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Aim & methods: A decision-analytic model was constructed to simulate a real-world cohort of Chinese pa-
tients visiting a Chinese regional mental health center for long-term health outcomes and direct medical
costs. Results: When compared with age and gender-matched general population, the Chinese patients
with schizophrenia were associated with reduced overall survival by 20.6 years (27.6 vs 48.2 years) and
reduced quality-adjusted life years (QALY) by 18.4 QALY (18.4 vs 36.8 QALY), respectively, and increased
lifetime direct medical costs by about three-times (US$84,324 vs 33,387 as of 31 December 2017) on aver-
age. Conclusion: The burden of schizophrenia was mainly driven by the mortality associated with relapsed
schizophrenia and direct medical costs for schizophrenia in local mental health rehabilitation institutes.
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Schizophrenia is a chronic mental disorder characterized by abnormal behaviors and confusion with reality.
Schizophrenia affects approximately 0.3-0.7% of the global population and it is one of the leading causes of
years lived with disability worldwide [1,2]. The manifestations of schizophrenia include positive symptoms, which
are characterized by hallucinations and delusions and negative symptoms characterized by diminished emotional
expression, lack of motivation and cognitive symptoms related to working memory and executive functions [1,3].
The latest epidemiological studies reported that the lifetime prevalence of schizophrenia in China increased from
0.39% in 1990 to 0.83% in 2010 [4]. Because schizophrenia disables patients, increase suicides and causes violence,
the burden of schizophrenia on patients, families and societies is substantial. According to WHO’s estimation,
schizophrenia is the leading contributor to the disease burden of psychiatric diseases, which will account for 15%
of the overall healthcare expenditure in China [5].
The impact of schizophrenia on survival (6], quality of life (7] and costs (8] have been well studied. However,
the disease burden of schizophrenia in Chinese patients over the entire life has remained unclarified and has
not yet been quantified. There are many strategies that have been proven to be effective in controlling the
disease burden of schizophrenia. These strategies include increasing the number of psychiatrists to closely manage
patients [9], providing free drugs to improve patient access to treatment [10] and using community treatment
order for better treatment compliance [11]. The current strategies for schizophrenia control in China have mainly
focused on improving patient access to antipsychotic treatments [12], which have been proven effective in reducing  Fytu re"t'-,;'.'_-,.
the symptoms and functional impairment of schizophrenia [13]. Antipsychotic treatments are usually classified by ~ Medicine ™
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treatment administration route (oral medications vs long-action injectable [LAI] formulations) due to its impact on
treatment compliance [14], the key factor affecting treatment outcomes in schizophrenia patients [15]. There is well
documented international evidence regarding the superiority of LAI treatment over oral antipsychotic treatments
for treatment compliance and international practice guidelines have encouraged the use of LAI formulations for
schizophrenia in routine clinical practices if the patients failed or did not comply to oral antipsychotics [16]. It
has been over 5 years since the launch of the first LAI formulation, paliperidone palmitate injection, in China in
2012. However, the impact of introducing LAI formulations on the treatment landscape and the disease burden of
schizophrenia in China has not yet been clarified.

Materials & methods

This study constructed a decision-analytic model to estimate the disease burden of schizophrenia by comparing the
simulated health outcomes and direct medical costs associated with a created clinical cohort of Chinese patients
with schizophrenia from a Chinese regional mental health center and the age and gender-matched Chinese general
population. The Chinese healthcare system for mental diseases usually consists one regional mental health center
in provincial capital city to provide tertiary care to schizophrenia patients at varied disease stages and community
mental health rehabilitation institutes in the lower level cities and towns in the province for patients with relapsed
disease. The created clinical cohort with schizophrenia from the regional mental health center in Hunan province
was used to conduct a retrospective cohort study, which was used to develop the disease analytic model for the disease
burden of schizophrenia. This regional mental health center provides tertiary care for schizophrenia patients with
varied disease stages across Hunan province, which has over 60 million residents. A literature review and telephone
interview of the relevant experts were conducted to estimate the model variables that could not be derived from
the retrospective cohort study. The constructed decision-analytic model was used to perform base-case analysis and
sensitivity analyses for the point estimations and uncertainty of the disease burden of schizophrenia, which was
estimated using the differences in the simulated life years, quality-adjusted life years (QALY) and direct medical
costs over lifetime between the created clinical cohort of schizophrenia patients and the age and gender-matched
Chinese general population. The cost perspective in this study was healthcare payers. All costs in this study were
converted to US dollars according to the currency exchange rate on 31 December 2017 (¥1 = US$0.15). This study
was reviewed and approved by the ethics board of the Second Xiangya Hospital where the retrospective cohort
study was conducted.

