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Abstract

Background Tuberculosis is the second most deadly infectious disease after COVID-19 and the 13th leading cause
of death worldwide. Among the 30 countries with a high burden of TB, China ranks third in the estimated number
of TB cases. China is in the top four of 75 countries with a deficit in funding for TB strategic plans. To reduce costs

and improve the effectiveness of TB treatment in China, the NHSA developed an innovative BP method. This study
aimed to simulate the effects of this payment approach on different stakeholders, reduce the economic burden on TB
patients, improve the quality of medical services, facilitate policy optimization, and offer a model for health care pay-
ment reforms that can be referenced by other regions throughout the world.

Methods We developed a simulation model based on a decision tree analysis to project the expected effects

of the payment method on the potential financial impacts on different stakeholders. Our analysis mainly focused

on comparing changes in health care costs before and after receiving BPs for TB patients with Medicare in the pilot
areas. The data that were used for the analysis included the TB service claim records for 2019-2021 from the health
insurance agency, TB prevalence data from the local Centre for Disease Control, and health care facilities revenue
and expenditure data from the Statistic Yearbook. A Monte Carlo randomized simulation model was used to estimate
the results.

Results After adopting the innovative BP method, for each TB patient per year, the total annual expenditure was esti-
mated to decrease from $2,523.28 to $2,088.89, which is a reduction of $434.39 (17.22%). The TB patient out-of-
pocket expenditure was expected to decrease from $1,249.02 to $1,034.00, which is a reduction of $215.02 (17.22%).
The health care provider’s revenue decreased from $2,523.28 to $2,308.26, but the health care provider/institution’s
revenue-expenditure ratio increased from -6.09% to 9.50%.

Conclusions This study highlights the potential of BPs to improve medical outcomes and control the costs associ-
ated with TB treatment. It demonstrates its feasibility and advantages in enhancing the coordination and sustainabil-
ity of medical services, thus offering valuable insights for global health care payment reform.
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Background

According to the latest WHO 2022 Global Tuberculosis
(TB) Report, TB is the second most deadly infectious
disease after novel coronavirus pneumonia (COVID-19)
and the 13th leading cause of death worldwide. There
were 10.6 million TB infections, which is equivalent
to 134 cases per 100,000 people, and nearly 1.6 million
deaths from TB. The number of confirmed cases of TB
reached 6.4 million globally in 2021, which increased
from 5.8 million in 2020. Among the 30 countries with
a high burden of TB, China ranks third in the estimated
number of TB cases after India and Indonesia. In 2021,
75 of 136 low- and middle-income countries reported of
needing more funding to fully implement their national
TB strategic plans. The total reported funding gap is $1.6
billion, with the largest gaps observed in Indonesia ($340
million), Nigeria ($256 million), the Philippines ($164
million), and China ($109 million) [1]. Although the Chi-
nese government has provided free services for basic
TB examinations and treatment, as well as the fact that
health insurance policies also cover essential services/
medicines within a defined insurance benefits pack-
age, TB patients still experience a considerable finan-
cial burden [2, 3]. According to the 2022 WHO data,
among the top four countries with the largest funding
gaps mentioned above, the largest average expenditure
per TB patient is in China ($848.078), followed by Nige-
ria ($693.941), Indonesia ($241.342), and the Philippines
($190.077).

A previous study demonstrated that TB service costs
and patients’ financial burdens are high, which is primar-
ily due to the high use of inpatient services [4]. Another
study from Zhenjiang, China, also demonstrated that
despite advances in TB insurance policies, there are still
significant costs associated with TB diagnosis and treat-
ment; moreover, due to the high hospitalization rate, TB
patients still experience a considerable financial burden
[5]. These studies call attention to developing a more
comprehensive benefits package for the TB service that
is included in the health insurance scheme, improving
the utilization of TB treatment guidelines, and reforming
health insurance regulations for TB patients to receive
appropriate health care services.

Case-based Payment (CBP) is a payment mechanism
that has been widely adopted throughout the world.
China introduced this method in 2010 to replace the tra-
ditional fee-for-service (FFS) payment method. There are
currently two approaches to CBP.

The first approach involves grouping cases based on
the diagnosis and severity of the condition. Initially, cases
are categorized by the diagnosed disease. These primary
groups are then subdivided into three severity-based sub-
groups: light (Group A), medium (Group B), and serious
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(Group C). Group A typically includes uncomplicated
cases of a disease, while Group B covers cases with com-
mon complications. Group C, reserved for severe com-
plications, involves a smaller patient cohort. Standard
clinical pathways are established for Groups A and B with
fixed payment standards set by health insurance organi-
zations, which pay according to these predetermined
rates. Conversely, Group C still operates under the fee-
for-service model due to the variability and complexity of
the cases.

The second method segments payments based on the
cost associated with different case subgroups. This is
done by categorizing diseases into three broad catego-
ries—surgical, nonsurgical, and pediatric treatments—
based on the operation codes from the International
Classification of Diseases, Ninth and Tenth Revisions
(ICD-9 and ICD-10). Patients are then grouped accord-
ing to their specific diagnoses into these categories. Each
category is further divided into three cost-based seg-
ments: high, medium, and low. Payment standards are
then assigned to each segment within these groups, and
health insurance organizations settle accounts with med-
ical institutions based on the proportion of cases in each
segment and the corresponding payment standard [6-8].

Currently, health insurance departments in China
mostly adopt CBPs for TB patients. China classifies vari-
ous types of TB, including pulmonary, extrapulmonary,
drug-sensitive and drug-resistant cases. The principle of
CBP is the same for all types, although the specific treat-
ment plans may vary slightly. The management expenses
for all TB patients in China are primarily covered by the
National Health Security Administration (NHSA). More-
over, China also has several national TB prevention and
control programs, which are under the jurisdiction of the
NHSA. China’s civil affairs relief departments also pro-
vide extra financial assistance for patients in particularly
difficult economic situations; however, this is separate
from the NHSA [8].

