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Background: Drug-resistant tuberculosis (DR-TB) is an increasingly serious global issue. DR-TB has a lower success rate and more
severe interruption of treatment than ordinary tuberculosis. Incomplete treatment not only reduces recovery rate in DR-TB patients but
also increases the spread of DR-TB. Optimizing medical security policies for DR-TB can reduce the economic burden of patients and
can thereby improve treatment success rate.

Methods: Patients with DR-TB who were registered in Wuhan Center for Tuberculosis Control and Prevention from January 2016 to
December 2019 were selected as research subjects. General descriptive statistical analysis methods were used in analyzing patients’
treatment outcomes and medical security compensation rate. The binary logistic regression was used in analyzing the impacts of
medical security level on treatment outcomes of DR-TB.

Results: A total of 409 DR-TB patients were included in the study, and the refusal rate was 12.47%. The treatment success rate was
only 37.09% for patients who started treatment and had treatment outcomes. The total out-of-pocket expenses (OOPs) per capita for
DR-TB patients were 13,005.61 Chinese yuan. The outpatient effective compensation ratio (ECR) of DR-TB patients was only
51.04%. The outpatient ECR of DR-TB with subsidies of public health projects (SPHPs) were nearly 80% higher than those without
SPHP. high outpatient ECR helped optimize treatment outcomes (P < 0.001, OR = 1.038). The inpatient ECR had no effect on patients’
treatment outcomes (P = 0.158, OR = 0.986).

Conclusion: Many DR-TB patients did not receive complete treatment. The key breakthrough point in improving DR-TB treatment
outcomes is to optimize the outpatient medical insurance compensation policy. Including the costs of DR-TB in expenses for severe
diseases in outpatient care is recommended, and financial investment should be appropriately increased to ensure the high coverage
ratio of subsidies for public health projects.
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Background

Tuberculosis (TB) remains one of the leading causes of deaths from infectious diseases.' Drug-resistant TB (DR-TB) is
a type of TB resistant to anti-TB drugs. DR-TB is a stubborn disease and decreases the chance of successful treatment
and survival. The epidemic of DR-TB remains a major public health threat in many countries and has been one of the
main obstacles to the success of achieving 2030 targets set in the End TB Strategy.> Controlling the epidemic of DR-TB
plays a vital role in global TB control and public health.®” One-third of new TB cases and one-half of previously treated

cases in China exhibited anti-TB drug resistance. TB drug resistance is serious and on the rise in China.®’ The number of
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DR-TB patients in China accounts for 14% of the world’s total, ranking second only to India, and is one of the countries
with the heaviest burden of DR-TB."°

Limited access with treatment remains the major barriers to TB control in many low- and middle-income countries."’
Treatment of DR-TB is complicated, expensive, and often unsuccessful, resulting in a low cure rate, high mortality rate,
and low follow-up rate.'*'* The global loss rate of patients with DR-TB is as high as 15%.'® The outcomes of patients
who have not receive DR-TB treatment and those who have been treated but have been lost to follow-up or have
incomplete or failed treatment are critically important.” Some studies suggested that the transmission of resistant strains
within a population is already a major problem.*'>"'¢ Treatment noncompliance and interruption diminish the quality of
life of people living with DR-TB and increase disease transmission.'” Reduce the rate of treatment interruption rate of
DR-TB can prevent the development of the drug-resistant forms of TB and reduce the transmission of DR-TB.’

China’s DR-TB control faces the challenges, such as poor accessibility and quality.”'®!'> One national survey in
China showed that 73% of patients with TB had interrupted or suspended treatment.?’ The Global TB Report 2020 shows
that the proportion of people started on DR-TB treatment in total of 146 countries and territories who successfully
completed treatment was 57%, while China has a 54% success rate in treating DR-TB.'® A study showed that the success
rate of first-time smear positive DR-TB patients in Wuhan was 55.0%.>' Most cases of multidrug-resistant and
extensively drug-resistant TB resulted from primary transmission.” Given the number of patients in China, a high rate
of treatment interruption can have massive public health implications, increase the risk of morbidity and mortality in the
poor, and increase costs associated with illness.?’

Treatment outcomes of DR-TB are affected by many factors, such as health status, general demographic character-
istics, and psychological and social support.**?*>2* However, some studies have indicated that financial factor is the
most cited reason for interrupted or suspended treatment for TB.?%*>° Medical treatment imposes a high economic
burden to patients with TB.>'* The median cost for DR-TB is almost six times that for drug-susceptible TB.? Patients
with DR-TB incur huge expenditure.>~°>® Many patients have dropped out or discontinued treatment because of
difficulties in affording care.

