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It has remained unclear what factors relate to primary
nonadherence to antipsychotic treatment and whether spe-
cific agents and routes of administration differ in how pa-
tients adhere to them. We collected electronic prescriptions
and their dispensings from the Finnish electronic prescrip-
tion database for 29 956 patients with schizophrenia pre-
scribed antipsychotics via electronic prescription during
2015-2016. We defined primary nonadherence as being pre-
scribed an antipsychotic, which was not dispensed from the
pharmacy within one year from prescription. Using logistic
regression, we analyzed whether several sociodemographic
and clinical factors related to nonadherence. We found that
31.7% (N = 9506) of the patients demonstrated primary
nonadherence to any of their prescribed antipsychotics. We
found that young age (OR = 1.77, 95%CI = 1.59-1.96),
concomitant benzodiazepines (OR = 1.47, 95%CI = 1.40—
1.55) and mood stabilizers (OR = 1.29, 95%CI = 1.21-
1.36), substance abuse (OR = 1.26 95%CI = 1.19-1.35),
previous suicide attempt (OR = 1.21, 95%CI = 1.11-1.31),
diabetes (OR = 1.15, 95%CI = 1.06-1.25), asthma/COPD
(OR = 1.14, 95%CI = 1.04-1.25), and cardiovascular dis-
ease (OR = 1.12, 95%CI = 1.05-1.19), were related to pri-
mary nonadherence to antipsychotic treatment. Patients
using clozapine showed the lowest nonadherence (4.77%,
95%CI = 4.66—4.89), and patients using long-acting in-
jectables were more adherent to treatment (7.27%,
95%CI = 6.85-7.71) when compared to respective oral
agents (10.26%, 95%CI = 10.02-10.49). These results
suggest that selection between different pharmacological
agents and routes of administration while taking into ac-
count patients’ concomitant medications (benzodiazepines
in particular) and comorbidities play a key role in primary
nonadherence to antipsychotic treatment.
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Introduction

Assessing adherence to antipsychotic treatment in clin-
ical care is essential since poor treatment adherence re-
sults in poor outcomes in schizophrenia. Specifically,
longitudinal studies have found that being without an-
tipsychotic treatment increases the risk of psychotic re-
lapses and is associated with criminality, substance use,
poor cognition, suicidal behavior, and overall mortality.!
Conversely, improved adherence over time relates to im-
proved quality of life in schizophrenia.’

It has been estimated that even as few as 40 to 60%
of patients with schizophrenia follow their antipsychotic
treatment as prescribed.®!° However, these estimates vary
vastly depending on the methods used, as one previous
systematic review pooling 103 studies (23 796 patients)
estimated nonadherence to antipsychotic medication as
25%,!" which is only slightly elevated as compared to
nonadherence to drugs used in other fields of medicine
(about 20%).® Notably, another systematic review found
that up to 77% of the previous work on antipsychotic
medication adherence is based on subjective and indirect
methods (e.g., reports from patients or caregivers)'? that
potentially overestimate real-life adherence. Specifically,
more objective methods (e.g., pharmacy refill records or
blood tests) give significantly lower estimates for adher-
ence when compared with the data acquired from sub-
jective sources.!® In addition, much of the previous work
is primarily based on relatively small'? and potentially
selected samples, thereby limiting the generalizability of
the findings.

Another challenge with the small sample sizes relates
to reliably assessing the level of nonadherence for sepa-
rate antipsychotics since such analysis requires thousands
of patients. Although antipsychotics slightly differ in ef-
ficacy, the main differences relate to their side-effects.!4
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Further, the most efficacious drugs often induce sev-
eral unpleasant and potentially severe side-effects such
as cardiometabolic side-effects (e.g., clozapine and
olanzapine)' or agranulocytosis (clozapine)'" that poten-
tially diminish adherence to these drugs. To the best of
our knowledge, only one previous large-scale pharmacy
refill register study (N = 63 214) has assessed adherence
to individual antipsychotic drugs.'® In their study from
1998 to 1999, of all the explored antipsychotic drugs, pa-
tients with schizophrenia had the highest adherence to
clozapine, while quetiapine measured the lowest adher-
ence estimate. An update on this question, however, is
needed since new antipsychotic drugs that have relatively
few side-effects (e.g., aripiprazole) and long-acting inject-
ables (LAIs), which relate to fewer relapses!’” and lower
mortality'® when compared with respective oral agents,
were not available at the time of the study. Lastly, patients
from Valenstein et al., 2004, were military veterans and
were mainly males, potentially limiting these findings’
generalizability.

In addition to balancing efficacy and tolerability, a
clear understanding of nonadherence to antipsychotic
treatment is crucial for informed decision-making in clin-
ical care since medication not taken as prescribed results
in suboptimal treatment effectiveness. Here we focused on
a subclass of a broad concept of nonadherence, namely
primary nonadherence, resulting when a prescription is
left undispensed within a period of the initial prescrip-
tion."” By utilizing large Finnish nationwide databases,
we aimed to investigate primary nonadherence to anti-
psychotic medication in patients with schizophrenia at
outpatient care. Besides characterizing the degree and
factors relating to primary nonadherence to antipsy-
chotic treatment, we also aimed to assess the degree of
primary nonadherence for different routes of administra-
tion (i.e., oral or LAI).

