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Background: Pulmonary tuberculosis (PTB) is a severe infection, and its factors that influence survival have not been explored in
some developed regions. Therefore, this study aimed to identify the factors that influence TB survival in China.
Methods: We acquired data of PTB deaths through matching two manage systems of PTB and mortality surveillance. The Kaplan–
Meier method and Cox regression model were used to identify the significant factors under various survival times.
Results: A total of 283 deaths were caused by PTB, in which 53.4% occurred during the first year. In the Cox regression model,
regular sputum smear test could reduce the risk of PTB death from the result of one-, three-, and five-year survival; and history of PTB
treatment could decline the risk of PTB death in the first year. Additionally, age of “75–90 years” and positive result of sputum smear
test significantly increased the risk of PTB death for the findings of three- and five-year survival, while age of “60–75 years” could
increase the probability of PTB death for five-year survival.
Conclusion: To reduce PTB deaths, more attention should be paid to the older group especially in the first year. Regular sputum
smear test could effectively reduce the mortality of PTB cases. More evidence-based interventions should be implemented to enhance
the survival of patients with PTB.
Keywords: tuberculosis, influencing factor, survival analysis

Introduction
With more than 10 million infections each year, tuberculosis (TB) is a major global health problem and listed as one of
the top 13 causes of death worldwide.1,2 TB is a chronic infectious respiratory disease caused by Mycobacterium
tuberculosis.3 In recent years, a concerted global effort has been undertaken to eradicate TB and reduce TB-related
mortality; consequently, the TB incidence and mortality rate have been decreasing by 1.9% and 3.4% annually,
respectively.4 However, in 2020, a total of 1.5 million people died worldwide due to TB and of them, approximately
214,000 people had HIV.1 In China, as the second highest burden country, the annual TB mortality decreased by 7.7%,
exceeding the worldwide mean.5,6 Although TB mortality declined to a comparatively low level, the persistent deaths due
to pulmonary tuberculosis (PTB) remain a cause for concern. Considering the massive occurrence of PTB in China and
the possibility of death, the determination of variables associated with PTB mortality can have a vital role in improving
TB survival time.
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Several previous studies have explored the factors associated with TB mortality, and emphasized three aspects: 1)
demographic characteristics and living styles such as age, sex, educational level, employment status, income, dwelling
status, alcohol consumption and smoking status; 2) clinical treatment, including comorbidities with HIV, COVID-19, and
side effects caused by drugs, personal therapeutic regimen; and 3) other factors such as the health service policy, and
social stigma and inequality.7–10

Regrettably, due to the paucity of information or insufficient sample size, limited studies have been conducted to
identify the positive or negative factors associated with PTB mortality. Considering the developed economies and higher
quality of life in the eastern area of China, this study sampled from Zhejiang Province. We investigated the possible risk
factors affecting the survival of people with PTB to aid in improving the survival rate of cases and provide evidence for
early intervention.

Materials and Methods
Overview
Zhejiang Province, located in the eastern region of China, includes two sub-provincial cities (Hangzhou and Ningbo) and nine
prefecture-level cities (Wenzhou, Jiaxing, Huzhou, Shaoxing, Jinhua, Quzhou, Zhoushan, Taizhou, and Lishui). Although
notified TB incidences in Zhejiang showed a successive declining trend (75.38/100,000 in 2009 to 52.25/100,000 in 2018),
the epidemic level was not consistent with its economic development.11 Other demographic information and geographic location
were described in our previous study.11

Data Sources
This study used the Zhejiang Chronic Disease Surveillance Information and Management System (ZJCDSIMS) and TB
Information Management System (TBIMS) for obtaining data.12 We extracted demographics and variables reporting
deaths from death certificates derived from the mortality surveillance module (MSM) of ZJCDSIMS.13,14 Additionally,
people with suspected PTB would initially be notified by the China Information System for Disease Control and
Prevention and then diagnosed PTB records were pushed to TBIMS.15 In TBIMS, specific details such as PTB diagnosis,
treatment, and outcomes were recorded.16,17