To fight DR-TB, globally five priority actions have been proposed, one of which is increasing political commitment to
ensure necessary financing.” DR-TB prevention and control have been the important components of the national TB
control program in China.?’ China has adopted many measures to improve DR-TB treatment success rate; for example,
the central government has provided annual earmarked funding to cover the cost of X-ray examinations and sputum
smear tests for TB.'" In addition, China’s ongoing health system reform toward universal healthcare coverage provides
important opportunities to improve access to appropriate care to prevent, diagnose, and treat DR-TB and protect patients
from financial hardship.'® Payments for DR-TB treatment in China are from the social basic medical insurance (BMI),
critical illness insurance (CII), medical assistance (MA), and patients themselves.'' The Chinese government has two
social BMI schemes: the Urban and Rural Residents Basic Medical Insurance (URRBMI) and Urban Employee Basic
Medical Insurance (UEBMI).!' The UEBMI mainly protects the working or retired people, whereas the URRBMI mainly
protects unemployed residents, farmer, or students. Some provinces and cities in China have added corresponding cost
guarantee policies for DR-TB on the basis of national basic policies. Among them, Wuhan, a sub-provincial city in
central China, has launched a special public health subsidy (SPHP) for MDR-TB outpatient expenses through govern-
ment financial funds. Studies have shown that the proportion of all patients’ out-of-pocket expenses (OOPs) in China is
28.8%, which means that the effective compensation ratio (ECR) of medical security was close to 70%.'" But the
proportion of most DR-TB patients’ OOPs were 40%, which means that the ECR of medical security was only 60%.>°
Medical security level of DR-TB needs to be improved.

Although some studies have pointed out that material support combined with other social support interventions is
feasible and effective in improving treatment success for patients with DR-TB.? Some studies have suggested raising the
level of medical security coverage to improve treatment success rate of DR-TB patients.>'®*’ Evidence of the direct
relationship between the level of medical security compensation and treatment outcomes of DR-TB patients is lacking,
especially in China. In the present study, the impact of medical security levels on patients’ treatment outcomes was
investigated in patients with DR-TB in Wuhan, China and suggestions for improving and providing reference for the
prevention and control of DR-TB in other cities in China and other countries were proposed.
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Method
Study Design

We conducted a retrospective review study using data from the electronic clinical records of Wuhan Pulmonary Hospital.
The analysis content of this study is mainly divided into three parts. The first is the analysis of the medical security level.
Based on the dimension of universal health coverage proposed by WHO, this study analyzes the medical security level of
DR-TB in Wuhan from three aspects: the population covered, the cost covered and the service covered. It includes the
analysis of qualitative materials such as the coverage of people, threshold, compensation ratio, and payment limit of
Wuhan medical security policy. It also includes the analysis of quantitative indicators commonly used internationally to
reflect the level of medical security, such as inpatient ECR and outpatient ECR. The second is the analysis of patient
treatment outcomes, including important indicators such as treatment refusal rate, treatment success rate and treatment
interruption rate. The third is the analysis of the influence of medical security level on the treatment outcomes with the
inpatient ECR and outpatient ECR as the independent variable and the treatment outcomes as the dependent variable. The
specific research design is shown in Figure 1.

Study Site

We selected Wuhan City, Hubei Province, China as our study site. Hubei Province is located in the central region of
China and is representative of China in economic level and demographic characteristics. We selected Wuhan for several
reasons. First, Wuhan lies on the central of China. It is one of the subprovincial cities in China. with a population of
13.65 million. Wuhan has good TB detection and care performance, so many patients with DR-TB prefer to receive
treatment in the city. To obtain more samples, this study selected Wuhan as the study city. Second, Wuhan has had
a digitized Hospital Information System (HIS) and TB Information Management System (TBIMS). The accessibility and
quality of historical data made our analysis feasible.

Coverage of people

Threshold
Qualitative materials Compensatlon ratio

Payment limit

Inpatlent ECR
Quantitative indicators
Outpatient ECR

Treatment refusal rate
Treament outcomes
of DR-TB patients Treatment success rate
Lost to follow-up rate

Independent variable: medical security level

Medical security level
of DR-TB patients

Impacts of medical
security level on
treatment outcomes
of DR-TB patients

Dependent variable:treatment outcomes
Figure | Diagram of ideas for research design.

Notes: Figure | illustrates the design of this study. DR-TB means drug-resistant tuberculosis. ECR means effective compensation ratio. CNY means Chinese yuan.
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Data Collection
We collected qualitative data on the medical security policy of DR-TB in Wuhan through interviews from Wuhan
Municipal Healthcare Security Administration, Wuhan Municipal Health Commission, Wuhan Center For Disease
Control and Prevention, and Wuhan Pulmonary Hospital (Wuhan Center for Tuberculosis Control and Prevention).
The content of qualitative data collection mainly includes policy documents and policy implementation. The main
indicators include the coverage of people, threshold, compensation ratio, payment limit, etc.

