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Abstract. – OBJECTIVE: The tuberculosis
(TB) program was carried out in the Changji
zone in northwest of China. Directly Observed
Treatment, Short-Course (DOTS) is a modern
control strategy against tuberculosis recom-
mended by World Health Organization. The pur-
pose of this work is to describe the survival of
post-treatment TB (PTB) patients and to identify
the risk factors associated with mortality and
treatment outcomes, so that effective measures
and interventions could be used to decrease
the mortality rate.

PATIENTS AND METHODS: Registry of 4501
TB patients at Center for Disease Control and
Prevention (CDC) treated from 2007 to 2014
were collected. Mortality was used as an out-
come measure and calculated per 100 person
years of observation (PYO) from the date of
completion of the treatment to the date of inter-
view if the patients were alive or to the date of
death. Kaplan-Meier and Cox regression meth-
ods were used to determine the survival and
hazard ratios. An indirect method of standard-
ization was used to calculate the standard mor-
tality ratio (SMR).

RESULTS: The average PYO was 5.0 and the
total was 21851. Mortality per 100 PYO was
1.9/100 PYO [223/11871] for smear-positive,
3.4/100 PYO [305/9048] for smear-negative and
2.4/100 PYO [22/932] for EPTB cases. Univariate
and Cox regression analysis showed that age
(p < 0.01), education (p < 0.01), occupation (p <
0.01) and economic status (p < 0.01) were asso-
ciated with increased mortality.

DISCUSSION: Since the mortality rate was
higher in Post-treatment TB patients than the
general population these patients need special
health care. An integrated survival and associ-
ated mortality risk factors and information sys-
tem is necessary for TB surveillance, personal
health status and treatment management. Fur-
ther studies are required to identify the causes
of death in these patients.

Survival and associated mortality risk factors
among post-treatment pulmonary tubercolosis
patients in the northwest of China

1School of Public Health, Medical College of Qingdao University, Qingdao, China
2Department of Tuberculosis Prevention and Control, Changji Centre for Disease
Control and Prevention, Xinjiang Uygur Autonomous Region, Changji, China
3Division of Human Nutrition, Wageningen University, Wageningen, The Netherlands

Corresponding Author: Aiguo Ma, MD; e-mail: maaiguo425@163.com

Key Words:
Post-treatment, Tuberculosis, Survival analysis, Mor-

tality, Standard mortality ratio, China.

Abbreviations

TB = tuberculosis; DOTS = directly observed treatment
and short-course chemotherapy; CDC = Center for Dis-
ease Control; PYO = person-year of observation; HR:
hazard ratio; CI: confidence interval; SMR: standardized
mortality ratio.

Introduction

Tuberculosis (“TB”), an ancient yet still major
disease that threatens human health by far, and a
major public health problem, is a chronic lung
infectious disease caused by Mycobacterium tu-
berculosis. Unprecedented victory was achieved
in the late twentieth century, during the history of
the human struggle with tuberculosis, by virtue
of the advent of anti-TB drugs, antibiotics and
BCG. The medical world since believed that tu-
berculosis could be eliminated by the end of the
20th century. However, since the 1980s, the ne-
glect of TB, the increase of mobile population,
the upsurge of diabetes and HIV, as well as the
emergence of drug-resistant TB have contributed
to the resurgence of tuberculosis. The drug-resis-
tant TB is one of the most important factors that
cause tuberculosis epidemic. TB treatment en-
sures long-term success by reducing transmis-
sion, recurrence (relapse or re-infection) and
death1-5. However, in some countries mortality
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with the population of 1.406 million and 36 na-
tions, such as Hui, Han, Kazak and Uygur. Di-
rectly Observed Treatment, Short-Course
(DOTS) is a modern control strategy against tu-
berculosis recommended by World Health Orga-
nization. Since its launch in Changji in 2001, it
has covered all counties and 100% population.