This study initially collected all death cases directly caused by PTB from theMSM of ZJCDSIMS during 2017–2019. Then,
the identity card (ID) number was viewed as a unique code to match the details in TBIMS.12 Considering the paucity or
incompletion of ID numbers in the early phase of TBIMS, the combination of keywords—name, sex, address, and age (±3)—
were used to match with the MSM. The information was documented included sex, age, occupation, marital status, location, TB
classification, treatment history, sputum smear status, normative X-ray examination or not, regular sputum smear test or not,
standardized treatment protocol or not, monitored during the whole course, comorbidity of diabetes/cardiovascular diseases or
not. The cases were excluded if the records did not contain the above-mentioned information or the patients were transferred to
drug resistance treatment; accordingly, 39 cases were excluded. The survival time for each case was defined as the interval
between the last TB diagnosis and time of death. If the interval of two TB registrations for the same person was less than three
months, we recognized it as single treatment. The survival time was classified as one year, three years, and five years.

Definition
All included TB cases met the confirmed PTB case classification and clinical diagnostic criteria for PTB, which was
referred to as the National Diagnostic Criteria for Pulmonary Tuberculosis (WS288–2008 and WS 288–2017) and
Classification of Tuberculosis (WS196–2017).18,19 In this study, the diagnosis of TB consisted of primary TB, hemato-
genous disseminated TB, secondary TB, TB pleuritis, and others. A regular sputum smear test was defined as sputum
smear tests taken at the first diagnosis and later 2, 5, and 6 months from the start of TB treatment. If the patient records
contained these information, it was denoted as finishing the regular sputum smear tests. Additionally, normative X-ray
examination indicated that the patient underwent X-ray check twice, before and after TB diagnosis. The Technical Guide
for Chinese Tuberculosis Control and Prevention criteria was referenced for standardized treatment protocols for PTB
and whole-course surveillance during treatment.
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Statistical Analysis
Descriptive analysis and survival analysis were performed using R software (version 3.5.3) and SAS software (version 9.4). The
Kaplan–Meier method and Log rank test were used to calculate the survival time and compare the survival time among different
variables related to PTB death. In addition, the Cox proportional hazard regression model for survival time at one-year, three-
year, and five-year was performed, and hazard ratios (HRs) and their 95% confidence intervals (CIs) were presented. All the
covariates were included in the univariate and multivariable analyses. Statistical significance was set at P < 0.05.

Results
Profile of Patients: Death Caused by PTB
In this study, we collected information on 283 deaths caused by PTB from 2017 to 2019 in Zhejiang Province. The study
population included 228 males (79.2%) and 55 females (20.8%). The 1-year, 3-year, and 5-year survival percentages were
46.6%, 25.1%, and 14.5%, respectively. The percentage of PTB deaths within the first 2 months after diagnosis was 19.4%. Of
all the mortality cases, 86.6% were aged >60 years, 13.4% were 18–60 years, and no cases were <18 years. Moreover, 80.9%
were farmers and 67.5% were married. Among the diverse regions in Zhejiang Province, Hangzhou, Jiaxing, and Jinhua
ranked the highest with PTB death proportion of 16.3%, 12.0%, and 12.0%, respectively. 96.1% of PTB belonged to the
secondary TB, and 78.4% of PTBwas the initial PTB. Additionally, 193 cases (68.2%) had the result of positive sputum smear
test. The proportion of patients with regular sputum smear tests was 49.1%, and patients with the normative X-ray examination
accounted for 18.4%. Of the PTB mortality cases, PTB cavity was reported in 36.0% cases and 6.4%, 11.3%, and 8.8% cases
had diabetes mellitus, cardiovascular diseases, and other illnesses, respectively (Table 1).

