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Abstract
Objective(s)—To characterize the longitudinal patterns of antipsychotic treatment and to
investigate the relationship between antipsychotic treatment patterns and acute hospitalizations
among adults with schizophrenia. We hypothesized that continuous antipsychotic treatment would
be associated with fewer hospitalizations and shorter lengths of stay.

Method—Seven years of retrospective Maryland Medicaid administrative data were used to
examine inpatient medical encounters and outpatient psychotropic treatment in community-based
settings from 1993 through 2000. The sample consisted of 1,727 adults continuously enrolled in
the Maryland Medicaid program from July 1992 through June 1994, and diagnosed with
schizophrenia. The main outcome measures were a) any schizophrenia hospitalization; b) number
of schizophrenia hospitalizations; and c) inpatient days associated with a primary diagnosis of
schizophrenia.

Results—The average duration of antipsychotic use was six months in any single year and four
and one-half years across the entire study period. Compared to individuals with a more continuous
pattern of antipsychotic treatment, individuals with moderate or light use had odds of
hospitalization for schizophrenia that were 52 or 72 percent greater (95%CI: 30−75% greater,
49−100% greater respectively). Light users of antipsychotics have an average length of stay per
hospitalization that is approximately 20 percent longer than the average for continuous users
(95%CI: 2−39% longer).

Conclusions—Findings emphasize the benefit of continuous antipsychotic treatment for
individuals with schizophrenia.
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1.1 INTRODUCTION
The Schizophrenia Patient Outcomes Research Team (PORT) recommendations support
chronic maintenance antipsychotic treatment (Lehman et al. 2004; Lehman et al. 1998). This
results in fewer symptoms, a less episodic course (APA 1997), better clinical and functional
outcomes for adults with schizophrenia (Lehman et al. 1995; Verdoux et al. 2000), and
fewer relapses (Herz et al. 1991; Schooler 2006).

Despite this evidence, research on outpatient utilization spanning 1987−1997 shows that it
rarely is continuous in a given year (dosReis et al. 2002; McCombs et al. 1999; Menzin et al.
2003; Mojtabai et al. 2002; Vanelli et al. 2001; Velligan et al. 2003; Williams et al. 1999).
Only 12−30% of individuals received continuous antipsychotic treatment over a one year
period (McCombs et al. 1999; Williams et al. 1999). From 17−24% of adults with
schizophrenia do not receive medication in outpatient settings (dosReis et al. 2002;
McCombs et al. 1999). Prescription refills over a nine-month period in 1998−1999 indicate
that approximately 30% of individuals discontinue antipsychotic medication within three
months after initiating treatment (Vanelli et al. 2001). Following hospital discharge, 37% of
adults with schizophrenia discontinue medication within one month (Mojtabai et al. 2002),
rising to 60% at three months (Velligan et al. 2003). Continuous outpatient use ranges from
four to seven months (dosReis et al. 2002; McCombs et al. 1999; Menzin et al. 2003).

This is important because antipsychotic adherence is correlated with psychiatric
hospitalization. Over a one year period, individuals with schizophrenia who consumed less
than 80% of their medication (i.e., poor adherers) had a 2.4 greater likelihood of a
psychiatric admission relative to those who consumed 80% or more (i.e., good adherers)
(Valenstein et al. 2002). Others have reported a similar association between poor
antipsychotic adherence and increased hospitalization rates (Gilmer et al. 2004; Weiden et
al. 2004). Prior research has examined one to three years of community treatment. However,
this may not fully reflect the tolerability, sustainability, and adherence to chronic,
maintenance antipsychotic treatment. From this perspective, the present study sought to
characterize longitudinal patterns of antipsychotic treatment and to examine the association
between antipsychotic patterns and the number and duration of schizophrenia-related
hospitalizations. We hypothesize that continuous antipsychotic use will be associated with a
lower likelihood of schizophrenia-related hospitalizations, fewer hospitalizations, and
shorter lengths of stay than with less continuous treatment.