Study Design
Registry for all PTB Patients at Changji Cen-

ter for Disease Control and Prevention (CDC)
was collected and all of the TB cases who com-
pleted treatment under the DOTS program from
2007 to 2014 were enrolled in the study. This ret-
rospective cohort study was based on TB patients
who were registered in the unit TB registers in
the health facilities providing DOTS.

Ethical Clearance
The Ethical Review Committee of the Region-

al Health Bureau approved the study protocol.
Study participants were enrolled after providing
informed consent. For patients who had died, in-
formed consent was obtained from the heads of
households or next of kin. Patients with a recent
history of cough and other symptoms suggestive
of TB were advised to visit health facilities for
further examination.

Treatment Regimen, Duration and
Outcome
Treatment for smear-positive patients consisted

of 8 months of daily supervised streptomycin (S),
R, H and pyrazinamide (Z) for 2 months, fol-
lowed by 6 months of self-administered ethambu-
tol (E) and H for adults (2SRHZ/6EH), and 4
months of RH for children (2SRHZ/4RH).
Smear-negative and extrapulmonary TB (EPTB)
cases received 2 months of RHZ followed by 6
months of EH (2RHZ/6EH). The treatment regi-
men was the same throughout the study period.
Follow-up sputum examination was performed at
the end of 2, 5 and 7 months of treatment. A
smear positive pulmonary TB (PTB) patient who
had a negative sputum smear result in the last
month of treatment and also at least on one previ-
ous occasion (month 2 or 5) was reported as
cured. Smear-positive PTB cases without month 7
smear results, and smear-negative PTB and EPTB
cases who finished the full course of treatment
were declared ‘treatment completed’. TB cases
declared as cured or treatment completed were re-
ported to be successfully treated under the DOTS
strategy. The treatment success rate is the sum of

among TB patients has increased, mainly due to
the human immunodeficiency virus (HIV) epi-
demic6,7. TB mortality, as defined by the WHO,
includes the number of TB cases dying during
treatment, and irrespective of cases is obtained
from routine reports. This excludes deaths that
occur among TB patients after treatment com-
pletion under DOTS, but defaulters and trans-
ferred out cases underestimate mortality in TB
patients8. Mortality in successfully treated TB
patients could be taken as an important measure
of the efficacy of treatment. However, there is
no routine monitoring of TB patients after treat-
ment completion to understand what happens to
them after successful treatment under the DOTS
strategy.
Post-treatment studies conducted among TB

patients reported high mortality (24%) after 22
months of follow-up9. Mortality was highest
among HIV-infected (65%) and multidrug-resis-
tant TB (MDR-TB) patients (69% cases with
strains resistant to at least isoniazid [H] and ri-
fampicin [R])9-11. High recurrence rates may also
increase TB incidence, reduce treatment success
and increase post-treatment mortality or reduce
post-treatment survival of successfully treated
TB patients12,13.
To our knowledge, no follow-up studies have

been conducted so far to examine post-treatment
mortality in tuberculosis patients in the northwest
of China to describe and analyze the prognosis
for patients with PTB who were treated under the
DOTS strategy, to assess and identify potential
factors associated with their survival or to pro-
vide recommendations for TB control system and
government. More vigorous management and
prevention strategies based on these risk factors
could reduce deaths among post-treatment PTB
patients.

Patients and Methods

Study Area and Population
Changji Hui Autonomous Prefecture is located

in the north side of Tian Shan and southeast mar-
gins of Dzungarian Basin, as the only path for
the world-famous ancient “Silk Road” and Eura-
sia. The administrative region covers an area of
93,900 square kilometers, 540 kilometers long
from east to west and 285 kilometers wide from
south to north. The desert and mountainous area
occupy a great proportion. Changji consists of 5
counties and 3 cities, 92 towns and 985 villages,
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the cured and treatment completion rate. A patient
who died for any reason after treatment was
recorded as ‘death’9.