We collected quantitative data of DR-TB from HIS and TBIMS of Wuhan Pulmonary Hospital (Wuhan Center for
Tuberculosis Control and Prevention). We collected sociodemographic profile (such as age, gender, occupation, and marriage)
and treatment outcomes of DR-TB from TBMIS. We collected treatment fees and compensation of DR-TB patients from HIS.

Inclusion Criteria
Wuhan City residents with DR-TB confirmed between January 2016 and December 2019 were enrolled in this study.

Exclusion Criteria
Patients who had confirmed DR-TB but were not Wuhan residents were not included in this study because they may have
returned to their place of residence for treatment and were lost to follow-up.

Sample Size

As Wuhan Pulmonary Hospital is the only designated hospital for DR-TB in Wuhan, which was in charge of the
diagnosis and treatment of all DR-TB patients who lived in Wuhan. This study exported the treatment outcomes,
treatment costs and compensation information of all DR-TB patients in Wuhan through system of TBIMS and HIS of
Wuhan Pulmonary Hospital, and conducted a census of all patients who met the inclusion criteria. A total of 664 DR-TB
patients were registered in the Wuhan TBIMS from 2016 to 2019. But 409 DR-TB patients’ fulfilling the inclusion
criteria were included in the final analysis. We analyzed demographic characteristics to these 409 patients.

TBIMS only included treatment outcomes and general demographic characteristics of DR-TB patients. Therefore, we
linked the patient in TBIMS (409 cases) with the patients in HIS in order to acquire precise information on the
expenditure relating to DR-TB treatment. We successfully matched 358 cases (hereinafter referred to as a “patients
who started treatment”). We analyzed medical expenses coverage for these 385 patients who started treatment.

Of the 358 patients who started treatment, 48 DR-TB patients have not yet finished treatment and therefore have no
treatment outcomes. Therefore, the 48 patients who had not finished treatment were excluded from the treatment outcome
analysis, and only the remaining 310 patients with treatment outcomes were analyzed.

This study pays more attention to the interruption of treatment due to inadequate medical security, so 118 patients who
death or treatment failed will excluded from the analysis of the impact of medical security level on treatment outcomes. Only
192 patients with successful treatment and those who were lost to follow-up were included in the analysis.

The specific sample screening process is shown in Figure 2.

Definition of Key Indicators

Definitions of Medical Expenses

The medical expenses of a DR-TB patient refers to the patient’s all the medical expenses incurred in the treatment of DR-
TB in Wuhan Pulmonary Hospital from 2016 to 2019. The outpatient medical expenses of a DR-TB patient refers to the
patient’s all the medical expenses incurred in the outpatient treatment of DR-TB in Wuhan Pulmonary Hospital from
2016 to 2019. The inpatient medical expenses of a DR-TB patient refers to the patient’s all the medical expenses incurred
in the inpatient treatment of DR-TB in Wuhan Pulmonary Hospital from 2016 to 2019.

n
outpatient medical expenses = Y, (Cost of the Kth time outpatient treatment from 2016 to 2019)
k=1

inpatient medical expenses = Y (Cost of the Kth time inpatient treatment from 2016 to 2019)
k=1
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All DR-TB patients registered in the
Wuhan TBIMS from 2016 to 2019.
N=664

U

DR-TB patients who were Wuhan
City residents.
N=409

U

[DRTB patients who started treatment

|:> demographic analysis and treatment

refusal analysis of DR-TB.
- J

They are used to analyze the cost
[> and ECR of outpatient and inpatient

treatment of DR-TB.
\§ J

N=358

J ( They are used to analyze general

U

( N
DR-TB patients who have ended They are used to analyze the
treatment. E> treatment outcomes of DR-TB.
N=310 L )
patients with successful treatment They are used to analyze the Impacts
and those who were lost to follow-up. E> of medical security level on treatment
N=192 outcomes of DR-TB patients.

Figure 2 Sample selection process and sample size of each analysis.
Notes: Figure 2 introduces the sample selection of this study and the sample size corresponding to the specific analysis. DR-TB means drug-resistant tuberculosis. ECR
means effective compensation ratio. N means sample size.

Definitions of Medical Security Level

We identified medical security by a commonly used framework introduced by the China Medical Security
Administration. The framework includes BMI, CII, MA, and other special government subsidies. The index we selected
to measure the level of medical security is the internationally commonly used ECR of medical security, including
outpatient ECR and inpatient ECR. ECR of medical security refers to the actual reimbursement of all medicare expenses

as a percentage of a patient’s total medical expenses.