Model structure

The decision-analytic model was constructed to simulate two model cohorts: the schizophrenia cohort with patients
admitted to a Chinese tertiary care hospital for active schizophrenia versus a hypothetical model cohort with age
and gender-matched general Chinese population. According to the interview with Chinese psychiatrists, the newly
diagnosed schizophrenia patients were mainly managed in a tertiary care hospital for the first two treatment
relapses. Refractory schizophrenia, defined as three or more treatment relapses, was usually managed in local mental
health rehabilitation institutes [17). Thus, the decision-analytic model used two Markov models to simulate the
management of these treatment relapses schizophrenia in the two settings. The Markov model simulating the
management of treatment relapses in tertiary care hospital setting included health states for disease remission,
disease relapse and death under the antipsychotic treatment pattern in the identified patients from the tertiary
care hospital. The Markov model used two health states (i.e., refractory schizophrenia and death) to simulate the
management of refractory schizophrenia in local mental health rehabilitation institutes. The Markov model used
two health states, alive and dead, to simulate the model control cohort for age and gender-matched general Chinese
population using reported lifetable [18], quality of life [19] and annual direct medical costs [20] in the Chinese general
population. The cycle length of the created Markov models was set as a quarter, the time interval often used for
regular follow-up schedule. The time horizon of the decision-analytic model was set to lifetime to estimate overall
disease burden. To assess the external validity of the model outputs, the decision-analytic model did not discount
the health outcomes and direct medical costs. The structure of the decision-analytic model measuring the disease
burden of schizophrenia in China is illustrated in Figure 1.

Estimating model variables from the retrospective cohort study
This study conducted a retrospective cohort study in a tertiary care hospital that provided tertiary care for
schizophrenia patients living in Hunan province, which is located in south-central China and has a population of
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Figure 1. The structure of the decision-analytic model estimating the disease burden of schizophrenia.
LAI: Long-action injectable.

68.6 million (8]. This retrospective cohort study identified the patients who were hospitalized for schizophrenia
from 1 January 2013 to 31 December 2017. The medical and billing records associated with the identified patients
during the observation time were extracted to estimate model variables for patient demographics, antipsychotic
treatment pattern, health resources utilization and direct medical costs in this hospital. To differentiate the impact
of oral antipsychotic medications and LAI treatment on health resources utilization and direct medical costs, the
included patients were stratified by the antipsychotic treatment administration route (oral vs LAI) to compare the
health resources utilization and direct medical costs using regression analyses after adjusting for the collected patient
baseline characteristics. The conducted regression analyses included logistic regression analysis for the treatment
administration route, Poisson regression analysis for outpatient visits and hospital admissions, linear regression
analysis for hospital stay length and generalized linear regression analysis with gamma distribution assumption for
direct medical costs.

Estimating model variables from the literature review & telephone interview

To address the evidence needs in the development of the decision-analytic model, a literature review was conducted
to identify published evidence for the risk of treatment relapse associated with identified antipsychotic treatments
in the retrospective cohort study and hazard ratio of mortality associated with schizophrenia status (remission
and relapse). A meta-analysis approach was used to synthesize the identified evidence for the point estimation
and its 95% CI. This study also conducted a literature review to estimate the positive and negative syndrome
scale psychopathology subscore (PANSS_PSY) associated with two schizophrenia statuses (remission and relapse)
in Chinese patients. The pooled estimations of PANSS_PSY associated with the two schizophrenia statuses were
applied to a developed utility prediction formula (QOL = 1.026055 - 0.0076876*PANSS_PSY + 0.0457537*sex -
0.0020646*age) [21], respectively, to estimate the quality of life in the decision-analytic model. The model variables
for age and gender-adjusted annual mortality, quality of life and annual direct medical costs in the Chinese general
population were taken from the literature. Additionally, a telephone interview was conducted in the three levels of
local mental health rehabilitation institutes (provincial capital city, regional city and county) in Hunan province
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Table 1. The summary of model variables estimated from literature review and telephone interview with local

mental health rehabilitation institutes.

