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Schizophrenia affects more than
1.5 million people in the United
States (1) and represents a sig-

nificant economic burden. The annu-
al costs of schizophrenia were esti-
mated to be $62.7 billion in 2002
alone (2). Proper management of
schizophrenia with antipsychotic
drugs can improve symptoms and re-
duce disease burden (3). However,
antipsychotic nonadherence is com-
mon (4–9) and is associated with in-
creased emergency department visits,
inpatient hospitalizations, and costs
(5,10–12). In the United States, costs
of inpatient care related to antipsy-
chotic nonadherence in 2005 were es-
timated to be nearly $1.5 billion (10).

By contributing to deficits in cogni-
tive flexibility, concentration, and
memory, antipsychotic nonadherence
also has an impact on the treatment of
other conditions (13,14). This effect is
particularly concerning because pa-
tients with schizophrenia receive dis-
proportionately worse general med-
ical care and have poorer outcomes
than patients with other mental ill-
nesses (7,15–18).

Nonadherence may be especially
important in the self-management of
cardiometabolic health conditions
such as diabetes, hypertension, and
hyperlipidemia (19,20) because coro-
nary heart disease contributes to de-
creased life expectancy among pa-
tients with schizophrenia (21). The
risk of cardiovascular mortality among
patients with schizophrenia is roughly
double the risk in the general popula-
tion (22). Factors such as smoking,
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Objective: This study examined the association between adherence to an-
tipsychotic and cardiometabolic medication and annual use of health care
services and expenditures. Methods: MarketScan Medicaid files from
2004 to 2008 were used to evaluate annual cross-sections of patients with
schizophrenia and diabetes, hypertension, or hyperlipidemia. Annual ad-
herence to antipsychotic and cardiometabolic medication was defined as
a score of at least 80% on proportion of days covered. Logistic regression
was used to examine the association between antipsychotic adherence
and adherence to cardiometabolic medications. Count data models and
generalized linear models estimated health care utilization and health
care expenditures, respectively, for outpatient, emergency, inpatient, and
overall health services. Results: A total of 87,015 unique patients with
schizophrenia received at least one antipsychotic medication. The overall
prevalence of any comorbid cardiometabolic condition was 42.9% in 2004
and increased to 52.5% in 2008. Adherence to cardiometabolic medica-
tions was significantly greater among patients who were adherent to an-
tipsychotic medications (adjusted odds ratio=6.9). Adjusted annual ex-
penditures for emergency and inpatient care were higher for patients
who were nonadherent to either antipsychotics or cardiometabolic med-
ications than for patients who were adherent to antipsychotic and car-
diometabolic medications. They were highest for patients who were non-
adherent to both groups of medications. Outpatient, medication, and
overall expenditures were lower for patients who were nonadherent to
antipsychotic medications, regardless of cardiometabolic medication ad-
herence. Conclusions: Among Medicaid patients with schizophrenia, car-
diometabolic conditions are common, and adherence to antipsychotics
and adherence to cardiometabolic medications are strongly related. In-
terventions that can improve medication adherence to treatment of both
schizophrenia and comorbid cardiometabolic conditions may reduce
emergency visits and hospitalizations. (Psychiatric Services 63:920–928,
2012; doi: 10.1176/appi.ps.201100328)



sedentary lifestyle, poor dietary
habits, and obesity are believed to
contribute to heart disease risk among
patients with schizophrenia (23), but
it is unclear whether nonadherence to
antipsychotic treatment plays a role in
cardiovascular health (24). Nonadher-
ence to antipsychotics may have an
adverse cascading impact on nonad-
herence to cardiometabolic medica-
tions, which is known to be related to
increased risk of hospitalization and
higher health care costs (25).

Previous studies have compared
adherence across antipsychotics and
medications for comorbid illnesses
(9,13,26) and examined the relation-
ship of antipsychotic nonadherence
with hospitalizations, functional out-
comes, and costs (10,27–29). Howev-
er, the relationship between antipsy-
chotic adherence and adherence to
cardiometabolic medications among
patients with schizophrenia is un-
clear. One study reported that rates of
adherence to antipsychotics and to
nonpsychiatric medications are un-
correlated (9), a second study found a
modest correlation between antipsy-
chotic adherence and adherence to
diabetes and antihypertensive med-
ications (13), and another study found
that antipsychotic nonadherence pre-
dicted nonadherence to diabetes
medication (26).