Methods

Study Base and Data Sources

We included all persons diagnosed with schizophrenia
from 1972-2014 in Finland who were alive on January
I, 2015, and aged <65 years. We identified persons
with broadly defined schizophrenia from the Hospital
Discharge register by the International Classification
of Diseases [ICD] version 10 codes F20 and F25 [ICD-
10] and ICD-8 and -9 codes 295. Thus, our sample con-
sisted of patients with schizophrenia and schizoaffective
disorder.

For the present study, we selected persons in outpatient
care who were prescribed antipsychotics via electronic
prescription during 2015-2016 (N = 29 956) since medi-
cations used in hospitals are not recorded in the registers.
We collected electronic prescriptions and their dispenses
from Kanta, the Finnish electronic prescription data-
base that includes prescriptions used in outpatient care.
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These prescriptions comprise those prescribed for the
first time and renewed ones. The majority of the prescrip-
tions likely represent medications used by the patient
before, either in outpatient care or during inpatient hos-
pital stays. Electronic prescriptions became obligatory in
2017, meaning that all prescriptions must be prescribed
electronically and saved to the nationwide Kanta data-
base. In case of technical difficulties or emergencies, tra-
ditional prescriptions may also be issued, but those are
recorded in the Kanta database when dispensed from the
pharmacy and, thus, turned into electronic format (no
paper versions are allowed anymore). During 2015-2016,
electronic prescriptions already covered around 94% of
all prescriptions, and mainly prescriptions from small
private sector prescriber offices were missing. Hence, all
electronic prescriptions are dispensed electronically, and
there is no missing data on these dispensings. We also
collected the data for the study population on their diag-
noses from inpatient and specialized outpatient care re-
gisters and Statistics Finland.

Outcome

In this study, our main outcome measure was primary
nonadherence to prescribed antipsychotics, identified
by Anatomical Therapeutic Chemical (ATC) classifica-
tion code NOSA (excluding lithium NOSANO1). We ex-
cluded those antipsychotic prescriptions issued for “as
needed” use according to the dose text field of the pre-
scription. For drug-specific analyses, we also categorized
antipsychotics according to drug form, either oral or LAI
antipsychotics.

We defined primary nonadherence to antipsychotics
as being prescribed an antipsychotic, which was not dis-
pensed from the pharmacy within one year. Prescriptions
were valid for one year after prescribing, and the follow-up
for dispensing in this study covered the years 2015-2017.
These electronic prescriptions covered all prescriptions,
both for new initiations and renewed prescriptions of
drugs used before. The marketing approval of clozapine
restricts the one-time prescription and dispensing of clo-
zapine to a maximum of the interval between two moni-
toring blood samples (due to risk of agranulocytosis),
i.e., one month. For comparison purposes, we addressed
nonadherence to three other medication groups, namely
oral antidiabetics (A10B), antihypertensives (diuretics
CO03, beta-blockers C07, calcium channel blockers CO08,
agents acting on the renin-angiotensin system C09), and
statins (C10AA). On drug category level, nonadherence
means that a person had at least one prescription, which
was not dispensed.

Covariates

Covariates were measured on January 1, 2015, and in-
cluded age, gender, and time since first schizophrenia
diagnosis (<5, 6-10, 11-20 vs. >20 years). We extracted



concomitant medication use from dispensed electronic
prescriptions during the study period that covered benzo-
diazepines and related drugs (NO5SBA, NO5CD, NO5CF),
antidepressants (N06A), and mood stabilizers (carbamaz-
epine NO3AFO01, valproic acid NO3AGO1, lamotrigine
NO03AXO09, lithium NOSANO1). We identified comorbid
conditions from inpatient (since 1995), and specialized
outpatient care (since 1998) registers as cardiovascular
disease (ICD-10 100-199), diabetes (E10-E14), asthma/
COPD (J44-J46), previous suicide attempt (X60-84 and
Y10-34), and substance use disorders (F10-F19).

Statistical Analyses

We used SAS version 9.4 and R version 3.6.1 (https://
cran.r-project.org) accompanied with “DMwR”?
“ggplot2”? packages for statistical analyses and visual-
izations of the present study. For each specific antipsy-
chotic (categorized into oral and LAI), we calculated
the nonadherence proportion by dividing the number of
nondispensed prescriptions by the total number of pre-
scriptions. We also calculated a 95% confidence interval
(CI) for this proportion. We categorized antipsychotics
with <500 prescriptions as “other antipsychotics” in the
study population. We used y>-test to compare dispensed
(vs. nondispensed) drugs between agents available in both
oral and LAI (e.g., aripiprazole).

Sociodemographic and clinical factors associated with
antipsychotic primary nonadherence were assessed with
logistic regression and reported as Odds Ratios (ORs)
with 95% confidence intervals (CIs). In addition to uni-
variate results, we conducted a multivariate model ad-
justed for the covariates (effect sizes as adjusted ORs
[aORs]), as mentioned earlier. We used the Benjamini-
Hochberg False Discovery Rate (FDR) correction? to
control false positives due to multiple comparisons.