1.2 EXPERIMENTAL/MATERIALS and METHODS
1.2.1 Patterns and Outcomes of Care Project

The patterns and outcomes of care for severely mentally ill (SMI) Medicaid recipients was a
longitudinal study of treatment, outcomes, and the impact of managed care from July 1993
through June 2000. It was conducted in collaboration with the State of Maryland Medical
Assistance Program and the Mental Hygiene Administration. The protocol was approved by
the Institutional Review Boards for Johns Hopkins Bloomberg School of Public Health and
the Maryland State Department of Health and Mental Hygiene. A waiver of informed
consent was granted for use of the claims data.
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1.2.2 Patterns and Outcomes of Care Base Population
The population (N=6,235) was identified from adults enrolled in the state Medicaid
program. Inclusion criteria were a) highly probable or probable SMI; b) continuously
enrolled from July 1992 through June 1994; c) aged 21 through 62 as of July 1, 1992; and d)
residing in one of 12 Maryland counties from July 1992 through June 1994. Highly probable
and probable SMI was determined by psychiatric diagnosis in the year prior to the study
(July 1992-June 1993) and disability status. The highly probable SMI were a) disabled with
at least one claim associated with a diagnosis of schizophrenia; b) disabled with at least one
claim with bipolar/major depression diagnoses; or c) non-disabled with at least one claim
associated with a diagnosis of schizophrenia. The population was selected from metropolitan
Baltimore and lower Eastern Shore regions (i.e., Baltimore City, Anne Arundel, Baltimore,
Caroline, Carroll, Dorchester, Harford, Howard, Somerset, Talbot, Wicomico and Worcester
counties). Among the 6,235 individuals, 2,392 (38%) were highly probable SMI and had a
claim with a schizophrenia diagnosis.

1.2.3 Study Sample
The study sample was the 1,727/2,392 individuals highly probable SMI with schizophrenia
who were continuously enrolled from July 1, 1993-June 30, 2000. The 665 excluded due to
non-continuous enrollment did not differ in age, gender, or race from the study sample.
Continuously-enrolled individuals were more likely to receive an antipsychotic than non-
continuously enrolled individuals (93% vs. 77%, p<0.001), which may be due to an
underestimate of antipsychotic use during disenrollment periods. The study sample is
representative of individuals with schizophrenia who receive chronic treatment in outpatient
settings (dosReis et al. 2002; McCombs et al. 1999; Menzin et al. 2003).

1.2.4 Data Sources
Paid claims for medical encounter and pharmacy services from July 1, 1993-June 30, 2000
characterized mental health visits and antipsychotic utilization patterns. Medicaid eligibility
files identified enrollment patterns, county of residence, zipcode, age, gender, race, monthly
enrollment flags (yes/no), Medicaid eligibility category (i.e., disabled), and Medicare
eligibility.

1.2.4.1 Medical Encounter Data—Medical (i.e., physician; non-hospital-based clinics)
and institutional (i.e., hospital) claims defined utilization by the place of service, type of
procedure, type of facility, ambulatory or inpatient service, and up to four diagnoses
(psychiatric or medical). Diagnosis was coded as an International Classification of Diseases,
9th Revision, Clinical Modification (ICD-9-CM). Using a three-digit ICD-9 code,
psychiatric diagnoses were grouped as schizophrenia, bipolar/major depression, other SMI
disorders (e.g., paranoid states, all other psychiatric illnesses).

Person level information was aggregated as monthly and annual summary variables.
Hospitalizations were summarized as the number of admissions, length of stay, and counts
of evaluation and management, consultation and mental health procedures. Outpatient
services were organized by psychiatric diagnoses (i.e., schizophrenia, bipolar disorder) and
overall mental health visits.