Over the last 13 years (from 2010 to the present), the
implementation of a CBP system for TB has significantly
improved the rate of initial diagnosis, the detection rate
of patients, and treatment compliance, as well as reduced
the loss of cases and promoted the standardized treat-
ment and management of TB patients [9-11]. Compared
to FFS, CBPs can reduce high medical costs and control
the rapid growth of medical expenses [11]. Additionally,
through SWOT analysis of interviews with stakeholders
and analysis of routine hospital data, scholars have found
that CBPs for TB services can alleviate the economic
burden on patients, standardize doctors’ diagnostic and
treatment behaviors, control medical costs, and ensure
the quality of services [12]. However, there are certain
shortcomings and problems with CBPs. CBPs are usually
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made on the basis of a specific case or disease, which may
lead to fragmentation of the medical process into differ-
ent stages or parts, which correspondingly may lead to
a decline in the coordination and continuity of medical
services, as different providers may focus only on their
own scope of payment to neglect the overall treatment
outcome. CBP emphasizes payment on a case-by-case
basis, which may only be able to comprehensively cover
some patients’ medical needs and treatment processes.
Due to the fact that CBPs are paid based on specific
cases or diseases, providers or doctors may provide more
medical services to increase their income. This may lead
to overtreatment and unnecessary medical manipulation,
thus increasing the cost of care with no apparent benefit.
In particular, a considerable financial burden remains for
most TB patients, especially poor patients who are hospi-
talized [13].

In this context, NHSA has developed an innovative pay-
ment mechanism (the bundled payment, BP) and imple-
mented it in the nationwide provider payment pilots
performed by the NHSA. In this payment model, health
care insurance institutions or payers do not pay for indi-
vidual service items but make lump-sum payments based
on the total cost of a series of related medical services.
These services may involve a specific medical proce-
dure, treatment process, or treatment cycle for a disease.
According to the literature, U.S. Medicare has been pilot-
ing BP programs since the late 1980s [14]. One example
is the pilot organized by the Center for Medicare and
Medicaid Innovation (CMMI), in which a BP is devel-
oped for the Coronary Artery Bypass Grafting (CABG)
and cardiac care. The results showed that seven partici-
pating providers saved $42.3 million (approximately 10%
of expected expenditures) over five years [15]. In 2007, a
BP approach was introduced as a critical intervention in
the Netherlands’ comprehensive diabetes-focused care
program. The results showed that this payment program
achieved risk sharing, increased the frequency of care
provided by providers, decreased blood pressure and
cholesterol levels, and significantly improved the health
status of patients with diabetes [16]. In 2010, the Obama
bill reformed Medicare’s payment system and officially
introduced BPs on a large scale. When regarding imple-
mentation effects, BPs have promoted collaboration
among different providers and effectively increased the
sense of risk sharing among providers [17].

The following factors are some of the main differences
observed between CBPs and BPs. Firstly, CBPs are pay-
ments according to cases or diseases, whereby the medi-
cal institution or doctor receives a fixed sum based on
the patient’s diagnosis or treatment. BPs bundle a series
of related health care services to pay a fixed fee for the
entire process or phase. Secondly, CBPs typically focus
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on treating a single case or disease, with payment based
on a specific diagnostic code or disease classification.
BPs encompass a much broader scope and can include
a range of related health care services, such as all of the
costs associated with a surgical procedure (including
surgery, anesthesia, hospitalization and others). Thirdly,
CBPs are usually one-time, such as a single payment for
each patient or disease. BPs involve a much longer time
period and can encompass the entire process ranging
from admission to discharge or a specific stage of care.
Furthermore, in CBPs, the provider or doctor usually
charges a fixed fee, which covers the entire treatment of
the case or disease. In BPs, the allocation of fees may be
adjusted based on the relative value of different medical
services or resource utilization. Lastly, CBPs may incen-
tivize physicians to provide comprehensive and high-
quality care because their income is tied to the success of
their treatment. BPs can incentivize providers or physi-
cians to deliver efficient and coordinated care at specific
stages or processes to ensure quality and effectiveness
[17-22].

The objectives of this study were to simulate the effects
of this BP approach on different stakeholders (includ-
ing TB patients, payer/health insurance agencies, and
TB health care providers) within the health care system
to provide analytical evidence to support the adoption
of these newly developed health care provider payment
methods in overall health care provider payment inter-
ventions. Moreover, this study aimed to utilize such an
effective policy tool to lower the economic burden on
TB patients, decrease their likelihood of hospitalization,
increase their chances of seeking outpatient care, and
alleviate their suffering. Second, it seeks to improve the
financial stability of health care providers, assist the gov-
ernment in optimizing related policies, and reduce the
financial risks to health insurance funds. Finally, we hope
to provide some experiences or models that other coun-
tries or regions can reference.

We used Monte Carlo simulation for our study. Accord-
ing to the literature, the use of simulation methods to
examine the ex-ante impact of health policy changes
has been able to help researchers in gaining insights
into which variables are most important to what is being
evaluated, thus allowing us to explore possible problems
and scenarios without the need for real experiments.
For example, Thurecht et al. [23] predicted the number
of Australians aged 25 years and older who would be
expected to have prediabetes and type 2 diabetes over a
45-year simulation period by simulating the development
of a diabetes model ex ante. The authors simulated dis-
ease control in terms of variables such as blood glucose
levels, cholesterol levels, body weight and blood pressure.
The model produced a wide range of epidemiological
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and economic outputs to assess the current and pro-
jected impact of disease on people. The number and cost
of complications associated with type 2 diabetes and the
impact on the level of diabetes control were also success-
fully predicted [24]. Lin et al. [25] considered simula-
tion methods as a tool to estimate the health impact of
changes in risk factor prevalence in a population, and
the results can be directly used in health policy devel-
opment to set targets or quantify different scenarios of
future changes in risk factor prevalence; alternatively, the
results can be used as input to formal decision-making
processes, such as cost-effectiveness studies. Freebairn
et al. [26] argued that simulation methods can also syn-
thesize and leverage existing evidence, data, and expert
local knowledge to examine the likely impact of alterna-
tive policy and service delivery options in a robust, low-
risk, and low-cost manner. For example, Freebairn et al.
[27] combined senior public health policy-makers and
health service providers to provide experience and suc-
cessfully conducted simulation modelling of three health
policy case studies (alcohol-related harm, childhood obe-
sity prevention, and diabetes in pregnancy).