Lastly, we aimed to test whether the level of primary
nonadherence between oral antipsychotics varies as a
function of efficacy or tolerability. For this purpose, we
used the results from a previous network meta-analysis
(402 studies, 53 463 patients with schizophrenia) that
compared the previous placebo-controlled and head-to-
head randomized controlled trials (RCTs) of different
oral antipsychotics.'* Briefly, based on the findings of
this meta-analysis, we were able to rank different anti-
psychotics for a given efficacy (e.g., reduction of positive
symptoms) or tolerability value (e.g., weight gain). We
used K Nearest Neighbor to impute missing efficacy or
tolerability values for individual antipsychotics (supple-
mentary tables 1 and 2). For efficacy measures, we did
not incorporate social functioning, given that most of the
explored drugs were missing this value. Next, we ranked
efficacy/tolerability estimates and calculated a median of
the ranks for each medication, which was also ranked,
resulting in lists of overall efficacy and tolerability. Given
the cross-sectional nature of our study, the number of
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users per drug is also potentially driven by efficacy or tol-
erability. Therefore, as a nonadherence estimate for each
oral antipsychotic, we used the ratio of the percentage of
nondispensed prescriptions and number of users to ac-
count for possible preselection of each medication that
is reflected by the number of users per medication. Due
to skewed distribution, we used a logarithmically trans-
formed number of users. Finally, we investigated the
relationships between the ranked adherence ratio with
ranked overall efficacy and tolerability estimates using
linear regression. Note, therefore, that we conducted
these comparisons at the level of each oral antipsychotic
and not at the individual patient’s level. For tolerability,
we analyzed the results with and without clozapine be-
cause the results of the previous meta-analysis did not
incorporate clozapine-specific side-effects such as agran-
ulocytosis or myocarditis that may have a significant ef-
fect on tolerability.'?

Results

Sociodemographic and Clinical Characteristics of
the Sample

Half of the sample were of male gender (N = 15 473),
and the average age was 41.8 (table 1). Around half of
the patients (i.e., 49.4%, N = 14 786) were diagnosed
over 20 years ago. About a third of the sample (31.7%,
N = 9506) were nonadherent to any antipsychotic treat-
ment (i.e., at least one nondispensed prescription). In the
sample, 25.1% (N = 7505) had cardiovascular disease,

Table 1. Characteristics of the Study Population (N = 29 956)

Variable
Mean age (SD) 41.8 (13.2)
Age categories, years %(N)
<25 13.6 (4068)
26-35 16.8 (5040)
36-45 24.0 (7190)
46-55 27.3 (8189)
>55 18.3 (5469)
Male gender %o(N) S51.7 (15 473)
Time since diagnoses, years %o(N)
<5 10.7 (3203)
6-10 12.8 (3832)
11-20 27.2 (8135)
>20 49.4 (14 786)
Primary nonadherence to any antipsychotic %(N)  31.7 (9506)
Comorbid conditions %o(N)
Cardiovascular disease %o(N) 25.1(7505)
Diabetes %(N) 11.0 (3294)
Asthma/ COPD %(N) 7.8 (2350)
Substance abuse %(N) 21.2 (6358)
Previous suicide attempt %(N) 10.7 (3215)
Other medication use %o(N)
Benzodiazepine and related drug use 46.7 (14 002)
Antidepressant use 35.5(10 6495)
Mood stabilizer use 24.2 (7261)
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11.0% (N = 3294) diabetes, 7.8% (N = 2350) asthma or
COPD, and 10.7% (N = 3215) had attempted suicide
previously. Concomitant psychiatric medications were
frequent as 46.7% (N = 14 002) used benzodiazepines
and related drugs, 35.5% (N = 10 645) antidepressants,
and 24.2% (N = 7261) mood stabilizers. In the sample,
22.6% (N = 6759) were using antidiabetics, 44.4% (N = 13
297) antihypertensives and 25.8% (N = 7717) statins, while
primary nonadherence to these treatments were 18.3%
(N = 1239), 20.8% (N = 2761), and 13.6% (N = 1050),
respectively.

Factors Associated with Primary Nonadherence

Of the sociodemographic factors (table 2), we found
that young age (i.e., less than 25 years [aOR = 1.77,
95%CI = 1.59-1.96] and age of less than 35 years
[aOR = 1.26, 95%CI = 1.15-1.39]), female gender
(aOR =1.13,95%CI = 1.08-1.19) and having less than five
years since the diagnosis of schizophrenia (aOR = 1.13,
95%CI = 1.08-1.19) related to primary nonadherence.
All the explored comorbidities also linked to primary
nonadherence: cardiovascular disease (aOR = 1.12,
95%CI=1.05-1.19), diabetes (aOR = 1.15,95%CI = 1.06—
1.25), asthma/COPD (OR = 1.14, 95%CI = 1.04-1.25),
substance abuse (aOR =1.26 95%CI =1.19-1.35) and pre-
vious suicide attempt (aOR = 1.21, 95%CI = 1.11-1.31).
Of the concomitant psychiatric drugs, benzodiazepines
(aOR = 1.47, 95%CI = 1.40-1.55) and mood stabilizers
(aOR =1.29, 95%CI = 1.21-1.36) were related to primary
nonadherence. All of the above-mentioned relationships

remained significant when FDR-corrected. Lastly, we did
not find a relation between primary nonadherence and
antidepressant use (aOR = 1.02, 95%CI = 0.97-1.08).

