
1

Vol.:(0123456789)

Scientific Reports |         (2021) 11:7706  | https://doi.org/10.1038/s41598-021-86994-6

www.nature.com/scientificreports

Spatial distribution and risk factors 
of adverse treatment outcomes 
of tuberculosis in Guizhou, China, 
2013–2018
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The incidence of Tuberculosis (TB) in Guizhou province has ranked to be the top four among the 
31 China provinces. The spatial distribution and influencing factors of adverse outcomes of TB in 
Guizhou are unclear. In our study, the cases information of TB in Guizhou province from 2013 to 2018 
was collected, we analyzed the spatial distribution and clusters of five adverse outcomes of TB with 
ArcMap10.2 software, used logistics regression analysis to assessed risk factors and used Chi-square 
analysis to analyze variation trend of the five adverse outcomes. A total of 237, 806 cases information 
of TB were collected. The proportion of adverse outcomes in TB patients was 6.18%, among which 
adverse reactions accounted for 1.05%, lost to follow-up accounted for 1.44%, treatment failed 
accounted for 1.15%, died accounted for 2.31%, switch to MDR accounted for 0.24%. The component 
ratio of adverse outcomes showed an upward trend (P < 0.05).Regional clustering existed in each 
of adverse outcomes (P < 0.05). There were high-risk minorities, gender, age, occupation, type of 
diagnosis, Therapeutic category existed in adverse outcomes of TB. Miao and Dong had a higher risk 
in adverse reaction of TB compared with Han. Women had a higher risk in adverse reactions than men, 
and a lower risk of lost to follow-up, failed, and died. Retreated patients had a higher risk of adverse 
outcomes. Timely monitoring and active intervention should be carried out for some high-risk areas 
and groups, including middle-aged and elderly patients, rural patients, floating patients, severe 
patients and retreated patients during the process of patient diagnosis and treatment.

Tuberculosis (TB) is a chronic respiratory infectious disease caused by mycobacterium tuberculosis, which is 
one of the top ten causes of death worldwide, it is a serious infectious disease in some developing countries. 
China is one of 22 high TB burden countries in the world1. Male, farmers and middle-aged people are the main 
groups of TB patients. The incidence of TB in western China is higher than in central and eastern2. In 2018, 
China ranked the fourth in the world with incidence of 59/100,0003. Guizhou province is located in the west of 
China with 88 counties and 49 ethnic minorities (Fig. 1). From 2013 to 2018, more than 40,000 TB cases were 
reported in Guizhou province every year4, the reported incidence of TB in 2019 was 102/100,000. In addition, 
the treatment of TB is not entirely free in China, many patients’ families were not rich, who need to pay about 
22% of the total family income during the treatment process5,6. It will bring greater mental harm and economic 
burden to the patients and their families if these patients have a bad outcome of TB7,8.

It has been widely seen to analyze the epidemic characteristics of TB with spatial and temporal method9–12. 
Spatial–temporal analysis extends the analysis of epidemics in spatial epidemiology13,14, which can predict the 
spatial–temporal trends and correlations of diseases, explore spatial distribution models in spatial epidemiology15, 
objectively present the distribution characteristics of diseases with quantitative methods, and describe the clus-
tering characteristics between time and space with scanning statistics16,17. But this method has rarely been used 
in studies of adverse outcomes of TB18–21, previous studies did not analyze every adverse outcomes of TB at the 
same time. However, it was rare to analyze adverse outcomes of TB with spatial distribution analysis22–27. Mean-
while, the spatial distribution and risk factors of adverse outcomes of TB in Guizhou are unclear. Our research’s 
purpose was to analyze the time and space characteristics of five adverse outcomes of TB, and assessed the risk 
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factors and variation trend of the adverse outcomes of TB, so as to provide the evidence for timely monitoring 
and active intervention of the high-risk areas and groups in Guizhou province.

Materials and methods
Date source.  Our data of TB cases came from China information system of disease prevention and control, 
the data was downloaded according to the conditions of onset date, current address, audited status. Through this 
system, the medical record information of all registered and managed TB patients in 88 counties of Guizhou 
province from 2013 to 2018 was obtained, among which the cases with unknown address, changed diagnosis, no 
treatment outcome or suspected diagnosis were excluded. The population data came from the Statistics Bureau 
of Guizhou Province in the same period.

Indicators and definitions.  The outcomes of TB treatment include cured, treatment completed, adverse 
reactions, lost to follow-up, treatment failed, died, and switch to multi-drug resistance (switch to MDR), these 
indicators are defined in accordance with World Health Organization (WHO) standards28, adverse reactions are 
included in the treatment failure in this standard, but which are used as a separate evaluation index in our study. 
In addition, we also used switch to MDR as one of the evaluation indicators of adverse outcomes. So there are 
five adverse outcomes of TB in our study, including adverse reactions, lost to follow-up, treatment failed, died 
and switch to MDR. The outcomes of TB treatment are defined as follows:

Cured Treatment completed as recommended by the national policy without evidence of failure and three or 
more consecutive cultures taken at least 30 days apart are negative after the intensive phase28.

Treatment completed Treatment completed as recommended by the national policy without evidence of failure 
but no record that three or more consecutive cultures taken at least 30 days apart are negative after the intensive 
phase28.

