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Abstract

Background: This study was conducted to determine the impacts of medication adherence on hospitalization and direct
healthcare cost in patients with schizophrenia in Thailand.

Methods: A retrospective study was undertaken. Patients with schizophrenia aged 18-65years who visited a University
hospital and received antipsychotics from April 2011 to October 201 | were included. Propensity score—adjusted logistic
regression was used to determine the impacts of medication adherence on schizophrenia-related and all-cause hospitalizations.
Results: A total of 582 patients were included. Three out of 224 patients (1.3%) were hospitalized with schizophrenia in
optimal adherence group, while 10 of 140 (7.1%) were hospitalized in under-adherence group, and 7 of 218 (3.2%) were
hospitalized in over-adherence group. Based on propensity score—adjusted multivariate logistic regression, the adjusted odds
ratio was 5.86 (95% confidence interval =1.53-22.50) for schizophrenia-related hospitalization and 8.04 (95% confidence
interval =2.20-29.40) for all-cause hospitalization. The average annual direct healthcare costs in patients with optimal
adherence, under-adherence, and over-adherence were US$371 +US$836, US$386 + US$734, and US$508 +US$2168,
respectively.

Conclusion: An initiation of interventions to maintain optimal adherence in patients with schizophrenia would significantly
impact the healthcare system.
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Schizophrenia is a severe mental disorder which affects
more than 21 million people worldwide.! It is a chronic dis-
ease associated with long-lasting health, social, and financial
burdens. The chronic nature of the illness and a need for
recurrent hospitalization also contribute to increasing cost.>3

Adherence to medication is crucial in clinical outcomes
of patients with schizophrenia. The average rate of non-

adherence with antipsychotic medication in patients with
schizophrenia ranged from 40% to 60%.* The lack of medi-
cation adherence has been studied and is associated with an
increased risk of hospitalization.® This poses a major con-
cern to all stakeholders including healthcare professionals,
administrators, and patients. Several factors associated with
re-hospitalization have been studied including short duration
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of admission, medication non-adherence, poor post-discharge
services, and younger age.°° It is estimated that over US$100
billion total cost per year is due to medication non-adherence
resulting in hospitalization and repeated doctor visits in the
United States.!® However, it should be noted that not only
under-adherence is associated with an increased risk of hos-
pitalization and healthcare cost. Over-adherence is also asso-
ciated with an increased risk of hospitalization and healthcare
costs. 1112

To our knowledge, no study has been conducted to deter-
mine the impacts of antipsychotic adherence on hospitaliza-
tion in patients with schizophrenia and healthcare cost in
Asia. A study assessed outcomes and factors associated with
re-hospitalization in patients with schizophrenia in Malaysia,
but did not report the impact of antipsychotic adherence on
hospitalization.'? In Thailand, no study has been conducted
to determine the impacts of antipsychotic adherence on hos-
pitalization and cost in patients with schizophrenia.
Conducting such studies in Thailand will facilitate and
inform healthcare decision-makers among all stakeholders to
allocate limited healthcare resource to this particular popula-
tion effectively. Therefore, this study aimed to determine the
clinical and economic impacts of antipsychotic adherence on
hospitalization and healthcare cost in patients with schizo-
phrenia, using Thailand as an example.

Method

Setting and data sources

A retrospective cohort study using electronic databases from
a 1000-bed university affiliated hospital in Bangkok,
Thailand was conducted. The databases consisted of inpa-
tient and outpatient databases, a pharmacy database, and a
charge database. Patients’ demographic information (e.g.
age, gender) and diagnosis code (International Classification
of Diseases version 10; ICD-10) were extracted from the
inpatient and outpatient databases. Information on drugs’
names and days’ supply of medication were extracted from
the pharmacy database. Information on date of payment,
type of payment, and medical charges (medication, medical
services, laboratory charges, and radiology charges) were
extracted from the charge database. Information was availa-
ble for all patients who visited outpatient department or were
hospitalized from October 2010 to September 2013. Patients
were longitudinally tracked for twoyears. The study was
approved by Ethics Committee of Ramathibodi hospital,
Thailand.