The most significant contribution of our research is the
in-depth analysis and evaluation of the BP mechanism,
thus demonstrating that the BP approach developed
by the NHSA is viable and beneficial for TB patients in
China, which provides an innovative perspective. This
new payment model could significantly improve medi-
cal service quality, reduce patients’ financial burden, and
enhance the financial stability of health insurance funds,
especially in TB treatment. By analysing the impact of
case-based and BPs on the behaviour of medical ser-
vice providers and the economic burden on patients,
we emphasized the importance of improving payment
mechanisms to enhance the quality of medical services
and patient satisfaction. Furthermore, we demonstrated
that BPs could help to improve the coordination and con-
tinuity of medical services, which is particularly impor-
tant for managing chronic and complex diseases. By
fostering collaboration among multidisciplinary teams,
BPs can improve medical services throughout the disease
treatment cycle. Ultimately, our research aims to extend
such a payment method from pilot projects focused on
a single disease to other diseases (especially those such
as chronic diseases that require emphasis on prevention)
and implement it in all of the regions across the country.

Compared to previous studies on different health care
payment methods, our research differs in the follow-
ing ways. Firstly, past studies have focused on evalu-
ating a single payment method (such as FFS or CBP),
whereas our research introduces the innovative mecha-
nism of BPs, thus providing a multidimensional analy-
sis of medical payment methods. It analyses the effects
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of CBPs and specifically explores how BPs impact cost
control, the behaviour of medical service providers, and
patients’ financial burden in TB treatment. In addition,
our research not only focuses on the direct impact of
payment methods on medical costs and service quality
(which is typically the only consideration) but also con-
siders how reforming medical payment mechanisms can
improve the financial stability of medical service provid-
ers, assist the government in optimizing related policies,
and reduce the financial risks to health insurance funds.
These recommendations provide strategic support for the
comprehensive reform of the medical system. Further-
more, unlike studies that are usually limited to a single
country or region, our research offers an international
and regional perspective by comparing the implemen-
tation experiences of BPs in China and other countries
(such as the USA and the Netherlands). This helps in
understanding the feasibility and effects of BP strategies
in different medical systems. Lastly, by analysing the eco-
nomic burden of TB patients, our research delves into the
impact of medical payment methods on the economic
situation of specific patient groups. This analysis empha-
sizes the importance of considering patients’ economic
affordability when designing medical payment policies.

Methods
Bundled payment design
This pilot used the BP concept to design a TB pro-
vider payment intervention. A BP is a payment method
that is used to calculate the sum of all of the clinically
defined actions of health care delivery. The advantage
is that the health care service provider and payer share
financial risks. If the cost of care is less than the BP
amount, the provider retains the difference. However,
if the cost exceeds the amount paid, the provider bears
the loss [18, 19, 28].

The key features of the design of this innovative pay-
ment intervention in this pilot include the following.

Identification of TB patients

The TB cases included primary and secondary TB diag-
noses with the ICD-10 codes A15.0, A15.1, A15.2, A15.3,
Al54, A15.7, A16.0, Al16.1, A16.2, A16.3, and A16.7.

Bundled payment rate estimation

The payment rate covers outpatient and inpatient ser-
vices per patient per year with a defined targeted hospi-
talization rate. The payment rate is estimated by using
previous 3-year expenditure data (2019-2021) of the
infectious disease hospitals in this pilot city.
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Insurance payment

The total annual amount of health insurance payments
to health care providers/institutes is based on the esti-
mated number of TB patients multiplied by the BP
price and the insurance reimbursement rate. The BP
price is individualized and determined based on a uni-
form TB treatment plan that is established nationwide,
taking into account the economic differences in prices
in each province/region. The reimbursement rate is
based on the previous 3-year rates (2019-2021).

Monitoring and evaluation

As part of the intervention, the pilot project introduced
a series of monitoring and evaluation activities to rein-
force the implementation of the interventions with
the following key areas of focus: (1) the intervention
has been implemented according to the design, (2) the
standardized treatment has been used appropriately,
(3) the incentive, the potential savings that are kept or
potential loss borne by the providers has been put into
effect, and (4) the monitoring and supervision activities
have been performed appropriately.

The pilots of this BP intervention for TB services
were performed in four cities, with approximately 1.98
million people covered by the Urban Employee Basic
Medical Insurance (UEBMI) and the Urban Resident
Basic Medical Insurance (URBMI). Given that BP is a
flat rate per patient per year, it is expected that health
care providers will strive to reduce service costs, espe-
cially regarding unnecessary hospitalization services.
Therefore, they can generate more savings to make
their financial status more sustainable. These changes
will also likely reduce TB patients’ financial burden and
the financial risks of health insurance.