Treatment failed Treatment terminated or need for permanent regimen change of at least two anti-TB drugs 
because of: Lack of conversion by the end of the intensive phase; or bacteriological reversion in the continu-
ation phase after conversion to negative; or evidence of additional acquired resistance to fluoroquinolones or 
second-line injectable drugs28.

Died A patient who dies for any reason during the course of treatment28.
Lost to follow-up A patient whose treatment was interrupted for two consecutive months or more28.
Adverse reactions A harmful and/or undesirable reaction caused by a prescribed drug in a treated patient 

when used in the correct manner and at the correct dosage28.
Switch to MDR An ordinary TB patient receiving treatment develops resistance to one or more anti-TB drugs 

after a period of treatment.
Component ratio (CR) of adverse outcomes of TB refers to the proportion of the number of TB patients with 

adverse outcome accounting for the total number of TB patients in this year, including the CR of adverse reac-
tion, the CR of lost to follow-up, the CR of treatment failed, the CR of died and CR of switch to MDR, which are 
used to describe the variation trend of adverse outcomes of TB.

Rate of adverse outcomes refers to the proportion of the number of TB patients with adverse outcome in 
the total number of TB patients in a region, we take 1/1000 as the proportion unit, including rate of adverse 

Figure 1.   Location of Guizhou Province, China (ArcGis 10.2 software).
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reaction, rate of lost to follow-up, rate of treatment failed, rate of died and rate of switch to MDR, which are used 
to describe the spatial distribution of adverse outcome of TB.

In the analysis of risk factors, the factors included gender, age, nationality, occupation, local registered resi-
dence, source of patients, clinical classification, diagnostic results, severe cases, and therapeutic category.

Spatial analysis.  According to the cases of current address, we got the case’s national standard area code’s infor-
mation, the spatial location of TB patients would be associated with vectorized electronic maps of Guizhou, the 
prevalence of adverse outcomes of TB in counties (districts) would be established in the form of geographic infor-
mation, and ArcMap10.2 software was used to calculate the local indicators of spatial association (LISA), among 
which there are four types of cluster diagrams, including High–High (HH), Low–Low (LL), High–Low (HL) and 
Low–High (LH). The HH indicates that the rate of adverse outcomes in the region is high and the rate of adverse 
outcomes in neighboring region is still high. The LL indicates that the rate of adverse outcomes in the region is low 
and the rate of adverse outcomes in neighboring region is still low. The HL indicates that the rate of adverse outcomes 
in the region is high and the rate of adverse outcomes in neighboring region is low. The LH indicates that the rate of 
adverse outcomes in the region is low and the rate of adverse outcomes in neighboring region is high.

Analysis of risk factors.  In the study of the risk factors, the factors included gender, age, nationality, occu-
pation, local registered residence, source of patients, clinical classification, diagnostic results, severe cases, and 
therapeutic category. We first conducted univariate logistics regression analysis for each adverse outcome. When 
univariate logistics analysis was statistically significant (P < 0.05), the factor would be subjected to multivariable 
logistics regression analysis, and the statistical software was SPSS22.0.

Results
We obtained a total of medical record of 237,806 cases according to the requirements of data in our study, includ-
ing 40,381 cases in 2013, 37,838 in 2014, 39,266 in 2015, 39,611 in 2016, 39,622 in 2017, and 41,088 in 2018.
The proportion of adverse outcomes in TB patients was 6.18%, among which adverse reactions accounted for 
1.05%, lost to follow-up accounted for 1.44%, treatment failed accounted for 1.15%, died accounted for 2.31%, 
and switch to MDR accounted for 0.24%. The CR of total adverse outcomes showed an upward trend (P < 0.05), 
among which except the CR of adverse reactions showed a downward trend (P < 0.05), and the CR of lost to 
follow-up, treatment failed, died and switch to MDR showed an upward trend (P < 0.05) (Fig. 2).

Spatial distribution and clusters.  The spatial distribution of adverse outcomes of TB in Guizhou were 
irregular, and the five adverse outcomes of TB showed their own distribution characteristics (Fig. 3). The five 
adverse outcomes showed their own characteristics of spatial clusters (Fig. 4).

There were two clusters in adverse reactions of TB in Guizhou, which contained Tongren City (including 
Wanshan, Dejiang, Yuping, Bijiang County) and Qiandongnan city (including Rongjiang, Leishan, Danzhai 
County) (Fig. 4a).

There was a cluster in lost to follow-up of TB in Guizhou (Fig. 4b). Zhijin County (Bijie City) was the region 
with statistical significance (P < 0.05) in HH (Fig. 4b), and there were two regions (including Longli and Xiuwen 
County) with statistical significance (P < 0.05) in HL (Fig. 4b).

Figure 2.   Variation trends (p < 0.05) of the component ratio (CR) of adverse outcomes in TB Patients (%), 
Guizhou, China, 2013–2018.
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Xingren County was a region with statistical significance (P < 0.05) in HH about treatment failed of TB 

in Guizhou (Fig. 4c), there were four regions with statistical significance (P < 0.05) in HL, including Qixing-
guan, Zhijin, Songtao and Yinjiang County (Fig. 4c). Anlong County was the region with statistical significance 
(P < 0.05) in LH (Fig. 4c).