Patient selection and study period

Patients who visited outpatient department of the hospital
and met the following criteria were included in this study.
The inclusion criteria were (1) diagnosed with schizophrenia
(defined by ICD-10: F20.xx) from April 2011 through

September 2011; (2) aged 18—65years; (3) no history of
receiving any antipsychotics within sixmonths before the
first schizophrenia-related diagnosis; and (4) received antip-
sychotics at least two times within 6 months after the index
date. The index date was defined as the first date antipsy-
chotic was received. Patients who had missing data on medi-
cation administration were excluded. Included patients were
tracked for twoyears after the index date. Data from
sixmonths before index date of each patient were used to
estimate propensity score (PS) for each patient. Data from
the first year after index date were used to determine medica-
tion adherence, while data from the following year were used
to determine outcomes of interest.

Assessment of adherence and cutoff level

Medication possession ratio (MPR) is widely used and well
accepted worldwide to determine medication adherence in
various diseases.!#1¢ In this study, MPR was calculated to
measure medication adherence using the pharmacy database.
The MPR of each medication of each patient was calculated
by the following equation'’

MPR Total days’supply

~ Number of days of study participation

per participant (365 days)

Patients were classified into three groups as under-
adherence (MPR<0.8), optimal adherence (MPR=0.8—
1.2), and over-adherence (MPR>1.2). MPR of patients
who received at least two antipsychotics was averaged. We
selected MPR<0.8 as the threshold of under-adherence
based on our literature review.!2!8 Several studies sug-
gested that the therapeutic response to treatment for chronic
conditions was preserved when patients took at least 80%
of the prescribed medications.’*20 We selected MPR>1.2
as the threshold of over-adherence based on previous stud-
ies.!121 We believe that the 20% difference of perfect adher-
ence would be meaningful for both under-adherence and
over-adherence.

Outcomes of interest

Schizophrenia-related hospitalization was the primary out-
come of this study. It was defined as any hospitalization
with an ICD-10 code as F20.xx. The secondary outcomes
were all-cause hospitalization and healthcare cost. All-cause
hospitalization was defined as any hospitalization occurring
during the second year of follow-up (the outcome measur-
ing period). Healthcare cost was only direct medical cost
incurred in the hospital due to hospital perspective. Direct
non-medical and indirect cost were not included in this
study. Costs were calculated based on charges using average
cost-to-charge ratio of university hospital in Thailand which
was 0.73.22
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Data analysis

Descriptive statistics (e.g. mean, standard deviation, percent-
age, and frequency) were used to describe patients’ demo-
graphics. PS was estimated using logistic regression based
on covariates including age, gender, health insurance,
comorbidities (bipolar, dementia, depression, and anxiety),
and concurrent medications (antidepressants, antianxiety,
mood stabilizers). Multivariable logistic regression analysis
was used to evaluate the association of medication adherence
level and hospitalization, adjusting for PS, types of antipsy-
chotic use, and other potential confounders. The generalized
linear model with log-link function and gamma distribution was
used to evaluate the association of medication adherence level
and healthcare cost, adjusting for PS, types of antipsychotic use,
and other potential confounders. The healthcare costs were
reported in 2013 value and were converted to US$ using an
exchange rate of 33.02Baht/US$.2* Data analyses were per-
formed using STATA version 11.0 (College Station, TX).

Results

Patient characteristics

A total of 1944 patients were diagnosed with schizophrenia
during the study period. A total of 582 patients met inclusion
criteriaand were included in this study (Figure 1). Demographic
data were described in Table 1. Patients’ average age was
44.4+11.0years. A majority of patients were females (56.7%).
Approximately, 55.2% received typical antipsychotics, 29.7%
received atypical antipsychotics, and 15.1% received both
typical and atypical antipsychotics. Health insurance scheme
for individuals were 14.2%, 3.4%, and 12.4% for universal
coverage, social security scheme, and civil servants medical
benefit scheme, respectively. In total, 70% of included patients
had no information on health insurance.

Medication adherence associated with
hospitalization

Among 582 patients, 224 patients (38.5%) were optimal
adherence, 140 patients (24.1%) were under-adherence, and
218 patients (37.5%) were over-adherence (Table 1).

