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Objective This study aimed to investigate trends in hospital utilization of patients with schizophrenia during the last 10 years in Korea
and to predict future trends using time series analysis.

Methods We determined the numbers of patients receiving outpatient or inpatient treatment for schizophrenia per month between
2010 and 2019, using National Health Insurance claims data. Facebook’s Prophet was used to fit time series models based on observa-
tions for the previous 120 months, and to predict trends over the next 36 months.

Results The number of hospitalized patients per month has declined rapidly since 2015, but the monthly number of outpatient visits
has steadily increased. Monthly hospital utilization has increased in patients aged <29 and =50 years, but has declined rapidly since
2014-2015 in patients in their 30s and 40s. The upward trend in overall hospital utilization has slowed considerably in recent years.
These trends are expected to continue over the next few years.

Conclusion This study revealed some notable changes in the hospital utilization patterns of patients with schizophrenia in recent

years. There is a need to closely monitor and anticipate potential problems caused by these changing trends.

Psychiatry Investig 2021;18(8):795-800

Keywords Forecast; Hospital utilization; Schizophrenia; Time series analysis; Ttrend.

INTRODUCTION

Schizophrenia is a severe and chronic mental illness charac-
terized by delusions, hallucinations, disordered formal thought,
disorganized behaviors, negative symptoms, and cognitive im-
pairment. In addition, many patients are unemployed due to
their functional deficits and social isolation.' They are usually
hospitalized several times throughout their lifetime due to dis-
continuation of treatment and subsequent recurrence of symp-
toms.? In particular, some untreated patients are involved in vi-
olence.’ Therefore, schizophrenia places huge health, economic,
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and social burdens on patients, their families, and society.*
Epidemiological studies have shown that the lifetime prev-
alence of schizophrenia ranges from 0.3%-0.7% worldwide.”
Lifetime and 12-month prevalence rates of schizophrenia spec-
trum disorders in Korea have been reported as 0.5% and 0.2%,
respectively.® Meanwhile, according to the National Health In-
surance, the number of people treated for schizophrenia per
year increased gradually from 2012 to 2017 in Korea.” This may
be due to an increase in the number of patients visiting hospitals
due to improved awareness of the importance of early diagno-
sis and ongoing treatment of schizophrenia.*” However, experts
have estimated that a considerable number of people affected
by schizophrenia in Korea have still not received treatment."’
The Korean government has implemented deinstitutional-
ization policies to support outpatient and community-based
care,'" although hospital admission is still the main approach
to the treatment of schizophrenia in Korea."” In particular, the
Mental Health and Welfare Law, which strengthened regula-
tions regarding involuntary admission, came into force in May
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2017." As a result, patients, caregivers, and clinicians are now
facing institutional changes.'"* However, violence perpetrated
by patients with psychotic disorders has become a social issue
in recent years," and experts have expressed concern about
several problems caused by the rapid decrease in hospitaliza-
tion rate and lack of preparedness of patients for deinstitution-
alization.”

Against this background, we expected to find significant chang-
es in the hospital utilization of patients with schizophrenia in
recent years. Time series modeling techniques are useful for an-
alyzing patterns of change in a given variable, modelling sea-
sonal effects, assessing the immediate and long-term impact of
a salient event, and forecasting future trends.'® Therefore, in this
study, we conducted time series analyses to investigate hospi-
tal utilization trends in patients with schizophrenia and other
psychotic disorders over the past 10 years, and to predict the
likely trends for the next 3 years.

METHODS

Data sources and study population

We collected the monthly numbers of patients who received
outpatient treatment and were admitted to hospital, at least once
a month between January 2010 and December 2019, with pri-
mary diagnosis codes of schizophrenia (F20), schizotypal dis-
order (F21), delusional disorders (F22), acute and transient psy-
chotic disorders (F23), schizoaftective disorder (F25), or other
or unspecified nonorganic psychosis (F28 and F29), using the
Health Insurance Review and Assessment Service (HIRA) da-
tabase provided by the Health Insurance Big Data Open Sys-
tem."” The numbers of outpatients and inpatients were calcu-
lated based on the date of visit and first day of hospitalization,
respectively.” We also obtained the monthly numbers of pa-
tients aged <29, 3049, 50-69, and =70 years who received out-
patient and inpatient treatment during the same period. This
study included only patients covered by the National Health
Insurance Service, and not those who were uninsured or receiv-
ing Medical Aid. This study was reviewed and approved by the
Institutional Review Board of Chonnam National University
Hospital (IRB number: CNUH-EXP-2021-047).