Model variable Baseline value 95% CI Data source Number of included  Number of included
Lower limit Upper limit studies patients

Quarterly risk of disease relapse

Paliperidone palmitate injection 3.1% 2.3% 4.2% Literature 10 1545

Oral antipsychotic medications 9.4% 4.5% 14.3% Literature 52 3725

Hazard ratio of mortality schizophrenia patients vs the Chinese general population

Disease remission

Relapsed disease

3.301 2.476 6.133 Literature 2 141,395
7.719 3.087 9.529 Literature 4 10,655

Utility ratio of schizophrenia patients relative to the Chinese general population

Disease remission

Relapsed disease

0.904 0.902 0.906 Literature 65 4698
0.805 0.804 0.807 Literature 96 7317

Quarterly medical costs associated with mental health rehabilitation institute

Provincial capital city US$1395 Telephone
interview

Regional city US$1102 Telephone
interview

County UsS$638 Telephone
interview

to obtain the estimation of direct medical costs associated with refractory schizophrenia in the community. The
estimated model variables from the literature review and telephone interview are summarized in Table 1.

Measuring disease burden of schizophrenia

The constructed decision-analytic model for the disease burden of schizophrenia was used to conduct a base-case
analysis, one-way sensitivity analysis and probabilistic sensitivity analysis (PSA) regarding the outcome measures,
which were presented as the differences in estimated average life years, QALY and lifetime direct medical costs
between the included schizophrenia patients and the age and gender-matched general Chinese population. The
base-case analysis was conducted using the baseline values of the model variables. The distributions of the estimated
lifetime direct medical costs associated schizophrenia patients by care settings, including tertiary care hospital and
three levels of local mental health rehabilitation institutes, were calculated to demonstrate the allocation of direct
medical costs associated with the Chinese schizophrenia patients. One-way sensitivity analyses were conducted to
assess the uncertainty associated with each model variable on the measured outcomes for the disease burden of
schizophrenia by varying each model variable within its 95% CI or £25% of its baseline values if its 95% CI
was lacking. PSA was conducted by assessing the impact of overall uncertainty associated with model variables
on the disease burden of schizophrenia according to 10,000 Monte Carlo simulations under the distributions of
model variables, which included beta distribution for probability and utility variables and the gamma distribution
for cost variables and the other variables with a range crossing 1. The generated estimations of the outcome
measures from the Monte Carlo simulations were plotted to identify their median and 95% credible intervals.
The decision-analytic model for schizophrenia in China was constructed in 2013 Microsoft Excel to perform the
base-case analysis, one-way sensitivity analysis and PSA.

Results

This study first reported the patient characteristics, treatment pattern, health resources utilization and direct medical
costs from the included schizophrenia in the retrospective cohort study. The results of the base-case analysis, one-way
sensitivity analyses and PSA in the developed schizophrenia disease burden model were reported subsequently.

Creating a clinical cohort of schizophrenia patients

The retrospective cohort study identified 4637 patients hospitalized for schizophrenia from 1 January 2013 to
31 December 2017. According to the inclusion and exclusion criteria, 3296 patients were included to conduct
the retrospective cohort study. To be consistent with the model simulations under the antipsychotic treatments
classified by their administration route, this study stratified the included patients by the administration routes (oral
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Table 2. The summary of the characteristics of the included schizophrenia patients in the retrospective cohort

study.