A total of 20 patients (3.44%) were hospitalized with
schizophrenia. Patients with under-adherence had the high-
est rate of hospitalization (14 and 10 for all-cause and schiz-
ophrenia-related hospitalizations, respectively). Patients with
under-adherence had a significantly longer length of hospi-
talization stays (LOS) than patients with optimal adherence
(0.56+2.64days vs. 0.06+0.57 days; p<0.01). Patients with
over-adherence also tended to have longer LOS than patients
with optimal adherence (0.37+2.58 days vs. 0.06+0.57 days;
p=0.067), but it was not statistically significant. Both under-
adherence and over-adherence had longer LOS of all-cause
hospitalizations than patients with optimal adherence
(0.75+£2.90days for under-adherence, 0.38+2.51days for

1,944 patients were diagnosed with
schizophrenia from Oct 10 — Jan 13

1,138 patients were not diagnosed during
» observational period

v

806 patients were diagnosed with
schizophrenia from April 11 - September 11

A 4

73 patients aged not 18 — 65 years old

v

733 patients aged 18 — 65 years old

54 patients were not received antipsychotics
> during observational period

v

679 patients

52 patients were not received antipsychotics two
> times within six months

627 patients

45 patients had no sufficient data on
medication administration

A 4

582 patients were included in our analysis

Figure |. Patient selection flow diagram.

over-adherence, and 0.06+0.57 days for optimal adherence,
p=0.011) (Table 1).

Based on PS-adjusted multivariate logistic regression,
under-adherence had a significant higher risk for schizophre-
nia-related hospitalization than optimal adherence (adjusted
odds ratio (OR)=6.52; 95% confidence interval (CI)=1.68—
25.27). The adjusted OR for all-cause hospitalization was
7.83 (95% CI=2.08-29.50) for patients with under-adher-
ence. For patients with over-adherence compared to patients
with optimal adherence, the adjusted OR for schizophrenia-
related hospitalization was 2.66 (95% CI=0.67-10.61),
while the adjusted OR for all-cause hospitalization was 3.06
(95% CI=0.79—-11.91) (Table 2). Both were not statistically
significant. The associations of medication adherence level,
hospitalization, and LOS by types of antipsychotics are pre-
sented in Tables 3 and 4.

Medication adherence associated with healthcare
cost

The average direct annual healthcare cost in patients with
under-adherence was US$386+US$734. The average direct
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Table 1. Demographic data and relationship between adherence and hospitalization.

Variables Optimal adherence Under-adherence Over-adherence p value
(N=224), MPR=0.8-1.2 (N=140), MPR<0.8 (N=218), MPR> 1.2
Age (mean = SD) 42.5+10.6 384+£122 423103 <0.0012
Gender, n (%) <0.001®
Male 92 (41.1) 43 (30.7) 86 (39.4)
Female 108 (48.2) 63 (45.0) 119 (54.6)
Missing 24 (10.7) 34 (24.3) 13 (6.0)
Health insurance, n (%)
ucC 26 (11.6) 15 (10.7) 42 (19.3) 0.069¢
SSS 10 (4.5) 321 7(3.2)
CSMBS 28 (12.5) 24 (17.1) 20 (9.2)
Unknown 160 (71.4) 98 (70.0) 149 (68.3)
Comorbidities, n (%)
Bipolar disorders 0(0) 1 (0.7) 0(0) 0.241¢
Depression 1 (0.4) 1 (0.7) 0(0) 0.711¢
Anxiety disorders 0(0) 2 (1.4) 0 (0) 0.058¢
Concurrent medications, n (%)
Antidepressant 84 (37.5) 61 (43.6) 83 (38.1) 0.470°
Antianxiety 3(1.3) 5(3.6) 6 (2.8) 0.356¢
Mood stabilizer 3(1.3) 1 (0.7) 3(1.4) 1.000¢
Antipsychotics, n (%)
Typical alone 120 (53.6) 64 (45.7) 137 (62.8) <0.001®
Atypical alone 68 (30.4) 41 (29.3) 64 (29.4)
Both 36 (16.0) 35 (25.0) 17 (7.8)
Mean MPR £SD 1.04+0.10 0.51+0.20 1.68+0.63 N/A
Number of admission within 6 months prior to index date, n (%)
All-cause 3(1.3) 12 (8.6) 4(1.8) 0.001¢
Schizophrenia-related 2 (0.9) Il (7.9) 3(1.4) <0.001¢
Number of patient receiving 15 (6.7) 37 (26.4) 16 (7.3) <0.001°
antipsychotics within 6 months
prior to index date N (%)
Outcomes
Length of stay (mean+SD) (days)
All-cause 0.06+£0.57 0.75+2.90 0.38+2.51 0.0112
Schizophrenia-related 0.06£0.57 0.56+2.64 0.37+£2.58 0.0672
Number of admission during outcome measurement period (times £ SD)
All-cause 3x1.3 14£10.0 8+37 <0.001®
Schizophrenia-related 3£1.3 10£7.1 7£3.2 0.017¢
Healthcare cost (US$),d 371+836 386+734 508+2168 0.12