Analytical model, variables, and data sources

We established our analytical model through the fol-
lowing three steps: before the intervention, after the
intervention, and after the intervention with the uncer-
tainties during the implementation. All of the calcula-
tions below indicate the amount per TB person by year.
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We defined ‘medical expenditure’ as ‘E(T) in the
analysis, which is the key outcome variable. Without
the intervention, medical expenditures consisted of two
components: outpatient and inpatient expenditures.
Therefore, we defined ‘the outpatient medical expend-
iture’ as ‘E(O)’ and defined ‘the inpatient medical
expenditure’ as ‘E(I)! This can be expressed with Eq. (1)
below, where i represents each patient.

E(T); = E(0); + E); (1)

With the intervention, we expected that due to the
financial incentive introduced by the BP and patient
treatment guideline application, a certain percentage of
patients would shift from inpatient to outpatient care,
with a decrease in the number of inpatients and a cor-
responding increase in the number of outpatients.

This also indicates a decrease in inpatient expen-
ditures and a corresponding increase in outpatient
expenditures. Before the intervention, we defined ‘the
outpatient medical expenditure’ as ‘O, and ‘the inpa-
tient medical expenditure’ as ‘I, After the intervention,
AE(O); represents the increase in outpatient medical
expenses. AE(I); represents the decrease in expendi-
tures on inpatient medical services. AR(O); represents
the amount of change in the outpatient rate, and AR(J);
represents the amount of change in the hospitalization
rate. AR(O); and AR(I); are two negatively correlated
indicators, so AR(O); is equal to AR(J);. ‘N’ represents
the number of TB patients. N x AR(O); represents
the increase in the number of outpatients, which cor-
responds to the decrease in the number of inpatients
(N x AR(I);). Og x N x AR(I); represents the total
increase in outpatient expenditure resulting from the
. . . OoxN XAR();
increase in the number of outpatients. =~~~ rep-
resents the increase in outpatient expenditure per TB
patient. Iy X N x AR(I); represents the total decrease
in inpatient expenditure resulting from the decrease
in the number of inpatients. % represents the
decrease in inpatient expenditure per TB patient. After
sorting and simplifying, the estimation of the medical
expenditure per TB patient by year can be expressed in
Eq. (2) below.

O x N x AR(O);

E(T); =E(0); + E(I); = (O¢ + AE(O);) + (Io — AE(I);) = (Og + N )
4y o N;AR(I),-) _ (04 QXN AR, o N;AR(I)i) o)

= [Op x (100% + ARI);)] + [op x (100% — AR(I);)]
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Payment intervention for TB patients

Not implemented payment intervention

The whole process of
standardized treatment

Implemented payment intervention

Not the whole process of
standardized treatment

Incentives applied (dP,)

Appropriate-incentivized
applied (dP,)

Supervision and assessment
applied (dP;)

Not supervision and
assessment applied (1-dP;)

Fig. 1 Diagram of the decision tree

As we assumed, the implementation of this interven-
tion will encounter some uncertainties, ranging from
whether the payment intervention is implemented or
not in the pilot areas, whether the standardized treat-
ment guideline has been followed appropriately or
not, whether incentives are applied or not, whether

Not incentives applied (1-
dp))

Not Appropriate-incentivized
applied (1-dP,)

Supervision and assessment
applied (dP5)

Not supervision and
assessment applied (1-dP5)

appropriate-incentivized factors are applied or not,
and whether supervision and assessment are applied or
not. All of these uncertainties will affect the interven-
tion results, thus decreasing the effects of reducing the
hospitalization rate and controlling TB service expen-
ditures. Supervision and assessment can influence the
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effectiveness of incentive implementation and thereby
the implementation of standardized treatment. We used
a decision tree to map the alternative outcomes associ-
ated with these uncertainties, as shown in Fig. 1.

We subsequently included these uncertainties in esti-
mation Eq. (3) below.
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the standard cost of the service package for general TB
patients (as shown in Table 1).

Statistical analysis
A Monte Carlo randomized simulation model was
applied to the data analysis. Clark first introduced

E(T); = {Opx[1 + (100% — R(I)) x dPy x dPs x dP3]}+{Iox[1—(100%—R(I)) xdP1 xdPyxdPs]} 3)

We introduced the targeted hospitalization rate R(I) in
Eq. (3) to represent the “ideal” hospitalization rate under
the intervention. We assumed that the original hospi-
talization rate was 100%, which is the worst-case sce-
nario. AR(J); is equal to (100% — R(J)). This target will
be affected by the uncertainties of (1) the probability of
whether incentives are applied or not, which is repre-
sented by dP;; (2) the probability of whether appropri-
ate incentives are applied or not, which is represented
by dP,; (3) the probability of whether supervision and
assessment are applied or not, which is represented by
dP; and (4) the values of dP,/dP,/dP; are all assumed to
be in the range of (0-100%) for the simulation analysis.

The data that were used for this analysis are taken from
five main sources in one of four pilot cities. The first data
source is the claim records of TB services from the health
insurance agency from 2019 to 2021. These data have
been used for TB patient service utilization analysis. The
second data source is the local Centre for Disease Con-
trol (CDC). These data have been used to estimate the TB
hospitalization rate and annual number of TB patients.
The third source of data is the local statistics yearbooks.
These data have been used to estimate the revenue and
expenditure of health care facilities that provide ser-
vices to TB patients. The fourth dataset comes from the
China Technical Guidelines for TB Prevention and Con-
trol (2020 Edition) and the Local Medical Service Price
Catalogue. The fifth figure is from the National Statisti-
cal Office. These two sets of data are used to calculate

Table 1 List of data sources

the Monte Carlo method in 1961 [29]. Most schol-
ars apply it to computational simulations [30]. Richter
and Mauskopf [31] applied the Monte Carlo simulation
model in the health care domain and used it to econom-
ically evaluate health care interventions. A Monte Carlo
simulation experiment was used to evaluate the cost-
effectiveness of FFS and BP for breast cancer patients
[32]. Arenas et al. [33] used Monte Carlo simulations
to estimate the health impact of common preventive
health interventions applied to individuals in quality-
adjusted life-years (QALYs). In this experiment, 100
Monte Carlo simulations were used to assess the eco-
nomic impacts of changes in policy. Using existing evi-
dence and data, we can examine the possible impacts of
the implementation of BP policies in a robust, low-risk,
and low-cost manner.

