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Objectives: The authors sought to study the safety of antipsy-
chotic polypharmacy compared with monotherapy in specific
dosage categories.

Methods: Patients with schizophrenia (N561,889; median
follow-up, 14.8 years [IQR57.4–22.0]) were identified from
the Finnish nationwide inpatient care register and followed
up over the period 1996–2017. Antipsychotic polypharmacy
wascomparedwithmonotherapy in sevendosagecategories
(,0.4, 0.4–,0.6, 0.6–,0.9, 0.9–,1.1, 1.1–,1.4, 1.4–,1.6,
and$1.6 defined daily doses [DDDs] per day) in terms of risk
of severe physical morbidity, indicated by nonpsychiatric
and cardiovascular hospitalizations (adjusted hazard ratio).
Within-individual analysis was used in an effort to eliminate
selection bias.

Results: The mean age of the cohort was 46.7 years
(SD516.0), and 50.3% (N531,104)weremen. Amongpatients
who had used bothmonotherapy and polypharmacy, the risk
of nonpsychiatric hospitalization was significantly lower
during polypharmacy use at all total dosage categories above
1.1 DDDs/day with differences up to 213% than during mon-
otherapy useof the samedosage category (for 1.1–,1.4DDDs/

day, adjusted hazard ratio50.91, 95% CI50.87–0.95; for
1.4–,1.6 DDDs/day, adjusted hazard ratio50.91, 95%
CI50.86–0.96; and for $1.6 DDDs/day, adjusted hazard
ratio50.87, 95% CI50.84–0.89). The risk of cardiovascular
hospitalizationwas significantly lower for polypharmacy at the
highest total dosage category (218%, adjusted hazard ra-
tio50.82, 95% CI50.72–0.94). The results from the compari-
sons between monotherapy and no use and between
polypharmacy and no use were in line with the primary com-
parison of polypharmacy and monotherapy within the same
individual. Comparison of any polypharmacy use with any
monotherapy use showed no significant difference for non-
psychiatric or cardiovascular hospitalization.

Conclusions: The results show that antipsychotic mono-
therapy is not associated with a lower risk of hospitalization
for severe physical health problems when compared with
antipsychotic polypharmacy. Treatment guidelines should
not encourage use of monotherapy instead of antipsychotic
polypharmacy without any existing evidence on the safety
issues.
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Little is known about the superiority of increasing antipsy-
chotic dosage versus switching antipsychotic for nonresponse
in schizophrenia (1), anda recentmeta-analysis concluded that
monotherapy dosages higher than 5 mg/day of risperidone
equivalents provide little additional benefit for relapse pre-
vention but cause more adverse events (2). Even less is known
about the benefits or safety of increasing the dosage versus
adding another antipsychotic.

In medicine, polytherapy is common. For example, the
most recent treatment guidelines issued by the World
Health Organization (WHO) for hypertension (3) recom-
mend combining drugs with different pharmacological
mechanisms to achieve optimal efficacy and tolerability. In
the treatment of schizophrenia, antipsychotic polypharmacy

is used in up to 50% of patients (4), but treatment guidelines
generally advise avoiding polypharmacy because of lack of
evidence on its efficacy and safety concerns (5, 6). However,
the recently updated APA guideline concluded that there is
no evidence that combining drugs is any more harmful than
using a single medication (7).

A recent meta-analysis on high-quality randomized con-
trolled trials (RCTs) of antipsychotic augmentation and
monotherapy concluded that the only beneficial outcome
related to antipsychotic polypharmacy is reduction of neg-
ative symptoms, which was found for aripiprazole add-on
treatment (8). Few differences in adverse effects were ob-
served, including less insomnia and more prolactin elevation
with D2 antagonist augmentation, and reduced prolactin
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levels and body weight with aripiprazole augmentation.
A recent RCT on amisulpride-olanzapine combination
observed a beneficial effect on total score on the Positive
and Negative Syndrome Scale for combination treatment
compared with monotherapy, with effect sizes ranging
from 0.29 to 0.40 (9). Weight increase was more common
in patients receiving amisulpride plus olanzapine than in
those receiving amisulpride plus placebo, but this was
attributable not to combining two drugs but to olanzapine
per se, since a similar weight increase was observed in
patients receiving olanzapine plus placebo. However, it is
important to note that the outcome in these RCTs is short-
term symptom reduction and tolerability, whereas most
polypharmacy occurs during maintenance treatment. Be-
cause RCTs typically last 3–6 months, they cannot provide
information on long-term safety issues, which are attribut-
able to relatively slowly developing adverse effects, such as
weight gain leading to diabetes and ischemic heart disease.
Since schizophrenia is a lifelong illness, the most important
issue—in addition to quality of life and level of functioning—is
long-term well-being, indicated by relapses and physical
health problems leading to hospitalization or death (10).
Investigating these issues in RCTs, especially when the
comparative effectiveness of a large number of specific drug
combinations is of interest, would require thousands of
patient-years, which makes these studies practically im-
possible to conduct. This problem can be solved in obser-
vational studies by using large nationwide databases and long
follow-up periods.