Data Collection
A list of TB patients declared cured or treat-

ment completed from 2007 to 2014 was ob-
tained from the unit TB registers in the health
institutions in Changji. Information on unit reg-
ister number, name, age, sex, address, econom-
ic status, TB classification, smear results, treat-
ment outcome and the date of interview was
collected.
Health extension workers (HEWs, ie, trained

community health workers) were trained to con-
duct house-to-house visits and collect data. Infor-
mation was collected on whether or not the TB
patients were alive and had TB symptoms. The
date of interview for those who were alive and
the date of death for those who had died were
noted.

Data Analysis
Data entry and analysis were performed using

SPSS 18 for Windows (Statistical Package for
Social Sciences – SPPS Inc., Chicago, IL, USA).
We described the patients by age, sex, TB classi-
fication, marital status, occupation and economic
status. Mortality was used as an outcome mea-
sure. Person-years of observation (PYO) were
calculated from the date of treatment completion
to date of interview if the patient was alive, or to
date of death. The study outcomes of participants
were censored if they were reported to be alive at
the time of interview.
Event-free survival and the log-rank test for

statistical significance were determined using the
Kaplan-Meier method. The Cox regression
method was used to determine the hazard ratio
(HR) and 95% confidence intervals (95% CI). A
value of p<0.2 was used as a cut-off point to in-
clude the variable in the multivariate Cox regres-
sion model. Mortality was calculated as the num-
ber of deaths/100 PYO. Excess mortality was
calculated by subtracting age and occupation-
specific mortality in the reference population
from mortality among successfully treated TB
patients. p<0.05 was considered statistically sig-
nificant. To ascertain whether more than the ex-
pected number of deaths had occurred among our
cohort, we used the indirect method of standard-
ization to calculate the standard mortality ratio
(SMR)15.

Results

A total of 4501 TB patients were registered, 63
(1.4%) patients had moved to other districts and
no information was available for 48 (2.1%) pa-
tients. Valid data were obtained for 4342 (96.5%)
cases, and data on current status (whether they
were alive or dead) of two patients were not avail-
able (Figure 1). We found no baseline differences
for age, sex, treatment outcome or TB classifica-
tion between study participants and those for
whom no information was obtained.
Overall, 2362 smear-positive PTB, 1802

smear-negative PTB and 178 EPTB cases were
studied. Of the 4342 patients, 2762 (63.6%) were
men, 3328 (76.6%) married, 1157(26.6%) illiter-
ate, 1825 (42.0%) farmers; and 87.3%
(3792/723) were alive (Table I).
The average PYO was 5.0 and the total was

21851. Mortality per 100 PYO was 2.5% per an-
num (550/21851; 1.9/100 PYO [223/11871] for
smear-positives, 3.4/100 PYO [305/9048] for
smear-negative and 2.4/100 PYO [22/932] for
EPTB cases; Tables II and III).
The main causes of death in 550 patients were:

169 cases of tuberculosis (30.7%), 86 cases of
lung cancer (15.6%), 104 cases of chronic ob-
structive pulmonary diseases (COPD) (18.9%),
51 cases of cerebral vascular disease (9.3%), 43
cases of congestive heart failure (7.8%), 45 cases
of AIDS (8.2%), and 52 cases of others diseases
(9.5%) (Table IV).
Univariate analysis showed that the age

(HR=1.02, 95%CI 1.01-1.02) was associated
with increased mortality. While, Cox regression
analysis revealed that the age (p<0.01), education
(p<0.01), occupation (p<0.01) and economic sta-
tus (p<0.01) were associated with increased mor-
tality (Figures 2, 3, 4, Table II).