There was a cluster in died of TB in Guizhou (Fig. 4d). There were five regions with statistical significance 
(P < 0.05) in HH, including Jinsha, Xifeng, Kaiyang, Fuquan and Wengan County, there were four regions with 
statistical significance (P < 0.05) in LL, including Dejiang, Wanshan, Bijiang and Pingba County (Fig. 4d).

Figure 3.   The spatial distribution of adverse outcomes of TB in Guizhou during 2013–2018. (a) Geographic 
distribution of rate of adverse reaction; (b) Geographic distribution of rate of lost to follow-up; (c) Geographic 
distribution of rate of treatment failed; (d) Geographic distribution of rate of died; (e) Geographic distribution 
of rate of switch to MDR.

Figure 4.   Maps of the local indicators of spatial association (LISA) of adverse outcomes of TB in Guizhou 
during 2013–2018. (a) Spatial clusters of rate of adverse reaction; (b) Spatial clusters of rate of lost to follow-up; 
(c) Spatial clusters of rate of treatment failed; (d) Spatial clusters of rate of died; (e) Spatial clusters of rate of 
switch to MDR.
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There was a cluster in switch to MDR of TB in Guizhou (Fig. 4e). There were four regions with statistical 
significance (P < 0.05) in HH, including Suiyang, Huichuan, Honghuagang and Meitan County, these four areas 
were concentrated in Zunyi City (Fig. 4e).

Risk factors.  In our study on risk factors of adverse reactions in TB patients, women had a higher risk com-
pared with men. The higher the age, the higher the risk. Miao, Dong and Others had a higher risk compared 
with Han, Buyi and Tujia had a lower risk. Compared with peasant workers, the homemakers and unemployed 
persons, Retired persons and cadres and staffs had a higher risk, while students had a lower risk. Compared 
with local patients, the non-local patients had a lower risk. Recommendation for symptoms had a higher risk 
compared to clinical consultation. Compared with positive etiology, the negative etiology and pure tuberculous 
pleurisy had a higher risk. Non-severe had a higher risk compared to severe. Re-treatment had a higher risk 
compared with initial treatment (Table 1).

In the study on risk factors of lost to follow up, women had a lower risk compared with men. The higher risk 
was 20 to 39 years compared with 0 to 19 years. Compared with Han, Yi had a higher risk, Buyi, Dong, Tujia 
and Others had a lower risk. Compared with peasant workers, the Retired persons and cadres and staffs, Others 
had a lower risk. Compared with local patients, the non-local had a higher risk. Referral and following up had a 
lower risk compared with clinical consultation. Compared with Type I, the Type III, Type IV and Type V had a 
higher risk. Pure tuberculous pleurisy and others had a higher risk compared with positive etiology. Non-severe 
had a lower risk compared to severe. Re-treatment had a higher risk compared with initial treatment (Table 2).

In the study on risk factors of treatment failed, women had a lower risk compared with men. Over 20 years 
of age had a higher risk compared with 0 to 19 years. The differences between ethnic groups were not statisti-
cally significant. Compared with peasant workers, others had a lower risk. There was no statistically significant 
difference between regions. Compared with clinical consultation, Recommendation for symptoms had a higher 
risk, while referral and following-up had a lower risk. Compared with positive etiology, negative etiology, pure 
tuberculous pleurisy and others had a lower risk. Non-severe had lower risk compared to severe. Retreatment 
had a higher risk compared with initial treatment (Table 3).

In the study on risk factors of died, women had a lower risk compared with men. The risk increases with age. 
Compared with Han, Yi had a higher risk, Dong and Tujia had a lower risk. Students had a higher risk compared 
with peasant workers, while homemakers and unemployed persons, Retired persons and cadres and staffs and 
others had a lower risk. Compared with local patients, the non-local had a lower risk. Compared with clinical 
consultation, referral had a higher risk, while physical examination had a lower risk. Compared with positive 
etiology, negative etiology had a lower risk. Non-severe had a lower risk compared to severe. Retreatment had 
a higher risk compared with initial treatment (Table 4).

In the study on the risk factors of switch to MDR, there was no difference between the genders. The risk factor 
is 40 to 59 years compared with 0 to 19 years. Miao and Buyi had a lower risk compared with Han. Homemak-
ers and unemployed, retired persons and cadres and staffs had a higher risk compared with peasant workers. 
Compared with local patients, the non-local had a higher risk. Compared with clinical consultation, referral 
and others had a higher risk, following-up had a lower risk. Compared with positive etiology, negative etiology 
had a lower risk. Non-severe had lower risk compared to severe. Retreatment had a higher risk compared with 
initial treatment (Table 5).

Discussions
We studied the variation trend, spatial distribution, and risk factor analysis of the five adverse outcomes of TB in 
Guizhou. Guizhou is a typical karst landscape with a humid and rainy climate. Compared with the eastern and 
central regions, it is underdeveloped in terms of economy, transportation, culture and education level. In addi-
tion, the population of ethnic minorities in Guizhou accounts for a large proportion with 49 ethnic minorities. 
Because the lifestyle, living environment of many ethnic minorities are different from others, what’s more, we 
don’t know if there are some genetic differences between them that might affect the outcome, therefore, ethnic 
minorities are also included in our study as an important risk factor.