Recent observational studies in patients with schizo-
phrenia have suggested that compared with monotherapy,
polypharmacy may be associated with lower risk of hospi-
talization due to severe relapses (4, 11), lower mortality (4,
11–13), and lower risk of treatment discontinuation (14).
However, no studies have investigated how antipsychotic
dosage is associated with the comparative safety of poly-
pharmacy versus monotherapy in terms of risk of hospital-
ization due to physical illness or the risk of psychiatric
rehospitalization. Our primary aim in this study was to ex-
amine safety of treatment, as indicated by nonpsychiatric
hospitalization and hospitalization for cardiovascular reasons
during antipsychotic polypharmacy versus monotherapy, in
specified total dosage categories. Our secondary aim was to
examine the risk of relapse, as indicated by psychiatric rehospi-
talization.Westudied theseoutcomes inanationwidecohort that
included all patients with schizophrenia in Finland. We used
within-individual analysis to eliminate selection bias—that is,
comparing the same patient with him- or herself during poly-
pharmacy and monotherapy exposure periods (4, 10, 15–20).

METHODS

Patients diagnosedwith schizophrenia in inpatient carewere
identified from the nationwide Hospital Discharge register
for theperiod 1972–2014 inFinlandwhowerealive onJanuary
1, 1996 (N561,889). Diagnoses of schizophrenia were derived

as ICD-10 codes F20 and F25 (corresponding to ICD-9 and
ICD-8 code 295.x). Data for the cohort were linked via
personal identification numbers on all inpatient stays (dates
and diagnoses since 1972, from the Hospital Discharge
Register), dispensed medications (from the Prescription
register, 1995–2017), and deaths (Causes of Death register,
1972–2017). The follow-up period for this study started on
January 1, 1996, for those diagnosed before that date and at
the date offirst diagnosis for those diagnosed later, and ended
on December 31, 2017, or at the patient’s death, whichever
occurred first. Permissions for this study were granted by
the pertinent institutional authorities at the National Insti-
tute for Health andWelfare of Finland, the Social Insurance
Institution of Finland, and Statistics Finland. Because the
study was registry based and no contact was made with
patients, informed consent was not required.

The study outcomes were nonpsychiatric hospitalization
(main diagnosis other than ICD-10 codes F00–F99) and
hospitalization due todiseases of circulatory system, referred
to here as cardiovascular hospitalization (codes I00–I99). In
cases where multiple diagnoses were recorded for a hospital
care period, themain diagnosiswas used.Main diagnoses are
based on the clinical judgment of the treating physician.
Additionally, we assessed risk of psychiatric hospitalization
(hospitalization with codes F20–F29 as main diagnosis).
These outcomes may occur multiple times for the same
person (meaning that they are recurrent events).

Antipsychotic dispensing data were modeled into drug
use periods by calculating a sliding average of daily dose in
defined daily doses (DDDs) as defined by the WHO with the
PRE2DUP method (21) (see Table S1 in the online supple-
ment). A sliding average of dosage is used for smoothing
local changes of dosage, and this calculation is controlled
by expert-defined parameters that restrict average dosage
estimates to clinically relevant dosages (i.e., a lower than
minimum dosage leads to termination of drug use period).
After antipsychotic use episodes were formed, temporal
dosage estimates were calculated at each dispensing date as
the sum of the dispensed DDD of the two previous dis-
pensings divided by the outpatient time of these dispens-
ings, resulting in a dosage estimate in DDDs/day (15).
Antipsychotic episodes were subdivided into periods when
a certain dosage was used continuously in the following
DDDcategories:,0.4,0.4–,0.6,0.6–,0.9,0.9–,1.1, 1.1–,1.4,
1.4–,1.6, and $1.6. These categories were designed around
the most frequent clinically relevant dosages (0.5, 1.0, and 1.5
DDDs/day) by allowing small variation in use and inaccuracy
of modeling (i.e., the dosage category 0.9–,1.1 describes 1.0
DDDs/day use).

Antipsychotic use periods were divided into twomutually
exclusive groups, namely, monotherapy periods, when only
one specific antipsychotic was used, and polypharmacy pe-
riods, when two or more antipsychotics were used con-
comitantly. A person may contribute person-time to both
monotherapy and polytherapy use, and to multiple or even
all dosage categories during the follow-up (see Figure S1
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in the online supplement). Protopathic bias occurs when
the treatment is changed because of the first signs of the
forthcoming outcome (which has not yet fully manifested),
leading to reverse causality. In addition, there is a delay of
severalweeks before the full treatment effect of antipsychotics
is reached, disfavoring recently started medications. There-
fore, we conducted a sensitivity analyses by excluding the first
30days for all treatment options (fromeachdosage category of
monotherapy and polypharmacy, and from no use).

Statistical Analysis
The analyseswere done in awithin-individual design (where
all comparisons are conducted within the same individual,
that is, each individual acts as his or her own control) in a
stratified Cox model, which was run by the SAS phreg pro-
cedure, calculating hazard ratios with 95% confidence in-
tervals and p values (22). Time was reset to zero after each
outcome event (separately for each outcome type). The impact
of factors thatdonotchange in time, suchasgenetics and initial
severity of the illness, were eliminated by the design, and the
analyses were adjusted for time-varying factors, which were
time since cohort entry, temporal order of specific antipsy-
chotics (1st, 2nd, and 3rd vs.$4th), and use of antidepressants,
benzodiazepines and related drugs, and mood stabilizers
(carbamazepine, valproate, lamotrigine, lithium). Only data
frompatientswhohad the relevantoutcomeevent contributed
to the estimation of adjusted hazard ratios.