Discussion

One of the targets of the Millennium Develop-
ment Goals is to reduce TB mortality17. This
could be improved by measuring mortality in
successfully treated cases. We report higher mor-
tality in successfully treated TB cases than in the
general population.
In our study, overall mortality was 2.5/100

PYO (2.5% per annum), which is lower than in
other reports from Africa (ranging from 3.1/100
PYO in the Democratic Republic of Congo
[DRC] to 23.7/100 PYO in Malawi). The mortal-
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ity in our setting was also lower than reports
from India (5.7/100 PYO in rural Velliyur and
6.8/100 PYO in Chennai City) as well as Viet-
nam (6.6/100 PYO)19,20. Some population groups
are at a higher risk of death due to occupational
exposure or lifestyle. In addition, the risk of ex-
cess mortality was higher in males compared to
females, and risk was increased with increasing
age. This could be because more male TB pa-
tients were reported, which could also result in
more deaths17,23. The higher risk of HIV infection
in males than in females could explain the higher
mortality in rural communities22. Moreover, the
traditional risk taking role of males, and given
their role in society, puts them at higher a risk for
excess mortality24. As expected, mortality was
higher in the elderly, possibly due to age-related
diminution of immunity and the increased mag-
nitude of chronic illnesses such as diabetes melli-
tus and other comorbidities25-27. Case-fatality
rates among TB patients during treatment at 6
months and at 12 and 20 months after treatment
were reported to be increased and more deaths
occurred in the elderly and in males28-32.
The relative lower mortality in our setting

could be because of the lower prevalence of

HIV infection, and the lower burden of TB and
other comorbidities33-38. Mortality rates in our
setting were similar among smear-positive,
smear-negative and EPTB cases, possibly due
to similar rates of HIV infection in TB pa-
tients19. This is in contrast to many studies that
have reported higher mortality in smear-nega-
tive and EPTB cases. In such settings, the mor-
tality was higher in TB patients, mainly due to
HIV infection39-42.
Generally, mortality was higher in TB patients

after successful treatment. We report excess mor-
tality in our study participants over the general
population and an SMR of 4.78, which is higher
than the SMR of 4.2 reported in rural setting of
India26. Gaps in the performance of the TB pro-
gram, such as inadequate patient’s follow-up, and
the patients’ general condition could lead to an
increase in mortality during treatment and put
them at a higher risk of excess mortality after
completion of treatment. Inadequate treatment
supervision, mainly during the continuation
phase, when treatment is taken unsupervised,
could also reduce treatment adherence and in-
crease the recurrence rate of TB, which could
contribute to increased mortality. This could be

Figure 1. Flow chart of post-treatment TB patients traced in Changji, the northwest of China, 2007-2014.
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worse where the importance of treatment adher-
ence is not well addressed during health educa-
tion sessions43-48.
We report mortality in successfully treated TB

cases through home-based follow-up under pro-
gram conditions in Changji. No baseline differ-
ences were found between the study participants
and those who were not included in the study,
which increases the representativeness of our
study and its generalizability to the study area.
However, using the general population may have
underestimated the mortality in TB patients,
while failure to ascertain the causes of death may
also have included other causes of death, thus
overestimating mortality49. TB cases who die un-
registered or undiagnosed by the DOTS pro-
grams are beyond the scope of this study.
Post-treatment pulmonary patients in the north-

west of China need special health care, so more
attention should be paid to health promotion, in-
terventions for risk behavioral factors, mental
counseling and personalized therapy. TB control
Programs should interact with other Public Health

Programs to gain better efficiency. Human-based
management of DOTS should be performed in
communities and families. Treatment facilities
with more comfortable situations and better
equipments should be created so that improved
compliance could be possible. An integrated sur-
vival and associated mortality risk factors among
Post-treatment pulmonary patients information
system is necessary to collect data on TB surveil-
lance, personal health status and treatment man-
agement. Functions such as instant case report,
tracing and verifying suspects, information stor-
ing and exchanging among TB control facilities
as well as recording and reminding for anti-tuber-
culosis drugs can be conducted by such an infor-
mation system.