This study assessed associations be-
tween antipsychotic adherence and
adherence to cardiometabolic med-
ication among patients with schizo-
phrenia and at least one cardiometa-
bolic condition. It also evaluated the
association between adherence to an-
tipsychotic and cardiometabolic med-
ications and health care utilization
and costs.

Methods
Study design and data
We conducted a cross-sectional time-
series study from 2004 to 2008 of
Medicaid patients with schizophrenia
and comorbid cardiometabolic condi-
tions. We chose a prevalent user co-
hort design to provide generalizable
snapshots of a population of Medicaid
beneficiaries that was large enough to
enable sufficiently powered analyses
of adherence, utilization, and expen-
diture patterns (30–32).

Medicaid claims data were obtained

from Thomson Reuters MarketScan
Medicaid files, which contain details
about enrollment, prescription
claims, inpatient admissions, inpa-
tient facility records, and outpatient
claims for approximately seven mil-
lion beneficiaries of multiple Medic-
aid programs. Specific states con-
tributing data to Thomson Reuters
are not identifiable.

Population selection
Patients with schizophrenia were de-
fined as having one inpatient or two
or more outpatient visits with ICD-9-
CM codes 295.1–295.3, 295.6, or
295.9 during each annual cross-sec-
tion (33). Patients who were dually
enrolled in Medicare, younger than
18 or older than 64, not continuously
enrolled in Medicaid during the year
assessed, or without drug coverage
for the entire year were excluded. Be-
cause we were interested in all pa-
tients with schizophrenia rather than
just newly diagnosed or newly treated
schizophrenia, we included patients
that met inclusion criteria in any year.
Patients could be counted in the
analysis during more than one year
because excluding patients after their
first year of observation would have
biased our sample toward patients
earlier in their disease, especially dur-
ing later years of the time period we
studied. We restricted the sample to
users of second-generation antipsy-
chotics because they are the most
commonly prescribed medications
for schizophrenia. We excluded pa-
tients using long-acting injectable an-
tipsychotics because of the challenges
of measuring adherence to these
products. The final sample represent-
ed annual snapshots of patients with
schizophrenia using oral second-gen-
eration antipsychotics in 2004–2008.

Patients were further categorized
on the basis of antipsychotic medica-
tion use; diagnoses of diabetes, hy-
perlipidemia, and hypertension; and
use of medications to treat a car-
diometabolic condition. Comorbid
conditions were identified as having
at least one inpatient or two outpa-
tient claims for hypertension (ICD-9-
CM codes 401.xx–405.xx), hyperlipi-
demia (272.xx), and diabetes (250.xx).
Cardiometabolic medications includ-
ed all oral medications for diabetes

(metformin, sulfonylureas, thiazo-
lidinediones, and other categories);
statins for hyperlipidemia; and antihy-
pertensive medications classified as
angiotensin converting enzyme in-
hibitors, angiotensin II receptor block-
ers, beta blockers, calcium channel
blockers, and diuretics, including
loop, thiazide, and potassium-sparing
categories of diuretic therapy (34).

Outcomes
The outcomes included medication
adherence, utilization of health serv-
ices for all causes, and expenditures
for health services for all causes. Ad-
herence to oral second-generation
antipsychotics, oral antidiabetes med-
ications, statins, and antihyperten-
sives was measured as the proportion
of days covered (PDC), which cap-
tures the number of days in a year
without gaps in medication coverage
divided by the number of days ob-
served in the same year. The PDC
measure has been shown to perform
particularly well as a measure of ad-
herence to antipsychotic medications
by individuals with schizophrenia
(35). The PDC measurement interval
for a given patient began on the date
of the first prescription observed of
each medication in each year and
continued through the end of that
year. The days’ supply of each pre-
scription was added to the actual date
that the prescription was dispensed to
calculate the next scheduled fill date.
Periods were considered gaps in the
PDC metric if there was no medica-
tion available for any drug within
each therapeutic class. This therapeu-
tic class–based measure accommo-
dated problems with measuring pa-
tient switching and the use of two or
more medications simultaneously but
may overestimate actual adherence.
The PDC ranges from 0 to 1, with 0
representing no medication use and 1
representing perfect adherence (36).
Patients were designated as adherent
or nonadherent by using a PDC cut-
point of .8, which has been shown
previously to predict health outcomes
resulting from adherence (37).

No classes of second-generation
antipsychotics, including low-dose
quetiapine, were excluded. Adher-
ence to cardiometabolic medication
by the pooled cardiometabolic cohort
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was calculated as an unweighted aver-
age of PDC of the three classes of
cardiometabolic drugs.