Table 1 Basic Characteristics of All Included PTB deaths in Zhejiang Province from 2017 to 2019

Variables One-Year Survival
Number
(Constituent Ratio %)

Three-Year Survival
Number
(Constituent Ratio %)

Five-Year Survival
Number
(Constituent Ratio %)

Total
(Constituent Ratio %)

Overall 132(46.6) 71(25.1) 41(14.5) 283(100.0)

Sex

Male 97(42.5) 51(22.4) 29(12.7) 228(80.6)

Female 35(63.6) 20(36.4) 12(21.8) 55(19.4)

Age

>90 6(35.3) 5(29.4) 2(11.8) 17(6.0)

75–90 61(42.1) 27(18.6) 17(11.7) 145(51.2)

60–75 42(50.6) 23(27.7) 11(13.3) 83(29.3)

18–60 23(60.5) 16(42.1) 11(28.9) 38(13.4)

Occupation

Farmer 109(47.6) 58(25.3) 33(14.4) 229(80.9)

Others 23(42.6) 13(24.1) 8(14.8) 54(19.1)

Marital status

Married 94(49.2) 51(26.7) 27(14.1) 191(67.5)

Divorce or widowed 31(42.5) 18(24.7) 13(17.8) 73(25.8)

Never married 7(36.8) 2(10.5) 1(5.3) 19(6.7)

(Continued)
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Table 1 (Continued).

Variables One-Year Survival
Number
(Constituent Ratio %)

Three-Year Survival
Number
(Constituent Ratio %)

Five-Year Survival
Number
(Constituent Ratio %)

Total
(Constituent Ratio %)

City

Ningbo 10(33.3) 7(23.3) 4(13.3) 30(10.6)

Wenzhou 20(74.1) 11(40.7) 8(29.6) 27(9.5)

Jiaxing 12(35.3) 3(8.8) 3(8.8) 34(12.0)

Huzhou 5(35.7) 2(14.3) 1(7.1) 14(4.9)

Shaoxing 13(61.9) 10(47.6) 3(14.3) 21(7.4)

Jinhua 19(55.9) 10(29.4) 5(14.7) 34(12.0)

Quzhou 10(35.7) 1(3.6) 1(3.6) 28(9.9)

Zhoushan 3(60.0) 3(60.0) 2(40.0) 5(1.8)

Taizhou 11(55.0) 9(45.0) 6(30.0) 20(7.1)

Lishui 12(50.0) 8(33.3) 4(16.7) 24(8.5)

Hangzhou 17(37.0) 7(15.2) 4(8.7) 46(16.3)

Diagnosed classification of TB

Secondary TB 123(45.2) 66(24.3) 38(14.0) 272(96.1)

Others 9(81.8) 5(45.5) 3(27.3) 11(3.9)

History of PTB treatment

Yes 41(67.2) 19(31.1) 6(9.8) 61(21.6)

No 91(41.0) 52(23.4) 35(15.8) 222(78.4)

Sputum smear test

Positive 83(43.0) 38(19.7) 20(10.4) 193(68.2)

Negative 49(54.4) 33(36.7) 21(23.3) 90(31.8)

Normative X ray examination

Yes 36(69.2) 21(40.4) 12(23.1) 52(18.4)

No 96(41.6) 50(21.6) 29(12.6) 231(81.6)

Regular sputum smear test

Yes 103(74.1) 60(43.2) 36(25.9) 139(49.1)

No 29(20.1) 11(7.6) 5(3.5) 144(50.9)

PTB cavity

Yes 54(52.9) 24(23.5) 13(12.7) 102(36.0)

No 78(43.1) 47(26.0) 28(15.5) 181(64.0)

(Continued)
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Survival Analysis of Influencing Factors Among PTB Death
The Kaplan–Meier survival function test and Log rank test were used to compare the cumulative probability among the
various associated factors. For the one-year survival period, the variables sex, city, history of TB treatment, normative
X-ray examination, regular sputum smear test, diabetes mellitus, and cardiovascular diseases were statistically significant
(P<0.05). Additionally, for the three-year survival period, sex, age, city, history of TB treatment, sputum smear test,
normative X-ray examination, regular sputum smear test, and cardiovascular diseases were statistically significant
(P<0.05). Sex, age, city, sputum smear test, normative X-ray examination, regular sputum smear test, and cardiovascular
diseases were shown to have statistical significance (P<0.05) in the five-year survival period.