Total outpatient cost — outpatient OOP

Outpatient ECR = -
Total outpatient cost

x 100%

Total inpatient cost — inpatient OOP

inpatient ECR = x 100%

Total inpatient cost

Definitions of Treatment Outcomes

According to the WHO guidelines and relevant literature,>>**!

the treatment outcomes indicators in this study included
treatment success, lost to follow-up, treatment refusal, and others. Treatment success included treatment completed and
cure. Lost to follow-up indicates that treatment is interrupted for two consecutive months or more. Treatment-refusal
refers to patients diagnosed with DR-TB who refuse to receive treatment. Others include “treatment failed” and “died”.
Treatment success and lost to follow-up were most frequently reported invoked as indicators of treatment outcomes.’
Therefore, the treatment outcome in the dependent variable of binary logistic regression in this study only included
treatment success and lost to follow-up.
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Data Analysis

Data were analyzed using SPSS 24.0, and statistical significance was set at p <0.05. Numbers and percentages were used
in describing the characteristics of the study subjects. Chi-square test and 7 test were used in identifying differences in
social demographics between patients with DR-TB that started treatment and those who refused treatment. ANOVA was
used in analyzing differences in the cost of DR-TB treatment and compensation between patients with DR-TB and
different types of BMI. T test was used in identifying differences in the cost of DR-TB treatment and compensation
between patients with DR-TB with and without SPHP.

Univariate binary logistic regression was used in screening factors associated with DR-TB treatment outcomes.
Significant factors based on the univariate binary logistic (p < 0.05) were used for adjustment in multivariate analysis. To
prevent the collinearity between the outpatient effective compensation ratio (ECR) and inpatient ECR, we constructed
three models. In model 1, the dependent variable was treatment outcomes, the key explanatory variable was inpatient
ECR, and the control variables were significant factors based on univariate binary logistic. In model 2, the dependent
variable was also treatment outcomes, the key explanatory variable was outpatient ECR, and the control variables were
the same as model 1. In model 3, the dependent variable was treatment outcomes, the key explanatory variable was
inpatient ECR and outpatient ECR, and the control variables were the same as model 1.

Results

Policy and Implementation Status

BMI

In Wuhan, in contrast to the URRBMI, the UEBMI has not established a financing scheme for general outpatient care.
The general outpatient compensation rate of the URRBMI is 50%. The reimbursement cap line of outpatient care in the
URRBMI was set at 400 Chinese yuan (CNY) for total visits in a year. Wuhan had not yet included DR-TB in the scope
of compensation for severe diseases in outpatient care.

Inpatient medical expenses for DR-TB in Wuhan have been implemented in accordance with the inpatient compensa-
tion policies of different types of medical insurance, and no preferential policy has been formulated. Within an
insurance year, medical expenses within the scope of the medical insurance compensation of insured persons exceeding
the threshold of the CII are reimbursed proportionally by the CII (Table 1).

MA

Diseases covered by the compensation of outpatient severe diseases can apply for MA for outpatient expenses. However,
DR-TB has not been included in outpatient intensive management, so they only enjoy inpatient MA. The inpatient
compliant OOP medical costs after reimbursement by BMI and CII is in accordance with the following standards:

1. The compensation ratio of MA for key assistance objects and targeted poverty alleviation objects with archived
cards is 70%, and the annual assistance cap line is 26,000 CNY.

2. The compensation ratio of MA for low-income persons experiencing difficulties is 60%, and the annual assistance
ceiling is 10,000 CNY.

3. When the OOP medical costs of poverty-stricken objects and other difficult objects identified by the district
people’s government reach 1.5 times the per capita disposable incomes of urban and rural residents in the
previous year released by the statistics department, assistance is provided to the part exceeding 1.5 times
according to the proportion of 50%. The annual rescue cap is 10,000 CNY.

SPHP

An SPHP is a subsidy program for the outpatient treatment of multidrug resistance and was started by Wuhan in 2016
through the government’s special public health funds. The scheme only compensated patients with MDR-TB and has not
yet included patients with other types of DR-TB because of limited financial health funds. SPHPs do not compensate for
inpatient expenses and for treatment complications, comorbidities, and other adjuvant drugs. The rescue cap of an SPHP
is 50,000 CNY.
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Table | Inpatient Compensation Policy of BMI in Wuhan

Threshold Compensation Ratio (%) Payment Limit
(CNY) (Ten Thousand
CNY)
Medical institution level UEBMI | URRBMI UEBMI URRBMI | UEBMI | URRBMI
<100,000 CNY 100,000— 200,000~
200,000 CNY 240,000 CNY
On-The | Retired
-job
The Community Health 200 200 92 93 96 98 90 24 15
Services Center
First-level medical institutions 400 200 92 93 90
Second-level medical 600 400 89 91 70
institutions
Third-level medical 800 800 86 88 60
institutions
Cll The urban employee CIlI (UECII): The threshold of UECII was 240,000 CNY. The compensation rate of UECII was

98%. The reimbursement cap line in UECII was set to 300,000 CNY for total visits in a year.