Conclusions

The post-treatment mortality was higher in
TB patients than in the general population.
There is a need for selective post-treatment fol-

Variables Smear-positive Smear-negative EPTB Total
TB (n=2362) TB (n=1802) (n=178) (N=4342)
n (%) n (%) n (%) n (%)

Sex
Male 1506 (63.8) 1137 (63.1) 119 (66.9) 2762 (63.6)
Female 856 (36.2) 665 (36.9) 59 (33.1) 1580 (36.4)
Marital status
Single 198 (8.4) 145 (8.1) 15 (8.5) 358 (8.3)
Married 1833 (77.6) 1368 (75.9) 127 (71.3) 3328 (76.6)
Divorced/widowed 331 (14.0) 289 (16.0) 36 (20.2) 656 (15.1)
Education
illiterate 581 (24.6) 510 (28.3) 66 (37.1) 1157 (26.6)
Primary school 1115 (47.2) 740 (41.1) 37 (20.8) 1917 (44.2)
Middle school 584 (24.7) 454 (25.2) 45 (25.3) 1083 (24.9)
University 82 (3.5) 98 (5.4) 5 (16.8) 185 (4.3)
Occupation
Farmer 1061 (44.9) 701 (38.9) 63 (35.4) 1825 (42.0)
Student 120 (5.1) 157 (8.8) 23 (12.9) 300 (6.9)
Blue collar* 501 (21.2) 337 (18.7) 34 (19.1) 872 (20.1)
White collar§ 180 (7.6) 129 (7.1) 23 (12.9) 332 (7.6)
Others 500 (21.2) 478 (26.5) 35 (19.7) 1013 (23.4)
Economic status
Good 431 (38.1) 288 (16.1) 29 (16.3) 748 (17.2)
Middle 1030 (23.7) 408 (22.6) 73 (41.0) 1511 (34.8)
Poor 901 (38.2) 1106 (61.3) 76 (42.7) 2083 (48.0)
Survival status
Alive 2139 (90.6) 1497 (83.1) 156 (87.6) 3792 (87.3)
Died 223 (9.4) 305 (16.9) 22 (12.4) 550 (12.7)

Table I. Socio-demographic characteristics of post-treatment TB patients in Changji, the northwest of China, 2007-2014.

TB = tuberculosis; EPTB = extra-pulmonary TB. *It includes factory workers, peasant-workers, service industry workers and
drivers; §It includes officers, civil servants, teachers, businessmen and doctors.
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Mortality/
Death 100 PYO Adjusted

Variables Yes (n) No (n) PYO (95%CI) Crude HR p-value HR (95%CI) p value

Age (years) 550 3792 21851 2.5 1.02 (1.01-1.02) <0.01 1.04 (0.94-1.17) <0.01
Sex
Female 202 1378 9652 2.1 1.0
Male 348 2414 12199 2.9 1.38 (0.86-2. 47) 0.711 1.6 (0.91-2.87) 0.01
Education
illiterate 159 998 5857 2.7 1.0 1.0
Primary school 250 1667 9575 2.6 0.96 (0.85-1.04) 0.25 0.99 (0.83-1.19) 0.05
middle school 131 952 5539 2.4 0.88 (0.71-1.00) 0.01 0.84 (0.72-1.00) 0.05
University 10 175 880 1.1 0.41 (0.38-0.52) <0.01 0.43 (0.39-0.49) <0.01
Marital status
Single 48 310 1772 2.7 1.0
Married 435 2893 16813 2.5 0.946 (0.70-1.27) 0.11
Divorced/widowed 63 593 3266 1.9 0.76 (0.53-1.11) 0.20

Occupation
White collar* 48 284 2906 1.65 1 1
Farmer 261 1564 9126 2.86 1.73 (1.09-2.35) <0.01 1.78 (1.07-2.49) <0.01
Student 37 263 1577 2.35 1.42 (0.62-2.07) <0.01 1.41 (0.65-2.03) <0.01
Blue collar§ 129 872 6898 2.96 1.79(1.25-2.64) <0.01 1.82 (1.12-2.81) <0.01
House wife or unemployed 75 938 2519 2.97 1.80 (1.33-2.66) <0.01 1.84(1.21-2.78) <0.01
Economic status <0.01
Good 27 721 3883 0.69 1
Middle 44 1467 7636 0.58 0.86 (0.54-11.41 0.14 0.96 (0.59-1.56) 0.88
Poor 479 1604 10332 4.63 8.27 (6.07-111.26) <0.01 10.85 (7.28-116.17) <0.01
TB classification
Smear-positive PTB 223 2139 11871 1.9 1.0
Smear-negative PTB 305 1497 9048 3.4 1.83 (1.54-2.18) <0.01 1.81 (1.16-2.82) <0.01
EPTB 22 156 932 2.4 1.22 (0.79-1.89) 0.36 1.52 (0.98-2.36) 0.06