Cox Regression Model for the Multivariable Analysis Regarding the Factors Associated
with PTB Mortality
The Cox regression model for multivariable analysis was performed in this study. After controlling for other factors, the
variables could be estimated more precisely. In multivariable Cox regression analysis for one-year survival, secondary
TB (HR: 7.59, 95% CI: 1.83–31.39, P<0.01) had the highest hazard ratio and risk of death was significantly reduced in
the cities of Wenzhou (HR: 0.21, 95% CI: 0.08–0.52, P<0.01) and Taizhou (HR: 0.32, 95% CI: 0.15–0.72, P=0.01).
Additionally, having a history of PTB treatment (HR: 0.45, 95% CI: 0.27–0.77, P<0.01) and having a regular sputum
smear test (HR: 0.13, 95% CI: 0.08–0.20, P<0.01) were associated with reduced risk of death.

For the three-year survival, secondary TB (HR: 3.06, 95% CI: 1.26–7.39, P=0.01), age 75–90 years (HR: 2.03, 95%
CI: 1.18–3.48, P=0.01), farmer (HR: 1.50, 95% CI: 1.01-2.22, P=0.05), and positive sputum smear test result (HR: 1.72,
95% CI: 1.09–2.73, P=0.02) significantly increased the risk of PTB death. However, the hazard ratio was reduced for

Table 1 (Continued).

Variables One-Year Survival
Number
(Constituent Ratio %)

Three-Year Survival
Number
(Constituent Ratio %)

Five-Year Survival
Number
(Constituent Ratio %)

Total
(Constituent Ratio %)

Standardized treatment protocol

Yes 87(46.3) 48(25.5) 27(14.4) 188(66.4)

No 45(47.4) 23(24.2) 14(14.7) 95(33.6)

Whole-course surveillance during treatment

Yes 110(47.0) 58(24.8) 35(15.0) 234(82.7)

No 22(44.9) 13(26.5) 6(12.2) 49(17.3)

Diabetes mellitus

Yes 5(27.8) 3(16.7) 1(5.6) 18(6.4)

No 127(47.9) 68(25.7) 40(15.1) 265(93.6)

Cardiovascular diseases

Yes 10(31.3) 3(9.4) 1(3.1) 32(11.3)

No 122(48.6) 68(27.1) 40(15.9) 251(88.7)

Other diseases

Yes 8(32.0) 6(24.0) 1(4.0) 25(8.8)

No 124(48.1) 65(25.2) 40(15.5) 258(91.2)
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those married (HR: 0.42, 95% CI: 0.22–0.82, P=0.01), those divorced or widowed (HR: 0.45, 95% CI: 0.24–0.82,
P=0.01); and those living in the cities of Wenzhou (HR: 0.29, 95% CI: 0.15–0.57, P<0.01), Jinhua (HR: 0.57, 95% CI:
0.33–0.99, P=0.04), and Taizhou (HR: 0.36, 95% CI: 0.18–0.73, P=0.01); and having a regular sputum smear test (HR:
0.18, 95% CI: 0.13–0.26, P<0.01).