Patient group LAI group Oral treatment group p-value
Sample size 164 3132

Variable Mean/% sD Mean/% SD

Demographics

Age (years) 311 10.3 311 1.3 0.989
Male gender 53.70% 52.90% 0.873
Employment status

Full-time 20.70% 18.00% 0.406
Farmer 4.90% 7.10% 0.346
Unemployment 61.00% 62.50% 0.741
Retired 2.40% 2.30% 0.79
Student 7.90% 6.60% 0.519
Unknown 3.00% 3.50% 1
Residence

County 53.70% 66.70% 0.001
Regional city 20.70% 15.60% 0.099
Provincial capital city 25.00% 15.30% 0.002

Insurance plan

Urban workers 23.20% 14.60% 0.005
Urban residents 15.90% 7.50% <0.001
New-cooperation rural residents 16.50% 25.80% 0.007
Unclarified 44.50% 52.10% 0.065
Laboratory tests

Normalization of total protein 68.20% 55.20% 0.008

Comorbidities
Mental and behavior disorders 9.10% 15.70% 0.026
Neurological diseases 0.00% 3.00% 0.014

Bold values indicate statistical significance.
LAI: Long-action injectable; SD: Standard deviation.

group vs LAI group) to generate the following evidence that was needed to develop the decision-analytic model for
the measurement of the disease burden of schizophrenia in China.

Patient characteristics of the included schizophrenia patients

The included patients in the LAI group and the oral group were characterized with relatively young age (mean +
standard deviation: 31.1 £ 10.3 vs 31.1 &£ 11.3 years; p = 0.989) and evenly distributed gender (male proportion:
53.7 vs 52.9%; p = 0.873). The two groups also had a comparable and high unemployment rate (61.0 vs
62.5%; p = 0.741). However, the LAI group was associated with significantly higher proportions of residence in
the provincial capital city (25.0 vs 15.3%; p = 0.002) and participation in the urban worker insurance plan (23.2
vs 14.6%; p = 0.005). Additionally, the LAI group was likely to have a better health status than the oral group
by having a significantly high proportion of patients with normal total protein (68.2 vs 55.2%) but a significantly
lower proportions of patients with comorbidities for mental and behavior disorders (9.1 vs 15.7%; p = 0.026) and
never diseases (0 vs 3.0%; p = 0.014). The patient characteristics of the two groups are summarized in Table 2.

Antipsychotic treatments in the included schizophrenia patients

Among the identified oral antipsychotic medications, olanzapine and risperidone were prescribed for 35.5 and
22.4% of the included patients, respectively. The other prescribed oral antipsychotic medications included clozapine
(10.8%), aripiprazole (6.1%), paliperidone (4.7%), amisulpride (4.6%), sulpiride (4.6%) and quetiapine (4.6%).
A total of 5.0% of the included patients received LAI treatment, which was paliperidone palmitate injection. The
mean treatment durations of LAI and oral antipsychotics were 8.1 and 12.3 months, respectively. Multiple logistic
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Table 3. The summary of health resource utilization and direct medical costs associated with included schizophrenia

patients in the

retrospective cohort study.

Patient group
Sample size

Variables

Annual health resources utilization

Hospital admissions
Hospital stay days
Outpatient visits

LAI group Oral treatment group p-value
164 3132
Mean SD Median Q1 Q3 Mean SD Median Q1 Q3
4.7 7.0 14 0.6 5.8 9.7 18.1 3.7 0.9 13.3 <0.001
101.8 124.0 38.4 15.1 1291 157.2 151.3 82.0 18.2 360.0 <0.001
12.0 13.1 9.4 4.7 14.9 11.7 18.3 7.8 3.8 14.4 0.025

Average medical costs/episode or visit

Hospitalization
Outpatient visit
Annual Medical costs

Hospitalization

Outpatient visit
Total

US$2085  US$1257  US$1853  US$1307  US$2533  US$2064  US$2920  US$1586  US$1201  US$2300 0.014
US$218 Us$167 Us$197 US$105 US$281 US$115 US$115 US$89 US$29 Uss$165 <0.001

US$8061 US$2997  US$1145  $11,428 $16,698 US$6822  US$1445 <0.001
US$10,591 US$37,501 US$22,666
US$2487  US$3207  US$1669  US$823 US$3130  US$1265  US$2329  US$788 Uss$214 UsS$1637  <0.001
US$4964  US$2696 US$8145  US$2486 0.018
US$10,548 US$11,897 US$14,790 US$17,962 US$37,706 US$24,071

Bold values indicate statistical significance.
LAI: Long-action injectable; SD: Standard deviation.

regression analysis with adjustment of the collected patient characteristics indicated that the prescription of LAI
was independently and significantly associated with participation in the urban workers insurance plan (odds ratio
[OR]: 1.742; p = 0.034), urban residents insurance plan (OR: 2.873; p < 0.001) and normal total protein (OR:
1.779; p = 0.006).