Comparisons between dosage categories were conducted
by 1) applying nonuse of antipsychotics as a reference, and 2)
comparing specific dosage categories of polytherapy to the
same dosage categories as monotherapy (only patients who
had both of these during the follow-up contributed to these
analyses).

Sensitivity analyses for the highest dosage category ($1.6
DDDs/day) were conducted by having a specific two-drug
combination as a reference and calculating the risks for
monotherapies of those two specific drugs when used at
the same dosage ($1.6 DDDs/day). For example, when
clozapine-aripiprazole $1.6 DDDs/day was the reference,
monotherapy with clozapine $1.6 DDDs/day and mono-
therapy with aripiprazole $1.6 DDDs/day were compared
with that. Secondary analyses were conducted by excluding
the first 30 days from each exposure (after dosage category
changes and also from nonuse), excluding the first 365 days
from each exposure (only for high-dose use), and stratifying
the study population by whether they had polytherapy ever
versusneverduring the follow-up.The results are reported as
adjusted hazard ratios with 95% confidence intervals. Be-
cause there were seven dosage categories, the threshold for
statistical significancewas set at a p value of 0.0071 (0.05/7)
for primary outcomes (p,0.05 for secondary outcomes).

RESULTS

The mean age at cohort entry was of 46.7 years (SD516.0),
and the mean interval since first inpatient diagnosis of

schizophrenia was 8.8 years (SD59.0) (Table 1). Themedian
follow-up duration was 14.8 years (IQR57.4–22.0 years).
During the follow-up in outpatient care, monotherapy was
used 45.9% of person-time, polytherapy 33.8% of person-
time, and antipsychotic nonuse 20.3% of person-time. The
most commonly used antipsychotics varied between specific
dosage categories such that most common specific antipsy-
chotics in the lowest dosage categories (both inmonotherapy
and in polypharmacy) were risperidone and quetiapine,
whereas clozapine monotherapy was common in the middle
dosage categories, olanzapine monotherapy in the highest
dosage category, and olanzapine-quetiapine combination
in the highest dosage category, followed by clozapine-
aripiprazole, which was the second most common two-
drug combination in the two highest dosage categories
(1.4–,1.6 and$1.6 DDDs/day). About 46.4% of patients had

TABLE 1. Characteristics of the study population and most
commonly used antipsychoticmonotherapies and polypharmacy
combinations in specific dosage categories

Characteristic

Mean SD

Age (years)a 46.7 16.0
Time since first schizophrenia
diagnosis (years)a

8.8 9.0

% N

Gender
Male 50.3 31,104
Female 49.7 30,785

Dosage and therapy typeb

,0.4 DDDs/day
Risperidone monotherapy 11.5 7,140
Quetiapine-risperidone 0.7 409

0.4–,0.6 DDDs/day
Risperidone monotherapy 9.8 6,074
Quetiapine-risperidone 1.0 640

0.6–,0.9 DDDs/day
Clozapine monotherapy 13.1 8,090
Quetiapine-risperidone 1.6 996

0.9–,1.1 DDDs/day
Clozapine monotherapy 13.0 8,053
Quetiapine-risperidone 1.3 796

1.1–,1.4 DDDs/day
Clozapine monotherapy 14.3 8,853
Olanzapine-quetiapine 1.6 973

1.4–,1.6 DDDs/day
Clozapine monotherapy 11.7 7,266
Clozapine-quetiapine 1.4 849
Clozapine-aripiprazole 1.4 840

$1.6 DDDs/day
Olanzapine monotherapy 18.4 11,392
Olanzapine-quetiapine 5.4 3,365
Clozapine-aripiprazole 4.3 2,683

a Measured at cohort entry.
b Most commonly used monotherapy and polypharmacy (two-drug combi-
nation) in each dosage category within the cohort (N561,889, based on the
numberof users during the follow-up). The twomost commoncombinations
are reported for the twohighest dosage categories. DDD5defineddaily dose.
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used high-dose ($1.6 DDDs/day) monotherapy, and 52.6%
had used high-dose polypharmacy.