Time series analysis

We used Facebook Prophet, a time series forecasting addi-
tive model that fits non-linear trends considering seasonality
and holiday effects.”® As a forecasting model, Prophet is as
sophisticated as the autoregressive integrated moving average
(ARIMA) model, which the most widely used forecasting mod-
el.”” The details of the time series analysis conducted in this
study are as follows. First, we constructed a forecasting model
from 120 months of data using the ‘prophet’ function, and in-
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corporated multiplicative seasonality. The holiday effects of Ko-
rean New Year’s Day and Korean Thanksgiving was also mod-
eled with extra regressors. Change-points where the monthly
numbers of patients had abrupt changes in their trajectories
were automatically selected. Next, the prediction was conduct-
ed (36-month forecasting period) using the ‘prediction’ func-
tion. Then, we visualized the predicted values with 80% uncer-
tainty intervals for 2020-2022, together with the actual values
up to 2019. Then, we visualized the predicted values with 80%
uncertainty intervals for 20202022, together with the actual
values up to 2019. All analyses were conducted using R (ver-
sion 3.6.1; R Development Core Team, Vienna, Austria).

RESULTS

Current and future trends in hospital utilization

Figure 1 shows the trends in the numbers of patients with
schizophrenia and other psychotic disorders receiving treatment
per month over the past decade, and the prospective trends for
2020 and beyond. The number of patients receiving outpatient
treatment has steadily increased and reached about 85,000 per
month, although the rate of increase has slowed slightly since
around 2016 (Figure 1A). The increase in the monthly num-
ber of outpatients is expected to continue for some time after
2020. However, the number of patients admitted to hospital per
month peaked at about 13,000 per month in 2015, and then
gradually declined, and is expected to decrease to less than the
2010 level of about 11,000 per month by 2022 (Figure 1B). Up
to 2015, the total number of patients receiving treatment per
month increased rapidly, but since around 2016, the increase
has slowed and has recently stabilized at about 95,000 (Figure
1C). The forecasting model predicts that the total number of
patients per month will remain at a similar level in the next
few years after 2020.

Current and future trends in hospital utilization by
age groups

Figure 2 shows the trends in the numbers of patients receiv-
ing treatment per month by age group. The monthly number
of patients aged <29 years started to slowly increase from 2015,
and is expected to increase steadily over the next few years. How-
ever, the number of patients aged 30—49 years has decreased rap-
idly since 2014-2015, and fell to <40,000 per month in 2019.
The numbers of patients aged 50-69 and =70 years have in-
creased rapidly since 2010. The number of patients aged 50—
69 years is expected to exceed that of patients 30-49 years, and
to become the largest age group after 2022.
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Figure 1. Current and future trends in the numbers of patients with schizophrenia and other psychotic disorders receiving outpatient and in-
patient treatment per month. The dots represent the actual numbers of patients and the red dashed line indicates the trend. The blue line
with the uncertainty interval indicates the predicted numbers of patients. The red and blue vertical dotted lines represent automatically se-
lected change-points and the date of enactment of the Mental Health and Welfare Law in 2017, respectively. A: Total patients. B: Outpa-

tients. C: Inpatients.
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Figure 2. Current and future trends in the numbers of patients with schizophrenia and other psychotic disorders receiving treatment per
month by age group. The dots represent the actual numbers of patients and the red dashed line indicates the trend. The line with uncertain-

ty interval indicates predicted numbers of patients.

DISCUSSION

This study performed a time series analysis of the National
Health Insurance claims data to understand monthly patterns
of hospital utilization by patients with schizophrenia and other
psychotic disorders in Korea. We found that hospital utiliza-
tion trends began to change around 2015. Since then, the num-
ber of patients admitted to hospital each month has declined
rapidly. In addition, hospital utilization has been decreasing in
patients in their 30s and 40s, while it has been increasing in
younger and older patients. Overall, the upward trend in hos-
pital utilization of patients with schizophrenia and other psy-
chotic disorders has slowed significantly in recent years. Our
forecasting model predicts that these trends will continue over
the next few years.

This study showed that the number of patients admitted to
hospital per month with schizophrenia and other psychotic
disorders began to decline around 2015 (Figure 1B). Given that
the number of hospitalized patients receiving Medical Aid sup-
port has remained unchanged in recent years (39,628, 39,452,
and 39,183 in 2017-19, respectively),”* the total number of
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hospitalizations covered by National Health Insurance or Medi-
cal Aid also seems to be decreasing. Current policies aimed at
reducing the number of beds in mental hospitals in Korea, to-
gether with strengthened legislation, may further accelerate this
decline." In this regard, further interrupted time series analysis
is warranted to investigate changes in hospitalization trends be-
fore and after the Mental Health and Welfare Law was enact-
ed.” Our findings suggest that we should monitor the declining
hospitalization rate closely, and prepare for possible problems
caused by rapid deinstitutionalization.