Direct medical costs associated with the included schizophrenia patients in the tertiary care hospital
Unadjusted comparisons of annual health resources utilization associated with the oral group and LAI group during
the observation time identified significantly higher annual outpatient visits (median 9.4 vs 7.8; p = 0.025) but
significantly fewer annual hospital admissions (median 1.4 vs 3.7; p < 0.001) and shorter annual hospital stay length
(median 38.4 vs 82.0 days; p < 0.001) in the patients receiving LAI treatment. Additionally, the LAI group was
associated with significantly lower annual medical costs (median: US$4964 vs 8145; p = 0.018) than the oral group
because of significantly lower annual hospital costs associated with LAI (median: US$2997 vs 6822; p < 0.001).
The health resources utilization and direct medical costs in the tertiary care hospital are summarized in Table 3.
Multiple linear regression analysis with the adjustment for unbalanced patient characteristics confirmed that LAI
was significantly associated with more annual outpatient visits (coefficient: 0.424; p < 0.001), lower annual hospital
admissions (coefficient: -0.742, p < 0.001) and shorter hospital stay length (coefficient: -74.058; p < 0.001). The
multiple generalized linear regression analysis indicated that the annual total medical costs associated with the two
groups were highly comparable (coefficient: 0.002; p = 0.991).

Disease burden of schizophrenia: base-case analysis

The included schizophrenia patients were associated with reduced survival by 20.6 years (27.6 vs 48.2 years) and
reduced QALY by 18.4 QALY (18.4 vs 36.8 QALY) when compared with the model control cohort with age
and gender-matched general Chinese population in the base-case analysis. Additionally, the average lifetime direct
medical costs associated with the included schizophrenia patients were more than two-times of the lifetime medical
costs associated with the model control cohort (US$84,324 vs 33,387). Further analysis of the distribution of the
lifetime direct medical costs associated with schizophrenia patients indicated that 81% of the lifetime medical costs
associated with schizophrenia patients were spent in the local mental health rehabilitation institutes. The county
mental health rehabilitation institute spent the most direct medical costs, which accounted for 42% of the estimated
lifetime direct medical costs in Chinese schizophrenia patients.
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Disease burden of schizophrenia: one-way sensitivity analysis

One-way sensitivity analyses indicated that the hazard ratio of mortality associated with relapsed schizophrenia had
the largest impact on the reduced life years and QALY associated with schizophrenia. Varying this model variable
within its 95% CI could change the reduced life years and QALY associated with schizophrenia by 2.792 years and
1.680 QALY, respectively. The key model variable driving lifetime direct medical costs associated with schizophrenia
patients was the direct medical costs spent in the county mental health rehabilitation institute, which could vary the
increased lifetime direct medical costs by US$17,903, about 21.2% of the point estimation in the base-case analysis
(US$84,324). Additionally, varying the LAI treatment rate from 5 to 100% in the model cohort of schizophrenia
patients could increase life years and QALY by 0.3 years and 0.2 QALY, respectively, and reduce lifetime medical
costs by US$818. The results of the one-way sensitivity analyses are illustrated in Figure 2 by the three outcome
measures used to estimate the disease burden of schizophrenia in this study.

Disease burden of schizophrenia: PSA

The 10,000 Monte Carlo simulations of the constructed decision-analytic model with the distributions of model
variables identified that the median and 95% credible interval of reduced life years associated with schizophrenia
were 20.5, 18.7 to 22.1 years; the median and 95% credible interval of reduced QALY associated with schizophrenia
were 18.4, 17.0 to 19.4 QALY; and the median and 95% credible interval of increased lifetime direct medical costs
associated with schizophrenia were US$51,171, 46,014 to 56,668 The distributions of the 10,000 simulations for
the three outcome measures indicating the disease burden of schizophrenia are plotted in Figure 3.