The most commonly used dosage category in terms of
number of users and person-time of use was$1.6 DDDs/day
(Table 2), with the exception that the number of users for
monotherapy was highest for the 0.6–0.9 DDDs/day dosage.
During the follow-up, 42,363 (68%) used polypharmacy, 48,832
(79%) used monotherapy, and 46,631 (75%) had nonuse of an-
tipsychotics. Of those who used polypharmacy during the
follow-up, 89% (N537,632) also had monotherapy use, and of
those who used monotherapy, 77% (N537,632) also had poly-
pharmacy use. Of those who used polypharmacy at the highest
dosage category during the follow-up (N532,556), 65%
(N521,255) had used the same dosage category as during
monotherapy, and of those who used the highest dosage cate-
gory of monotherapy (N528,702), 74% (N521,255) had used
the same dosage category as during polypharmacy. For other
dosagecategories, theoverlapvariedbydosagegroupso that the
lowest dosage groups showed the smallest overlap between
poly- and monotherapies and the highest dosage showed the
greatest overlap. Themedian duration of periods ofmonotherapy,
polypharmacy, and nonusewas 135 days (IQR535–505), 112 days
(IQR541–446), and 64 days (IQR58–275), respectively. Among
patients who had both monotherapy and polypharmacy during
the follow-up, 51.5% had monotherapy before polypharmacy,
and48.5%hadpolypharmacybeforemonotherapy.Themeanage
at the start of the first monotherapy period was 45.8 years
(SD515.6), and themeanageat thestartof thefirstpolypharmacy
period was 45.7 years (SD514.9). The potential impact of the
first outcome event on prescribing practices was assessed.

The distribution of monotherapy and polypharmacy remained
similar before and after the first nonpsychiatric hospitalization,
as the proportion of person-time for monotherapy changed
from 55% to 57%, and for polypharmacy, from 45% to 43%.

During the follow-up, 45,013 patients experienced
nonpsychiatric hospitalization and 13,893 experienced
cardiovascular hospitalization. Comparison of any poly-
pharmacy use (all dosage ranges combined; median dosage,
1.54 DDDs/day [IQR50.91–2.45]) with any monotherapy
use (all dosage ranges combined; median dosage, 0.80
DDDs/day [IQR50.39–1.33]) showed no statistically sig-
nificant difference for nonpsychiatric (adjusted hazard
ratio50.99, 95% CI50.97–1.00) or cardiovascular hospi-
talization (adjusted hazard ratio50.98, 95%CI50.92–1.05).
Compared with nonuse of antipsychotics, high-dose (.1.6
DDDs/day)antipsychoticpolypharmacywasassociatedwithan
increased risk of nonpsychiatric and cardiovascular hospitali-
zation, but adjusted hazard ratios for high-dose monotherapy
were even higher than for polypharmacy (Figure 1, Table 2).
Head-to-head comparison between specific polypharmacy cat-
egories with the corresponding dosage categories of mono-
therapy use showed that polypharmacy with dosages $1.1
DDDs/day was associated with lower risk of nonpsychiatric
rehospitalization than the corresponding dosages of mono-
therapies (adjusted hazard ratios: for 1.1–,1.4 DDDs/day, 0.91,
95% CI50.87–0.95; for 1.4–,1.6 DDDs/day, 0.91, 95%
CI50.86–0.96; and for$1.6DDD/day, 0.87, 95%CI50.84–0.89)
(Figure 2, Table 3). In line with this, dosages $1.6 DDDs/day
of polypharmacy use were associated with decreased risk of
cardiovascular hospitalization compared with monotherapy at

TABLE 2. Risk of nonpsychiatric and cardiovascular hospitalization associated with specific monotherapy and polypharmacy dosage
categories in comparison with no antipsychotic use in within-individual models, and corresponding number of users, events, and
person-yearsa

Nonpsychiatric Hospitalization Cardiovascular Hospitalization

DosageGroup
(DDDs/day) Users (N)

Person-
Years

Events
(N)

Adjusted
Hazard Ratio 95% CI p Events (N)

Adjusted
Hazard Ratio 95% CI p

Polypharmacy
,0.4 5,530 8,275 3,110 1.14 1.08–1.21 ,0.0001 418 1.01 0.84–1.21 0.9338
0.4–,0.6 9,871 13,641 4,181 1.01 0.97–1.07 0.5828 543 0.98 0.83–1.15 0.7593
0.6–,0.9 17,336 24,785 7,080 1.01 0.98–1.06 0.4832 774 0.91 0.79–1.04 0.1594
0.9–,1.1 17,046 17,198 4,778 1.02 0.98–1.07 0.3442 562 1.01 0.87–1.18 0.8829
1.1–,1.4 22,426 27,291 7,234 1.04 1.00–1.09 0.0339 698 0.88 0.76–1.02 0.0847
1.4–,1.6 19,577 17,184 4,401 1.05 1.00–1.10 0.0317 461 1.07 0.90–1.26 0.4407
$1.6 32,556 137,636 37,909 1.19 1.15–1.22 ,0.0001 3,225 1.19 1.08–1.32 0.0009
Monotherapy
,0.4 28,439 70,653 24,462 1.07 1.04–1.10 ,0.0001 3,555 1.04 0.95–1.13 0.3902
0.4–,0.6 25,739 43,919 11,471 1.04 1.01–1.08 0.0141 1,493 0.99 0.88–1.10 0.8115
0.6–,0.9 30,652 59,716 13,736 1.08 1.04–1.11 ,0.0001 1,520 0.97 0.87–1.08 0.5801
0.9–,1.1 26,407 42,888 8,876 1.03 1.00–1.07 0.0840 877 1.02 0.90–1.17 0.7303
1.1–,1.4 26,508 38,454 8,047 1.15 1.10–1.19 ,0.0001 751 1.03 0.89–1.19 0.7035
1.4–,1.6 19,950 19,060 4,142 1.16 1.10–1.21 ,0.0001 367 1.08 0.89–1.32 0.4453
$1.6 28,702 62,960 15,668 1.37 1.32–1.42 ,0.0001 1,415 1.45 1.27–1.65 ,0.0001