For the five-year survival results, the hazard ratio increased for secondary TB (HR: 2.30, 95% CI: 1.35–6.50, P<0.01),
positive sputum smear test result (HR: 2.06, 95% CI: 1.35–3.15, P<0.01), age 75–90 years (HR: 1.97, 95% CI: 1.21–3.21,
P=0.01), age 60–75 years (HR: 1.74, 95% CI: 1.05–2.88, P=0.03), and farmer (HR: 1.50, 95% CI: 1.03-2.17, P)=0.03; it was
reduced for those married (HR: 0.40, 95% CI: 0.21–0.75, P=0.01); those who were divorce or widowed (HR: 0.47, 95% CI:
0.26–0.83,P=0.01); those living in the city ofWenzhou (HR: 0.34, 95%CI: 0.18–0.64,P<0.01) and Taizhou (HR: 0.42, 95%CI:
0.22–0.80, P=0.01); and having a regular sputum smear test (HR: 0.19, 95% CI: 0.14–0.26, P<0.01). The results are shown in
Table 2 and Figure 1.

Table 2 The Cox Proportional Hazard Regression Model Regarding the Influencing Factors Related to PTB Death at Three Different
Periods

Variables One-Year Survival Three-Year Survival Five-Year Survival

P HR and 95% CI P HR and 95% CI P HR and 95% CI

Sex

Male 0.40 1.26(0.74, 2.13) 0.98 0.99(0.66,1.51) 0.47 0.87(0.59,1.27)

Female 1 1 1

Age

>90 0.24 1.70(0.71,4.08) 0.26 1.57(0.72,3.43) 0.10 1.80(0.89,3.64)

75–90 0.05 1.92(1.00,3.69) 0.01 2.03(1.18,3.48) 0.01 1.97(1.21,3.21)

60–75 0.15 1.66(0.83,3.30) 0.06 1.71(0.97,3.00) 0.03 1.74(1.05,2.88)

18–60 1 1 1

Occupation

Farmer 0.07 1.53(0.97,2.40) 0.05 1.50(1.01,2.22) 0.03 1.50(1.03,2.17)

Others 1 1 1

Marital status

Married 0.18 0.60(0.28,1.28) 0.01 0.42(0.22,0.82) 0.01 0.40(0.21,0.75)

Divorce or widowed 0.08 0.54(0.27,1.08) 0.01 0.45(0.24,0.82) 0.01 0.47(0.26,0.83)

Never married 1 1 1

City

Ningbo 0.57 0.84(0.45,1.55) 0.39 0.78(0.44,1.37) 0.25 0.72(0.42,1.26)

Wenzhou <0.01 0.21(0.08,0.52) <0.01 0.29(0.15,0.57) <0.01 0.34(0.18,0.64)

Jiaxing 0.31 0.72(0.39,1.35) 0.58 0.86(0.51,1.46) 0.38 0.79(0.47,1.34)

Huzhou 0.65 1.2(0.55,2.64) 0.64 1.18(0.6,2.33) 0.46 1.28(0.67,2.47)

Shaoxing 0.78 0.89(0.39,2.05) 0.21 0.63(0.31,1.3) 0.61 0.85(0.47,1.56)

Jinhua 0.05 0.51(0.26,1.00) 0.04 0.57(0.33,0.99) 0.07 0.62(0.37,1.04)

(Continued)
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Table 2 (Continued).

Variables One-Year Survival Three-Year Survival Five-Year Survival

P HR and 95% CI P HR and 95% CI P HR and 95% CI

Quzhou 0.19 0.65(0.35,1.23) 0.69 0.90(0.53,1.53) 0.90 0.97(0.57,1.63)

Zhoushan 0.88 1.12(0.23,5.44) 0.32 0.46(0.10,2.11) 0.32 0.52(0.15,1.88)

Taizhou 0.01 0.32(0.15,0.72) <0.01 0.36(0.18,0.73) 0.01 0.42(0.22,0.80)

Lishui 0.22 0.62(0.29,1.34) 0.18 0.64(0.34,1.23) 0.39 0.77(0.43,1.39)

Hangzhou 1 1 1

Diagnosed classification of TB*

Secondary TB <0.01 7.59(1.83,31.39) 0.01 3.06(1.26,7.39) <0.01 2.30(1.35,6.50)