Among the five adverse outcomes of TB, except that the CR of adverse reactions showed a downward trend 
(P < 0.05), and the CR of lost to follow-up, treatment failed, died and switch to MDR showed an upward trend 
(Fig. 1), which indicated that the adverse outcomes of TB in Guizhou were not satisfying and even worrying. The 
five adverse outcomes showed characteristics of spatial cluster, but the regions of spatial cluster were different. We 
can draw some conclusions from LISA diagram, the high-risk areas for adverse reaction of TB in Guizhou were 
mainly concentrated in Tongren city and Qiandongnan city (Fig. 3a). The spatial clustering of TB patients’ loss 
of follow-up, treatment failure, and death were different, but there were also relevant and common evidences that 
revealed that the medical conditions in these areas and the living conditions of patients may need to be improved, 
because loss of follow-up, treatment failure, and death in TB patients are strongly related to patient compliance, 
living environment, family economic conditions, humanistic care and local medical conditions.The high-risk 
area for switch to MDR was mainly concentrated in Zunyi city (Fig. 3e). Compared with the regional ranking 
of TB incidence in Guizhou from 2013 to 20184, it shows that the regions with high rate of adverse outcomes of 
TB in Guizhou were not only in those with high incidence, for example, Guiyang city had a low incidence of TB 
but high risk in died. It should be noticed by the relevant authorities.

Some studies have shown that poor economic conditions, poor medical services condition18, with diabetes29, 
old age and smoking will increase the risk of adverse reactions30, our study shows that women are more likely 
to have adverse reactions than men, Miao and Dong have a higher risk, while Buyi and Tujia have a lower risk. 
In addition, recommendation for symptoms, etiological negative, pure tuberculous pleurisy, middle-aged and 
elderly, retired persons and cadres and staffs, severe, re-treatment patients have a higher risk (Table 1).
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Table 1.   Results of risk factors analysis of adverse reactions in TB patients.

Variables n
Rate of adverse reactions (per 
1000 TB)

Univariable analysis Multivariable analysis

OR(95%CI) P-value OR(95%CI) P-value

Gender

Males 1579 66.40 Referent Referent

Females 916 38.52 1.12 (1.04–1.22) 0.005 1.15 (1.06–1.25) 0.001

Age

0~ 126 5.30 Referent Referent

20~ 529 22.25 1.63 (1.34–1.98) < 0.001 1.49 (1.21–1.84) < 0.001

40~ 756 31.79 2.37 (1.96–2.86) < 0.001 2.20 (1.79–2.71) < 0.001

60~ 1084 45.58 3.99 (3.32–4.84) < 0.001 3.69 (3.01–4.52) < 0.001

Nationality

Han 1570 66.02 Referent Referent

Miao 372 15.64 1.30 (1.17–1.46) < 0.001 1.38 (1.23–1.54) < 0.001

Buyi 154 6.48 0.82 (0.70–0.97) 0.022 0.83 (0.70–0.98) 0.031

Yi 51 2.14 0.75 (0.57–1.00) 0.046 0.89 (0.67–1.18) 0.412

Dong 152 6.39 1.75 (1.48–2.07) < 0.001 1.88 (1.59–2.23) < 0.001

Tujia 71 2.99 0.61 (0.48–0.77) < 0.001 0.59 (0.47–0.75) < 0.001

Others 125 5.26 1.49 (1.24–1.79) < 0.001 1.59 (1.32–1.91) < 0.001

Occupation

Peasant workers 2082 87.55 Referent Referent

Homemakers and unemployed 
persons 153 6.43 1.26 (1.07–1.49) 0.006 1.60 (1.35–1.90) < 0.001

Students 91 3.83 0.43 (0.35–0.54) < 0.001 0.73 (0.58–0.93) 0.009

Retired persons and cadres and 
staff 94 3.95 1.94 (1.57–2.38) < 0.001 1.68 (1.36–2.07) < 0.001

Others 75 3.15 0.72 (0.57–0.90) 0.005 0.91 (0.72–1.15) 0.420

Local registered residence

Yes 2305 96.93 Referent Referent

No 190 7.99 0.74 (0.64–0.86) < 0.001 0.78 (0.66–0.90) 0.001

Source of patients

Clinical consultation 1134 47.69 Referent Referent

Referral 787 33.09 1.01 (0.92–1.11) 0.862 0.97 (0.89–1.07) 0.543

Following up 413 17.37 1.00 (0.90–1.12) 0.956 1.02 (0.91–1.15) 0.740

Recommended for symptoms 88 3.70 1.97(1.58–2.45)  < 0.001 2.17 (1.74–2.70) 0.001

Physical examinations 41 1.72 0.73 (0.53–0.99) 0.046 1.13 (0.82–1.55) 0.460

Others 32 1.35 1.08 (0.76–1.54) 0.677 1.16 (0.82–1.66) 0.405

Clinical classification

Type I 0 0.00 Referent

Type II 51 2.14 0.00 0.996

Type III 2375 99.87 0.83 (0.39–1.75) 0.619

Type IV 61 2.57 0.68 (0.34–1.36) 0.275

Type V 8 0.34 0.66 (0.32–1.39) 0.274

Diagnosis

Etiological positivity 723 30.40 Referent Referent

Etiological negative 1709 71.87 1.14 (1.05–1.24) 0.003 1.27 (1.17–1.41) < 0.001

Pure tuberculous pleurisy 55 2.31 1.41 (1.07–1.85) 0.015 1.81 (1.37–2.39) < 0.001