The Difference in Primary Nonadherence between
Different Antipsychotic Treatments

Table 3 represents the number of users and number of
nondispensed prescriptions. There were 29,956 patients
with schizophrenia using various antipsychotic medica-
tions in the total sample. Of all the explored drugs, we
found the highest number of users for oral olanzapine
(N = 9288) and clozapine (N = 8699), and the lowest for
sulpiride (N = 303) and LAI perphenazine (N = 374). Of
all antipsychotic prescriptions, 7.39% had not been dis-
pensed. Regarding primary nonadherence to individual
antipsychotic treatments, clozapine had a significantly
lower number of nondispensed prescriptions (4.77%) than
the second-lowest (LAI risperidone, 5.47%): y* = 5.29,
P-value = .02. The highest number of nondispensed pre-
scriptions of all prescriptions were detected for oral hal-
operidol (17.03%), followed by oral quetiapine (11.39%).

As a group, oral antipsychotics measured a higher
number of nondispensed prescriptions (10.26%, 95%
CI = 10.02-10.49) compared to their LAI counter-
parts (7.27%, 95%CI = 6.85-7.71), x*> = 118.08, P-value
< .0001. When we explored individual agents, lower
number of nondispensed prescriptions for LAIs (vs.
orals) were observed for haloperidol (x* = 51.50, P-value
<.0001), risperidone (x> = 106.40, P-value < .0001) and
zuclopenthixol (y* = 15.78, P-value < .0001). No such

Table 2. Factors Associated with Primary Nonadherence to Antipsychotics

Nonadherent Unadjusted OR
Adherent N =9506 (95% CI) Adjusted OR FDR-corrected P-value
N =20450 (95% CI)* (Adjusted model)

Age Yo(N)

<25 11.3(2300) 18.6 (1768) 1.90 (1.74-2.07) 1.77 (1.59-1.96) .0002

26-35 16.4 (3349) 17.8 (1691) 1.25 (1.15-1.35) 1.26 (1.15-1.39) .0002

36-45 24.9 (5101) 22.0 (2089) 1.01 (0.94-1.09) 1.01 (0.93-1.10) 7895

46-55 28.4 (5808) 25.1(2381) 1.01 (0.94-1.09) 1.01 (0.94-1.09) 7895

>55 19.0 (3892) 16.6 (1577) reference reference
Female gender %(N) 47.6 (9738) 49.9 (4745) 1.10 (1.04-1.15) 1.13 (1.08-1.19) .0002
Time since diagnoses %o(N)

<5 8.9 (1811) 14.6 (1392) 1.90 (1.75-2.05) 1.40 (1.27-1.53) 0.0002

6-10 12.4 (2533) 13.7 (1299) 1.27 (1.17-1.37) ~ 0.97 (0.89-1.06) 0.5269

11-20 27.3 (5585) 26.8 (2550) 1.13(1.06-1.20)  0.95(0.89-1.02) 0.2272

>20 51.5(10521)  44.9 (4265) reference reference
Cardiovascular disease %( N) 24.4 (4991) 26.5 (2514) 1.11 (1.05-1.18) 1.12 (1.05-1.19) .0007
Diabetes %( N) 10.6 (2175) 11.8 (1119) 1.12 (1.04-1.21) 1.15 (1.06-1.25) .0013
Asthma/ COPD %(N) 7.3 (1489) 9.1 (861) 1.27 (1.16-1.38) 1.14 (1.04-1.25) .0068
Substance abuse %o(N) 19.0 (3891) 26.0 (2467) 1.49 (1.41-1.58) 1.26 (1.19-1.35) .0002
Previous suicide attempt %(N) 9.3 (1898) 13.9 (1317) 1.57 (1.46-1.69) 1.21 (1.11-1.31) .0002
Benzodiazepine use %o(N) 43.3 (8847) 54.2 (51595) 1.55(1.48-1.63) 1.47 (1.40-1.55) .0002
Antidepressant use %(N) 34.2 (6987) 38.5(3658) 1.21 (1.15-1.27) 1.02 (0.97-1.08) 4944
Mood stabilizer use %o(N) 22.3 (4559) 28.4 (2702) 1.38 (1.31-1.46) 1.29 (1.21-1.36) .0002

2Adjusted for all covariates listed in this table. COPD, chronic obstructive pulmonary disease.
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Table 3. Primary Nonadherence to Antipsychotic Prescriptions, as a Proportion of Nondispensed Prescriptions of all Prescriptions