The urban and rural resident Cll (URRCII): Within one insurance year, the part of the insured residents’ OOP

medical expenses within the scope of the medical insurance policy over 12,000 CNY due to inpatient or severe
(chronic) diseases outpatient could be compensated by URRCII according to the following proportions. 60% of the
costs was reimbursed when the cost was between 12,000 CNY and 30,000 CNY. 65% of the costs was reimbursed
when the cost was between 30,000 CNY and 100,000 CNY. 75% of the costs was reimbursed when the cost was
higher than 100,000 CNY. The reimbursement cap line in URRCII was set to 300,000 CNY for total visits in a year.

Basic Information of Patients

A total of 409 patients with DR-TB included 358 patients (87.53%) who had started treatment, and the refusal rate was
12.47%. The mean age of the patients was 50.83 years, and 72.37% of them were males. The proportion of unemployed
patients was the highest (75.31%). The marital status of patients was mainly married, accounting for 61.86%. Among the
types of BMI, 36.92% of patients had UEBMI, 57.21% had URRBMI, and 5.87% had no BMI. Approximately 39.12%
of patients with DR-TB received SPHP, and 60.88% did not receive SPHP. Differences in the distribution of marital
status, BMI type, and SPHP were found between patients who started treatment and those who refused treatment
(Table 2).

Medical Expenses Coverage
Policy Benefit Rate of Patients with DR-TB

A total of 358 patients with DR-TB started treatment, of which 334 were reimbursed by BMI (the benefit rate was only
93.30%) and 160 were compensated by an SPHP (the benefit rate was 44.69%; Table 3). Only three patients used CII
(0.84%), and 13 patients received MA (3.63%). Among the total financing sources of DR-TB, the highest was OOP
(36.73%), followed by SPHP (32.65%), and BMI (29.82%). CII and MA accounted for less than 1% (Figure 3).

Medical Expenses and Compensation Rate

The total inpatient cost per capita of patients with DR-TB was 18,486.09 CNY. The total outpatient costs per capita were
16,927.25 CNY. The total medical expense per capita was 35,413.34 CNY. The total OOP expense per capita was
13,005.61 CNY. The inpatient ECR per capita of patients with DR-TB were 53.11%. The outpatient ECR per capita of
DR-TB patients were 51.04%. In Table 4, it showed that type of BMI can affect the level of inpatient fees and
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Table 2 Demographic Characteristics of DR-TB Patients (N=409)

Factors All Patients (n = 409) | Whether to Start Treatment 1 It P
Yes (n =358) No (n =51)
Age® 50.83+16.38 50.07+16.33 56.16+15.87 2.498 0.013*
Gender 0.133 0.715
Male 296(72.37) 258(72.07) 38(74.51)
Female 113(27.63) 100(27.93) 13(25.49)
Occupation 5.855 0.054
Employee 49(11.98) 48(13.41) 1(1.96)
Retirement 52(12.71) 46(12.85) 6(11.76)
Unemployment 308(75.31) 264(73.74) 44(86.27)
Marriage® 168.692 | 0.000%+*
Married 253(61.86) 253(70.67) 0(0.00)
Unmarried 51(12.47) 51(14.25) 0(0.00)
Other 105(25.67) 54(15.08) 51(100.00)
Type of BMI 43.575 0.000%#*
UEBMI 151(36.92) 151(42.18) 0(0.00)
URRBMI 234(57.21) 183(51.12) 51(100.00)
Without BMI 24(5.87) 24(6.70) 0(0.00)
Whether there is SPHP 37.440 0.000%**
Yes 160(39.12) 160(44.69) 0(0.00)
No 249(60.88) 198(55.31) 51(100.00)

Notes: Data are presented as number (percent) unless other specifies. “Continuous variable; means + standard deviations are presented.
®The “other” in marital status include death of a spouse and divorces. *p<0.05,%p<0.001.

Table 3 Policy Benefit Rate of DR-TB Patients Who Started Treatment

(N=358)
Compensation Number of Beneficiaries The Benefit
Type (Persons) Rate (%)
BMI 334 93.30
SPHP 160 44.69
Cll 3 0.84
MA 13 3.63

Notes: Some DR-TB patients are covered by multiple policies, they were repeated in the
different policy benefit patients here. So 334+160+3+13=510>358. For example, if a patient
receives both SPHP BMI, the patient will contribute one place in the number of SPHP
beneficiary patients and also one place in the number of BMI beneficiary patients. The actual
number is |, but the sum of the number of beneficiary patients equals 2.

compensation. In Table 5, it showed that whether there was SPHP can affect the level of inpatient fees and

compensation.