Health service utilization outcomes
included annual counts of outpatient
visits for all causes, emergency visits,
and inpatient admissions. Health
services were identified as unique vis-
its per date of service to any provider.
Health expenditure outcomes includ-
ed payments for prescriptions and for
inpatient, outpatient, and emergency
visits during each year. Health expen-
ditures were inflation-adjusted to
2008 dollars.

Explanatory variables
The explanatory variable of interest
was adherence to antipsychotics. We
controlled for age group (18–34, 35–
54, and 55 and older), race (white
non-Hispanic, black non-Hispanic,
and other or missing), male gender,
Charlson Comorbidity Index (CCI)
score (38), and Medicaid eligibility
that was due to blindness or disabili-
ty. Possible scores on the CCI range
from 0 to 30, with higher scores indi-
cating more comorbidity and, there-
fore, greater risk of one-year mortal-
ity. We also controlled for character-
istics of the Medicaid plan that pro-
vided a prescription copayment for
antipsychotics, provider capitation,
and state mental health substance
abuse treatment coverage. In addi-
tion, we controlled for having a his-
tory of visits to a psychiatrist or for
psychotherapy at baseline as a proxy
for schizophrenia severity. Finally,
we constructed indicators for type of
second-generation antipsychotic ini-
tiated, which allowed us to control
for patterns of antipsychotic phar-
macotherapy.

Statistical analysis
We evaluated adherence to antipsy-
chotic medications and cardiometa-
bolic medications by patients in each
annual cross-section and by patients
pooled across all years. We also com-
pared adherence to medications
among patients by demographic char-
acteristics, treatment, and comorbid
condition for each annual cross-sec-
tion and in a pooled population. For
unadjusted and regression analyses,
we partitioned the sample into four
groups: adherent to antipsychotics

and cardiometabolic medications, ad-
herent to antipsychotics and nonad-
herent to cardiometabolic medica-
tions, nonadherent to antipsychotics
and adherent to cardiometabolic
medications, and nonadherent to
both antipsychotics and cardiometa-
bolic medications. Comparisons
across the four groups were made by
using t tests for continuous variables
and chi square tests for categorical
variables.

The unadjusted mean number of
emergency visits, inpatient admis-
sions, and outpatient visits per year by
the four adherence groups were com-
pared. Similarly, unadjusted total pay-
ments for these services as well as for
prescription drugs were assessed by
using descriptive and bivariate statis-
tics. The likelihood of inpatient ad-
missions and emergency visits was es-
timated with random effects logistic
regression. Results are reported as
odds ratios. The number of emer-
gency visits, outpatient visits, and in-
patient hospitalizations was estimated
with random-effects negative binomi-
al regression to account for the
overdispersion of these outcomes.

To examine the relationship be-
tween the four adherence groups and
expenditures for services, we pre-
pared generalized estimating equa-
tions (GEEs) that accounted for the
proportion of the groups that did not
use the service and the distribution of
users of the service among the four
adherence groups. Outpatient, med-
ication, and overall expenditures
were estimated by using one-part
GEEs with gamma distributions and
log link functions to account for kur-
tosis. Inpatient and emergency ex-
penditures were estimated by using
two-part GEEs to account for the
high proportion of nonusers. For the
first-part model that estimated the
probability of using emergency serv-
ices or of being admitted, we estimat-
ed GEEs with a binomial distribution
and logit link function. For the sec-
ond-part model that estimated the
level of expenditures among users, we
estimated GEEs with gamma distri-
butions and log link functions. All ex-
penditure outcomes are reported as
inflation-adjusted dollars for the ex-
ponentiated linear prediction.

Each regression adjusted for age,

sex, race, capitation, use of medication
copay, use of psychotherapy, use of
psychiatrist, coverage of mental health
and substance abuse treatment servic-
es, specific antipsychotic medications,
CCI score, number of comorbid meta-
bolic conditions (diabetes, hyperlipi-
demia, and hypertension), and calen-
dar year. For all outcomes, a sensitivi-
ty analysis considered patients with co-
morbid diabetes, patients with comor-
bid hypertension, and patients with
comorbid hyperlipidemia. [The results
of the analysis are available online as a
data supplement to this report.]

Specifically for the expenditure
models, two additional sensitivity
analyses explored whether conclu-
sions were robust in relation to our
sampling approach or covariate ad-
justment. [The results of the analyses
are available in an online appendix to
this report.]

