
similar finding in the current US study was not statistically significant. In our examination of
additional patient-centered outcomes, we found additional benefits for antidepressants and
harms for benzodiazepines. The findings reported here are also consistent with recent metaanalyses that reported clinical benefits associated with the use of adjunctive antidepressants
for the treatment of schizophrenia.22,23
Adjunctive mood stabilizers also showed no evidence of benefits compared with other
medication classes but were associated with increased risk of mortality. Meta-analyses of RCTs
of mood stabilizers in the treatment of schizophrenia, both as adjunctive treatments and alone,
have been inconclusive.17-20 The post hoc finding that gabapentin may account for a significant
portion of this increased risk was unexpected. Notably, there is no review by the Cochrane
Collaboration of the use of gabapentin for schizophrenia and we found no record of any RCT
studying it in this population. Although considered to be well tolerated, gabapentin is
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associated with somnolence and dizziness48 and has been associated with increased suicidal
behaviors and suicide in nonschizophrenic patients.49 In the absence of evidence that
gabapentin has benefits for schizophrenia, clinical caution should be exercised when
considering its use.

Generalizability of the Findings
Because Medicaid is the largest payer of outpatient treatment services for schizophrenia
in the United States, the study population is broadly representative of US individuals with
schizophrenia. We were not able to evaluate the comparative effectiveness of common
pharmacologic strategies in the relatively small patient population with private insurance.
Similarly, we were not able to study treatment strategies in uninsured patients. Nonetheless,
the results represent the experiences of most patients treated for schizophrenia in the United
States, including substantial representation of important groups, such as ethnic/racial
minorities who are usually underrepresented in schizophrenia clinical trials, and patients with
significant medical and mental health comorbidities who are often systematically excluded
from such research.
This investigation was limited to individuals aged 18 to 65; it is possible that older or
younger individuals might have different responses to the medications under study. Our
heterogeneity of treatment effects analyses supported the notion that older individuals might
benefit even more from antidepressants, but this should be examined empirically.
Individuals with schizophrenia are treated with a wide range of pharmacologic
treatment options involving numerous individual psychotropic medications that are used in
almost endless permutations. To generate clinically useful results in this investigation, we
focused on a first step to more complicated pharmacotherapy regimens—the initiation of a
new psychotropic medication among patients with schizophrenia already taking an
antipsychotic medication. We do not know if the findings reported here apply to the large
number of people with schizophrenia who are already taking multiple psychotropic
medications; however, the high prevalence of polypharmacy encountered in constructing the
study cohort (Figure 2) demonstrates the importance of investigating the topic.
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Implementation of Study Results
The significant effects reported here are of similar magnitude to the effect sizes found in
meta-analyses of RCTs that compare the effectiveness of different antipsychotics50 and in
recent meta-analyses that found benefits for antidepressants in patients with
schizophrenia.22,23 These effects may have an important impact considering the large number of
people affected by schizophrenia.
Antidepressants are already widely used in the treatment of schizophrenia. More needs
to be known about the clinical situations in which antidepressants are most likely to be
beneficial. Nevertheless, the growing body of research supporting their use suggests that it is
currently appropriate to encourage the use of antidepressants to treat negative symptoms and
depressive symptoms, including suicidality.16,22
Benzodiazepines are also widely used in the treatment of schizophrenia. Relatively
recent findings that benzodiazepines are associated with increased mortality in schizophrenia
have already alerted clinicians to be cautious when prescribing them.15 This study reinforces the
need for caution and suggests that benzodiazepines should be avoided if possible.
Mood stabilizers are also widely used in the treatment of schizophrenia, but previous
research has not suggested significant harms. Further investigation of the effects of mood
stabilizers on mortality is needed. However, because of the lack of evidence that the
antiepileptic drug gabapentin has benefits as a mood stabilizer and may be associated with an
increased risk of death, this information should be widely disseminated and its use should be
actively discouraged in this population.