Treatment Outcomes

Basic Information of Treatment Outcomes

A total of 358 patients with DR-TB started treatment, and 48 patients have not finished treatment yet. Only another 310
patients have treatment outcomes; 115 patients of them (37.09%) met the requirements for “treatment success”, and 77
patients (24.84%) were lost to follow-up. In the group without BMI, only two patients (9.52%) met the requirements for
“treatment success.” In the group without an SPHP, only 21 patients (12.07%) met the requirements for “treatment
success” (Figure 4).
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Cll: 22,820.36CNY (0.18%) - MA: 78,603.45 (0.62%)

SPHP:
4,139,359.07CNY
(32.65%)

Figure 3 Sources of financing for the total cost of DR-TB who started treatment (N=358).

Notes: Figure 3 illustrates the structure of funding sources for total medical costs in DR-TB patients. The source of funds refers to the total contribution and proportion of
all the medical expenses of DR-TB. BMI means basic medical insurance. Cll means critical iliness insurance. MA means medical assistance. SPHP means subsidies of public
health projects. OOP means out-of-pocket. CNY means Chinese yuan.

Impact of Medical Security Level on the Treatment Outcomes of Patients with DR-TB

Treatment failure and death were patients who had to discontinue treatment due to disease factors. However, this study
focused on the impact of medical security level on treatment success or interruption (lost to follow-up). So only patients
with successful treatment and those who were lost to follow-up were included in the analysis. The treatment outcomes
were used as the dependent variable, with a value of 0 for loss to follow-up and 1 for treatment success.

Univariate binary logistic regression was used in analyzing factors associated with treatment outcomes (Table 6).
Univariate analysis showed that the relationship between inpatient ECR and treatment outcomes was not statistically
significant (P = 0.934, OR = 1.000). Univariate analysis showed treatment outcomes optimized with increasing outpatient
ECR of DR-TB (P < 0.001, OR = 1.034). Except marriage, other general demographic characteristics were significant in

univariate analysis.

Table 4 Inpatient Expenses and the Effective Compensation Rate of DR-TB Patients (N=358)

Variables Type of BMI F P
UEBMI URRBMI Without BMI

Total inpatient expenses (CNY) | 25268.26+27,013.70 | 12,939.82+24,315.91 18,105.33£17,256.13 9.971 0.000%*+**

Inpatient OOP (CNY) 7,363.37+7,157.56 6,560.77£1,1219.98 18,105.33£17,256.13 13.523 0.000%++°

Inpatient ECR (%) 68.79+12.95 40.95+25.04 0.00+0.00 191.057 | 0.000%*+*

Notes: Only patients with DR-TB who started treatment were included (n=358). Patients with DR-TB who refused treatment were excluded because they
did not start treatment and therefore had no cost information. Data are presented as mean * standard deviation. **p<0.001. ANOVA for total inpatient
expenses: significant difference between UEBMI vs URRBMI. PANOVA for Inpatient OOP: significant difference among UEBMI, URRBMI, and Without BMI.
“ANOVA for Inpatient ECR: significant difference between UEBMI vs Without BMI, URRBMI vs Without BMI.

Table 5 Outpatient Expenses and the Effective Compensation Rate of DR-TB Patients (N=358)

Variables Whether There is SPHP t P

Yes No
Total outpatient expenses (CNY) | 32,255.54%19,025.22 | 4,540.76+7,357.37 18.834 0.000%#*
Outpatient OOP (CNY) 6,529.26+10,596.87 | 4,365.19+7,027.35 2313 0.021*
Outpatient ECR (%) 81.55+20.42 2.23+7.52 37.265 0.000%#*

Notes: Only patients with DR-TB who started treatment were included (n=358). Patients with DR-TB who refused treatment
were excluded because they did not start treatment and therefore had no cost information. Data are presented as mean %
standard deviation. *p<0.05,**p<0.001.
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Figure 4 Treatment outcomes of DR-TB patients (%) (N=310).
Notes: Figure 4 shows the treatment outcomes of 310 DR-TB patients who have treatment outcomes. URRBMI means urban and rural residents basic medical insurance.
UEBMI means urban employee basic medical insurance. BMI means basic medical insurance. SPHP means subsidies of public health projects. N means sample size.

Significant factors based on univariate binary logistic (age, gender, and occupation) were used for adjustment in
multivariate analysis (Table 7). Model 1 only considered inpatient ECR. After controlling for demographic factors, our
findings showed that the relationship between inpatient ECR and treatment outcomes was not statistically significant (P =
0.934, OR = 1.000). Model 2 only considered outpatient ECR. After controlling for demographic factors, treatment
outcomes optimized with increasing outpatient ECR of DR-TB (P < 0.001, OR = 1.034). Model 3 considered inpatient
ECR and outpatient ECR, and the results still showed that not only a statistically significant association between
outpatient ECR and treatment outcomes was found (P < 0.001, OR = 1.038) but also statistically significant association
between inpatient ECR and treatment outcomes was not found (P = 0.158, OR = 0.986).

Table 6 Univariate Binary Logistic Regression Results of
Factors Influencing on Treatment Outcomes of DR-TB.

