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Abstract 

Background Drug-resistant tuberculosis (DR-TB) is a major public health threat in Hunan Province, with an increas-
ing clinical burden in recent years. This study aimed to identify socio-demographic and clinical factors associated 
with DR-TB in Hunan province, China.

Methods A case-control study was conducted in Hunan province. Cases were all DR-TB patients who were con-
firmed by culture and Drug susceptibility testing (DST) and enrolled at the DR-TB treatment center of Hunan Chest 
Hospital from 2013 to 2018. Controls were all Drug Susceptible TB (DS-TB) patients confirmed by DST and enrolled 
at the same hospital during the same period. A multivariable logistic regression model was fitted to identify factors 
significantly associated with DR-TB.

Results A total of 17,808 patients (15,534 DS-TB controls and 2274 DR-TB cases) were included in the study, 
with a mean age of 42.5 years (standard deviation (SD) ± 17.5 years) for cases and 46.1 years (SD ± 19.1 years) for con-
trols. Age 15-64 years (Adjusted odds ratio (AOR = 1.5, 95% CI; 1.4, 1.8)), ethnic minorities (AOR = 1.5; 95% CI; 1.4, 1.8), 
and a history of previous TB treatment (AOR) = 1.84; 95% CI: 1.57, 2.15) was significantly associated with DR-TB. Being 
resident in a province outside Hunan was also a significant risk factor (AOR = 1.67; 1.27, 2.21) for DR-TB.

Conclusion and recommendations To prevent the occurrence of DR-TB in Hunan Province, interventions should be 
targeted at high-risk demographic groups such as ethnic minorities, individuals of productive age, and residents living 
outside the province. Interventions must also be targeted to previously treated cases, suggesting the appropriateness 
of diagnosis, treatment, and follow-up. Understanding the risk factors at the province level helps design strategies 
for controlling DR-TB due to variations by socioeconomic differences, quality of health care, and healthcare access.
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Introduction
Drug-resistant tuberculosis (DR-TB) is defined as 
tuberculosis (TB) that is resistant to at least one first-
line anti-TB drug (Isoniazid, Rifampicin, Ethambutol, 
Pyrazinamide, and Streptomycin or any second-line 
drugs or second-line drugs (including fluoroquinolo-
nes and aminoglycosides) or both [1]. DR-TB can 
occur due to genetic mutations or drug-resistant 
strains’ transmission [2].

The global burden of DR-TB has increased in the last 
two decades, with nearly half a million people develop-
ing DR-TB every year [1]. It becomes a major challenge 
to achieving the global End-TB Strategy targets [3]; 
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according to the 2022 WHO global TB report, there were 
an estimated 450,000 DR-TB cases in 2021 [4]. Nearly 
half of DR-TB cases were reported in India (26%), the 
Russian Federation (8.5%), and Pakistan (7.9%) [4].

The Western Pacific region has the third highest bur-
den of TB among WHO global regions (accounting for 
18% of cases), next to South-East Asia (43%) and Africa 
(25%) regions. About 86-90% of the global DR-TB burden 
is from 30 high-DR-TB burden countries [4], and China 
is among the 30 high-DR-TB burden countries globally. 
A study in Huna province among pulmonary TB cases 
showed that 40.9% of patients were resistant to at least 
one of the first-line anti-TB drugs [5].

Clinical factors such as a previous history of TB treat-
ment and comorbidities, including Diabetics Mellitus, 
Human Immunodeficiency Virus infection, and Chronic 
Obstructive Pulmonary Disease, were identified as risk 
factors of DR-TB [6]. A systematic review showed that 
factors such as baseline smear positivity, interruption of 
treatment, non-adherence, having an adverse drug reac-
tion, being aged > 40 years, being unemployed, and lack 
of health insurance were significantly associated with 
the occurrence of DR-TB [7]. Moreover, a contact his-
tory with a known TB patient and a previous history of 
TB treatment failure was associated with a higher risk of 
developing DR-TB [8]. However, evidence on risk factors 
of DR-TB in high burden settings such as Hunan prov-
ince is limited.