Table II. The predictive factors of mortality in post-treatment TB patients in Changji, the northwest of China, 2007-2014.

PYO = person-year of observation; HR = hazard ratio; CI = confidence interval; SMR = standardized mortality ratio. *It in-
cludes officers, civil servants, teachers, businessmen and doctors. §It includes factory workers, peasant-workers, service indus-
try workers and drivers

Observed Expected
deaths/year Deaths/year deaths/year

Deaths Total in study in referent in study
Variables (n) (n) PYO population population* population MR (95%CI)

Age (years)
0-9 0 6 5.4 0.0 14.2 0.1 0.00 (0.00-0.00)
10-19 7 49 6.0 1.2 1.9 0.1 12.53 (5.59-19.46)
20-29 53 773 6.0 8.8 2.8 2.2 4.08 (2.06-6.10)
30-39 93 897 5.5 16.9 5.0 4.5 3.77 (1.83-5.71)
40-49 72 644 4.0 18.0 6.7 4.3 4.17 (0.16-8.17)
50-59 60 429 4.8 12.5 12.5 5.4 2.91 (1.85-3.97)
60-69 71 502 4.5 16.9 23.1 11.6 1.36 (-0.92-3.64)
70-79 108 668 4.7 23.0 30.4 20.3 1.13 (-0.95-3.21)
80-89 75 339 5.0 15.0 41.9 14.2 1.06 (-0.96-2.98)
90-99 11 35 5.0 2.2 54.6 1.9 1.15 (-0.95-3.25)
Total 550 4342 5.0 112.2 5.3 23.44 4.78 (2.58-6.95)

Table III.Mortality in post-treatment TB patients in Changji, the northwest of China, 2007-2014.

*Mortality of the general population in Changji of the northwest of China, 2007-2014. PYO = person-year of observation;
SMR = standardized mortality ratio; CI = confidence interval.
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low-up of high-risk groups that could be identi-
fied at the start of treatment. Post-treatment
mortality could be used as additional evidence
of case fatality (obtained through routine re-
ports) to better understand mortality in TB pa-

tients. Further studies are needed to ascertain
the causes of death in TB patients. Human-
based management of DOTS should be per-
formed in communities and families. Treatment
facilities with more comfortable situations and

Lung Cerebral Heart
Cause of death TB cancer COPD vascular disease failure AIDS Others Total

The number of cases 169 86 104 51 43 45 52 550
Percentage (%) 30.7 15.6 18.9 9.3 7.8 8.2 9.5 100

Table IV. Causes of death in post-treatment TB patients in Changji, the northwest of China, 2007-2014.

Figure 2. Kaplan-Meier survival curve
showing mortality in post-treatment TB pa-
tients by education in Changji, the northwest
of China, 2007-2014.

Figure 3. Kaplan-Meier survival curve
showing mortality in post-treatment TB pa-
tients by economic status in Changji, the
northwest of China, 2007-2014.
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better equipments should be created so that im-
proved compliance could be possible. An inte-
grated survival and associated mortality risk
factors among post-treatment pulmonary pa-
tients information system is necessary along
with data on TB surveillance, personal health
status and treatment management. Functions
such as instant case report, tracing and verify-
ing suspects, information storing and exchang-
ing among TB control facilities as well as
recording and reminding for anti-tuberculosis
drugs can be conducted by such an information
system.
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