1.2.4.2 Pharmacy Claims Data—Psychiatric medications from the pharmacy claims
were classified by individual agent and by major psychotropic class. The classes included
stimulants, antidepressants, antipsychotics, antiparkinsonian, sedative/hypnotics, anxiolytics,
and mood-stabilizers. Antidepressant sub-classes included selective serotonin reuptake
inhibitors (SSRI), tricyclic antidepressants (TCA), and other antidepressants. Mood-
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stabilizing agents used in psychiatry included carbamazepine, valproic acid, gabapentin,
lamotrigine, and oxcarbazepine anticonvulsants and lithium.

A previously used method (dosReis et al. 2002) was employed to estimate antipsychotic
continuity as treatment days per month and year. This was calculated by summing the days
supply of medication across consecutive prescription refills for an antipsychotic with the
same active ingredient and dosage, e.g., chlorpromazine 100mg. Consecutive prescription
refills were considered the same treatment exposure; otherwise a gap of 14 days or more
between refills was considered a separate exposure. This criterion was based on evidence
that 4−19 day gaps between refills are common in a given treatment episode (Ascione et al.
1985; Schulz and Gagnon 1982). Total days of use per month and year were the sum of
continuous days across different exposure periods. During periods of inpatient
hospitalization, pharmacy claims will be absent. Therefore, in addition to total days of use
per month and year, we calculated the total days eligible for outpatient pharmacy services by
excluding periods of inpatient hospitalization. Duration of decanoate antipsychotics is
difficult to estimate, and so we conducted a sensitivity analysis with and without decanoate
formulations. Thus, the predictor variable that is used included decanoate days.

1.2.5 Statistical Analyses
T-tests and chi-square tests were used to compare characteristics of the subjects with no
antipsychotic use to those with at least one day of use during the study period. Specifically,
individuals were compared in terms of age, gender, race, baseline diagnoses, number of
schizophrenia-related hospitalizations, annual length of stay and use of lithium, anti-
depressants and mood stabilizers.

Primary analyses focused on the subjects with at least one day of antipsychotic use during
the study period. Longitudinal multivariate models assessed the temporal association
between the likelihood of a hospitalization in the current month and antipsychotic use in the
prior 3 months. The dependent variables were schizophrenia-related hospitalization (any vs.
none) and the length of stay per hospitalization during the current month.

The time-varying independent variable was a nominal measure of magnitude of
antipsychotic use during the prior three month period. Magnitude of use was classified into
three mutually exclusive groups: continuous (medication for at least 75% of eligible days),
moderate (medication for 50−75% of eligible days) and light (medication for less than 50%
of eligible days). Using the medication possession ratio (MPR) to estimate medication
consumption, 80% is considered adherent (Valenstein et al. 2004) and anything lower is
partial or non-adherent. In addition, the state Medicaid policy requires 75% or more of a
medication to be consumed before authorizing a refill. Thus, our classification was based on
empirical research and state policy.

Graphical displays summarized the likelihood of schizophrenia-related hospitalization,
average length of stay per hospitalization and magnitude of antipsychotic use. Longitudinal
logistic and Poisson regression models assessed the odds of any schizophrenia-related
hospitalization during the current month and the average length of stay per hospitalization,
respectively, across the magnitude of antipsychotic use during the prior three months. The
longitudinal logistic regression model included adjustments for any hospitalization within
the prior three month period, type of antipsychotic used in the prior three months (first
generation, second generation, or both) and age, gender, race, and baseline diagnoses. The
longitudinal Poisson regression model adjusted for previous three-month total
hospitalization days (0 days; 1−7 days; 8−30 days; and 30 or more days), type of
antipsychotic used in the prior three months (first generation, second generation, or both)
and age, gender, race, and baseline diagnoses.
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The Poisson regression model accounted for the over-dispersion in the data (i.e., greater
variability in days of hospitalization relative to the average days of hospitalization). After
assessing the correlation in the monthly odds of any schizophrenia-related hospitalization
per month and length of stay per hospitalization, the standard errors in the longitudinal
models were calculated assuming an exchangeable correlation structure. We assessed the
sensitivity of our results to adjustment for the decrease in the average length of stay per
hospitalization over the study period. Data were analyzed using SAS® version 9.1 (SAS
Institute, Cary, NC).