(mean+SD)

UC: universal coverage; SSS: social security scheme; CSMBS: civil servants medical benefit scheme; MPR: medication possession ratio; N/A: not applicable;

SD: standard deviation; ANOVA: analysis of variance.
2Calculated by ANOVA.

bCalculated by chi-square test.

Calculated by Fisher’s exact test.

dUS$ | =33.02 Thai Baht.

annual healthcare cost of US$508+US$2168 in patients
with over-adherence, while it was US$371+US$836 in
patients with optimal adherence (Table 1).

Based on a PS-adjusted multivariate generalized linear
model, healthcare cost in patients with under-adherence was
US$143 higher than that in patients with optimal adherence
(95% CI=USS -258 to US$544). Healthcare cost in patients
with over-adherence was US$116 higher than that in patients

with optimal adherence (95% CI=USS$ -162 to US$394).
However, they were not statistically significant.

Discussion

Among studies measuring medication adherence, this is the
first study in Asia-Pacific region to determine the impacts of
medication adherence on hospitalization and healthcare cost.
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Table 2. The effects of medication adherence on schizophrenia-related and all-cause hospitalizations compared with optimal adherence.

Outcomes

Unadjusted odds ratio (95% ClI)

Adjusted odds ratio? (95% Cl)

Schizophrenia-related hospitalization
Suboptimal adherence®
Under-adherence (MPR<0.8)
Over-adherence (MPR> [.2)
All-cause hospitalization

Suboptimal adherence®
Under-adherence (MPR<0.8)
Over-adherence (MPR> [.2)

3.67 (1.06-12.68)
5.67 (1.53-20.97)
2.44 (0.62-9.58)

4.82 (1.43-16.31)
8.19 (2.31-29.03)
2.81 (0.73-10.72)

401 (1.14-14.16)
6.52 (1.68-25.27)
2.66 (0.67-10.61)

475 (1.36-16.51)
7.83 (2.08-29.50)
3.06 (0.79-11.91)

MPR: medication possession ratio; Cl: confidence interval.
2Covariates in this model included propensity score, age, and gender.
bSuboptimal adherence is either under-adhernce or over-adherence.

Table 3. Logistic regression analysis of association of hospitalization among schizophrenia patients, by type of antipsychotic.

Type of Atypical

Typical

Both atypical and typical

antipsychotics

Adjusted odds 95% ClI Adjusted odds 95% ClI Adjusted odds 95% ClI
ratio? ratio? ratio?
All-cause hospitalization
Under-adherence NAb 5.64 0.97-32.91 7.13 0.71-72.10
Over-adherence NA 1.71 0.31-9.59 4.92 0.39-61.92
Schizophrenia-related hospitalization
Under-adherence NA 5.84 1.00-34.24 5.41 0.53-55.04
Over-adherence NA 1.29 0.21-7.90 4.66 0.38-57.34

2Adjusted odds ratios controlled for age and gender.

bData not available because no patient with optimal adherence who received atypical antipsychotics were admitted.

Based on our analysis, suboptimal adherence of antipsychot-
ics (both under-adherence and over-adherence) was associ-
ated with an increased risk of hospitalization and healthcare
cost. Our study reveals that less than 40% of patients adhered
to antipsychotics, resulting in a higher risk of hospitalization
and annual healthcare cost. These findings emphasize the
impacts of suboptimal adherence on clinical and economic
outcomes. Interventions or policies should be developed to
minimize these dilemmas.