We found that, despite the rapid decline in the population
aged <29 years over the past 10 years (from 18.5 million [36.5%]
in 2010 to 15.9 million [30.7%)] in 2019),” the number of pa-
tients aged <29 years has been increasing steadily (Figure 2).
Because early diagnosis and treatment are critical for the treat-
ment of schizophrenia, engagement of young patients in psy-
chiatric treatment and reduction of the duration of untreated
psychosis (DUP) are important. However, the DUP tends to
be relatively long and treatment delays are more common in
Korea compared with Western countries.”* Our results show
steady increases in the numbers of treated patients in their 20s



and under, which suggests a potential improvement in public
awareness in Korea of the need for early treatment of schizo-
phrenia.®® Further studies should investigate the association
between DUP and increasing hospital utilization in young pa-
tients with schizophrenia.

In this study; it was noteworthy that the numbers of patients
in their 30s and 40s receiving treatment each month have de-
clined significantly since 2014-2015 (Figure 2). The propor-
tion of the total population of Korea in their 30s and 40s has
continued to decline over the past 10 years, from 17.2 million
(34.08%) in 2010 to 15.5 million (29.81%) in 2019,” while pa-
tients in their 30s and 40s still account for the largest propor-
tion of patients with schizophrenia.”* The decreasing rate of
hospital utilization by middle-aged patients in this study can
be partially explained by changes in demographics and medi-
cal insurance status. However, despite the decreasing propor-
tion of young people, the number of patients in their 20s and
under has increased steadily. The number of patients in their
30s and 40s receiving Medical Aid has also not changed sig-
nificantly since 2015.” In this regard, our findings suggest that
many middle-aged patients with schizophrenia may have with-
drawn from treatment in their chronic stage. Over the years,
various factors have been shown to reduce treatment adherence
in middle-aged patients, such as inadequate support from fami-
lies and social networks; therefore, we need to pay more atten-
tion to treatment maintenance in this population.

This study found that the monthly number of elderly patients
has been increasing linearly (Figure 2), and the number of pa-
tients aged 50—69 years is approaching that of patients aged 30—
49 years. This finding agrees with the results of Cho et al.,” who
reported increasing annual incidence rates of schizophrenia
and schizophrenia-related disorders in patients aged >65 years
between 2010 and 2015. This increase in the number of elderly
patients may be attributed to the aging of the general popula-
tion in Korea: the proportion of people in their 50s and 60s in-
creased from 11.3 million (22.3%) in 2010 to 14.9 million (28.9%)
in 2019, and that of people in their 70s and above increased
from 3.6 million (7.1%) in 2010 to 5.5 million (10.6%) in 2019.2
Some elderly patients were diagnosed with schizophrenia when
they were young, but many may be newly diagnosed with psy-
chotic disorders secondary to dementia or alcohol use disor-
der* Our findings underscore the need to prepare for prob-
lems with housing, social isolation, physical health, and the use
of antipsychotic drugs in elderly patients.

Overall, the upward trend in the numbers of patients receiv-
ing treatment each month has slowed in recent years (Figure
1C). Considering the increase in the number of young and el-
derly patients, the recent slowdown in the upward trend in hos-
pital utilization may be due to the rapid decline in the number
of middle-aged patients. This may also be due to the steady in-

S Ryu et al.

crease in the number of patients covered by Medical Aid rather
than National Health Insurance in recent years.”** Since many
patients in Korea may still not be receiving adequate treatment,'’
we need to investigate why the increasing trend in hospital uti-
lization has slowed.

This study had some methodological limitations. First, it did
not include patients covered by Medical Aid, the number of
which is comparable to the number of patients covered by Na-
tional Health Insurance. Further studies are needed to inves-
tigate hospital utilization trends in all patients with schizophre-
nia through time series analysis. Second, due to the wide range
of diagnosis codes selected, this study may have included some
patients who did not actually have schizophrenia or other psy-
chotic disorders. Third, we calculated hospital utilization rates
based only on the number of patients receiving treatment each
month, rather than the number of hospital visits, which is also
an important indicator of hospital utilization. Fourth, our time
series models could not address the effect of changes in men-
tal health policies on hospital utilization over time. As the next
step, we plan to conduct an interrupted time series analysis to
explore this. Fifth, we used only one algorithm, Prophet, in the
forecasting procedure. Additional analyses are needed using
other forecasting techniques, such as ARIMA, to compare and
combine forecasts.

In conclusion, hospital admissions of patients with schizo-
phrenia and other psychotic disorders have declined in Korea.
In addition, hospital utilization has rapidly decreased in mid-
dle-aged patients, but increased in young and elderly patients.
As a result, the upward trend over the past decade in hospital
utilization of patients with schizophrenia has slowed recently.
These trends are expected to persist over the next few years.
Close monitoring and preparation for potential problems caused
by these changing trends in hospital utilization by patients with
schizophrenia is needed.
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