Issued in 2015-2016

Medication N of Users N of Prescriptions N of Nondispensed Prescriptions ~ Primary Nonadherence % (95% CI)
Clozapine 8699 126 763 6049 4.77 (4.66-4.89)
Risperidone LAI 1862 5301 290 5.47 (4.89-6.12)
Zuclopenthixol LAI 1049 2578 149 5.78 (4.94-6.795)
Ziprasidone 480 1533 116 7.57 (6.35-9.00)
Perphenazine 2151 5990 455 7.60 (6.95-8.29)
Haloperidol LAI 426 1092 88 8.06 (6.59-9.82)
Chlorprothixene 1693 4461 362 8.11 (7.35-8.95)
Perphenazine LAI 374 973 80 8.22 (6.66-10.12)
Sertindole 392 1289 109 8.46 (7.06-10.10)
Sulpiride 303 872 77 8.83 (7.12-10.90)
Zuclopenthixol 585 1649 149 9.04 (7.75-10.52)
Aripiprazole LAI 649 1535 142 9.25(7.90-10.80)
Aripiprazole 4541 12 893 1254 9.73(9.23-10.25)
Other antipsychotic 494 1198 117 9.77 (8.21-11.58)
Levomepromazine 2759 7305 752 10.29 (9.62-11.01)
Olanzapine 9288 30 311 3127 10.32 (9.98-10.66)
Risperidone 4036 11031 1143 10.36 (9.81-10.94)
Olanzapine LAI 913 2681 280 10.44 (9.34-11.66)
Paliperidone LAI 1110 3268 347 10.62 (9.61-11.72)
Quetiapine 7293 26 510 3019 11.39 (11.01-11.78)
Haloperidol 1164 3217 548 17.03 (15.77-18.37)
Total 29 956 252 450 18 653 7.39 (7.29-7.49)
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Fig. 1. Relationships between the ratio between the percentage of nondispensed prescriptions and the number of users with overall
efficacy (left) and overall tolerability (right). Efficacy and tolerability estimates were acquired from Huhn et al. 2019. Analysis of the
relationship with tolerability with clozapine included is provided in supplementary figure 1. The blue regression lines are plotted with

grey shaded 95% Cls.

differences were observed for aripiprazole (x> = 0.30,
P-value = .58), olanzapine (x*> = 0.04, P-value = .85) or
perphenazine (x> = 0.38, P-value = .54).

Relationships between adherence ratio (i.e., the ratio
of the percentage of nondispensed prescriptions and
number of users for each antipsychotic medication) for
antipsychotics with efficacy and tolerability are shown in
figure 1. We found that both efficacy (R> = 0.42, FDR-
corrected P-value = .024) and tolerability (R* = 0.53, FDR-
corrected P-value = .021) related to adherence ratio across
the explored antipsychotic treatments. These relationships

indicate that antipsychotics with a low number of side ef-
fects and high efficacy are highly likely to be dispensed
when prescribed and used by many patients. The findings
regarding tolerability did not remain statistically significant
when incorporating clozapine in the analyses (R? = 0.24,
P-value = .10), as shown in supplementary figure 1.

Discussion

The present study used nationwide register-based data to
assess primary nonadherence to antipsychotic treatment
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in patients with schizophrenia. Our sample included only
patients with schizophrenia that were in outpatient care.
Although antipsychotic treatment is efficacious in treating
psychotic symptoms,'* prevents future relapses!” and re-
lates to lower overall mortality in patients with schizo-
phrenia compared with no antipsychotic treatment,®*2
about a third of the patients, mainly in the chronic stage,
demonstrated primary nonadherence to these medica-
tions (i.e., at least one unfilled prescription for antipsy-
chotic treatment within the one-year follow-up). The true
nonadherence is probably higher than that, as collecting
antipsychotic drugs from a pharmacy does not necessarily
equate to taking them as prescribed. However, primary
nonadherence refers to situations where with high cer-
tainty patient has not been using the medication as it was
not even dispensed from the pharmacy, and most previous
adherence studies have not included this aspect at all. Our
finding is in line with a previous American pharmacy re-
fill study reporting that 40% of the patients in outpatient
care demonstrate poor adherence. Note, however, that
the previously mentioned study used a different method
to assess nonadherence (i.e., defined as medication pos-
session ratio < 0.8).'® Altogether, these estimates are sig-
nificantly higher than nonadherence assessed for drugs
used in other fields of medicine (about 20%).® Further,
schizophrenia patients in our sample demonstrated lower
primary nonadherence (14-21%) to somatic medications
compared to antipsychotic medications.

There  were  several relationships  between
sociodemographic variables with primary nonadherence
to antipsychotics. First, we found that female (vs. male)
gender was related to higher primary nonadherence,
which is a relatively unexpected finding since the previous
literature has also reported the opposite relationships
to adherence.!'! Note, however, that some other studies
report no relationship between gender and adherence
to antipsychotic treatment.>'® The discrepancies men-
tioned above may relate to differences in the definition
of adherence across the previous studies, as there might
be gender differences in both primary and secondary
nonadherence. In line with the previous work,>!" young
age and recently diagnosed schizophrenia were related to
primary nonadherence to antipsychotic treatment. The
relationship between young age and poor adherence is
alarming as patients with early-onset schizophrenia often
have poor disorder outcomes (e.g., poor global outcome,
frequent relapses, and rehospitalizations) throughout
the disorder® and have an increased risk of using illicit
substances.?