(N=192)

Factors OR 95% ClI P
Inpatient ECR® 1.000 0.988-1.011 0.934
Outpatient ECR® 1.034 1.023-1.045 0.000%**
Age® 0.951 0.931-0.972 0.0007**
Gender

Female |

Male 0.353 0.174-0.716 0.004*
Occupation

Employee |

Retirement 0.178 0.050-0.627 0.007°*

Unemployment 0.749 0.305-1.839 0.528
Marriage®

Married |

Unmarried 1.355 0.572-3.207 0.490

Other 0.542 0.140-2.097 0.375

Notes: Data are included in the model as categorical variables unless otherwise
stated. *Data are included in the model as continuous variables. ®The “other” in
marital status include death of a spouse and divorces. **p<0.01,**p<0.001.
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Table 7 Binary Logistic Regression Results of Effective Compensation Rate on Treatment Outcomes of DR-TB.
(N=192)

Factors Model | Model 2 Model 3
OR (95% CI) P OR (95% CI) P OR (95% CI) P
Inpatient ECR* 1.005 (0.991-1.019) | 0.464 / / 0.986 (0.966—1.006) 0.158
Outpatient ECR? / / 1.034 (1.023-1.046) | 0.000%** | 1.038 (1.024—1.053) | 0.000%**
Age® 0.972 (0.944-1.000) | 0.049* | 0.955 (0.923-0.988) | 0.008** | 0.978 (0.938-1.019) 0.289
Gender
Female Reference Reference Reference
Male 0.406 (0.173-0.952) | 0.038* | 0.677 (0.248-1.847) 0.447 0.720 (0.221-2.349) 0.587
Occupation
Employee Reference Reference Reference
Retirement 0.314 (0.069-1.432) | 0.135 1.276 (0.157-10.392) 0.820 0.586 (0.062-5.559) 0.641
Unemployment 0.770 (0.263-2.255) | 0.633 1.515 (0.475-4.831) 0.483 0.918 (0.240-3.519) 0.901
Constant 12.646 0.004** 2.637 0.288 2.311 0.447
Nagelkerke R? 0.189 0.455 0.484
Equation of model® Ln[P/(1-P)]=12.646-0.029* Ln[P/(1-P)]=0.034* Ln[P/(1-P)]=0.038*
Age-0.901*Gender Outpatient ECR-0.046 Age Outpatient ECR
Notes: Data are included in the model as categorical variables unless otherwise stated. *Data are included in the model as continuous variables. ®Pis
the probability that the treatment outcome is “treatment success”. “/” means indicator not included in the model. ¥p<0.05, *¥p<0.01, ***p<0.001.
Discussion

Treatment Outcomes for DR-TB Still Need to Be Optimized

The proportion of patients with DR-TB in Wuhan who started treatment was 87.53%, which was higher than that of the
global MDR/RR-TB in 2019 (86.0%).'" The possible reason is that Wuhan is the central city of the provincial capital,
and thus the result may be lower in other third-tier cities. The proportion of lost patients in Wuhan accounted for 24.84%,
which was at a high level compared with other research results (17%, 19.2%).'*** The population base of patients with
DR-TB in China is relatively large, and thus many patients who have refused treatment and have been lost to follow-up
have been recorded. DR-TB patients who do not receive appropriate treatment may suffer from more dangerous forms of
drug resistance and increased risk of relapse and death.**** In addition, patients with DR-TB can infect other residents
through air transmission. Studies have found that more than half of DR-TB cases are caused by primary transmission.’
That is, patients with DR-TB do not receive standardized and systematic treatment, and thus not only their health is not
guaranteed but also they pose a serious threat to the health of healthy people. Therefore, the success rate of treatment for
patients with DR-TB should be improved. The social benefits of this approach far outweigh personal benefits, and the
approach has a strong positive externality, which is beneficial to disease control and global health.

Improving the Outpatient ECR of Medical Security Can Optimize Treatment
Outcomes for DR-TB

DR-TB treatment outcomes affect demographic factors such as age,> which is consistent with some of the influencing
factors in the present study. In addition, we found that the higher the outpatient ECR in DR-TB patients the more likely
the treatment outcome was to be successful. It is suggested that the lack of outpatient compensation may lead to the
increase of the rate of treatment loss of follow-up, which may help explain findings in previous studies that showed
a marked increase in patient loss after outpatient treatment was initiated.** According to a theory about the demand of
health service, medical security can change the health service consumption behavior of patients by changing health
service price, thereby changing the demand and utilization of a health service. Therefore, the perceived price of patients
with DR-TB decreases with the increasing level of outpatient compensation, so the demand increases and the rate of

treatment interruption decreases.
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The inpatient ECR has no effect on treatment outcomes, and the main reason may be that the price elasticity of

hospitalized demand is small.**

The hospitalization of patients with DR-TB is mostly urgent, and services, such as
surgery, are necessary. Even if patients perceive a price to be high, they still need to receive inpatient treatment. Thus, the
price elasticity of hospitalized demand is small. However, outpatient treatment is mostly follow-up intensive treatment
involving drug treatment and examinations, and the price elasticity of demand is relatively large. Hence, outpatient
demand is more affected by price changes, and outpatient service utilization is affected by the level of compensation.
Compared with the impact of medical security compensation level on treatment outcomes mentioned in previous studies,
this study focused on the impact of outpatient compensation level on treatment outcomes. It suggests that the main
medical security policy optimization for DR-TB should focus on the compensation of outpatient.