Our findings are consistent with previous studies which
revealed the association of suboptimal adherence and a risk
of hospitalization and healthcare costs.!>!3 It is well known
that under-adherence leads to an increased risk of hospitali-
zation and healthcare cost.?* We found that patients with
under-adherence had higher number of hospitalization,
longer hospital stays, and higher annual healthcare cost than
those with optimal adherence.

Our multivariate analysis indicated that patients with under-
adherence had a higher risk of hospitalization than those with
optimal adherence or with over-adherence. Compared to opti-
mal adherence, patients with under-adherence had more than
five times higher risk of schizophrenia-related hospitalization,
and all-cause hospitalization. Similarly, the risk of hospitaliza-
tion was two times higher in patients with under-adherence
than those with over-adherence. The observed hospitalizations

may have resulted from subsequent relapses. However, some
potential predictors of hospitalizations (confounders) could
not be captured in our analyses and they might affect our
findings.

Interestingly, we found a higher number of patients with
over-adherence than those with under-adherence. The over-
adherence was associated with a higher risk of hospitaliza-
tion compared to optimal adherence. The findings in this
study were similar to a previous study which indicated that
blood pressure deteriorated when MPR greater than 1.%5
These findings might reflect that the optimal MPR threshold
also contributed to the most effective outcomes in patients
with schizophrenia. Moreover, direct healthcare cost was
highest in patients with over-adherence. Such cost incurred
in patients with over-adherence was substantially higher than
those in any other groups. High MPR could be one of the
markers for less stable patients. Thus, this might alert physi-
cian to pay special attention to a group of patients with over-
adherence. Basically, the reason why over-adherence leads
to an increased risk of hospitalization and healthcare cost
remains unclear. Additional studies to determine the causes
of over-adherence and its consequences in patients with
over-adherence are warranted.

Some limitations of this study should be discussed. First,
due to the limitation of available databases used in this study,
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Table 4. The association of adherence level, type of antipsychotics, and annual healthcare costs.

Type of antipsychotics and
adherence

Length of hospital stays
(days), mean£SD

Annual healthcare costs
(US$), mean+SD

Typical antipsychotics

Total (N=321)

Optimal adherence (N =120) 0.07+0.55
Under-adherence (N =64) 0.53+1.91
Over-adherence (N=137) 0.15+1.06
Atypical antipsychotics

Total (N=173)

Optimal adherence (N =68) 0.00+0.00
Under-adherence (N =41) 0.66+3.46
Over-adherence (N=64) 0.72+4.07
Mixed antipsychotics

Total (N=88)

Optimal adherence (N=36) 0.17+1.00
Under-adherence (N =35) 1.26+3.63
Over-adherence (N=14) 0.92+3.11

266.72+1550.91
168.81 +552.06
189.67 +£483.31
248.87 +1742.19

895.75+1396.76
711.22+1204.85
562.75+£923.36

764.21 £1053.87

902.63 £3259.78

408.21 +538.23

541.22+800.24
1,649.86 +£5625.58

US$ 1 =33.02 Thai Baht.

some important aspects were not addressed including the
impacts of health insurance on adherence, the impacts of
adherence on quality of life, and indirect cost associated with
schizophrenia and hospitalization. Second, our findings can-
not be generalized to other populations or countries.
However, the findings can be used as a guideline to other
populations particularly in Asia-Pacific region. Third, we
were not able to address the different risks of hospitalization
between patients taking typical and atypical antipsychotics
because no patient with optimal adherence who received
atypical antipsychotics was hospitalized.

Further studies in large population are needed to deter-
mine the impacts of possible healthcare system or organiza-
tion factors associated with differences in adherence,
hospitalization, and healthcare cost including indirect cost.
Such studies would help clarify and determine ways to
resolve this issue.

Conclusion

There is a consensus in literature that under-adherence leads
to poor health and economic outcomes.?*2¢ In this study, we
identified that not only under-adherence was associated with
an increased risk of hospitalization and healthcare cost but
also over-adherence. We found substantial healthcare cost
associated with suboptimal adherence. Targeting to subopti-
mal adherence patients specifically would improve patient
outcomes and lower healthcare cost. Utilization of our find-
ings to develop interventions or policies to maintain optimal
adherence in patients with schizophrenia would significantly
impact the healthcare system particularly in countries where
resources are limited.
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