Results

The estimated input values and assumptions

for the simulation analysis and other data are used

The inputs include O, (outpatient medical expenditure),
I, (patient medical expenditure), and R(I) (target hospi-
talization rate). Parameters to be used in calculating the
results include the actual reimbursement rate (%), the
number of TB patients, the income of TB providers/insti-
tutions, the expenditure of TB providers/institutions, the
standardized cost of a package of services for a general
population of TB patients, and the Consumer Price Index
for Health Services (CPIHS) (shown in Table 2).

Characteristics

Variables Source of data

Outpatient medical expenditure O
Inpatient medical expenditure lo
Actual reimbursement ratio (%) -
Number of TB patients N
Target hospitalization rate R()
Revenue for TB health care providers/institutes -
Expenditure for TB health care providers/institutes -
Standard cost of service package for general TB patients -

The claim records of TB services from the health insurance agency from 2019
to0 2021

The local Centre for Disease Control (CDC)

The local statistics yearbook

Technical Guidelines for TB Prevention and Control in China (2020 edition) & Local

Medical Service Price Catalogue

Consumer price index for medical services CPIMS

National Statistical of Statistics
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Table 2 The input values and assumptions for this simulation analysis

Characteristics Variables Values and assumptions
Outpatient medical expenditure Oy $660.44

Inpatient medical expenditure ly $1,862.84

Target hospitalization rate R(1) 30% or 50%

Actual reimbursement ratio (%) - 50.50%

Number of TB patients N 4,920

Revenue for TB health care providers/institutes $17,550,000.00
Expenditure for TB health care providers/institutes $18,610,000.00

Standard cost of service package for general TB patients - $1,225

Consumer price index for medical services CPIMS 102.3

Table 3 Indicators for TB patients 2019-2022

Unit: $
Variables 2019 2020 2021 2022 (1:2:7)
0, 445,05 598.62 708.88 660.44
ly 1,811.66 1,676.29 1,923.45 1,862.84
N 5,745 5,501 4,636 4,920
Actual reimburse-  53.56 51.79 49.69 50.50

ment ratio (%)

Below is specific information and an explanation of the
input values and assumptions that were used for the anal-
ysis and some of the data that were used in the calcula-
tion of the results.

The estimation of total annual expenditures per TB patient
without intervention

We used an exchange rate ranging from ¥6.45 to $1.00
(the average exchange rate in 2021) to convert expen-
ditures/costs to USD. We applied the ratio of 1:2:7
weights to the data from 2019-2021 to predict the val-
ues of O, (outpatient medical expenditure), /, (patient
medical expenditure), N (number of TB patients)
and the actual reimbursement ratio (%) (as shown in
Table 3). The 1:2:7 ratio comes from the DIP (big data

diagnosis-intervention package) program in China.
The Chinese government began piloting this big data-
based payment by disease fraction in 2020 as a sup-
plement to and extension of DRGs (diagnosis-related
groups). The program calculates the average hospitali-
zation cost to comprehensively reflect the development
trend of disease costs over the years by using the past
data of the last three years in a time-weighted form to
calculate the average value of that cost. For example,
for the current year of 2022, we use the historical data
of the previous three years, according to the ratio of
2019:2020:2021 =1:2:7.

Target hospitalization rate (R(1))

The targeted hospitalization rate (R(I)) is considered an
“ideal” hospitalization rate that the project is aiming to
achieve over time. A hospitalization rate of 30%, which
was introduced by the China National Health and Family
Planning Commission/China CDC in its innovative TB
control and prevention program in four Chinese cities
[34], was used as the targeted hospitalization rate in this
simulation analysis. In addition, we used R(I)=50% for
the sensitivity analysis, given the potential challenges of
reducing the hospitalization rate significantly in the short
term.

Table 4 Revenue and expenditure for TB health care providers/institutes in the pilot city, 2018-2022

Unit: million $

Items 2018 2019 2020 2021 (1:2:7) 2022 (1:2:7)
Revenue 19.50 2240 15.66 17.39 17.55
Expenditure 20.39 22.38 17.12 18.50 18.61
Surplus (Difference between revenue & -0.89 0.02 -146 -1 -1.07
expenditure)

Surplus/Revenue ratio -4.57% 0.07% -9.34% -6.38% -6.09%
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Table 5 Standard cost of service packages for general TB
patients

Unit: $

Medical treatment items General type TB

Anti-tuberculosis drugs 73.64
Outpatient check-ups examinations 328.06
Inpatient check-ups 472.09
Adverse reaction management 120.00
Complication management 151.94
Other, e.g., molecular biology diagnostics 24.81
Total 1,170.54

The estimation of the revenue and expenditure of health care
providers/institutes without the intervention

According to the Infectious Disease Hospital data related
to the pilot city in the 2018-2020 health sector financial
accounts report, we use 1:2:7 to predict the potential
revenue, expenditure, and surplus yield from TB ser-
vices provided by health care providers in 2021 and 2022
(Table 4). The results showed that health care providers/
institutions would experience a financial loss due to the
fact that the revenue is lower than the expenditure.