There were also several clinical factors relating to
primary nonadherence. The present study found that
one in five patients with schizophrenia had a diagnosed
substance abuse comorbidity, also related to primary
nonadherence to antipsychotic treatment. The relation-
ship between substance abuse and nonadherence is a
well-reported finding®!''*” and might stem from a lack
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of insight and need for antipsychotic treatment while
actively using substances. It has been suggested that pa-
tients with schizophrenia with comorbid substance abuse
aim to self-alleviate dysphoria with illicit substances.?®
We also found that previous suicide attempts related
to poor adherence, which is in line with other observa-
tional studies.*>*-* This finding is noteworthy because,
although the risk has decreased in recent years, patients
with schizophrenia still have a high risk of suicide com-
pared to the general population.’' It has been discussed
in the literature that the experienced side-effects, espe-
cially extrapyramidal side-effects, might partly explain
this relationship.® Lastly, we found that several somatic
comorbidities (i.e., cardiovascular, asthma/COPD,
and diabetes) were frequent in patients with primary
nonadherence to antipsychotics, potentially reflecting
the accumulation of poor lifestyle choices (e.g., smoking,
obesity) in this group. Interestingly, prior evidence shows
that current antipsychotic use in schizophrenia relates to
decreased risk of discontinuation cardiovascular medica-
tion.* Combined with our findings, these results indicate
that nonadherence to antipsychotics might reflect poor
somatic health and contribute to well-reported excessive
mortality in schizophrenia.*!

To our knowledge, this is the first large-scale study to
explore the concomitant use of psychotropic medica-
tions and primary nonadherence to antipsychotics. We
found that about half of the patients with schizophrenia
used benzodiazepines. Alarmingly, nonadherence to an-
tipsychotic treatment was related to benzodiazepine use
indicating selective usage of psychotropic drugs among
patients with schizophrenia with primary nonadherence
to antipsychotics. While all the major clinical guide-
lines recommend only short-term use for acute distress,
insomnia, and agitation, previous work has shown that
the usage of benzodiazepines often lasts longer than re-
commended.’ Long-term benzodiazepine use is prob-
lematic in schizophrenia as there is evidence showing that
benzodiazepine use relates to higher mortality in schiz-
ophrenia.® Lastly, we found that nonadherence to anti-
psychotics is associated with concurrent mood stabilizer
use, which possibly relates to an increment in medication
burden and dosing frequency via the initiation of a new
agent. Previous work has shown that increases in dosing
frequency relate to a decrease in adherence in patients
with schizophrenia.*

Alike the previous work,!* patients with schizo-
phrenia exhibited the highest adherence to clozapine,
which is somewhat surprising since clozapine also has the
most severe side-effects.”> However, given the widely re-
ported results from RCTs'* and observational studies!” of
the superiority of clozapine in efficacy compared to any
other oral antipsychotic treatment, our results may re-
flect the actual effect of the treatment experienced by the
patients. On the other hand, due to agranulocytosis risk,
clozapine patients are monitored using regular blood



tests, implying that our finding may also partially stem
from close and regular contact with healthcare. Close
contact may enhance conveying the drug-related experi-
ences to healthcare workers, which is important as one of
the main complaints is that patients feel that side-effects
are not discussed openly.* In fact, a working alliance is
the most notable and consistent predictor of adherence
to medication recommendations.* Lastly, due to the re-
quirements for strict blood monitoring routines, our re-
sult may also partially indicate selection bias as it is also
possible that only patients with high compliance start and
continue clozapine treatment.

We found that in addition to the administration route,
antipsychotic treatment’s efficacy and tolerability appear
to be critical factors affecting patients’ adherence to an-
tipsychotic treatment. First, we found that LAIs showed
significantly higher adherence estimates than respective
oral agents, potentially resulting from sparser adminis-
tration than oral treatment. Our finding adds to previous
work showing that, compared to oral treatment, the usage
of LAIs relates to lower mortality and rehospitalization
risk in schizophrenia,'®!? thereby supporting the usage of
LAIs in clinical practice. Factors relating to variations in
primary adherence to oral antipsychotics have previously
been inconclusive as some studies have found a relation
between side-effects and primary nonadherence,’¥%%
but there are also studies showing no relationship.>*
Also, the role of poor effectiveness of the treatment
on nonadherence has been discussed in the literature.*!
Previous studies, however, have been conducted in rel-
atively small samples focusing on a few pharmacolog-
ical agents. Here we found that oral antipsychotics that
have been shown to have both relatively few side ef-
fects and high efficacy (results from a previous network
meta-analysis of the RCTs on antipsychotics)!* were dis-
pensed with high probability and used by many patients.
Contrary, drugs with a high number of side effects and
low efficacy measured low adherence estimates and were
used by a small number of patients.

A major strength of our study was a large, nationwide
sample of patients with schizophrenia, thereby providing
high generalizability of the results to other samples in
countries akin to Finland with the state-funded health
care system. Secondly, we used electronic records to ob-
jectively identify whether or not the prescribed medication
was dispensed. All antipsychotic medications are only
available with a prescription, and hence, are recorded in
the national register. There were also several weaknesses.
Here we focused only on primary nonadherence assessed
using pharmacy data, which, albeit objective, does not
fully capture the degree of nonadherence as some pa-
tients may not use their medication as prescribed. Future
work should use complementary assessments (e.g., blood
tests and pharmacy data) to characterize the level of
nonadherence to tackle potential underestimation. Lastly,
our work cover only two years’ prescriptions, which might
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limit the generalization of our study as the adherence to
antipsychotic treatment may vary over time.*

In conclusion, our study has shown that about a third
of patients with schizophrenia demonstrate primary
nonadherence to antipsychotic medication. Selection be-
tween different pharmacological agents and their routes
of administration while taking into account patients’ con-
comitant medications (benzodiazepines in particular) and
comorbidities play a key role in primary nonadherence to
antipsychotic treatment.