Others 1 1 1

History of PTB treatment

Yes <0.01 0.45(0.27,0.77) 0.12 0.74(0.50,1.08) 0.66 0.93(0.66,1.31)

No 1 1 1

Sputum smear test

Positive 0.33 1.30(0.77,2.22) 0.02 1.72(1.09,2.73) <0.01 2.06(1.35,3.15)

Negative 1 1 1

Normative X ray examination

Yes 0.57 0.85(0.48,1.51) 0.50 0.86(0.56,1.33) 0.54 0.89(0.60,1.31)

No 1 1 1

Regular sputum smear test

Yes <0.01 0.13(0.08,0.20) <0.01 0.18(0.13,0.26) <0.01 0.19(0.14,0.26)

No 1 1 1

PTB cavity

Yes 0.74 1.07(0.72,1.58) 0.22 1.22(0.89,1.68) 0.15 1.25(0.93,1.69)

No 1 1 1

Standardized treatment protocol

Yes 0.38 1.18(0.82,1.72) 0.68 1.07(0.78,1.45) 0.39 1.14(0.85,1.52)

No 1 1 1

Whole-course surveillance during treatment

Yes 0.97 0.99(0.55,1.79) 0.48 0.83(0.49,1.40) 0.12 0.68(0.42,1.11)

No 1 1 1

Diabetes mellitus

Yes 0.19 1.55(0.8,2.98) 0.75 1.1(0.61,1.99) 0.62 1.15(0.66,2.02)

No 1 1 1

(Continued)
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Discussion
In this study, we investigated the factors associated with PTB death in Zhejiang Province, located in the eastern area of
China. In contrast to the previous studies that recruited volunteers in the hospital population or program groups to
observe the survival time and its associated factors, our study considered all direct deaths caused by PTB in Zhejiang
Province through the accurate matching of two available surveillance systems.20–22 The strength of our study, which has
comprehensive sample and precise outcome, could clarify associations and provide more robust results.

In our study, only 14.5% of included PTB death cases had a survival time of more than five years. Considering that
86.6% of participants were older than 60 years in our study, it is suggested that weakened individual immunity and some
existing comorbidities in these older groups may aggravate the PTB infection, onset, and even death.23,24

In addition, findings from one study showed a higher risk of death during the first year of antituberculosis treatment.25

Furthermore, a study identified a significant reduction in cumulative survival rate in the initial 2 months of antitubercu-
losis treatment, while another study showed that nearly 75% of deaths occurred at the end of treatment period.26,27 Our

Table 2 (Continued).

Variables One-Year Survival Three-Year Survival Five-Year Survival

P HR and 95% CI P HR and 95% CI P HR and 95% CI

Cardiovascular diseases

Yes 0.18 0.71(0.43,1.17) 0.36 0.81(0.52,1.27) 0.65 0.91(0.59,1.39)

No 1 1 1

Other diseases

Yes 0.22 1.41(0.82,2.42) 0.31 1.29(0.79,2.13) 0.12 1.43(0.91,2.24)

No 1 1 1

Note: *The results were modified by profile penalized log likelihood.

Figure 1 Summary of variables associated with risk of PTB death from the Cox regression analysis.
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results showed that among all PTB deaths, nearly 19.4% of deaths occurred in the first 2 months and 53.4% of PTB
deaths occurred in the first year (In China nearly all PTB cases begin treatment once diagnosed). Thus, PTB cases in the
older group need further attention to reduce PTB deaths in the first year. Meanwhile, this discrepancy of early death
might be potentially attributed to nutritional support and aging composition, which highlights the importance of regular
follow-up and nutritional supplement.28

No statistically significant differences were found for sex during the different periods of the survival analysis. This
result was similar to that of Kabtamu Tolosie’s study in Ethiopia but differed from the findings of other studies.29–31