The estimation of standardized TB patient treatment costs
For comparison purposes, we also estimated the stand-
ardized TB patient treatment cost based on services
listed in the Technical Guidelines for TB Prevention
and Control in China (2020 edition) [35]. The probabili-
ties of occurrence of the services and the price of each
treatment item and medicine were determined accord-
ing to the local medical service price catalogue. The
estimation of standardized treatment costs per patient
=" N; x P; x w;, where N represents the number of
service items, P represents the price of the service items,
7 represents the probability of the occurrence of the ser-
vices, and i represents a specific service item. The results
of the standard cost measurement are shown in Table 5.
According to the abovementioned data, the total cost
of the whole process of standardized treatment for TB
patients was $1,170.54 in 2020. This value will certainly
change to some extent in 2022 due to factors such as
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economic levels and spending power. We project this
change based on the 2020 consumer price index for med-
ical services (CPIMS) published by the National Bureau
of Statistics in China. The CPIMS was 102.3 in 2020,
and we predicted that the whole process of standardized
treatment for TB patients will be $1,225 in 2022.

Results of Monte Carlo randomized simulation
experiments for general TB patients

We used Eq. (3) as our simulation model to predict the
total annual expenditure per TB patient. We assume
that treatment effects remain consistent across pay-
ment mechanisms. Monte Carlo randomized simulation
experiments were conducted 100 times with the relevant
inputs described above. The estimated results showed
that, if R(I) =30%, the average value after the intervention
from the experimental results is $2,088.89, the minimum
value is $1,695.91, and the maximum value is $2,449.82.
If R(I)=50%, the average value after the intervention
from the experimental results is $2,243.67, the minimum
value is $1,925.55, and the maximum value is $2,451.77
(Table 6). These estimated results are above the value
of $1,225, which represents the estimated standardized
treatment costs, given the uncertainties of the imple-
mentation of the intervention. The estimated results also
showed that after the intervention, the total annual medi-
cal expenditure per TB patient was lower than the total
annual medical cost before the intervention, which was
approximately $2,523.28 per patient per year.

The estimated financial “benefits” of each stakeholder
in the system
The total annual expenditure per TB patient is mainly
composed of health insurance payments (HIPs) and out-
of-pocket (OOP) payments. The results in Table 7 show
that without the intervention, the total annual expendi-
ture per TB patient is expected to be approximately
$2,523.28. The OOP expenditure is $1,249.02, and the
HIP expenditure is $1,274.26 per patient, with a reim-
bursement rate equal to 50.50% (Table 3 by 2022).

With the intervention, if R(I)=30%, the total annual
expenditure per TB patient is expected to decrease from
$2523,28 to $2088.89, which is a decrease of $434.39

Table 6 Total annual medical expenditures per patient before and after the intervention in 2022

Unit: $
R(I) Standardized treatment Before intervention After intervention

Average value Minimum value Maximum value
30% 1,225.00 2,523.28 2,088.89 1,695.91 2/449.82
50% 2,243.67 1,925.55 2451.77
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Table 7 Changes in revenue and expenditure per patient before and after the newly developed payment
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(Per TB patient
by year)

Medical (M) expendi-
ture

Out-of-pocket (OOP)
expenditure

Health Insurance
Payments (HIP)
expenditure

Health care Provider
(HP) revenue

HP additional
revenue

Rate of HP additional
revenue

Expected savings
of medical expendi-
ture

Expected savings
of OOP expenditure

Rate of expected
savings for medical
expenditure

Rate of expected
savings for OOP
expenditure

(Per TB patient
by year)

Medical (M) expendi-
ture

Out-of-pocket (OOP)
expenditure

Health Insurance
Payments (HIP)
expenditure

Health care Provider
(HP) revenue

HP additional
revenue

Rate of HP additional
revenue

Expected savings
of medical expendi-
ture

Expected savings
of OOP expenditure

Rate of expected
savings for medical
expenditure

Rate of expected
savings for OOP
expenditure

Before intervention
value

Average

2,523.28

1,249.02

1,274.26

2,523.28

Before intervention
value

Average

2,523.28

1,249.02

1,274.26

2,523.28

After intervention value

-R()=30%

Average Minimum  Maximum
2,088.89 169591  2,449.82
1,034.00 839.48 1,212.66
1,274.26 127426  1,274.26
2,308.26 211373 2/486.92
219.37 417.82 37.10
9.50% 19.77% 1.49%
434.39 82737 7346
215.02 409.55 36.36
17.22% 32.79% 291%
17.22% 32.79% 291%

After intervention value

-R() =20%

Average Minimum  Maximum
2,018.76 1,569.80 2,476.07
999.29 777.05 1,225.65
1,274.26 127426  1,274.26
2,273.54 205131  2,499.91
254.78 481.51 23.84
11.21% 2347% 0.95%
504.52 95348 47.21
249.74 471.97 23.37
19.99% 37.79% 1.87%
19.99% 37.79% 1.87%

After intervention value
-R()=50%

Average

2,243.67 1,925.55
1,110.62 953.15
1,274.26 1,274.26
2,384.87 222740
141.20 301.85
5.92% 13.55%
27961 597.73
13841 295.88
11.08% 23.69%
11.08% 23.69%

After intervention value
-R(l)=10%

Average

1977.73 1,442.04
978.98 713.81
1,274.26 1,274.26
2,253.23 1,988.06
275.50 546.03
12.23% 2747%
545.55 1,081.24
270.05 53522
21.62% 42.85%
21.62% 42.85%

Minimum  Maximum

2451.77

1,213.63

1,274.26

2,487.88

36.11

1.45%

71.51

3540

2.83%

2.83%

Minimum  Maximum

2459.61

1,217 .51

1,274.26

2491.76

32.16

1.29%

63.67

3152

2.52%

2.52%

Unit: $

Description

(E: Expenditure; R: Revenue;
AR: Additional Revenue;
ESE: Expected savings
expenditure)

E(M)
E(OOP)=E(M)x49.5%

E(HIP)=E(M-
Before) x 50.50%

R(HP)=E(OOP) + E(HIP)
AR(HP)=R(HP)- E(M)
Rate[AR(HP)] = AR(HP)/R(HP)