Others 8 0.34 1.10 (0.54–2.21) 0.800 1.52 (0.75–3.07) 0.246

Severe cases

Yes 296 12.45 Referent Referent

No 2199 92.47 1.20 (1.06–1.36) 0.003 1.23 (1.09–1.39) 0.001

Therapeutic category

Initial treatment 2250 94.61 Referent Referent

Re-treated 245 10.30 1.62 (1.42–1.85) < 0.001 1.65 (1.44–1.90) < 0.001
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Table 2.   Results of risk factors analysis of lost to follow up in TB patients.

Variables n
Rate of Lost to follow up (per 
1000 TB)

Univariable analysis Multivariable analysis

OR (95%CI) P-value OR (95%CI) P-value

Gender

Males 2443 102.73 Referent Referent

Females 972 40.87 0.77 (0.71–0.83) < 0.001 0.78 (0.72–0.84) < 0.001

Age

0~ 382 16.06 Referent Referent

20~ 1155 48.57 1.17 (1.04–1.32) 0.008 1.18 (1.04–1.35) 0.009

40~ 1015 42.68 1.04 (0.93–1.17) 0.485 1.06 (0.93–1.20) 0.43

60~ 863 36.29 1.04 (0.92–1.17) 0.578 1.13 (0.99–1.30) 0.076

Nationality

Han 2420 101.76 Referent Referent

Miao 450 18.92 1.02 (0.92–1.13) 0.689 1.04 (0.94–1.15) 0.461

Buyi 163 6.85 0.56 (0.48–0.66) < 0.001 0.57 (0.48–0.67) < 0.001

Yi 200 8.41 1.95 (1.68–2.23) < 0.001 1.82 (1.57–2.11) < 0.001

Dong 53 2.23 0.39 (0.30–0.51) < 0.001 0.39 (0.29–0.51) < 0.001

Tujia 37 1.56 0.20 (0.15–0.28) < 0.001 0.22 (0.16–0.30) < 0.001

Others 92 3.87 0.71 (0.57–0.87) 0.001 0.71 (0.58–0.87) 0.001

Occupation

Peasant workers 2787 117.20 Referent Referent

Homemakers and unemployed 
persons 192 8.07 1.18 (1.02–1.37) 0.026 1.12 (0.96–1.30) 0.148

Students 283 11.90 1.01 (0.90–1.15) 0.843 1.07 (0.93–1.23) 0.323

Retired persons and cadres and 
staff 36 1.51 0.54 (0.39–0.76) < 0.001 0.56 (0.41–0.79) 0.001

Others 117 4.92 0.83 (0.69–1.01) 0.056 0.81 (0.67–0.98) 0.027

Local registered residence

Yes 3067 128.97 Referent Referent

No 348 14.63 1.02 (0.91–1.14) 0.728 1.18 (1.05–1.32) 0.005

Source of patients

Clinical consultation 1777 74.72 Referent Referent

Referral 1065 44.78 0.87 (0.81–0.94) < 0.001 0.85 (0.79–0.92)  < 0.001

Following up 382 16.06 0.59 (0.53–0.66) < 0.001 0.59 (0.52–0.66) < 0.001

Recommended for symptoms 71 2.99 1.00 (0.79–1.27) 0.980 0.90 (0.71–1.15) 0.411

Physical examinations 73 3.07 0.83 (0.65–1.05) 0.112 0.87 (0.69–1.11) 0.268

Others 47 1.98 1.01 (0.75–1.35) 0.949 1.06 (0.79–1.42) 0.705

Clinical classification

Type I 0 0.00 Referent Referent

Type II 62 2.61 0.00 0.996 0.00 0.996

Type III 3109 130.74 1.62 (0.65–4.05) 0.301 2.71 (1.06–6.93) 0.038

Type IV 239 10.05 1.43 (0.59–3.46) 0.424 2.74 (1.11–6.79) 0.029

Type V 5 0.21 4.30 (1.76–10.47) 0.001 3.93 (1.61–9.60) 0.003

Diagnosis

Etiological positivity 1109 46.63 Referent Referent

Etiological negative 2083 87.59 0.90 (0.84–0.97) 0.007 1.06 (0.98–1.15) 0.142

Pure tuberculous pleurisy 205 8.62 3.53 (3.03–4.11) < 0.001 3.28 (2.51–4.30) < 0.001

Others 18 0.76 1.62 (1.01–2.59) 0.045 2.34 (1.45–3.77) < 0.001

Severe cases

Yes 652 27.42 Referent Referent

No 2763 116.19 0.68 (0.62–0.74) < 0.001 0.67 (0.62–0.74) < 0.001

Therapeutic category

Initial treatment 2965 124.68 Referent Referent

Re-treated 450 18.92 2.29 (2.07–2.53) < 0.001 2.17 (1.96–2.42) < 0.001
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Table 3.   Results of risk factors analysis of treatment failed in TB patients.