Despite significant investments in TB control and treat-
ment strategies in China, TB and DR-TB remain major 
public health threats in Hunan Province with an increas-
ing disease burden in recent years. Identifying risk factors 
of DR-TB may aid in designing effective control strategies 
in the province and other endemic areas. Therefore, this 
study aims to identify clinical and demographic risk fac-
tors associated with DR-TB in Hunan Province.

Methods
Study area
This study was conducted in Hunan province, located in 
South-Central China. Hunan is China’s 7th most popu-
lous province with more than 66 million people in 2020 
[9]. Hunan Chest Hospital is the largest chest hospital in 
Hunan Province, located in Changsha City, the province’s 
capital. It has more than 600 beds and provides services 
for diagnosing and treating TB and DR-TB. The hospital’s 
DR-TB treatment center was established in 2011.

Study design and data sources
A case-control study was conducted to identify the risk 
factors of DR-TB. All patients diagnosed with DS-TB 
and DR-TB (Pulmonary vs extrapulmonary, child-
hood vs adult, bacteriologically confirmed vs clinically 

diagnosed, and new vs previously treated) in Hunan 
Chest Hospital from 2013 to 2018 were included in 
the study. Cases were all DR-TB patients who were 
confirmed by culture and Drug Susceptibility Test-
ing (DST), enrolled at the DR-TB treatment center of 
Hunan Chest Hospital, from 2013 to 2018. Controls 
were all DS-TB patients who were confirmed by DST 
and enrolled at the same hospital during the same 
period. Data were obtained from an internet-based TB 
management information system TB control institute 
of Hunan province, DR-TB medical records, and DST 
registration books. Information obtained from the dif-
ferent data sources is linked using patients’ identifica-
tion. DR-TB is among the notifiable diseases in China, 
routinely collected by health professionals and notified 
to the Chinese Center for Disease Control and Preven-
tion (CDC). All DST- and DR-TB patients registered 
from 2013 to 2018 were included in the analysis. How-
ever, patients with unknown drug susceptibility (DST-
TB vs DR-TB) status were excluded from the study.

DS‑TB and DR‑ TB diagnosis
Hunan’s TB institutions follow WHO recommendations 
for TB diagnosis; using sputum smear microscopy, clini-
cal assessment based on symptoms, sputum culture, and 
molecular detection. There are 131 counties in Hunan 
province and only 32 counties can provide comprehen-
sive diagnostic services including culture. In Hunan 
Chest Hospital, drug susceptibility testing (DST) is 
mainly carried out in the diagnosis of DR-TB. As a result, 
sputum specimens from all culture-positive TB patients 
from throughout the province are referred to the Hunan 
Chest Hospital for DST. In the hospital, phenotypic DST 
based on solid and liquid culture techniques, and molec-
ular methods using line probe assays as well as Xpert® 
MTB/RIF are performed. At the Hunan Chest Hospital, 
DST is performed for rifampicin, isoniazid, ethambutol, 
streptomycin, kanamycin, and ofloxacin. Solid and liquid 
culture are used for the follow-up of patient’s progress 
and treatment outcomes.

Variables
The dependent variable of the study was DR-TB status 
(i.e., DR-TB as cases and DS-TB as controls). DR-TB was 
defined as resistance to at least one first-line or second-
line TB drugs. The independent variables were demo-
graphic factors such as age, sex, occupational status, 
residence type, ethnicity, year of enrolment, and institu-
tion type where the diagnosis was made as well as clinical 
factors such as history of TB treatment and registration 
type.
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Data analysis
A bivariable logistic regression model was fitted and vari-
ables with a P-value < 0.2 were selected for inclusion in 
a multivariable model, to identify factors significantly 
associated with DR-TB. Adjusted odds ratios (AOR) with 
95% confidence intervals (CI) were calculated to quantify 
the association between the dependent and independent 
variables and a p-value of < 0.05 was used to declare sta-
tistical significance. The data were analysed using Stata 
version 17 software.