The first sensitivity analysis exclud-
ed patients in capitated plans and pa-
tients with no coverage for mental
health and substance abuse treatment
services because these factors may in-
fluence expenditures. The second
sensitivity analysis used this restricted
sample but also removed covariates
for visits with a psychiatrist and use of
psychotherapy because these vari-
ables might reflect behaviors associat-
ed with medication adherence. This
model also removed cardiometabolic
cohort count indicators that measured
the number of cardiometabolic condi-
tions of each patient. Removing these
indicators explored the potential that
we might be overadjusting regression
models by counting comorbidity with
both the CCI and the cardiometabol-
ic condition count indicator.

All analyses represent associations
because our use of a time-series de-
sign with a cross-section of prevalent
users did not allow us to control for
temporal relationships between ad-
herence behaviors and use of servic-
es. Human subjects approval was ob-
tained from the Western Institutional
Review Board, an independent com-
mercial institutional review board lo-
cated in Olympia, Washington.

Results
We identified 87,015 unique patients
with schizophrenia taking at least one
antipsychotic medication between
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2004 and 2008. Of these, 14.2%
(N=12,349) had diabetes, 28.6%
(N=24,843) had hypertension, and
12.5% (N=10,909) had hyperlipi-
demia. The overall prevalence of any
comorbid cardiometabolic condition
was 42.9% (N=9,169) in 2004 and in-
creased steadily to 52.1% (N=9,001)
in 2008. [Further details about the
sample are available in an online ap-
pendix to this report.]

A total of 33,230 (38%) patients

used cardiometabolic medications for
diabetes, hyperlipidemia, or hyper-
tension (Table 1). The mean±SD age
was 48±10 years, 43% (N=14,217)
were male, and 53% (N=17,551)
were black. Hypertension was the
most common of the treated comor-
bidities (N=24,843, 75%), followed
by diabetes (N=12,349, 37%) and hy-
perlipidemia (N=10,909, 33%). Most
(N=20,948, 63%) patients had just
one of the three comorbid conditions;

9,693 (29%) had two conditions, and
2,589 (8%) had all three conditions.
Statistically significant differences
(p<.05) among the four adherence
groups for nearly all covariates were
found. Differences between the
groups in sex, race, capitated insur-
ance coverage, psychotherapy use,
rates of hyperlipidemia and hyperten-
sion, and antipsychotic copay were
noteworthy.

Over all years, 65.2% (N=21,665)

TTaabbllee  11

Adherence to antipsychotics and medication for comorbid cardiometabolic conditions by 33,230 Medicaid patients,
2004–2008a

Adherent to antipsychotics Nonadherent to antipsychotics

Adherent to Nonadherent to Adherent to Nonadherent to
cardiometabolics cardiometabolics cardiometabolics cardiometabolics

Characteristic N % N % N % N %

Age (M±SD)b 49±10 47±10 50±10 47±10
Age groupb

18–34 1,465 9 725 14 276 8 986 12
35–54 9,326 57 3,233 61 2,040 57 5,228 65
55 or older 5,566 34 1,350 25 1,238 35 1,797 22

Maleb 7,339 45 2,228 42 1,359 38 3,291 41
Race

White non-Hispanicb 7,231 44 2,243 42 1,189 33 2,119 26
Black non-Hispanicb 7,759 47 2,557 48 2,040 57 5,195 65
Missing or otherc 1,367 8 508 10 325 9 697 9

Enrolled in capitated planb 5,232 32 2,049 39 1,291 36 3482 43
Mental health and substance

abuse Medicaid coverage 15,542 95 5,045 95 3,411 96 7,623 95
Psychotherapyb 5,159 32 1,956 37 1,210 34 2,743 34
Psychiatrist use 3,922 24 1,294 24 804 23 1,922 24
CCI scored

0–1c 4,629 28 1,537 29 909 26 2,174 27
1–2b 5,600 34 1,728 33 1,083 30 2,558 32
2–3 2,486 15 855 16 588 17 1,262 16
4 or higherc 3,642 22 1,188 22 974 27 2,017 25

Comorbid condition
Diabetesb 6,236 38 1,975 37 1,244 35 2,894 36
Hyperlipidemiab 5,755 35 2,084 39 962 27 2,108 26
Hypertensionb 11,875 73 3,735 70 2,899 82 6,334 79
Only one conditionb 10,135 62 3,280 62 2,271 64 5,262 66
Two conditionsb 4,935 30 1,570 30 1,015 29 2,173 27
Three conditionsc 1,287 8 458 9 268 8 576 7