General demographic characteristics, such as gender and age, are the inherent characteristics of patients and cannot be
changed by policy intervention for optimizing treatment outcomes. Through medical insurance policy intervention, patient
outcomes can be changed by changing outpatient ECR. In summary, this study showed that the key breakthrough point in
improving DR-TB treatment outcomes is to optimize the outpatient medical insurance compensation policy.

Insufficient ECR of Outpatient Medical Security for DR-TB is Harmful to the

Standardized Treatment of Patients

The total outpatient cost of DR-TB per capita is 16,927.25 CNY. The outpatient ECR of patients with DR-TB is only
51.04%. Outpatient ECR without an SPHP is only 2.23%. The level of outpatient compensation for DR-TB is
insufficient, consistent with other studies.** High outpatient treatment cost and low outpatient compensation level lead
to high OOP cost for patients receiving outpatient care. In addition, patients still need to pay part of their OOP costs for
hospitalization. The total OOP cost per capita for patients with DR-TB is as high as 13,005.61 CNY. DR-TB imposes
a heavy economic burden. The proportion of patients with DR-TB is as high as 75.31%. Low income leads to poor
financial affordability. Other studies have pointed out that high cost leads to the high likelihood of noncompliance.?”
However, the ECR of outpatient in Wuhan is low and is thus harmful to the standardized treatment of patients.

The reasons for the insufficient level of outpatient compensation in Wuhan can be attributed to the multilevel medical
security policy. The UEBMI in Wuhan has not yet established a financing scheme for general outpatient care. The
reimbursement cap line of general outpatient care in URRBMI was set at 400 Chinese CNY for total visits in a year. The
general outpatient compensation rate of BMI is extremely low to compensate the outpatient cost of DR-TB. Wuhan has not yet
included DR-TB in the scope of compensation for severe diseases in outpatient care. This situation not only prevents patients
from enjoying a high proportion of outpatient compensation but also prevents outpatient expenses for DR-TB from being
included in CII and MA. The reason is that the scope of compensation for CII and MA is the outpatient expenses of severe
diseases and inpatient expenses. However, the cost of DR-TB is mainly outpatient cost, and the number of patients whose
inpatient costs meet the compensation requirements of CII and MA is low, so the benefit rate of patients is low. The results
showed that the benefit rate of CII for DR-TB is only 0.84% and the rate of MA is only 3.63%. Therefore, the outpatient costs
incurred by patients with DR-TB in Wuhan can only be guaranteed by SPHPs. The outpatient ECR of DR-TB with an SPHP
are nearly 80% higher than that without an SPHP. Patients with SPHPs have an 11.77% lower rate of treatment loss than those
without SPHPs. However, the benefit rate of SPHP is as low as 44.69% possibly because of the lack of financial subsidy funds.
Therefore, the level of DR-TB outpatient compensation should be improved, and the costs of DR-TB should be included in the
expenses of severe diseases in outpatient care. Some other regions in China have made this attempt, which provide a good
experience.!' In addition, government financial input should be appropriately increased to ensure that the coverage rate of
SPHP is high enough to help improve the level of DR-TB compensation.

Conclusion

By analyzing data in Wuhan, China, we found that many patients with DR-TB gave up treatment or interruption of
treatment. Improving the outpatient ECR of DR-TB patients can effectively improve treatment success rate of DR-TB.
While the inpatient ECR has no effect on treatment outcomes. So the key breakthrough point in improving DR-TB
treatment outcomes is to optimize the outpatient medical security compensation policy. However, the outpatient ECR of
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DR-TB in Wuhan is low. The main reasons are as follows: first, Wuhan has not yet included DR-TB in the scope of
compensation for severe diseases in outpatient care, and thus the benefit rates of CII and MA are low. Second, insufficient
financial subsidies lead to a low proportion of people covered by SPHPs. Including the costs of DR-TB in the expenses of
severe diseases in outpatient care is recommended. Moreover, financial investment in DR-TB treatment should be
appropriately increased. This approach will improve the actual compensation level of DR-TB, improve the success
rate of DR-TB treatment, and improve the efficiency of DR-TB control.
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