Discussion

To our knowledge, this study was the first research to quantify the disease burden of schizophrenia in China by
simulating a real-world clinical cohort of schizophrenia patients over the entire lifetime in a decision-analytic model.
Through comparisons with the age and gender-matched model control cohort with general Chinese population,
the Chinese patients with schizophrenia could expect to lose about 18 years survival time and triple the lifetime
direct medical costs under current treatment pattern, which mainly included oral antipsychotic medications. Thus,
this study confirmed that schizophrenia has become a major health problem with a heavy disease burden that
requires attention and actions to address the unmet medical needs of Chinese schizophrenic patients.

As the provincial mental healthcare center, our hospital received referred schizophrenia patients across the
Hunan province with a population of over 68 million. The schizophrenia patients managed in our hospital
had highly comparable demographics (young age and evenly distributed gender) and socioeconomic status (high
unemployment rate and more patients living in the county) as the Chinese schizophrenia patients included in
previous observational studies [22,23]. Thus, the schizophrenia cohort in this study should well represent the
Chinese schizophrenia patients and the estimated disease burden of schizophrenia from the simulation of the
created schizophrenia cohort should be comparable as the disease burden of the schizophrenia patients living in
other Chinese provinces.

The estimated disease burden of Chinese schizophrenia was extremely heavy as the reduced survival time was as
much as 20.6 years. After the review of the patient characteristics, treatment pattern and disease natural history, the
heavy disease burden of schizophrenia in Chinese patients was likely to strongly correlated with the following factors.
First, the Chinese schizophrenia patients were relatively young with a mean age of 31.1 years. Since schizophrenia is
not curable, the longer duration of schizophrenia increases mortality. Second, the longer duration of schizophrenia
increases the risk of treatment relapse, which reduces the quality of life and increases hospitalizations, the two main
contributors to the disease burden of schizophrenia. Third, the current treatment pattern was predominated by
oral antipsychotic medications that were associated with poor treatment compliance [24]. Thus, the high risk of
treatment relapse due to poor treatment compliance could further worsen the disease burden of schizophrenia by
increasing both mortality and direct medical costs. Because the demographics of schizophrenia patients could not
be changed, how to reduce the risk of treatment relapse in schizophrenia patients could be the main direction to
reduce the disease burden of schizophrenia in China.

Changing the current antipsychotic treatment pattern could be an effective solution to address the heavy disease
burden of schizophrenia. Even though LAI treatment was introduced in China in 2012, LAI was only prescribed
in 5% of the included patients in this study. Thus, the introduction of LAI treatment did not substandially
change the treatment landscape of schizophrenia in China. Based on the synthesized evidence on the treatment
effects of identified main oral antipsychotic medications and paliperidone palmitate injection, which was the only

Research Article

future science group www.futuremedicine.com

475



Research Article  Zhong, Tan, Chen et al.

@ Changes of the reduced life years associated with schizophrenia patients

Treatment switching rate from LAl treatment to oral treatment —-0.
Age (years)—
Duration of oral treatment (months)—

Quarterly risk of oral treatment discontinuation—

Hazard ratio of mortality associated with schizophrenia remission (vs. |
general population)

Proportion of male gender—
Quarterly risk of treatment relapse associated with LAl treatment—

Quarterly risk of treatment relapse associated with oral treatment—

Hazard ratio of mortality associated with relapsed schizophrenia (vs. _|

general population) 2.792

T T T T T T 1
-0.500 0.000 0.500 1.000 1.500 2.000 2.500 3.000

Changes of the reduced QALY associated with schizophrenia patients

Age (years) -

Treatment switching rate from LAl treatment to oral treatment —

Utility ratio of schizophrenia relapse patients relative to general population
Duration of oral treatment (months) |

Utility ratio of schizophrenia remission patients relative to general population -

Hazard ratio of mortality associated with schizophrenia remission (vs.
general population) |

Quarterly risk of oral treatment discontinuation —
Proportion of male gender |

Quarterly risk of treatment relapse associated with LAl treatment -

Hazard ratio of mortality associated with relapsed schizophrenia (vs. |
general population)