Antipsychotic used
Aripiprazoleb 2,708 17 1,035 20 606 17 1,531 19
Clozapineb 2,093 13 506 10 161 5 262 3
Olanzapineb 4,002 24 1,161 22 716 20 1,545 19
Olanzapine and fluoxetine 51 <1 24 <1 14 <1 40 1
Paliperidonec 364 2 158 3 92 3 209 3
Quetiapineb 4,358 27 1,877 35 1,031 29 2,633 33
Risperidoneb 6,259 38 2,189 41 1,419 40 3,478 43
Ziprasidoneb 2,205 13 958 18 522 15 1,299 16

Antipsychotic copayb 8,264 51 3,192 60 2,044 58 5,048 63

a Medication adherence was defined as a cut-point of 80% in proportion of days covered.
b p<.01 for comparison between patients adherent to both antipsychotics and cardiometabolic medication and patients adherent to neither or either of

these medications
c p<.001 for comparison between patients adherent to both antipsychotics and cardiometabolic medication and patients adherent to neither or either of

these medications
d CCI, Charlson Comorbidity Index. Possible scores range from 0 to 30, with higher scores indicating greater comorbidity and risk of death in one year.



of antipsychotic users were classified
as adherent. Among patients pre-
scribed a cardiometabolic drug,
60.6% (N=7,480) of patients pre-
scribed diabetes medication, 59.5%
(N=14,774) of those prescribed anti-
hypertensives, and 61.6% (N=6,717)
of those prescribed antihyperlipi-

demics were classified as adherent to
the cardiometabolic medication.
Among patients in the pooled sample,
the odds of being adherent to car-
diometabolic medications were sig-
nificantly greater among patients who
were adherent to antipsychotics than
among patients who were not

(AOR=6.9, 95% confidence interval
[CI]=6.4–7.4) (Figure 1). The AORs
comparing antipsychotic adherence
among patients who were or were not
adherent to cardiometabolic medica-
tion were 12.7 for diabetes medica-
tions, 9.2 for antihyperlipidemic
medications, and 11.5 for antihyper-
tensive medications.

The adjusted number of emer-
gency visits and inpatient admissions
was roughly double among the pa-
tients who were not adherent to an-
tipsychotics compared with the ad-
herent group (Table 2), but the ad-
herent group had more outpatient
visits. Expenditures paralleled this
pattern. Mean unadjusted one-year
total expenditures were highest for
the group that was fully adherent to
antipsychotics and cardiometabolic
medications ($30,847) and lowest for
the group that was fully nonadherent
to antipsychotics and cardiometabolic
medications ($20,757).

Patients who were adherent to an-
tipsychotic and cardiometabolic med-
ications were modeled as the refer-
ence group in analyses comparing
health care service use and costs
among the other adherence groups
(Table 3). In these analyses, relatively
infrequent outcomes such as emer-
gency visits and inpatient admissions
were first modeled as the risk of hav-
ing a visit among all patients. Subse-
quent analyses estimated the number
of visits and expenditures among
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Adherence to medications for hypertension, hyperlipidemia, and diabetes and to
antipsychotics among patients with schizophreniaa

a Patients who were adherent to antipsychotics were more likely to be adherent to antihypertensives
(odds ratio [OR]=11.5, 95% confidence interval [CI]=10.4–12.7), antihyperlipidemics (OR=9.2,
CI=8.0–10.7), and antidiabetics (OR=12.7, CI=10.0–14.8). Pooled results for patients with any
cardiometabolic condition indicated that patients who were adherent to antipsychotics were more
likely to be adherent to medications for cardiometabolic conditions (OR=6.87, CI=6.41–7.37).
The model controlled for age, sex, race, capitation, use of medication copay, use of psychothera-
py, use of a psychiatrist, Medicaid coverage for mental health and substance abuse, specific an-
tipsychotic medication, Charlson Comorbidity Index, number of comorbid metabolic conditions
(diabetes, hyperlipidemia, and hypertension), and calendar year.