ESE(M) =E(M-Before)- E(M-
After)

ESE(OOP) =E(OOP-Before)-
E(OOP-After)

Rate[ESE(M)] =ESE(M)/E(M-
Before)

Rate[ESE(OOP)] =ESE(OOP)/
E(OOP-Before)

Description

(E: Expenditure; R: Revenue;
AR: Additional Revenue;
ESE: Expected savings
expenditure)

E(M)

E(OOP) =E(M)x49.5%

E(HIP)=E(M-
Before) x 50.50%

R(HP)=E(OOP) + E(HIP)
AR(HP)=R(HP)- E(M)
Rate[AR(HP)] = AR(HP)/R(HP)

ESE(M) = E(M-Before)- E(M-
After)

ESE(OOP) = E(OOP-Before)-
E(OOP-After)

Rate[ESE(M)] =ESE(M)/E(M-
Before)

Rate[ESE(OOP)] =ESE(OOP)/
E(OOP-Before)
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(17.22%), and the OOP expenditure is expected to
decrease by $215.02 (17.22%). When R(I)=50%, the
total annual expenditure per TB patient is expected
to decrease from $2523,28 to $2,243.67, which is a
decrease of $279.61 (11.08%), and the OOP expendi-
ture is expected to decrease by $138.41 (11.08%). If
R(I)=20%, the total annual expenditure per TB patient is
expected to decrease from $2523,28 to $2018.76, which
is a $504.52 (19.99%) decrease, and the OOP expendi-
ture is expected to decrease by $249.74 (19.99%). When
R(I)=10%, the total annual expenditure per TB patient is
expected to decrease from $2523,28 to $1,977.73, which
is a decrease of $545.55 (21.62%), and the OOP expendi-
ture is expected to decrease by $270.05 (21.62%).

Health care provider (HP) revenue is also mainly
composed of the HIP and OOP. Based on the inter-
vention design, the health insurance reimbursement
rate of 50.50% (Table 3 by 2022) and HIP in 2022 will
remain unchanged from the previous year (this pay-
ment rate will increase over time based on the nego-
tiated rate). Therefore, the HIP is still $1,274.26 with
the intervention. When R(I)=30%, although the HP
revenue decreased from $2523.28 to $2,308.26, the
OOP decreased from $1,249.02 to $1,034.00. The HP
will receive additional revenue of $219.37. The rev-
enue/expenditure ratio increased from -6.09% to 9.50%.
When R(I)=50%, although the HP revenue decreased
from $2523.28 to $2,384.87, the OOP decreased from
$1,249.02 to $1,10.62. The HP will receive additional rev-
enue of $141.20. The revenue/expenditure ratio increases
from -6.09% to 5.92%. When R(I) =20%, although the HP
revenue decreased from $2523.28 to $2,273.54, the OOP
decreased from $1,249.02 to $999.29. The HP will receive
additional revenue of $254.78. The revenue/expenditure
ratio increased from -6.09% to 11.21%. When R(I) =10%,
although the HP revenue decreased from $2523.28 to
$2,253.23, the OOP decreased from $1,249.02 to $978.98.
The HP will receive additional revenue of $275.50. The
revenue/expenditure ratio increases from -6.09% to
12.23%.

Discussion

BP has been used as an effective policy instrument
to change health care providers’ practice behaviours,
improve the quality of care, and control the cost of ser-
vices. The BP intervention that was developed for this
pilot study aims to achieve those goals through financial
incentives to promote low-cost TB treatment (such as
outpatient services instead of inpatient services), in order
to reduce patients’ financial burdens, increase health care
providers’ financial stability, and reduce the financial risk
to health insurance funds while ensuring that TB treat-
ment follows standard treatment guidelines in China. The
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estimated results from this simulation analysis showed
that with a bounded payment intervention and a tar-
geted hospitalization rate of 30%, patient OOP could be
reduced by approximately 17.22%. Although the revenues
of health care providers/institutions declined, their rev-
enue/expenditure ratio increased from -6.09% to 9.50%,
which made them financially more sustainable. Health
insurance payments could be controlled accordingly with
the negotiation payment rate over time. The simulation
results showed that even with a higher hospitalization
rate of 50% or a lower hospitalization rate of less than
30%, the potential benefits of the different stakeholders
still hold more significance.

Based on data from the pilot area in 2022, 631 general
TB patients received fully standardized treatment. The
hospitalization rate for this population was 44.85%, and
the average medical cost per patient was $1557.46. This
result suggested that hospitalization rates can be signifi-
cantly controlled (between 30 and 50% of our prediction)
if patients follow standard TB treatment guidelines in
China. The average medical cost for patients was close to
the predicted standard cost for treatment guidelines. This
result demonstrates this study’s effectiveness in imple-
menting this BP model in the pilot area.

Although we have applied BPs to address TB patients’
health care service issues, this method applies to other
similar chronic disease conditions to promote coordi-
nated services, such as the balance between outpatient
and inpatient care or daily based patient management
and emergency services, throughout the entire treatment
period to improve the efficiency and effectiveness of
health care services. For example, for patients with dia-
betes, if provider payments can more effectively promote
the control of blood glucose, diabetes could be prevented.
This could subsequently lead to cost savings and health
improvement over a longer period of time. Recently, pay-
ment intervention efforts in China have focused more
on hospital services. BPs could be one of the policy tools
that can help to achieve this objective.

The results of this study are based on simulations,
which have many assumptions. The actual pilot experi-
ments were performed in the selected pilot cities. The
impact evaluation was planned to examine the actual
effects of this innovative BP on the change in TB patients’
hospitalization rate, the improvement of health care ser-
vices, the potential cost savings, and the potential finan-
cial impacts on the different stakeholders.