Quarterly risk of treatment relapse associated with oral treatment — 1.978

T T T T T 1
-0.500 0.000 0.500 1.000 1.500 2.000 2.500

Figure 2. The impact of uncertainty associated with the main model variables on the measured outcomes for the disease burden of
schizophrenia in the one-way sensitivity analyses. (A) Changes of the differences in life years between schizophrenia patients and the
general population (positive values indicating the increase of the disease burden of schizophrenia on lost life years). (B) Changes of the
differences in QALY between schizophrenia patients and the general population (positive values indicating the increase of the disease
burden of schizophrenia on lost QALY). (C) Changes of the differences in lifetime direct medical costs between schizophrenia patients and
the general population (positive values indicating the increase of the disease burden of schizophrenia on lifetime direct medical costs).
LAI: Long-action injectable; QALY: Quality-adjusted life years.
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Figure 2. The impact of uncertainty associated with the main model variables on the measured outcomes for the disease burden of
schizophrenia in the one-way sensitivity analyses (cont.). (A) Changes of the differences in life years between schizophrenia patients and
the general population (positive values indicating the increase of the disease burden of schizophrenia on lost life years). (B) Changes of
the differences in QALY between schizophrenia patients and the general population (positive values indicating the increase of the disease
burden of schizophrenia on lost QALY). (C) Changes of the differences in lifetime direct medical costs between schizophrenia patients and
the general population (positive values indicating the increase of the disease burden of schizophrenia on lifetime direct medical costs).

LAl: Long-action injectable; QALY: Quality-adjusted life years.

LAI identified in the included patients, the hazard ratio of treatment relapse associated with LAI relative to oral
antipsychotic medications was 0.367. The superiority of LAI over oral antipsychotic medications for the reduced
risk of treatment relapse was expected to substantially reduce the disease burden of schizophrenia. However, the
reduction of the disease burden associated with the increased treatment rate of LAI was modest in the one-way
sensitivity analysis likely due to the short treatment duration of LAI. The treatment duration of LAI in our real-
world patient cohort was only 8.1 months because of the lack of reimbursement support. None of LAls were listed
for reimbursement in China during the study observation time. The schizophrenia patients and their families in
China usually have limited income and they were unlikely to afford the high drug acquisition costs of the approved
LAIL Thus, the improving the patient access to LAI through reimbursement could be an effective solution to
improve health outcomes in Chinese schizophrenia patients.

The estimated lost survival time associated with our schizophrenic patients in the base-case analysis was 20.6 years,
which was in the range of the reported lost life years associated with schizophrenia in the literature (14.5-
25 years) [25,26]. Different from other chronic diseases, the impact of schizophrenia on survival was not well
recognized and previous disease burden studies for schizophrenia have mainly focused on disability and costs.
Our study estimated the mortality risk associated with schizophrenia in Chinese patients irrespective of residence
location. In a real-world setting, the schizophrenia patients living in the rural area could be associated with much
higher mortality risk than those living in the urban cities because of higher suicide rates [27], higher prevalence of
other mental diseases and poorer management [28]. Given the fact that over half of our patients could live in a rural
area, the lost life years associated with our schizophrenic patients could be even higher than our estimates.

Similar to previous economic burden studies, our study confirmed the substantial economic burden of schizophre-
nia from the perspective of healthcare payers. Our retrospective cohort study reported that the medical costs asso-
ciated with one hospital episode were ¥13,769, which was 55% above the average costs of one hospital episode in
China in 2017 20]. According to the one-way sensitivity analyses, the economic burden of schizophrenia in China
was mainly driven by the direct medical costs associated with the local mental health rehabilitation institutes, which
have been well established across China to control the violence and threaten of mental diseases to the society [29].
The telephone interviews with these institutes found that LAI treatment was not used in the community at all due
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Figure 3. The distributions of the measured outcomes for the disease burden of schizophrenia based on the 10,000
Montel Carlo simulations. (A) Reduced life years. (B) Reduced QALY. (C) Increased lifetime direct medical costs.
QALY: Quality-adjusted life years; SD: Standard deviation.
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to the lack of access. Thus, the lack of LAI treatment in the community care for schizophrenia patients could further
increase the risk of disease relapse and cause patients to heavily use local mental health rehabilitation institutes.