Some factors, such as diverse socioeconomic levels and ethnicity, might have contributed to such differences.
Previous literature has identified age as a potential risk factor for TB survival, suggesting mortality increases by 5.9%

with increasing yearly age.3 The findings of our study further implied the “60–75” age group was a negative influencing
factor for long-term survival (five-year survival) and the “75–90” age group was a negative influencing factor for
medium/long-term survival (three/five-year survival). For these older age group, affected factors including lower
immunity levels, more comorbidities, and delayed diagnosis, might explain the effect on survival time.32 However, for
the aged groups “>90”, no significant difference was observed in short/medium/long-term survival, which could be
attributed to the sample size in our study. Thus, reaching people earlier to test for PTB and to receive treatment
immediately requires increased awareness and targeting the age groups most at risk.

Economic and educational levels can affect access to health services and subsequently affect TB survival time.33

Interestingly, for the farmer group, no significant association was identified concerning short-term survival, but it was a
potential negative factor for medium-and long-term survival. We speculated that this particular group had limited
nutritional level and insufficient health knowledge related to PTB that affect survival time, which should be investigated
and verified in future studies.

The result regarding marital status implied that an experience of marriage might benefit the medium/long-term
survival of PTB cases, perhaps through social support. Additionally, our study identified an association between TB
mortality and various regions. Some regions such as Taizhou, and Wenzhou had significantly lower risk of PTB mortality,
suggesting excellent health services.

Moreover, PTB cases with a history of PTB treatment had a positive impact on short-term survival. It might be that
previous treatment provided a reference for these people, which could cause fewer delays for seeking healthcare and
increased awareness of the importance of adherence in the latest treatment. Moreover, the literature has demonstrated that
the success rate of retreated patients was lower than that of those initially treated, indicating that retreated PTB cases may
have a longer treatment time.3 Thus, for reasons like longer treatment periods, such beneficial effects may be weakened
in the former, and no statistically significant benefits were found for the medium/long-term survival of PTB.

A sputum smear test with positive result was associated with a higher risk for medium/long-term survival, but not
short-term survival. This may be attributed to the cumulative tissue damage caused by Mycobacterium tuberculosis,
which seriously affects the life span of patients.

In this study, a regular sputum smear test was found to be a protective factor against death at different survival times,
but no significant difference was identified among normative X-ray examinations. The regular sputum smear test could
reflect PTB progression more accurately and directly, which is helpful in developing specific therapeutic regimens, while
the normative X-ray examinations entail morphological observations that might exist with some lag occasionally. Thus,
for the regular sputum smear test, the clinical doctor could make more precise decisions for subsequent treatment to
enhance successful treatment and decrease PTB deaths.

Diabetes mellitus, cardiovascular disease, and other diseases did not increase the risk of PTB mortality at the different
time points. This finding was similar to a previous study that associated diabetes mellitus, chronic obstructive pulmonary
disease, and cancer with all-cause mortality but not with mortality due to PTB.25 Although our study only considered
survival time, controlling these comorbidities was still vital to shortening the progress of PTB and enhancing the
therapeutic effect.

Our study has some limitations. First, we chose PTB death at limited time periods, and overwhelming majority of the
PTB patients include those in older age group, which influenced the extrapolation of our findings. Second, some possible
factors were not verified in our study, such as delayed time for diagnosis, drug resistance status, education level of
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patients, smoking status, and comorbidity of HIV.21,34,35 Meanwhile, some explorations in clinical data such as radiologic
severity and drug adverse effects were not considered. We, however, investigated three different survival periods
providing the dynamic characteristics of associated factors, which contributed to a better understanding of PTB survival
features.

Conclusion
To reduce PTB mortality, more attention should be paid to the older population, especially during the first year. Regular
sputum smear test could effectively reduce the mortality in PTB cases. Based on the findings of factors associated with
PTB survival, more evidence-based interventions should be formulated and implemented to enhance the survival of
patients with PTB, reduce PTB mortality, and achieve the “End TB” target.
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