1.3 RESULTS
1.3.1 Demographic Characteristics of the Sample

Of the 1,727 continuously enrolled individuals with schizophrenia, 93% (n=1,613) had at
least one antipsychotic prescription claim during 1993−2000. Age, gender, and race did not
differ between individuals with and without any antipsychotic use (Table 1). Individuals
with no antipsychotic use were more likely to have a psychiatric diagnosis in addition to
schizophrenia.

1.3.2 Hospitalizations for Schizophrenia
Only 9% of those with no antipsychotic use had one or more schizophrenia-related
hospitalization, compared to 44 % of the antipsychotic users (Table 1; p< 0.001). Comparing
antipsychotic users with non-users, the average number of schizophrenia-related
hospitalizations during the study (3.7 vs. 2.8, respectively; p = 0.57) and the average
hospitalization days per year (17 vs. 13, respectively; p = 0.33) were not significantly
different.

Among those with at least one antipsychotic prescription during the study period, around 2%
had at least one hospitalization per month (Figure 1). The average length of stay from
monthly admissions varied from 6−27 days with an average of 11 days across the seven
years (Figure 1). We observed no seasonal trends in the likelihood of hospitalization or
length of stay; although there was a significant decrease over time by a half a day per year (p
= 0.002).

1.3.3 Description of Antipsychotic Treatment Patterns
Individuals received antipsychotic medication for an average of 192 (± 87) days in any
single year and an average of 1,732 (± 788) days across all seven years. There was no
difference between first and second generation antipsychotics.

The longitudinal logistic and Poisson regression models were based on the 1,613 individuals
with at least some antipsychotic use (Table 2). There was a statistically significant
association between the odds of any monthly hospitalization and prior three month
antipsychotic use (p < 0.001). Among individuals with similar history of hospitalization,
age, gender, race and co-morbid conditions, the odds of at least one hospitalization among
light users are approximately 72% (95%CI: 49−100%) greater than the odds among
continuous users. Moderate users have odds of at least one hospitalization per month that are
52% (95%CI: 30−75%) greater than the odds among continuous users.

Among subjects with at least one hospitalization in a given month, the average length of stay
per hospitalization across magnitude of antipsychotic use is presented as the relative rates
(RR). We found a marginally significant association between average length of stay per
hospitalization and magnitude of antipsychotic use (p = 0.07). The average length of stay per
hospitalization in a given month did not differ significantly between light relative to
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moderate use. However, the estimated average length of stay per hospitalization for light
users is approximately 20% (95%CI: 2−39%) longer compared with continuous users.
Ignoring hospitalizations with length of stay at least 60 days, i.e., 1% of all hospitalizations,
length of stay per hospitalization was statistically significantly associated with magnitude of
use (p=0.012). Specifically, compared to continuous users, light users had an average length
of stay that was 15% (95%CI: 5−27%) longer.

Associations between type of antipsychotic used and odds of any hospitalization and lengths
of stay were not significant. Results were not sensitive to adjustments for trends in the odds
of hospitalization or days of hospitalization or when excluding days of decanoate use in
defining the antipsychotic use groups.

1.4 DISCUSSION
This study describes longitudinal patterns that represent chronic maintenance antipsychotic
treatment. The lower adherence to antipsychotic treatment associated with a greater
frequency and longer duration of schizophrenia-related hospitalizations was consistent with
prior research that examined adherence over shorter periods of time (Gilmer et al. 2004;
Valenstein et al. 2002; Weiden et al. 2004). Also, the significant association between the
degree of adherence and the likelihood of psychiatric hospitalization corroborates previously
reported research involving partial antipsychotic adherence. Partially adherent individuals
(i.e., 50−79% consumption of medication per days eligible) have lower hospitalization rates
than non-adherent persons (i.e., 0−49% consumption per days eligible) and slightly higher
rates than those adherent (i.e., 80% or more consumed per days eligible) to antipsychotic
medication (Gilmer et al. 2004; Weiden et al. 2004). Lastly, the significant difference
between light and continuous antipsychotic use when length of hospitalization was less than
60 days suggests more acute relapse with light use.