Even though this study leveraged real-world patient characteristics, treatment pattern and direct medical costs
associated with over 3000 schizophrenia patients from a Chinese tertiary care hospital to maximize the robustness
of the data sources for the development of schizophrenia disease burden model, the challenges and limitations
associated with model development could still damage the reliability and validity of the estimated disease burden
of schizophrenia. First, selection bias could be associated with the created study cohort, which could include more
patients with newly diagnosed schizophrenia and patients living in the provincial city where the hospital located. The
younger age associated with newly diagnosed schizophrenia patients could overestimate the disease burden because
they would have a longer disease duration. Additionally, the higher medical costs associated with mental health
rehabilitation institutes in the provincial city could overestimate the economic burden of schizophrenia. Second,
reimbursement coverage had a substantial impact on treatment selection. LAI was not listed for reimbursement
during the observation time defined in the retrospective cohort study. Recently, LAI has been listed for national
reimbursement formula and the use of LAI for schizophrenia could be much improved. Thus, the measured disease
burden of schizophrenia in our study should be interpreted under the treatment pattern without reimbursement
coverage of LAI. Third, this study did not conduct chart review to extract more patient clinical characteristics,
such as disease history and previous treatments, which could impact our data analysis regarding the differences
in the measured outcomes associated with LAI and oral treatment. Third, the model assumptions in the decision
analytic model could have a strong impact on the measured disease burden. For example, our study assumed that
patients with more than two treatment relapses were managed in local mental health rehabilitation institutes. This
assumption could underestimate the direct medical costs associated with tertiary care as some included patients
had more than two hospital episodes in the retrospective cohort study. The management pathways associated with
schizophrenia patients in real-world settings should be investigated in the future to further improve the robustness
of our decision-analytic model. Fourth, our study still used a large amount of non-Chinese evidence to estimate
the model variables that could drive the disease burden of schizophrenia. For example, the treatment efficacies of
antipsychotic treatments were mainly based on studies from high-income countries. The quality of life associated
with Chinese schizophrenia patients was based on a utility formula developed from a French study. Even though this
study used conversion methods to improve the validity of these estimations in Chinese patients, future studies are
still needed to validate these conversions and further confirm these estimations. Finally, the medical costs associated
with local mental health rehabilitation institutes were based on the rough estimation from the telephone interview.
These cost estimations might not take into account the additional medical costs associated with managing other
mental disorders, which were prevalent in our study cohort as well. Thus, the economic burden of our schizophrenia
patients could be underestimated. Future studies are still needed to obtain real-world cost data from those institutes
to improve the accuracy of the estimated economic burden of schizophrenia.

In summary, this study used a real-world clinical cohort of Chinese patients with schizophrenia and a decision-
analytic model to demonstrate the disease burden of schizophrenia under treatments, mainly oral antipsychotic
medications. Based on the model simulation of these real-world patients, schizophrenia was associated with
substantial disease burden by reducing survival time over 20 years and tripling the lifetime direct medical costs
when compared with age and gender-matched general Chinese population. Because the mortality and high medical
costs associated with relapsed schizophrenia mainly drove up to the disease burden of schizophrenia, improving
patient access and compliance to treatment with the least risk of treatment relapse, such as LAI, could be an effective
method to reduce the disease burden of schizophrenia in Chinese patients.
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Summary points

e Oral antipsychotic treatments were predominate treatments in Chinese schizophrenia patients. Long-action
injectable treatment was used only in 5% of the Chinese schizophrenia patients.

e The utilization of long-action injectable treatment in the Chinese real-world setting was associated with reduced
hospital admissions and did not increase overall medical costs.

e The Chinese schizophrenia patients were associated with heavy loss of life years and quality-adjusted life years
likely due to poor treatment compliance to oral antipsychotic treatments.

e The economic burden of schizophrenia in China was heavy as well likely due to heavy use of local mental
rehabilitation institutes for the management of relapsed schizophrenia patients.

e Improving patient access to long-action injectable treatment could be an effective method to reduce the disease
burden of schizophrenia in China because long-action injectable treatment was associated with better treatment
compliance, which reduced disease relapse and the utilization of local mental rehabilitation institutes.
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