Supplementary Material

Supplementary material is available at Schizophrenia
Bulletin online.

Acknowledgments

None.

Conflict of Interest

JT, HT and AT have participated in research projects
funded by grants from Janssen-Cilag and Eli Lilly to
their employing institution. JT has been a consultant
and/or advisor to and/or has received honoraria from Eli
Lilly, Evidera, Janssen-Cilag, Lundbeck, Orion, Otsuka,
Mediuutiset, Sidera, and Sunovion. HT reports per-
sonal fees from Janssen-Cilag and Otsuka. ML is a board
member of Genomi Solutions Itd. and Nursie Health
Itd., has received honoraria from Sunovion Itd., Orion
Pharma Itd., Lunbdbeck Itd., Otsuka Pharma Itd., and
Janssen-Cilag and research funding from The Finnish
Cultural Foundation and the Emil Aaltonen Foundation.

Funding

This work was supported by the Finnish Ministry of
Social Affairs and Health through the developmental
fund for Niuvanniemi Hospital, HT by the Academy of
Finland (grants 315969, 320107, 345326). The study’s
funders had no role in study design, data collection, data
analysis, data interpretation, or writing of the report. ML
was partly funded by personal grants from the Finnish
Medical Foundation and Emil Aaltonen foundation.

References

1. Robinson D, Woerner MG, Alvir JMJ, et al. Predictors of
relapse following response from a first episode of schizo-
phrenia or schizoaffective disorder. Arch Gen Psychiatry.
1999;56(3):241-247.

2. Ascher-Svanum H, Faries DE, Zhu B, Ernst FR, Swartz MS,
Swanson JW. Medication adherence and long-term func-
tional outcomes in the treatment of schizophrenia in usual
care. J Clin Psychiatry. 2006;67(3):453-460.

661



J. Lieslehto et al

10.

11.

12.

15.

16.

17.

18.

662

. Tithonen ],

. Novick D, Haro JM, Suarez D, Perez V, Dittmann RW,

Haddad PM. Predictors and clinical consequences of
nonadherence with antipsychotic medication in the out-
patient treatment of schizophrenia. Psychiatry Res.
2010;176(2-3):109-113.

. Herings RM, Erkens JA. Increased suicide attempt rate

among patients interrupting use of atypical antipsychotics.
Pharmacoepidemiol Drug Saf. 2003;12(5):423-424.

. Ward A, Ishak K, Proskorovsky I, Caro J. Compliance with

refilling prescriptions for atypical antipsychotic agents and
its association with the risks for hospitalization, suicide,
and death in patients with schizophrenia in Quebec and
Saskatchewan: a retrospective database study. Clin Ther.
2006;28(11):1912-1921.

Mittendorfer-Rutz  E, Torniainen M,
Alexanderson K, Tanskanen A. Mortality and cumulative
exposure to antipsychotics, antidepressants, and benzodi-
azepines in patients with schizophrenia: an observational
follow-up study. 4m J Psychiatry. 2016;173(6):600-606.

. Hayhurst KP, Drake RJ, Massie JA, et al. Improved

quality of life over one year is associated with improved
adherence in patients with schizophrenia. Eur Psychiatry.
2014;29(3):191-196.

. Cramer JA, Rosenheck R. Compliance with medication re-

gimens for mental and physical disorders. Psychiatr Serv.
1998;49(2):196-201.

. Lacro JP, Dunn LB, Dolder CR, Leckband SG, Jeste DV.

Prevalence of and risk factors for medication nonadherence
in patients with schizophrenia: a comprehensive review of re-
cent literature. J Clin Psychiatry. 2002;63(10):892-909.
Velligan DI, Weiden PJ, Sajatovic M. The expert con-
sensus guideline series: adherence problems in patients with
serious and persistent mental illness. J Clin Psychiatry.
20092009;70(Suppl 4):1-46; quiz 47.

Nosé M, Barbui C, Tansella M. How often do patients with
psychosis fail to adhere to treatment programmes? A system-
atic review. Psychol Med. 2003;33(7):1149-1160.

Velligan DI, Lam Y-WF, Glahn DC, et al. Defining and as-
sessing adherence to oral antipsychotics: a review of the lit-
erature. Schizophr Bull. 2006;32(4):724-742.

. Velligan DI, Lam F, Ereshefsky L, Miller AL.
Psychopharmacology: perspectives on medication ad-
herence and atypical antipsychotic medications. PS.

2003;54(5):665-667.

. Huhn M, Nikolakopoulou A, Schneider-Thoma J, et al.

Comparative efficacy and tolerability of 32 oral antipsychotics
for the acute treatment of adults with multi-episode schizo-
phrenia: a systematic review and network meta-analysis.
Lancet 2019;394(10202):939-951.

De Berardis D, Rapini G, Olivieri L, et al. Safety of antipsychotics
for the treatment of schizophrenia: a focus on the adverse effects
of clozapine. Ther Adv Drug Safety 2018;9(5):237-256.
Valenstein M, Blow FC, Copeland LA, et al. Poor
antipsychotic adherence among patients with schizo-
phrenia: medication and patient factors. Schizophr Bull.
2004;30(2):255-264.