a This analysis includes all patients who had variation inmedication exposure (that is, it excludes thosewhowere on antipsychotics for the full study period and
thosewho used no antipsychotics during the study period) andwho had a nonpsychiatric or cardiovascular hospitalization event. Thus, patientswho had used
monotherapy but had not used polypharmacy aswell as patientswhohad used polypharmacy but had not usedmonotherapy are included. During the follow-
up, 45,013 patients experienced nonpsychiatric hospitalization, and 13,893 experienced cardiovascular hospitalization. The most common diagnoses for
16,659 cardiovascular hospitalizations were ischemic heart disease (ICD-10 codes I20–I25; N53,487, 20.9%), heart failure (I50; N52,586, 15.5%), cerebral infarction
(I63; N51,640, 9.8%), atrial fibrillation and flutter (I48; N51,468, 8.8%), and essential hypertension (I10; N5772, 4.6%). DDD5defined daily dose.
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the$1.6DDDs/daydosage category (adjustedhazardratio50.82,
95%CI50.72–0.94).Monotherapywasnot statistically significantly
superior to corresponding polypharmacy in any comparison
in any dosage category. However, monotherapy did have a
lower, albeit not significantly lower, hazard ratio for non-
psychiatric hospitalization than polypharmacy at the lowest
dosage range of ,0.4 DDDs/day (for polypharmacy vs.
monotherapy, adjusted hazard ratio51.07, 95%CI51.01, 1.13,
p50.02).

The results of sensitivity analyses comparing non-clozapine
polypharmacy with non-clozapine monotherapy are presented
in Table S2 in the online supplement, showing adjusted hazard
ratios similar to those in Table 3. When the short (#30 days)

exposure periods of polypharmacy and monotherapy and
periods of nonusewere omitted in the analysis, the adjusted
hazard ratio for nonpsychiatric hospitalization during high-
dose ($1.6 DDDs/day) antipsychotic polypharmacy compared
withmonotherapywas0.94(95%CI50.90–0.97,p50.0007),and
for cardiovascular hospitalization, itwas0.96 (95%CI50.81–1.13,
p50.61) (see Table S3 in the online supplement). When the first
yearwas censored from the exposure (i.e., including only periods
of use .1 year), the adjusted hazard ratio was 0.96 (95%
CI50.92–1.01) for the risk of nonpsychiatric hospitalization in
the comparison between high-dose polypharmacy and mono-
therapy. Furthermore, when the analyses were stratified by
whether the patient had polytherapy ever (N542,042) versus
never (N519,487) during the follow-up, the adjusted hazard
ratios associated with high-dose use were similar between these
groups (see Table S4 in the online supplement).

FIGURE 1. Risk of nonpsychiatric and cardiovascular
hospitalization associated with specific antipsychotic
monotherapy and polypharmacy dosage categories compared
with nonuse of antipsychotics: within-individual modela
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a This analysis includes all patients who had variation in medication ex-
posure; that is, it excludes those who were on antipsychotics for the full
study period and those who used no antipsychotics during the study
period. Thus, patients who had used monotherapy but had not used
polypharmacy as well as patients who had used polypharmacy but had
not usedmonotherapy are included. Error bars indicate 95% confidence
intervals. DDD5defined daily dose.

FIGURE 2. Risk of nonpsychiatric and cardiovascular
hospitalization associated with specific antipsychotic
polypharmacy dosage categories compared with monotherapy of
the same dosage category, within-individual modelsa
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a Error bars indicate 95% confidence intervals. DDD5defined daily dose.
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When two-drug combinations of polypharmacy were
analyzed and comparedwith the same drugs asmonotherapy
in the highest dosage category, some combinations presented
lower risk of hospitalization outcomes (see Table S5 in the
online supplement). These were clozapine plus aripiprazole
and olanzapine plus risperidone concerning nonpsychiatric
hospitalization, and olanzapine plus quetiapine concerning
cardiovascular hospitalization. Overall, long-acting inject-
ables (LAIs) were used more often during high-dose poly-
pharmacy than during high-dose monotherapy, as 38.5% of
high-dose polypharmacy users had ongoing LAI use at some
point during their high-dose polypharmacy periods, com-
pared with 21.6% of high-dose monotherapy users. Similarly,
benzodiazepines and related drugs (61.2% vs. 49.4%) and
antidepressants (43.7%vs. 40.3%)wereusedmore frequently
by high-dose polytherapy than by high-dose monotherapy
users. However, the figures for clozapine were the opposite,
as 28.1% of high-dose polytherapy users had used clozapine,
compared with 30.1% of high-dose monotherapy users.