Variables n
Rate of treatment failed (per 
1000 TB)

Univariable analysis Multivariable analysis

OR (95%CI) P-value OR (95%CI) P-value

Gender

Males 2055 86.41 Referent Referent

Females 668 28.09 0.63 (0.57–0.68) < 0.001 0.72 (0.66–0.78) < 0.001

Age

0~ 148 6.22 Referent Referent

20~ 643 27.04 1.68 (1.41–2.01)  < 0.001 1.34 (1.12–1.62) 0.003

40~ 1140 47.94 3.05 (2.57–3.63) < 0.001 2.17 (1.80–2.61) < 0.001

60~ 792 33.30 2.47 (2.07–2.95) <0.001 1.89 (1.56–2.28) < 0.001

Nationality

Han 1789 75.23 Referent Referent

Miao 326 13.71 1.00 (0.89–1.13) 0.998 0.94 (0.83–1.06) 0.279

Buyi 239 10.05 1.13 (0.98–1.29) 0.089 1.08 (0.94–1.24) 0.289

Yi 77 3.24 1.95 (1.68–2.23) 0.993 0.99 (0.79–1.25) 0.946

Dong 98 4.12 1.00 (0.79–1.26) 0.862 0.83 (0.68–1.02) 0.083

Tujia 122 5.13 0.98 (0.80–1.21) 0.384 0.97 (0.81–1.17) 0.758

Others 72 3.03 0.92 (0.77–1.11) 0.016 0.80 (0.63–1.01) 0.058

Occupation

Peasant workers 2340 98.40 Referent Referent

Homemakers and unemployed 
persons 137 5.76 1.00 (0.84–1.19) 0.977 1.11 (0.93–1.33) 0.237

Students 131 5.51 0.56 (0.47–0.66) < 0.001 0.92 (0.76–1.11) 0.380

Retired persons and cadres 
and staff 43 1.81 0.78 (0.57–1.05) 0.104 0.77 (0.57–1.05) 0.059

Others 72 3.03 0.61 (0.48–0.77) < 0.001 0.72 (0.57–0.91) 0.007

Local registered residence

Yes 2489 104.67 Referent Referent

No 234 9.84 0.84 (0.74–0.97) 0.013 0.97 (0.84–1.11) 0.652

Source of patients

Clinical consultation 1323 55.63 Referent Referent

Referral 836 35.15 0.92 (0.84–1.00) 0.051 0.87 (0.80–0.95) 0.002

Following up 384 16.15 0.80 (0.71–0.89) < 0.001 0.86 (0.76–0.97) 0.011

Recommended for symptoms 96 4.04 1.84 (1.49–2.27) < 0.001 1.49 (1.20–1.84) < 0.001

Physical examinations 33 1.39 0.50 (0.35–0.71) < 0.001 0.98 (0.69–1.39) 0.897

Others 51 2.14 1.48 (1.12–1.96) 0.006 1.29 (0.97–1.71) 0.086

Clinical classification

Type I 0 0.00 Referent

Type II 25 1.05 10,145,695.39 (0.00) 0.996

Type III 2673 112.40 19,244,084.80 (0.00) 0.996

Type IV 25 1.05 6,785,381.10 (0.00) 0.996

Type V 0 0.00 1.00 (0.00) 1.000

Diagnosis

Etiological positivity 1758 73.93 Referent Referent

Etiological negative 950 39.95 0.26 (0.24–0.28) < 0.001 0.31 (0.29–0.34) < 0.001

Pure tuberculous pleurisy 11 0.46 0.11 (0.06–0.20) < 0.001 0.17 (0.09–0.30) < 0.001

Others 4 0.17 0.22 (0.08–0.59) 0.003 0.34 (0.13–0.91) 0.032

Severe cases

Yes 782 32.88 Referent Referent

No 1941 81.62 0.40 (0.36–0.43) < 0.001 0.48 (0.44–0.52)  < 0.001

Therapeutic category

Initial treatment 2224 93.52 Referent Referent

Re-treated 499 20.98 3.40 (3.08–3.75) < 0.001 1.87 (1.69–2.07) < 0.001
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Table 4.   Results of risk factors analysis of died in TB patients.