Subpopulation Considerations
The heterogeneity of treatment effects analyses, which found reduced psychiatric
hospitalization risk with antidepressant use only among people without substance use
disorders, are consistent with previous research that found treatment outcome differences only
among this group.28 This finding is consistent with prior literature, which provides little
guidance regarding pharmacologic treatment of people with schizophrenia and co-occurring
46

substance use disorders.51 Substance use disorders appear to interfere with the expected
benefits of pharmacologic interventions. These co-occurring disorders should be treated to
optimize the likelihood that efficacious medications are effective.

Study Limitations
The present investigation has many strengths and some limitations. Because this is an
observational study, the results must be interpreted with caution. The source of data,
Medicaid, is the largest insurer of people receiving treatment for schizophrenia in the United
States.25 National Medicaid data offer exceedingly large, reliable, and widely used sources of
information for comparative outcomes research. Although Medicaid claims data do not include
some self-reported, recovery-oriented outcomes (eg, quality of life) that are available in some
prospective studies, outcomes available (eg, avoidance of serious medical illnesses, premature
death, the need for psychiatric emergency services and hospitalization) are valued by patients
as important near-term outcomes that help make long-term recovery possible. In addition, the
data do not include measures of the symptoms of depression, mania, or anxiety for which
adjunctive medications might be targeted. The data do not include information about common
adverse effects of medication. We do not know if patients continued taking the baseline
antipsychotic after initiating the new psychotropic medication; although guidelines
unanimously endorse the use of antipsychotics for treatment of schizophrenia, some of the
people who initiated treatment with antidepressants, benzodiazepines, or mood stabilizers
might have continued only the new drug. The results of the study may best apply to individuals
in the Medicaid program.
Propensity scores derived from a several covariates helped control confounding by
treatment selection, although residual confounding by unmeasured variables remains possible.
The data on medication use are based on prescriptions filled, which are known to be highly
accurate,52 but no information was available on actual medication ingestion. The data do not
include specific information on what prompted the change in medications or which symptoms
were targeted. In addition, we investigated multiple medication strategies and outcomes,

47

increasing the probability of findings due to chance. To some extent, however, the consistency
of results across outcomes and in sensitivity analyses decreases this risk.

Future Research
Because this is an observational study, the results must be interpreted with caution.
Additional investigations, including pragmatic RCTs if possible, are needed to confirm the
results. Pragmatic clinical trials should focus on determining the real-world situations in which
antidepressants are most likely to have benefits in the treatment of schizophrenia (eg, for
negative symptoms, depression, and suicidality). Additional research on benzodiazepines for
schizophrenia is a lower priority. However, large-scale pharmaco-epidemiological research to
further elucidate the role and possible risks of mood stabilizers in schizophrenia is needed.
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CONCLUSIONS
This national study provides new data to support the findings of 2 recent meta-analyses
that found benefits of antidepressants for individuals with schizophrenia.22,23 More specifically,
this study and the meta-analysis by Galling and colleagues23 report the benefits of adding
adjunctive antidepressants to ongoing treatment with antipsychotics. The growing evidence
supporting adjunctive antidepressant treatment in schizophrenia should lead to increased
clinical interest in this treatment strategy as well as further investigation into the specific
situations for which antidepressants are indicated.
In the absence of evidence that either benzodiazepines or mood stabilizers have
benefits when added to antipsychotics in the treatment of schizophrenia, the current findings
of poorer outcomes associated with their use compared with new antipsychotics and
antidepressants indicate a need for caution regarding their use in this population. The
possibility that adjunctive use of gabapentin is associated with increased risk of death raises a
serious concern.
Individuals with schizophrenia and the psychiatrists who prescribe medications for them
should find evidence supporting the use of antidepressants useful. These groups need to know
about the harms associated with benzodiazepines. Finally, policymakers may want to consider
policies aimed at limiting the prescription of benzodiazepines for patients with schizophrenia.
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