Results
Sociodemographic characteristics
In Hunan Chest Hospital a total of 318,795 patients were 
registered for Tuberculosis (TB) between 2013 and 2018. 
Of these, 300,962 patients were excluded from the analy-
sis due to their unknown outcome status. Moreover, an 
additional 25 participants (three simple tuberculosis 
pleurisy and 22 extrapulmonary cases) were excluded. 
Finally, a total of 17,808 (15,534 DS-TB controls and 
2274 DR-TB cases) were included in the final analysis. 
The remaining (Fig. 1). The mean age of respondents was 
42.5 with a standard deviation (SD) of 17.5 for cases and 
46.1 years with an SD of 19.1 years for controls. Slightly 
lower than a quarter of cases (23.9%) and nearly a quar-
ter of controls (26.0%) were female. Around one-fifth 
(n = 448, 19.7%) of cases and controls (n = 2868, 18.5%) 
were under the age of 25 years. Most cases (n = 2130, 
93.7%) and controls (n = 14,868, 95.7%) were Han by 
ethnicity. The majority, 77.1% (n = 1753) of cases and 
77.7% (n = 12,066) of controls were farmers by occupa-
tion. Most participants, including 2092 (92.0%) cases and 
14,523 (93.5%) controls, were from Hunan province. The 

majority, 1813 (79.9%) cases, and 12,379 (80.6%) con-
trols were diagnosed by the Centre for Disease Control. 
A previous history of TB treatment was reported in 614 
(27.0%) cases and 2084 (13.4%) controls (Table 1).

Risk factors for DR‑TB in Hunan, China
In the bivariable analysis, age, gender, residence, occu-
pation, ethnicity, and treatment category were selected 
using a p-value threshold of < 0.2. Current residency 
status, age, ethnicity, and treatment category were sta-
tistically significant in the multivariable analysis at a 
p-value of < 0.05. Occupation was removed in the mul-
tivariable analysis due to multicollinearity. The odds of 
DR-TB among productive age groups (i.e., 15-64 years) 
were nearly 50% higher than under 15 and elderly (> = 65) 
populations (AOR = 1.5; 95% CI: 1.4, 1.8). Other eth-
nic minorities had nearly 50% higher odds of develop-
ing DR-TB than Han majorities (AOR = 1.5; 95% CI: 1.2, 
1.8). The odds of DR-TB among residents of neighbor-
ing provinces were significantly higher compared with 
those of Hunan residents (AOR = 1. 7; 95% CI: 1.4, 2. 1). 
Similarly, the odds of DR-TB in previously treated cases 
were nearly two times higher than in the new treatment 
category (AOR = 2.3; 95% CI: 2.1, 2.6). The Hosmer and 
Leme show goodness of fit test showed the model was 
adequately fitted (P-value = 0.12) (Table 2).

Discussion
This case-control study identified risk factors of DR-TB 
in Hunan province. Clinical factors such as a previous 
history of TB treatment were identified as a signifi-
cant risk factor for DR-TB (relative to DS-TB). More-
over, demographic factors such as ethnic minorities, 

Fig. 1 Flowchart of patient record selection process
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Table 1 Socio-demographic and clinical characteristics of study participants in Hunan Province, China, 2013 to 2018

Variables Total DR‑TB DS‑TB
N (%) N (%) N (%)

Sex
 Female 4579 (25.7) 543 (23.9) 4036 (26.0)

 Male 13,229 (74.3) 1731 (76.1) 11,498 (74.0)

Age (years)
 <=24 3316 (18.6) 448 (19.7) 2868 (18.5)

 25-44 4260 (23.9) 703 (30.9) 3557 (22.9)