Variables n Rate of died (per 1000 TB)

Univariable analysis Multivariable analysis

OR (95%CI) P-value OR (95%CI) P-value

Gender

Males 3989 167.74 Referent Referent

Females 1503 63.20 0.72 (0.68–0.77) < 0.001 0.72 (0.68–0.76) < 0.001

Age

0~ 77 3.24 Referent Referent

20~ 514 21.61 2.59 (2.04–3.29) < 0.001 2.46 (1.92–3.15) < 0.001

40~ 1496 62.91 7.76 (6.17–9.76) < 0.001 6.89 (5.48–8.75) < 0.001

60~ 3405 143.18 21.36 (17.04–26.79) < 0.001 19.67 (15.52–24.93) < 0.001

Nationality

Han 3739 157.23 Referent Referent

Miao 650 27.33 0.95 (0.88–1.04) 0.264 0.96 (0.88–1.05) 0.343

Buyi 443 18.63 1.00 (0.90–1.10) 0.940 0.98 (0.88–1.08) 0.630

Yi 146 6.14 0.90 (0.77–1.07) 0.238 1.23 (1.03–1.46) 0.017

Dong 170 7.15 0.81 (0.70–0.95) 0.008 0.74 (0.63–0.87) < 0.001

Tujia 162 6.81 0.58 (0.50–0.68) < 0.001 0.52 (0.45–0.62) < 0.001

Others 182 7.65 0.91 (0.78–1.05) 0.192 1.00 (0.86–1.16) 0.968

Occupation

Peasant workers 4911 206.51 Referent Referent

Homemakers and unemployed 
persons 157 6.60 0.54 (0.46–0.64) < 0.001 0.83 (0.71–0.98) 0.028

Students 180 7.57 0.36 (0.31–0.42) < 0.001 1.19 (1.01–1.39) 0.036

Retired persons and cadres 
and staff 138 5.80 1.20 (1.01–1.42) 0.039 0.82 (0.69–0.98) 0.026

Others 106 4.46 0.42 (0.35–0.51) < 0.001 0.68 (0.56–0.83) < 0.001

Local registered residence

Yes 5127 215.60 Referent Referent

No 365 15.35 0.63 (0.57–0.71) < 0.001 0.79 (0.71–0.89) < 0.001

Source of patients

Clinical consultation 2299 96.68 Referent Referent

Referral 2195 92.30 1.40 (1.32–1.48) < 0.001 1.22 (1.15–1.30) < 0.001

Following up 843 35.45 1.01 (0.93–1.09) 0.803 0.99 (0.91–1.07) 0.731

Recommended for symptoms 90 3.78 0.98 (0.79–1.22) 0.870 0.95 (0.77–1.18) 0.666

Physical examinations 9 0.38 0.08 (0.04–0.15) < 0.001 0.22 (0.11–0.42) < 0.001

Others 56 2.35 0.93 (0.71–1.21) 0.586 0.97 (0.74–1.28) 0.851

Clinical classification

Type I 0 0.00 Referent

Type II 242 10.18 107,473,172.80 (0.00) 0.996

Type III 5110 214.88 38,482,807.67 (0.00) 0.996

Type IV 134 5.63 38,332,749.21 (0.00) 0.996

Type V 6 0.25 19,480,213.23 (0.00) 0.966

Diagnosis

Etiological positivity 2513 105.67 Referent Referent

Etiological negative 2878 121.02 0.54 (0.51–0.57) < 0.001 0.62 (0.59–0.65) < 0.001

Pure tuberculous pleurisy 88 3.70 0.64 (0.51–0.79) < 0.001 0.91 (0.73–1.13) 0.391

Others 13 0.55 0.50 (0.29–0.87) 0.014 0.97 (0.55–1.69) 0.902

Severe cases

Yes 1089 45.79 Referent Referent

No 4403 185.15 0.65 (0.60–0.69) < 0.001 0.72 (0.67–0.77) < 0.001

Therapeutic category

Initial treatment 4900 206.05 Referent Referent

Re-treated 592 24.89 1.82 (1.67–1.99) < 0.001 1.23 (1.12–1.34) < 0.001
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Table 5.   Results of risk factors analysis of switch to MDR in TB patients.

Variables n
Rate of switch to MDR (per 
1000 TB)

Univariable analysis Multivariable analysis

OR (95%CI) P-value OR (95%CI) P-value

Gender

Males 419 17.62 Referent Referent

Females 150 6.31 0.69 (0.57–0.83) < 0.001 0.90 (0.75–1.09) 0.294

Age

0~ 29 1.22 Referent Referent

20~ 179 7.53 2.39 (1.61–3.53) < 0.001 1.39 (0.92–2.11) 0.116

40~ 234 9.84 3.17 (2.16–4.67) < 0.001 1.49 (0.98–2.25) 0.06

60~ 127 5.34 2.01 (1.34–3.01) 0.001 1.02 (0.66–1.57) 0.938

Nationality

Han 424 17.83 Referent Referent

Miao 53 2.23 0.69 (0.52–0.91) 0.01 0.650.49–0.87) 0.004

Buyi 16 0.67 0.32 (0.19–0.52) < 0.001 0.32 (0.19–0.53) < 0.001

Yi 19 0.80 1.04 (0.66–1.65) 0.867 0.94 (0.59–1.50) 0.801

Dong 15 0.63 0.63 (0.38–1.06) 0.083 0.65 (0.39–1.09) 0.104

Tujia 18 0.76 0.57 (0.36–0.92) 0.021 0.78 (0.48–1.26) 0.307

Others 24 1.01 1.06 (0.70–1.59) 0.800 1.16 (0.77–1.76) 0.481

Occupation

Peasant workers 436 18.33 Referent Referent

Homemakers and unemployed 
persons 57 2.40 2.25 (1.70–2.96) < 0.001 1.85 (1.38–2.47) < 0.001