Psychiatric hospitalization was analyzed as a secondary
outcome (37,773 patients experienced this outcome during the
follow-up at least once). Any antipsychotic polypharmacy was
associated with a 6% lower risk of psychiatric hospitalization
(adjusted hazard ratio50.94, 95% CI50.92–0.95). All dosage
categories of both monotherapy and polypharmacy were as-
sociated with decreased risk of psychiatric hospitalization
comparedwithnonuse of antipsychotics (seeTable S6 in the
online supplement). In head-to-head comparisons between
antipsychotic polypharmacy and the corresponding dosage
category in monotherapy, polypharmacy was associated
with decreased risk of psychiatric hospitalization at both
lower and higher dosages than standard dosage (0.9–,1.1
DDDs/day).

DISCUSSION

To our knowledge, this is the first study to investigate the
comparative safety of antipsychotic polypharmacy versus
monotherapy in the treatment of schizophrenia in specific
dosage categories. Our results showed that more than 40% of
patients had used high-dose ($1.6 DDDs/day) monotherapy,

more than 50% of patients had used high-
dose polypharmacy, and the vast majority
of polypharmacy use time, in person-years,
wasat thehighest totaldosagecategory($1.6
DDDs/day). Thesefigures underline the fact
that antipsychotic polypharmacy is not
confined to a small subgroup of patients but
is a widely utilized practice in the treatment
of schizophrenia. Our major findings were
that when comparedwithmonotherapy, the
risk of nonpsychiatric hospitalization was
lower for polypharmacy at total dosage
categories above 1.1 DDDs/day, and that the
risk of cardiovascular hospitalization was
18% lower for polypharmacy at the highest

total dosage category when compared with monotherapy
(corresponding to a 22%higher risk duringmonotherapywhen
compared with polypharmacy).

In other fields of medicine, polypharmacy is used com-
monly and is commonly recommended in treatment guide-
lines. For example, in the treatment of hypertension,
combining two drugs with different mechanisms of action—
such as an ACE inhibitor and a diuretic—leads to higher
efficacy and better tolerability, and this practice is often
preferred over using one medication at high or maximum
dosage. In our study, nonpsychiatric hospitalization was
considered a general safety measure. Concerning this out-
come, the best combination in high-dose use was clozapine
plus aripiprazole when compared with the corresponding
monotherapies. This combination, composed of antipsy-
chotics with different receptor profiles, aligns with the
suggested basis of rational antipsychotic polypharmacy (23).
In terms of cardiovascular safety, the olanzapine-quetiapine
combination performed best. It is plausible that this finding
is attributable to lower olanzapine dosage during combina-
tion treatment than olanzapine monotherapy, resulting in
fewermetabolic andcardiovascular adverse effects (24).This
practice is in line with a large meta-analysis of RCTs
reporting that weight gain was 43% greater with olanzapine
compared with quetiapine (25) and another meta-analysis
reporting that weight gain in olanzapine treatment did not
plateau, even at high dosages (26). It is logical to assume
that adverse effects are milder when any two antipsy-
chotics are used concomitantly at dosages of 1 DDD each
compared with use of one antipsychotic at 2 DDDs/day.
Although the total antipsychotic dosage is the same in both
options, adverse effects are less likely to add up during
polypharmacy because adverse effect profiles may differ
between different antipsychotics. Since clozapine is as-
sociated with the highest burden of metabolic adverse
effects and is used only in treatment-resistant illness, we
conducted a secondary analysis comparing non-clozapine
polypharmacy and non-clozapine monotherapy. The re-
sults of this analysis were well in line with the primary
analysis including clozapine treatment, indicating that
polypharmacy results are not driven by clozapine.

TABLE 3. Risk of nonpsychiatric and cardiovascular hospitalization associated with
polypharmacy compared with the same dosage of monotherapy usea

Nonpsychiatric Hospitalization Cardiovascular Hospitalization

Dosage Category
(DDDs/day)

Adjusted
Hazard
Ratio 95% CI p

Adjusted
Hazard
Ratio 95% CI p

,0.4 1.07 1.01–1.13 0.0207 0.97 0.81–1.16 0.7477
0.4–,0.6 0.97 0.92–1.02 0.2771 0.99 0.83–1.18 0.8901
0.6–,0.9 0.94 0.90–0.98 0.0038 0.93 0.80–1.09 0.3789
0.9–,1.1 0.99 0.94–1.04 0.6599 0.99 0.82–1.19 0.8989
1.1–,1.4 0.91 0.87–0.95 ,0.0001 0.86 0.72–1.02 0.0893
1.4–,1.6 0.91 0.86–0.96 0.0015 0.99 0.78–1.26 0.9250
$1.6 0.87 0.84–0.89 ,0.0001 0.82 0.72–0.94 0.0035

a From the within-individual model. DDD5defined daily dose.
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Our results are in line with all previous large studies
showing better long-term outcomes for antipsychotic poly-
pharmacy in general comparedwithmonotherapy (4, 12–14).
No previous study has compared polypharmacy with mon-
otherapy in terms of dosage. In this study, we showed that
polypharmacy is safe relative to monotherapy within the
same dosage categories in terms of nonpsychiatric and car-
diovascular hospitalizations and that polypharmacy is as-
sociated with better outcomes than monotherapy at total
dosages$1.6 DDDs/day. Since themajority of polypharmacy
was used at dosages $1.6 DDDs/day (e.g., corresponding to
more than 8 mg risperidone or 16 mg olanzapine), it is
probable that the reason for combination therapy has been to
achieve higher efficacy and better tolerability than by in-
creasing monotherapy dosages to the same high dosages.
Because the greatest benefit in terms of lower risk of non-
psychiatric, cardiovascular, and psychiatric hospitalizations
for polypharmacy compared with monotherapy was ob-
served in this high-dose category, it is apparent that this
approach is useful. Furthermore, these results call into
question the safety of high-dose antipsychotic monotherapy
use.