Tiithonen J, Mittendorfer-Rutz E, Majak M, et al. Real-world
effectiveness of antipsychotic treatments in a nationwide co-
hort of 29 823 patients with schizophrenia. JAMA Psychiatry
2017;74(7):686-693.

Taipale H, Mittendorfer-Rutz E, Alexanderson K, et al.
Antipsychotics and mortality in a nationwide cohort
of 29,823 patients with schizophrenia. Schizophr Res.
2018;197:274-280.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Lam WY, Fresco P. Medication adherence measures: an over-
view. Biomed Res Int. 2015;2015:217047-217047.

Torgo L. Data Mining with R: Learning with Case Studies.
New York: Chapman and Hall/CRC; 2011.

Wickham H. ggplot2: elegant graphics for data analysis.
Springer, New York. 2009;.

Benjamini Y, Hochberg Y. Controlling the false discovery
rate: a practical and powerful approach to multiple testing. J
Royal Stat Soc Ser B ( Methodol). 1995;57(1):289-300.
Vermeulen J, van Rooijen G, Doedens P, Numminen E,
van Tricht M, de Haan L. Antipsychotic medication and
long-term mortality risk in patients with schizophrenia;
a systematic review and meta-analysis. Psychol Med.
2017;47(13):2217-2228.

Taipale H, Tanskanen A, Mehtala J, Vattulainen P,
Correll CU, Tiihonen J. 20-year follow-up study of phys-
ical morbidity and mortality in relationship to antipsychotic
treatment in a nationwide cohort of 62,250 patients with
schizophrenia (FIN20). World Psychiatry 2020;19(1):61-68.
Immonen J, Jaadskeldinen E, Korpela H, Miettunen J.
Age at onset and the outcomes of schizophrenia: a sys-

tematic review and meta-analysis. Early Interv Psychiatry
2017;11(6):453-460.

Dixon L. Dual diagnosis of substance abuse in schizo-
phrenia: prevalence and impact on outcomes. Schizophr Res.
1999;35(Suppl):S93-100.

Jonsdottir H, Opjordsmoen S, Birkenaes AB, et al. Predictors
of medication adherence in patients with schizophrenia and
bipolar disorder. Acta Psychiatr Scand. 2013;127(1):23-33.
Gregg L, Barrowclough C, Haddock G. Reasons for in-
creased substance use in psychosis. Clin Psychol Rev.
2007;27(4):494-510.

Hor K, Taylor M. Suicide and schizophrenia: a systematic re-
view of rates and risk factors. J Psychopharmacol. 2010;24(4
Suppl):81-90.

De Hert M, McKenzie K, Peuskens J. Risk factors for suicide
in young people suffering from schizophrenia: a long-term
follow-up study. Schizophr Res. 2001;47(2-3):127-134.

Tanskanen A, Tiihonen J, Taipale H. Mortality in schizo-
phrenia: 30-year nationwide follow-up study. Acta Psychiatr
Scand. 2018;138(6):492-499.

Palmer DD, Henter ID, Wyatt RJ. Do antipsychotic medi-
cations decrease the risk of suicide in patients with schizo-
phrenia? . J Clin Psychiatry. 1999;60(Suppl 2):100-103;
discussion 111-116.

Solmi M, Tiithonen J, Lédhteenvuo M, Tanskanen A,
Correll CU, Taipale H. Antipsychotics use is associated with
greater adherence to cardiometabolic medications in pa-
tients with schizophrenia: results from a nationwide, within-
subject design study. Schizophr Bull. 2022;48(1):166-175.
doi:10.1093/schbul/sbab087

Taipale H, Sarkila H, Tanskanen A, et al. Incidence of and
characteristics associated with long-term benzodiazepine use in
Finland. JA MA Network Open 2020;3(10):¢2019029-2019029.

Pfeiffer PN, Ganoczy D, Valenstein M. Dosing frequency
and adherence to antipsychotic medications. Psychiatr Serv.
2008;59(10):1207-1210.

Weiss KA, Smith TE, Hull JW, Piper AC, Huppert JD. Predictors
of risk of nonadherence in outpatients with schizophrenia and
other psychotic disorders. Schizophr Bull. 2002;28(2):341-349.
Read J, Sacia A. Using open questions to understand 650

people’s experiences with antipsychotic drugs. Schizophr Bull.
2020;46(4):896-904.


https://doi.org/10.1093/schbul/sbab087

38.

39.

Putten T V. Why do schizophrenic patients refuse to take their
drugs? Arch Gen Psychiatry. 1974;31(1):67-72.

Robinson DG, Woerner MG, Alvir JMJ, Bilder RM,
Hinrichsen GA, Lieberman JA. Predictors of medica-
tion discontinuation by patients with first-episode schizo-
phrenia and schizoaffective disorder. Schizophr Res.
2002;57(2-3):209-219.

40.

41.

Primary Nonadherence to Antipsychotics

Diaz E, Neuse E, Sullivan MC, Pearsall HR, Woods SW.
Adherence to conventional and atypical antipsychotics after
hospital discharge. J Clin Psychiatry. 2004;65(3):354-360.
Kane JM, Kishimoto T, Correll CU. Nonadherence to medi-
cation in patients with psychotic disorders: epidemiology,
contributing factors and management strategies. World
Psychiatry 2013;12(3):216-226.

663