 45-64 7242 (40.7) 888 (39.1) 6354 (40.9)

 > = 65 2990 (16.8) 235 (10.3) 2755 (17.7)

Year
 2013 703 (3.9) 96 (4.2) 607 (3.9)

 2014 991 (5.6) 131 (5.8) 860 (5.5)

 2015 2431 (13.7) 298 (13.1) 2133 (13.7)

 2016 2712 (15.2) 514 (22.6) 2198 (14.1%)

 2017 3320 (18.6) 477 (21.0) 2843 (18.3)

 2018 7651 (43.0) 758 (33.3) 6893 (44.5)

Ethnicity
 Han majority 16,998 (95.5) 2130 (93.7) 14,868 (95.7)

 Other  minoritiesa 810 (4.5) 144 (6.3) 666 (4.3)

Occupation
 Children and students 647 (3.6) 74 (3.3) 573 (3.7)

 Government employees 379 (2.2) 49 (2.2) 330 (2.1)

 Farmers and migrants 13,819 (77.6) 1753 (77.1) 12,066 (77.7)

 Housekeepers, housework, and unemployed 1252 (7.0) 195 (8.5) 1057 (6.8)

 Private employee 341 (1.9) 32 (1.4) 309 (2.0)

 Retired 892 (5.0) 104 (4.6) 788 (5.1)

  Othersb 478 (2.7) 67 (2.9) 411 (2.6)

Type of resistant
 Primary resistant 15,110 (84.8) 1660 (73) 13,450 (86.6)

 Secondary resistant 2698 (15.2) 614 (27) 2084 (13.4)

Residency status
 Foreign nationality 584 (3.3) 62 (2.7) 522 (3.4)

 Hunan Province 16,615 (93.3) 2092 (92.0) 14,523 (93.5)

 Another province 609 (3.4) 120 (5.3) 489 (3.1)

Detainees
 No 17,754 (99.7) 2265 (99.6) 15,489 (99.7)

 Yes 54 (0.3) 9 (0.4) 45 (0.3)

Current Diagnosis institution type
 CDC 14,192 (80.5) 1813 (79.9) 12,379 (80.6)

 General Hospital 2904 (16.3) 425 (18.7) 2479 (16.1)

  Othersc 524 (4.0) 30 (1.4) 494 (3.3)

Patient source
 Close contact and healthy cheek 48 (0.3) 4 (0.2) 44 (0.3)

 Recommend consultation due to symptoms 195 (1.1) 27 (1.2) 168 (1.1)

 Referral 6138 (34.5) 733 (32.2) 5405 (34.8)

 Seeking consultation due to symptoms 5213 (29.3) 657 (28.9) 4556 (29.3)

 Tracing 6178 (34.7) 837 (36.8) 5341 (34.4)

 Others 36 (0.2) 16 (0.7) 20 (0.1)

Type of TB
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productive age group, and residency status outside 
Hunan province were identified as risk factors for 
DR-TB.

The finding of the previous history of TB treatment to be 
associated with a higher risk of DR-TB is consistent with 
previous studies conducted in China [10, 11], India [12], a 
multicenter study from eight countries [13], Pakistan [14, 
15], Brazil [16, 17], Northwest Ethiopia [18–20], United 
Kingdom [10], Saudi Arabia [21] and South Africa [22]. 
The current finding is also in agreement with a systematic 
review and meta-analysis conducted in Europe [23], and a 
global systematic review and meta-analysis [24].

Ethnic minorities were at a higher odd of developing 
DR-TB compared with the Han majority. The finding 
agrees with studies conducted to assess health inequality 
in Europe and the United States, which showed that eth-
nic minorities had poorer health outcomes than ethnic 
majorities [25–27]. Possible reasons for this discrepancy 
may include poor treatment adherence to TB treatment 
and significant ethnic health inequalities arising from the 
interplay between ethnicity, spatial disparities, and socio-
economic status among different ethnic groups [26].