The results on standard dosage use showed no difference
between polypharmacy and monotherapy in any of the
outcomes studied. In the comparison between any poly-
pharmacy (all dosage categories combined) and any
monotherapy, no statistically significant difference was
observed for the risk of nonpsychiatric or cardiovascular
hospitalization. This was apparently attributable to sub-
stantially higher median dosages during polypharmacy
(1.54 DDDs/day for polypharmacy vs. 0.80 DDDs/day for
monotherapy). Our results showed that while mono-
therapy was used more in all dosage categories below 1.6
DDDs/day, polypharmacy was about twice as common as
monotherapy in the highest dosage category, in terms of
person-years of use. It is natural that when several anti-
psychotics are used, the total dosage is higher than during
monotherapy.

Our results must be interpreted in the context of the
study’s strengths and limitations. These results are based on a
Finnish nationwide cohort that included all patientswho had
been hospitalizedwith a schizophrenia diagnosis. Therefore,
the generalizability of the results is not an issue for Finland,
and probably not for other higher-income countries with
similar health care systems, but the results may not apply to
middle- and low-income countries without full reimburse-
ment of medication costs for patients with schizophrenia. In
our cohort, the patients had their first hospitalization due to
schizophrenia in their late 30s.Although the incidenceoffirst
hospitalization peaks before the age of 25 in Finland, the
mean average age at the first hospitalization is more than
10 years later, explained by a relatively large proportion of
late-onset illness among women (27). Our analyses were
based on antipsychotic prescriptions dispensed from phar-
macies, and it was not possible to know how much of the
dispensed medication had actually been used. However,

blood level analyses have shown that our drug use modeling
method determines actual medication use rather accurately
(28). Because observational studies are prone to selection
bias,weusedwithin-individual analysis toeliminate selection
biases related to patient characteristics, such as sex, genetics,
and initial severity of the illness. Althoughweadjusted for the
duration of the illness, the temporal order of treatments, and
concomitant use of antidepressants and benzodiazepines, it
was not possible to exclude residual confounding in this
nonrandomized study design. However, it should be noted
that our knowledge of many severe adverse effects of phar-
macological agents is based solely on observational studies.
For example, no randomized trials have been conducted on
the association between clozapine exposure and agranulo-
cytosis. It should be noted that our results on polypharmacy
are based on those patients who had used polypharmacy at
some point during the follow-up. However, polypharmacy
was used very often in this study population, and even the
overlap between polypharmacy and monotherapy groups
within the high-dosage category was large. Our results show
the associations betweenmedication exposure and the risk of
any somatic and cardiovascular hospitalization, but itwas not
possible to determine how large a proportion of these hos-
pitalizations were attributable solely to adverse effects of the
medications. In addition, we could not rule out differences in
physical health status as a potential source of bias.

One possible explanation for lower risk of cardiovascular
hospitalization during polypharmacy is that the patients
might be more adherent to medications used to reduce
cardiovascular outcomes during polypharmacy than mono-
therapy, as has been observed previously during use versus
nonuse of antipsychotic medication within the same person
(29). On the other hand, it is generally believed that patients
requiring polypharmacy are more severely ill than those
treated with monotherapy, which implies that this expla-
nation may be unlikely. Given the vast complexity of mea-
suring adherence to multiple medications and medication
classes simultaneously over long periods, this issue was be-
yond the scope of this study. LAIs were used more often
during high-dose polytherapy than during high-dose mon-
otherapy, and in theory, lower plasma concentration peak
levels during use of LAIs compared with during use of oral
antipsychotics could contribute to better tolerability. How-
ever, a recent meta-analysis of 92 RCTs including 22,645
participants did not show any evidence of better tolerability
for LAIs over oral antipsychotics (30). While this might have
resulted in better adherence and therefore a lower risk of psy-
chiatric hospitalization, it should have resulted in a higher
riskof cardiovascular andother nonpsychotic hospitalization
caused by adverse effects of antipsychotics. Therefore, LAI
use is not the only explanation for ourfindings on lower risk of
somatic hospitalization during high-dose polypharmacy.
However, it is possible that high-dose oral monotherapy may
result in higher antipsychotic blood levels than high-dose
polytherapy (including with LAIs), and that there is a shift
in the dose-response relationship between the two forms of

Am J Psychiatry 180:5, May 2023 ajp.psychiatryonline.org 383

TAIPALE ET AL.

http://ajp.psychiatryonline.org


therapy, such that high-dose polytherapy is more comparable
to middle-dose monotherapy.