Students 32 1.35 0.73 (0.51–1.05) 0.088 1.12 (0.76–1.64) 0.570

Retired persons and cadres 
and staff 15 0.63 1.46 (0.87–2.45) 0.149 1.71 (1.01–2.90) 0.044

Others 29 1.22 1.33 (0.91–1.93) 1.326 1.40 (0.95–2.06) 0.087

Local registered residence

Yes 471 19.81 Referent Referent

No 98 4.12 1.87 (1.51–2.33) < 0.001 2.38 (1.88–3.01) < 0.001

Source of patients

Clinical consultation 254 10.68 Referent Referent

Referral 223 9.38 1.28 (1.07–1.53) 0.008 1.43 (1.19–1.72) < 0.001

Following up 56 2.35 0.61 (0.45–0.81) 0.001 0.62 (0.46–0.83) 0.002

Recommended for symptoms 12 0.50 1.19 (0.66–2.12) 0.563 0.73 (0.40–1.32) 0.292

Physical examinations 5 0.21 0.40 (0.16–0.96) 0.041 1.00 (0.41–2.46) 0.998

Others 19 0.80 2.87 (1.80–4.58) < 0.001 1.62 (1.00–2.62) 0.049

Clinical classification

Type I 0 0.00 Referent

Type II 3 0.13 1,210,203.72.39 (0.00) 0.996

Type III 566 23.80 4,035,016.57 (0.00) 0.996

Type IV 0 0.00 1.00 (0.00) 1.000

Type V 0 0.00 1.00 (0.00) 1.000

Diagnosis

Etiological positivity 520 21.87 Referent Referent

Etiological negative 49 2.06 0.05 (0.03–0.06) < 0.001 0.08 (0.06–0.11) < 0.001

Pure tuberculous pleurisy 0 0.00 0.00 (0.00) 0.979 0.00 (0.00) 0.980

Others 0 0.00 0.00 (0.00) 0.991 0.00 (0.00) 0.991

Severe cases

Yes 199 8.37 Referent Referent

No 370 15.56 0.30 (0.25–0.36) < 0.001 0.42 (0.35–0.50) < 0.001

Therapeutic category

Initial treatment 301 12.66 Referent Referent

re-treated 268 11.27 16.95 (14.36–19.99) < 0.001 8.14 (6.84–9.69) < 0.001
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Existing study31 have shown that the lost to follow-up of TB patients are significantly correlated with occupa-
tion, smoking, drinking, marital status, socioeconomic status, the study also found that although the drugs are 
provided freely, but there are many unfavorable factors for male patients, for example, low socioeconomic status, 
household debt and loss of income due to work and so on, which lead to them cannot be followed up during 
their treatment, in addition, the lost to follow up of patients are mainly young men and farmers32, Tola Habteyes 
Hailu’s research results about the developing countries show that33 the main factors associated with lost to follow 
up and don’t adherence to treatment are socioeconomic factors, including lack of transport costs, lack of social 
support and poor communication between patients and health care workers. Our study found that Buyi, Dong 
and Tujia have lower risk, while pure tuberculous pleurisy, severe and re-treatment have a higher risk (Table 2).

Age, household registration, occupation, source of patients, sputum smear results, and treatment type are 
the risk factors of treatment failed34, and the elderly, male, non-local, re-treatment, irregular treatment, delayed 
treatment and smoking will result in higher probability of Treatment failed26,35 (Table 3).

Age, gender, household registration, sputum smear results and treatment type are the risk factors of TB death34, 
while male, elderly, HIV-positive, etiological positive and re-treatment have a higher risk of death during anti-
tuberculosis treatment36. Our study found that Dong, Tujia, retired persons and cadres and staffs have a lower risk, 
while students, middle-aged and elderly, referral, severe and re-treatment patients have a higher risk (Table 4).

Some studies have shown that TB patients with re-treatment and over 40 years old are more likely to develop 
MDR37. Our study shows that Miao and Buyi have a lower risk, while retired persons and cadres and staffs, 
middle-aged, referral, severe and retreated patients have a higher risk (Table 5).

Conclusions
Some important findings and conclusions are drawn from our study. The variation trend of entirely adverse 
outcomes of TB in Guizhou province is becoming increasingly serious. Spatial clusters exists in each of the five 
adverse outcomes, among which some regions were not with high incidence of TB, which should be noticed by 
relevant departments. There are significant differences among nationalities in the adverse outcomes of TB, which 
may be greatly related to the differences in life styles, living habits, living environment and physical conditions 
among different nationalities, and it is also impossible to exclude the influence of some unclear genes among dif-
ferent nationalities. In the process of patient diagnosis and treatment, timely monitoring and active intervention 
should be carried out for high-risk groups, including middle-aged and elderly patients, rural patients, floating 
patients, severe patients and retreated patients, which is of great significance for reducing the rate of adverse 
reactions, lost to follow-up, died and switch to MDR. focus on strengthening the whole-course treatment man-
agement and health education for these high-risk groups, which is very important to improve patients’ treatment 
compliance, completing follow-up, completing treatment and curing.

Data availability
The data used in this study are freely available. All data generated and analysed during the course of this study 
are available from the corresponding author upon request.
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