Productive age groups (i.e.,15-64 years) were at a 
higher risk of experiencing DR-TB. This finding is in 
line with a multicenter study conducted in South Korea 
[28], Brazil [17], Bangladesh [29], China [30], and United 
States [30]. The second possible justification could be 
productive population group was at a higher risk of poor 
treatment adherence or interruption of TB treatment 
due to work or travel [31].

In this study, residency outside of Hunan province was 
positively associated with DR-TB risk. This finding is in 

line with a study conducted in Hong Kong [31]. The pos-
sible reason could be residents from other provinces are 
classified as internal migrants according to the hukou 
system, a household registration system in China that 
permits a permanent resident for a single address issued 
by the government of China to each family member given 
at birth or by employment in the formal sectors [32]. The 
hukou system allows each family member to have essen-
tial access to public services, education, health services, 
social benefits, and job recruitment by the governmental 
or private sectors [33].

However, inconsistent evidence has been found con-
cerning residency status, with some previous studies 
showing that residents from permanent residents were at a 
higher risk of developing DR-TB compared with residents 
from another province [34]. Similarly, a study conducted in 
Shanghai, China among migrants and permanent residents 
revealed that the transmission rate of DR-TB was higher 
among permanent residents than temporary migrants and 
residents from the local province [35].

The difference would be the higher population den-
sity in Shanghai (21,700/km2) [36] compared with the 
population density in Hunan province (326.27/km2) [37]. 
Moreover, the high cost of rent in Shanghai results in liv-
ing in a condensed environment that further increases 
the risk of developing primary resistance [36]. Further-
more, most migrants were from rural areas, which are 
characterized by less cost of life and less condensed areas 
that will decrease the risk of acquiring drug-resistant 
tuberculosis.

While this study identified individual-level risk fac-
tors associated with DR-TB in Hunan province using 

Government employees: teachers, health care workers, civil servants

Farmers and migrants: farmers, workers, migrants, and herdsmen

Private employees: catering and food industry workers, commercial service workers, fishermen, sailors, and long-distance drivers

CDC Centre for Disease Control

Other minorities a Dong, Miao, Tujia, Yao, Bai, Buyi, Dai, Gelao, Hani, Hui, Jingpo, Kazakh, Kirgiz, Korean, Lahu, Li, Lisu, Manchu, Mongolian, Salar, She, Tibetan, Tu, 
Uighur, Wa, Yi, Zhuang

Other b Child-care worker and babysitter, and unknown occupation

Other c specialist hospital, TB dispensary, township hospital

NB Percentages are rounded to one-digit decimal place

Table 1 (continued)

Variables Total DR‑TB DS‑TB
N (%) N (%) N (%)

 Smear negative 2069 (11.6) 305 (13.4) 1764 (11.4)

 Smear positive. 14,702 (82.6) 1870 (82.2) 12,832 (82.6)

 Unknown/not recorded 1037 (5.8) 103 (4.4) 959 (6.0)

Treatment category
 Initial treatment 15,110 (84.8) 1660 (73) 13,450 (86.6)

 Re-treatment 2698 (15.2) 614 (27) 2084 (13.4)

Total 17,808 (100) 2274 (12.8) 15,534 (87.2)
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a large sample size, it has several limitations. First, as 
the study was conducted using secondary data, pos-
sible important determinants such as behavioral fac-
tors (e.g., cigarette smoking and alcohol drinking) and 
clinical factors including adherence, baseline smear sta-
tus, and time of culture conversion were not assessed. 
Moreover, due to the nature of the study design (i.e., 
hospital-based case-control study) selection bias might 
have been introduced. For instance, the study lacks 
generalizability to the general population as cases and 
controls were drawn purposively from the hospital. 
Of 318,795 TB patients, only 17,831 had DST result 
and were included in the study. As a result, the find-
ing lacks external validity and will not be generalizable 
to TB patients in Hunan Province. The study may also 
be liable to recall bias and some misclassifications in 
the exposure and outcome status. The study also lacks 

drug-resistant profile of patients due to the secondary 
nature of the data.