0 5,000 10,000 15,000 20,000

Antihypertensive
nonadherent

Antihypertensive 
adherent

Antihyperlipidemic
nonadherent

Antihyperlipidemic
 adherent

Antidiabetic
 nonadherent

Antidiabetic
 adherent

5,048 8,159

16,905 4,065

3,178 3,228

8,286 1,377

1,4276,695

2,043 3,014

Antipsychotic adherent       Antipsychotic nonadherent

Patients

TTaabbllee  22

Annual utilization and expenditures for health care services among 33,230 patients, by adherence to antipsychotics and
medications for cardiometabolic conditions, 2004–2008a

Adherent to antipsychotics Nonadherent to antipsychotics

Adherent to Nonadherent to Adherent to Nonadherent to
cardiometabolics cardiometabolics cardiometabolics cardiometabolics
(N=16,357) (N=5,308) (N=3,554) (N=8,011)

Variable M SD M SD M SD M SD

Emergency visits 1.9 4.1 1.9 4.4 3.7 6.9 4.0 7.3
Inpatient admissions 3.8 9.7 3.1 9.1 7.0 14.8 6.2 14.9
Outpatient visits 81.4 80.3 64.2 72.9 57.8 58.2 38.2 43.7
Expenditures ($)

Emergency 678 1,616 591 1,766 1,385 2,979 1,315 3,253
Inpatient 6,955 23,946 4,997 19,650 12,826 32,238 10,302 33,440
Outpatient 12,335 18,667 9,924 17,521 8,686 15,416 5,240 9,320
Prescription drugs 10,879 6,514 8,708 6,172 6,856 5,184 3,899 3,996
Total 30,847 33,247 24,220 29,195 29,753 40,179 20,757 37,724

a Medication adherence was defined as a cut-point of 80% in proportion of days covered.



users compared with the fully adher-
ent group. Because outpatient visits
were relatively common, only the
number of visits and expenditures
were modeled. Medication expendi-
tures and total expenditures were
modeled for all patients.

Patients who were nonadherent to
both drug types had the greatest in-
crease in risk of emergency visits (ad-
justed odds ratio [AOR]=3.9) and in-
patient admissions (AOR=4.0). Small-
er but significant increases in risk of
emergency visits and inpatient admis-
sions were observed for patients who
were adherent to antipsychotics but
not cardiometabolic medications
(emergency visits, AOR=1.9; inpa-
tient admissions, AOR=2.2) as well as
for patients who were nonadherent to
antipsychotic medications but adher-
ent to cardiometabolic medications
(emergency visits, AOR=2.1; inpa-
tient admissions (AOR=2.1).

Adjusted annual expenditures for
emergency visits and inpatient admis-
sions were higher for patients who

were nonadherent to either antipsy-
chotic or cardiometabolic medica-
tions and were highest for the pa-
tients who were nonadherent to both
groups of medications. Expenditures
for emergency visits ($668), inpatient
admissions ($5,857), outpatient visits
(–$2,749), and medication (–$3,099)
were lower for fully nonadherent pa-
tients than for patients adherent to
antipsychotic and cardiometabolic
medications. Overall health care ex-
penditures were lower for patients
who were adherent to neither car-
diometabolic or antipsychotic med-
ications (–$1,128) and for patients
who were adherent to cardiometabol-
ic medications but not antipsychotic
medications (–$1,467). Results did
not statistically significantly change in
sensitivity analyses of the sampling
approach and covariate adjustment.

Discussion
Approximately 36% of patients with
schizophrenia in our sample were
classified as nonadherent to antipsy-

chotic medication, which is lower
than the 50% nonadherence rate re-
ported in the literature (4–9). We also
found that adherence to antipsy-
chotics and adherence to cardiometa-
bolic medications were strongly relat-
ed. The magnitude of the association
of antipsychotic adherence and car-
diometabolic medication adherence
observed in our study (OR=6.9,
p<.001) was larger than the associa-
tion observed in two previous studies
of antipsychotics, antidiabetics, and
antihypertensives (9,13), but the di-
rection of the associations was rela-
tively consistent.