This study’s use of data from a specific pilot area, sup-
ported by the Gates Foundation as part of a BP initiative,
brings several implications for the validity and robust-
ness of its findings. The high relevance of the research is
supported by the focus on tuberculosis patients within
this pilot area, allowing for a precise examination of
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policy effects pre- and post-implementation. This setup
offers a controlled environment, which facilitates the
identification of causal relationships and enhances the
study’s internal validity by minimizing external variable
interference.

Additionally, the random selection of the pilot site
helps mitigate sample bias, potentially making the find-
ings more representative of a broader population of TB
patients. However, there are inherent limitations to this
approach. The data’s applicability to other regions may be
limited due to social, cultural, and economic differences,
which could impact the external validity of the findings.
Specific environmental factors unique to the pilot site
might also influence the outcomes, further challenging
the robustness and general applicability of the results.

Looking ahead, future research aims to expand the
study to multiple pilot areas to better generalize the
results across different settings. This expansion intends
to select cities with comparable social, cultural, and eco-
nomic backgrounds to the original pilot area for control
groups. Such an approach will likely reduce the impact
of external variables and improve the internal valid-
ity of subsequent findings, thereby enhancing the over-
all reliability and applicability of the research in diverse
environments.

Conclusions

This study demonstrated the potential effectiveness of
bundled provider payments as a policy tool for quality
improvement and cost control in health care. The inter-
vention that was developed for this pilot study, which
promotes low-cost TB treatment through outpatient ser-
vices, has shown promising results in reducing the finan-
cial burden on patients, increasing the financial stability
of health care providers, and reducing the financial risk
to health insurance funds.

Simulation analysis suggested that patient out-of-
pocket costs could be reduced by approximately 17.22%,
with a target hospitalization rate of 30%. Even with a
greater hospitalization rate of 50% or a lower hospitali-
zation rate of less than 30%, the benefits to stakehold-
ers remain significant. Real-world data from the pilot
area in 2022 support these findings, with hospitaliza-
tion rates and average medical costs aligning closely with
predictions.

This study faced several limitations that could influ-
ence the interpretation of the results. The simulation
model adopted the China CDC’s recommended TB inpa-
tient rate as the target hospitalization rate. We explored a
range of plausible scenarios by simulating hospitalization
rates of 30% and 50%, as well as 20% and 10%. Despite
these varied simulations, we cannot discount the pos-
sibility that actual hospitalization rates might exceed
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our highest projections, potentially diminishing the per-
ceived effectiveness of the interventions.

Furthermore, the baseline data utilized in this analysis
were exclusively from 2020, a period heavily impacted by
COVID-19 outbreaks. This might have altered both the
number of patients and the types of services rendered,
thereby affecting our simulation outcomes. Another
potential limitation is the set of assumptions regard-
ing the effectiveness of the intervention, which was
predicated on an assumed initial hospitalization rate of
100%—a worst-case scenario.

Our financial forecasts relied on data from contagious
disease hospitals in the pilot city, which might not accu-
rately reflect the financial operations specific to TB due
to the inclusion of other diseases in these data sets. Addi-
tionally, the treatment guidelines were used to define
the benefit package for estimating payment rates. We
hypothesized that providers would align their practices
with these guidelines over time if properly incentiv-
ized, although this study did not capture any financial
improvements linked to enhanced quality of healthcare
services.

Cost considerations also extended to monitoring and
evaluation efforts, traditionally seen as administrative
costs. We did not anticipate these activities to necessi-
tate additional funding beyond what has been historically
noted. The study also did not address whether health care
resources were used rationally or not; it merely set prices
from a practical standpoint without assessing past issues
of over- or under-treatment. Nonetheless, it is hoped that
cost control measures will encourage providers to con-
tinuously address and mitigate resource overutilization.

Lastly, we assumed a static reimbursement rate for
health insurance despite focusing on reimbursement lev-
els as a key study area. Over time, we expect the reim-
bursement rate to increase gradually, alleviating the
financial burden on individuals. Specifically, TB has been
recognized as a chronic catastrophic illness, potentially
leading to higher reimbursement rates for outpatient
services under this designation. However, our simula-
tions did not reflect these potential policy impacts, which
should be investigated further based on pilot study
results.

In light of the limitations identified in this study, several
improvements can be envisioned for future research to
refine the results further. Increasing the granularity of the
target hospitalization rate to intervals of 5% or even 1%
could provide more detailed insights into the impacts of
varying hospitalization scenarios. Additionally, utilizing
the most recent data would help mitigate the distortive
effects of extraordinary events such as the COVID-19
pandemic, ensuring that outcomes reflect more typical
service usage patterns.
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To enhance the accuracy of financial analyses, it would
be beneficial to use data that directly reflect the income
and expenditures of TB patients, thereby avoiding the
confounding effects of broader datasets that include
other diseases. Moreover, employing more sophisticated
methods to assess financial impacts related to improve-
ments in quality of care would provide a deeper under-
standing of how healthcare practices affect economic
outcomes.

Considering the dynamic nature of health insurance
reimbursement rates, future studies could also explore
the use of Markov models or similar analytical tools.
These methods would allow researchers to more accu-
rately simulate the long-term effects of changes in reim-
bursement policies on patients and healthcare providers
alike.

In summary, this study offers valuable insights into
the potential of BPs to enhance medical outcomes and
control costs, particularly in managing costs associ-
ated with TB treatment. We validated the feasibil-
ity of the BP approach developed by the NHSA. This
new payment model has a significant positive impact
on improving the quality of medical services, alleviat-
ing the financial burden on patients, and enhancing the
financial stability of health insurance funds, especially
for TB patients. Additionally, BPs demonstrate their
potential in the treatment of other diseases, especially
chronic diseases, by promoting better coordination and
continuity of medical services. These findings could
provide valuable information for health care payment
system reforms in other countries or regions through-
out the world in the future.
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