Research on differences in continuity between first and second generation agents has been
mixed. Evidence from the Clinical Antipsychotic Trials of Intervention Effectiveness
(CATIE) suggests that the 74% treatment discontinuation before 18 months was not
significantly different between first generation perphenazine and the second generation
agents examined (Lieberman et al. 2005), with the exception of olanzapine, which showed a
slight advantage in duration of successful treatment. Using the Health Search Database
(HSD) containing data for more than 800,000 individuals followed by 550 general
practitioners in Italy, from 1999 to 2002 discontinuation was greater for the second
generation than for first generation agents (Trifiro et al. 2005). Discontinuation of
antipsychotic medication two years after discharge was similar for first and second
generation agents (Fleck et al. 2002). Ours and other studies of outpatient community
utilization ( Gilmer et al. 2004; Valenstein et al. 2004) have shown no difference between
first and second generation antipsychotics, including olanzapine. This may in part be due to
differences between community-based studies and clinical trials. Also, methodological
differences in defining continuous treatment could also be a factor. Additional factors, such
as denial of an illness, may play a key role in treatment discontinuation (Olfson et al. 2006).
Nonetheless, the current study may be more representative of community utilization because
it captures periodic fluctuation over time.

The current findings are supported by recommendations for continuous antipsychotic
treatment (Lehman et al. 2004). Antipsychotic discontinuation is a significant predictor of
relapse (Robinson et al. 1999). Our analysis shows that continuous use was associated with
fewer and shorter schizophrenia-related hospitalizations compared to light or moderate use.
McCombs and colleagues reported a non-significant trend towards lower hospitalization
costs with continuous antipsychotic treatment (McCombs et al. 2000). That individuals in
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this study who received antipsychotic treatment were more likely to have had a
hospitalization for schizophrenia relative to those who did not is counter-intuitive. It may be
driven by the initiation of antipsychotic treatment during hospitalization for an acute episode
of the illness.

Racial disparities in antipsychotic treatment have been reported in several studies (Bagchi et
al. 2004; dosReis et al. 2002; Kilbourne and Pincus 2006; Kreyenbuhl et al. 2003; Mallinger
et al. 2006). African-Americans are more likely to receive first generation antipsychotic
medications relative to Whites or non-African-Americans (Bagchi et al. 2004; Kilbourne
and Pincus 2006; Mallinger et al. 2006). Moreover, African-Americans have a shorter
duration of treatment and receive higher daily doses compared to Whites (dosReis et al.
2002). In this study non-Whites were more likely to be classified in light or moderate use
whereas Whites were primarily classified as continuous use. Others have similarly reported
racial differences in antipsychotic adherence (Gilmer et al. 2004; Valenstein et al. 2004;
Valenstein et al. 2002). Models such as assertive community treatment (ACT) have
successfully reduced hospitalizations in general, including among ethnic minorities who had
language and cultural barriers (Yang et al. 2005), but its effect on antipsychotic compliance
awaits further study.

There are several limitations to consider. Treatment patterns may only apply to this one
state's Medicaid population aged 62 years or younger at the start of the study. Outpatient
antipsychotic treatment may not represent the presumably more severe, chronically
institutionalized patients. Lack of a standardized diagnostic assessment may have
compromised reliability. Because clinical information is not available in Medicaid data, it
was not possible to know if discontinuity of antipsychotic use was related to intolerable side
effects. Monthly use of other psychotropic medications was not available, and thus not
adjusted for in the longitudinal analyses.