The possible implications of an-
tipsychotic nonadherence are partic-
ularly interesting, especially given
the strong relationship between an-
tipsychotic and cardiometabolic non-
adherence. Our results suggest that
antipsychotic nonadherence may
contribute substantially to emer-
gency visits and hospitalizations.
Compared with patients who were
adherent to both antipsychotics and
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TTaabbllee  33

Annual use of health care services by patients who were nonadherent to antipsychotics or cardiometabolic medications,
2004–2008a

Nonadherent to antipsychotics
Antipsychotics adherent,
cardiometabolic Cardiometabolic Cardiometabolic
medication nonadherent medication adherent medication nonadherent
(N=5,308) (N=3,554) (N=8,011)

Service Estimate 95% CI Estimate 95% CI Estimate 95% CI

Emergency
Any useb 1.86 1.68 to 2.05∗∗∗ 2.10 1.87 to 2.37∗∗∗ 3.94 3.57 to 4.34∗∗∗

Visitsc,d .86 .63 to 1.09∗∗∗ .91 .62 to 1.19∗∗∗ 1.72 1.47 to 1.96∗∗∗

Expenditures ($)c,e 303 212 to 395∗∗∗ 382 261 to 503∗∗∗ 668 578 to 757∗∗∗

Outpatient
Visitsd –.04 –.06 to –.03∗∗∗ –.07 –.09 to –.05∗∗∗ –.23 –.25 to –.22∗∗∗

Expenditures ($)e –1,134 –1,400 to –869∗∗∗ –975 –1,390 to –560∗∗∗ –2,749 –3,042 to –2,457∗∗∗

Inpatient
Any useb 2.23 2.01 to 2.47∗∗∗ 2.14 1.90 to 2.41∗∗∗ 4.00 3.64 to 4.41∗∗∗

Admissionsc,d .11 .07 to .15∗∗∗ .13 .09 to .18∗∗∗ .26 .23 to .29∗∗∗

Expenditures ($)c,e 1,958 275 to 3,640∗ 2,414 439 to 4,389∗ 5,857 4,187 to 7,526∗∗∗

Medication expenditures ($)e –256 –387 to –124∗∗∗ –1,651 –1,794 to –1,508∗∗∗ –3,099 –3,225 to –2,972∗∗∗

Total expenditures ($)e 359 –451 to 1,169 –1,467 –2,472 to –463∗∗∗ –1,128 –2,020 to –236∗

a The reference group is patients who were adherent to both antipsychotics and cardiometabolic medications (N=16,357). All utilization and cost mod-
els controlled for age, sex, race, capitation, use of medication copay, use of psychotherapy, use of a psychiatrist, Medicaid coverage for mental health
and substance abuse, specific antipsychotic medication, Charlson Comorbidity Index, number of comorbid metabolic conditions (diabetes, hyperlipi-
demia, and hypertension), and calendar year.

b Adjusted odds ratios are derived from logistic regressions.
c Results are reported only for patients who used the service.
d Estimates are derived from negative binomial regressions.
e Estimates are derived from generalized estimating equations.

∗p<.05
∗∗p<.01

∗∗∗p<.001



medications for cardiometabolic con-
ditions, patients who were nonadher-
ent to one or more classes had a high-
er likelihood of emergency visits and
a hospitalization.

Health care expenditures were sim-
ilar for patients who were adherent to
antipsychotics but nonadherent to
cardiometabolic medications and for
fully adherent patients. Patients who
were nonadherent to antipsychotics
and adherent to medications for car-
diometabolic conditions had lower
overall health care expenditures than
fully adherent patients. Although this
is partly accounted for by reduced
medication costs and fewer outpa-
tient visits associated with schizo-
phrenia management, antipsychotic
nonadherence was associated with a
greater increase in emergency visits
and inpatient care than was car-
diometabolic medication nonadher-
ence. Emergency visits and inpatient
costs of the fully nonadherent group
were even more dramatically in-
creased, illustrating the compounded
effects of nonadherence.

Patients who were adherent to an-
tipsychotics were at reduced risk for
use of acute, costly services, including
emergency visits and inpatient admis-
sions, which translated into lower ex-
penditures for these services. Our
finding is consistent with several pre-
vious studies (5,10–12). Reduced
health service utilization and lower
health expenditures may be indicative
of better drug treatment, which could
reduce the need for intensive health
care resources (use of emergency or
inpatient facilities). However, pa-
tients who adhered to antipsychotic
medication had significantly more
outpatient visits, and their drug ex-
penditures were proportionally high-
er because of their better adherence.
These higher costs more than offset
the lower emergency and inpatient
expenditures.

The higher outpatient service uti-
lization of patients who were adher-
ent to antipsychotic medications may
be related to behavioral or disease
management factors. For example, it
might be reflective of the need to
closely monitor antipsychotic treat-
ments. Consensus guidelines recom-
mend monthly to quarterly monitor-
ing of weight, blood pressure, blood

sugar, and lipids to avoid the potential
adverse effects of antipsychotic med-
ications (39). Because we cannot be
certain our findings were related to
these factors, nor differentiate which
expenditures were attributed to psy-
chiatric or cardiometabolic factors,
future studies should explore the
sources of increased expenditures by
types of nonadherence.