Because many adverse effects related to antipsychotic use
develop later during long-term treatment, the adverse out-
come during a certain treatment period may be attributable
partly to the preceding treatment period. Since patients are
typically treated first with monotherapy and then later
switched to polypharmacy if they do not respond well, this
would disfavor polypharmacy. Also, because response to
antipsychotic treatment decreases during the course of ill-
ness (15), andbecausemonotherapy is usually used as thefirst
treatment line and polypharmacy later, the illness stage–
related bias as well as protopathic bias disfavors poly-
pharmacy. Therefore,weadjusted for time since cohort entry
as well as temporal order of antipsychotic treatments in the
statistical analysis. Polypharmacy may also represent an at-
tempt to treat adverse effects caused by monotherapy; for
example, when clozapine monotherapy has resulted in
weight gain, aripiprazole can be added to prevent further
weight gain and to allow a decrease in clozapine dosage.
Therefore, the physical health problems induced during
previous antipsychotic monotherapies may be classified as
having been caused by the addition of the second antipsy-
chotic, and the more beneficial outcome related to poly-
pharmacy is underestimated.On the other hand, the opposite
occurs as well: polypharmacy is switched to monotherapy
because of health problems. Although it was not possible to
know the reasons for switches, we adjusted the order of
treatments in order to minimize bias.

Another source of bias is that in our analysis all over-
lapping antipsychoticuseperiods are labeledas antipsychotic
polypharmacy, although some of the shorter overlapping
periods are actually switches from one monotherapy to an-
other monotherapy. It is possible that patients whose psy-
chiatric symptoms responded well during cross-titration
(related to intended switch) continued their treatment with
two antipsychotics, leading to bias in the analysis. However,
thisappliesonlytopsychiatrichospitalization,andnot tosafety
issues indicated by nonpsychiatric and cardiovascular hospi-
talization, which were our primary outcome measures. In
addition, the analyses omitting the first 30 days from all ex-
posures showed results for high dosages similar to those of the
main analyses. The result was also quite similar when the first
year of exposure was omitted, but it was not statistically sig-
nificant because of the lower number of events and wider
confidence intervals. Our interpretation is that hospitalization
outcomes in these analyses suffer not only from lack of sta-
tistical power (the original adjustedhazard ratios beingwithin
the confidence interval of that sensitivity analyses), but also
because theriskestimatesaredilutedwhen thefirstmonth or
the first year of exposure (when the acute adverse effects
take place) is omitted. On the other hand, the lack of
statistical power also applies to our finding of a nonsig-
nificantly lower hazard ratio of monotherapy versus
polypharmacy for nonpsychiatric hospitalization at the
lowest dosage range. Analyses stratified by ever versus

never use of polypharmacy during the follow-up and risk
of safety outcomes showed similar significantly higher
hazard ratios for monotherapy at the highest dosage
compared with nonuse, and thus did not imply any in-
herent differences between patients exposed to poly-
pharmacy and those with monotherapy or nonuse only.

Possibly the most important bias in our analysis is related
to asymmetry concerning estimated end of use for poly-
pharmacy versus monotherapy. Antipsychotics are typically
dispensed to cover a 90-day supply, so on average, abrupt
discontinuation due to safety issues will happen between
1 and 90 days after last dispensing (about 45 days on average),
before themedicationwould run out if used as instructed and
as observed in our drug usemodeling, which assumes that all
dispensed medications have been used. Therefore, if anti-
psychotic polypharmacy is switched to monotherapy before
the full dispensed supply of the discontinued antipsychotic
has been used, the following hospitalizations are allocated
to polypharmacy—although they actually occurred during
monotherapy. Likewise, if monotherapy is switched to
polypharmacy, hospitalizations from the first day after the
switch are allocated to polypharmacy, whichmay also lead to
underestimation of the more positive outcome observed for
polypharmacy. However, especially during longer time pe-
riods, adverse effects induced during previous polypharmacy
may manifest after a switch to monotherapy.

We did not have information on the frequency of mon-
itoring visits of the patients, and if patients with poly-
pharmacy were more intensively monitored, that might
contribute to the risk of hospitalization. Although more
intensive monitoring could prevent some hospitalizations
(e.g., measurement and treatment of hypertension), in some
other cases more intensive monitoring could be associated
with more nonpsychiatric hospitalizations, because con-
ditions such as atrial fibrillation would be detected by
doctors but not necessarily noticed by patients themselves.
Our analysis included an assumption that the time-varying
covariates aremultiplicatively related to thehazard, and this
can be considered a potential limitation of the study.

CONCLUSIONS

Our results on antipsychotic use in a large nationwide cohort
over a long follow-up show that antipsychotic polypharmacy
is associated with lower risk of hospitalizations for physical
health issues than monotherapy in the maintenance treat-
ment of schizophrenia when high total dosage is assessed.
When patients were treated with high-dose antipsychotic
monotherapy ($1.6 DDDs/day), they had approximately a
20%higher risk of severe cardiovascular outcomes leading to
hospitalization compared with periods when the same pa-
tients were treated with corresponding high-dose combi-
nation therapy. The current recommendations of treatment
guidelines categorically encouraging use of monotherapy
instead of polypharmacy are not based on evidence and
should take a more agnostic approach to this issue.
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