These findings may reflect the inadequacy of community-based service systems in
effectively promoting and maintaining the continuity of antipsychotic treatment among
individuals with schizophrenia. Awareness of long-term utilization patterns could inform
clinical and policy decisions that would maximize adherence.
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Figure 1.
Proportion of subjects with at least one hospitalization and average length of stay per
hospitalization within the current month.
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Table 1

Summary statistics for demographic and schizophrenia hospitalizations among individuals classified as having
schizophrenia at baseline stratified by antipsychotic usea

Demographic and Schizophrenia-related
Hospitalization Measures

Any antipsychotic use (n = 1,613) No antipsychotic use (n = 114) p

White 41% 48% 0.49

Male 50% 41% 0.08

Age, years (at baseline) 40 (± 10) 41 (± 10) 0.27

Schizophrenia 100% 100% n/a

Bipolar Disorder 27% 46% <0.001

Other Psychiatric Disorderb 43% 65% <0.001

Any hospitalization 44% 9% < 0.001

Average number of hospitalizationsc 3.7 (± 4.8) 2.8 (± 2.4) 0.57

Average annual LOSc 17 (± 14.3) 13 (± 17.8) 0.33

a
Individuals are compared based on having any antipsychotic use vs. no antipsychotic use during 1993 to 2000. Values in the table represent

percent for categorical variables and mean (SD) for continuous variables.

b
Other psychiatric disorder refers to disorders other than schizophrenia or bipolar disorder. Diagnoses were based on the individual's utilization

experience in fiscal year 1993.

c
Among individuals with at least one schizophrenia-related hospitalization.
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Table 2

Longitudinal logistic and Poisson regression analyses for any schizophrenia-related hospitalization and
resulting days of hospitalization in the current month for from 1993 to 2000.

Logistic Model for any
hospitalization1

Poisson Model for average length
of stay per hospitalization2

OR (95% CI) RR (95% CI)

Prior 3 mos. antipsychotic use Light vs. Continuous 1.72 (1.49, 2.00) 1.19 (1.02, 1.39)

Light vs. Moderate 1.14 (0.99, 1.32) 1.15 (1.00, 1.32)

Moderate vs. Continuous 1.52 (1.30, 1.75) 1.04 (0.93, 1.16)

Any hosp in prior 3 mos. Yes vs. No 3.08 (2.48, 3.82)

Days of hospitalization in prior 3 mos. 1−7 vs. 0 days - 0.91 (0.69, 1.19)

8−30 vs. 0 days - 0.96 (0.83, 1.11)

31+ vs. 0 days - 0.74 (0.47, 1.18)

Type of antipsychotic Atypical vs. Typical 1.06 (0.89, 1.26) 1.08 (0.88, 1.32)

Typical vs. Both 1.12 (0.92, 1.39) 1.20 (0.99, 1.47)

Aypical vs. Both 1.19 (0.94, 1.51) 1.30 (1.03, 1.64)

Ethnicity White vs. Other 0.78 (0.65, 0.93) 0.95 (0.80, 1.13)

Gender Male vs. Female 1.22 (1.02, 1.45) 0.95 (0.82, 1.11)

Age > 35 vs. ≤ 35 0.85 (0.71, 1.01) 1.26 (1.12, 1.43)

Co-morbidities Bipolar disorder 1.48 (1.21, 1.80) 0.94 (0.83, 1.06)

Other MH disorder 1.85 (1.55, 2.20) 0.86 (0.76, 0.97)

1
Statistically significant difference in odds of any hospitalization comparing anti-psychotic use groups (Wald test with 2 df, p < 0.001). No

statistically significant difference in odds of any hospitalization comparing type of antipsychotic (Wald test with 2 df, p = 0.35)

2
Marginally statistically significant difference in average length of stay per hospitalization comparing anti-psychotic use groups (Wald test with 2

df, p = 0.07) and type of antipsychotic (Wald test with 2 df, p = 0.07). No statistically significant difference in average length of stay per
hospitalization comparing days of hospitalization during prior three months (Wald test with 3 df, p = 0.51).
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