Three plausible reasons may ex-
plain the increased prevalence, from
43% to 53%, of cardiometabolic con-
ditions over a five-year period. First,
the uptick might be reflective of un-
derlying changes in the Medicaid
population that were not captured in
our data. We observed a significant
reduction in the schizophrenia popu-
lation from 2006 (N=20,723) to 2007
(N=16,910), which may reflect
changes in state eligibility require-
ments that were not captured in our
data. These changes could influence
the severity of mental illness among
patients diagnosed as having schizo-
phrenia or the cardiometabolic risk
of patients with schizophrenia. Sec-
ond, increasing attention to car-
diometabolic risk from research such
as the Clinical Antipsychotic Trials of
Intervention Effectiveness (CATIE)
may have increased rates of screen-
ing for cardiometabolic conditions
among antipsychotic users (40). This
would represent an increase in diag-
nosis and treatment of previously un-
diagnosed conditions, not necessarily
an increase in the prevalence of these
conditions.

Finally, an actual increase in the
risk of cardiometabolic effects result-
ing from antipsychotic medication
use might be a contributor. Antipsy-
chotic medications, and in particular
second-generation antipsychotic
agents, have been linked to weight
gain, disruptions in glucose metabo-
lism, diabetes, hypertension, and hy-
perlipidemia (40,41). Growing con-
cern and management of these poten-
tial problems might also have in-
creased diagnosis or treatment of car-
diometabolic conditions.

This study had several limitations.
First, we did not examine the tempo-
ral relationship between antipsychot-
ic and cardiometabolic medication
adherence in our annual cross-sec-
tions. Further, our pooling of annual

cross-sections of patients likely result-
ed in counting some patients more
than once, allowing their adherence
and service use to vary by year. We
controlled for year in our analyses,
but we were unable to adjust for indi-
vidual-level clustering of observa-
tions, which could result in modestly
smaller confidence intervals for our
estimates.

Second, a primary outcome in this
study was medication adherence,
which was measured using pharmacy
administrative claims data. Use of
these data to measure adherence as-
sumes that patients who obtain med-
ications actually take them. Third, by
virtue of requiring drug use, our
study population could be biased to
reflect more adherent patients. This
phenomenon could be reflected in
measures of adherence to both an-
tipsychotic and cardiometabolic med-
ication. Fourth, our measurement of
health care utilization and expendi-
tures covered only relatively short,
one-year intervals. Given the likely
long-term benefits of antipsychotic
and cardiometabolic medication ad-
herence, it is possible we underesti-
mated the positive effects and long-
term cost reductions associated with
being adherent.

Fifth, adherence may be affected
by the types of services and expendi-
tures patients receive for treatment of
schizophrenia and cardiometabolic
conditions, but we did not attempt to
differentiate adherence rates by cate-
gories of services and expenditures.
Finally, unobservable factors could
have influenced our study findings.
For example, patient self-efficacy (a
belief that medication adherence will
improve one’s health) or social sup-
port may influence the decision to use
both antipsychotic and cardiometa-
bolic medications. Future studies
could use primary data collection to
capture the influence of other vari-
ables on the relationships examined
by this study.

Our study supports the need for in-
terventions targeting medication ad-
herence by patients with schizophre-
nia and comorbid cardiometabolic
conditions. Such interventions might
specifically target patients who have
demonstrated problems with adher-
ence and have the potential to im-
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prove medication adherence by Med-
icaid patients with schizophrenia and
comorbid cardiometabolic condi-
tions. Such adherence improvement
might translate into reduced use of
emergency visits and inpatient admis-
sions (42). Approaches that use phar-
macy claims to screen for nonadher-
ence may be one option, given that
these approaches have been shown to
efficiently and accurately identify pa-
tients at risk (5,43).

Conclusions
Based on analysis of annual cross-sec-
tions of Medicaid patients with schiz-
ophrenia, comorbid cardiometabolic
conditions are common, and adher-
ence with medications used to treat
these conditions is strongly correlated
with antipsychotic adherence. Non-
adherent patients are at increased
risk of use of emergency services and
hospitalization. Average one-year
costs are higher for adherent com-
pared with nonadherent patients be-
cause of medication and outpatient
expenditures, but longer-term cost
implications of adherence should be
explored by future studies.
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