The clinical burden of DR-TB is increasing over time 
worldwide and most countries have not achieved the 
END-TB WHO targets. Even though some studies on 
determinants of DR-TB have been conducted, the evi-
dence on risk factors remains limited, particularly in 
Hunan province and other parts of China. The current 
study provides some clues as to the most important risk 
factors for DR-TB in Hunan province. The risk factors 
we identified are potential targets for intervention – 
for example, healthcare providers could focus more on 
patients having a previous history of TB treatment.

Conclusion
To prevent the occurrence of DR-TB in Hunan Prov-
ince, interventions should be targeted at high-risk 
demographic groups such as individuals in produc-
tive age, ethnic minorities, and residents living outside 

Table 2 Factors associated with DR-TB in Hunan, China

Other minorities a Dong, Miao, Tujia, Yao, Bai, Buyi, 3 = Dai, Gelao, Hani, Hui, Jingpo, Kazakh, Kirgiz, Korean, Lahu, Li, Lisu, Manchu, Mongolian, Salar, She, Tibetan, Tu, 
Uighur, Wa, Yi, Zhua

Other Occupation b : Children, students, government employees (teachers, health care workers, cadre/civil servants), housekeepers, housework, unemployed, private 
employees (catering and food industry, waiting for people in a public place, commercial service, fisherman, /boat people, seaman, and long-distance driver), and 
retired

Farmers and migrants: farmers, workers, migrants, and herdsmen

NA Not eligible for the multivariable analysis

Variables Outcome COR with 95% CI AOR with 95% CI

Cases Control

Age (in years)
 < 15 and ≥ 65 408 3903 1 1

 15-64 1866 11,631 1.5 (1.4, 1.7) 1.5 (1.4, 1.8)

Gender
 Female 543 4036 1 1

 Male 1731 11,498 1.2 (1.0, 1.2) 1.1 (0.9, 1.2)

Ethnicity
 Han majority 2130 14,868 1 1

 Other  minoritiesa 144 666 1.5 (1.3, 1.8) 1.5 (1.2, 1.8)

Residency status
 Hunan province 2092 14,523 1

 Foreign nationality 62 522 0.8 (0.6, 1.1) 0.8 (0.6, 1.1)

 Another province 120 489 1.7 (1. 4, 2.1) 1.7 (1.4, 2.1)

Treatment history
 New Patients 1660 13,450 1 1

 Previously treated patients 614 2084 2.4 (2.1, 2.6) 2.3 (2.1, 2.6)

Occupation
 Farmers and migrants 1753 12,066 1 1

  Othersb 521 3468 1.0 (0.9-1.1) 1.2 (1.1-1.3)

Year at enrolment
 2013-2015 525 3600 1 NA

 2016-2018 1749 11,934 1.0 (0.9, 1.1)
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the province. Moreover, interventions must also be 
targeted to previously treated cases, suggesting the 
appropriateness of diagnosis, treatment, follow-up, and 
monitoring. Understanding risk factors of DR-TB in 
Hunan Province, China is important in designing strat-
egies for controlling DR-TB due to variations of health 
care access, socio-economic variations, and quality 
health care. Strengthening the existing surveillance sys-
tem and improving health care access are required for 
proper diagnosis and treatment of DR-TB.

Abbreviation
AOR  Adjusted Odds Ratio
CDC  Centre for Disease Control
CI  Confidence Interval
DR-TB  Drug-resistant Tuberculosis
DST  Drug Susceptibility Testing
DS-TB  Drug Susceptibility Tuberculosis
INH  Isoniazid
R  Rifampicin
SD  Standard Deviation
TB  Tuberculosis
US  United States
WHO  World Health Organization
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