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Abstract: To investigate the effect of smoking on the risk of active pulmonary tuberculosis (PTB) in patients with type 2 diabetes 
mellitus (DM). Using a case control study design matched with 1:2, the newly diagnosed patients with active pulmonary tuberculosis and 
type 2 diabetes mellitus (DM-PTB) in a municipal hospital from January 2017 to January 2018 were selected as the case group. At the 
same time, the patients with simple DM were treated in a municipal general hospital as the control group. The patients in two hospitals 
who met the inclusion criteria were surveyed by specially trained investigators using a unified questionnaire, and the patients were 
measured by physiometric measurements and related laboratory tests. A total of 315 subjects were included in this study, including 105 
cases with DM-PTB in the case group and 210 cases with DM in the control group. According to the distribution of smoking, the 
proportion of smokers in the case group was significantly higher than that in the control group (P<0.001). Multivariate conditional 
Logistic regression analysis showed that poor glycemic control, tuberculosis (TB) exposure history and smoking were risk factors for 
active PTB in DM patients. Compared with nonsmokers, current smokers (OR, 95% CI: 12.194, 3.527, 42.162) and former smokers (OR, 
95% CI: 4.591, 1.073, 19.638) had significantly higher risk of active PTB, and the increased risk of current smokers was more obvious. 
Smoking is an independent risk factor for active pulmonary tuberculosis in patients with type 2 diabetes mellitus. 
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1. Introduction 

Tuberculosis is a common chronic infectious 

disease, caused by M. tuberculosis infection, and can 

affect many organs of the body, especially 

pulmonary tuberculosis is the most common 
[1]

. It 

has been reported that China is one of the 22 

countries with high burden of tuberculosis in the 

world. The number of tuberculosis patients in China 

ranks among the top in the world. Tuberculosis 

remains one of the serious public health problems in 

China
[2]

. Diabetes and tuberculosis often occur 

together, and the two influence each other and 

promote each other, which not only increases the 

difficulty of clinical treatment, but also causes a 

heavy social and economic burden. Studies have 

reported that smoking is a high risk factor for the 

onset of PTB, smoking will increase the risk of PTB 

by 2.40 ~ 2.86 times
[3]

; meta-analysis results show 

that smoking will also significantly increase the level 

of glycosylated hemoglobin (HbA1c), increase the 

risk of diabetes Disease risk 
[4]

; male smoking is 

more common in China, and studies have shown that 

the smoking rate of male diabetic patients in some 

areas is as high as 45.5% 
[5]

. However, there are few 

reports about the effect of smoking on the risk of DM 

complicated with PTB. The purpose of this study 

was to investigate the effect of smoking on DM 

patients complicated with PTB. 

2. Objects and methods 

This study used a 1:2 matched case-control study, 

the case group was DM-PTB patients, and the 

control group was DM patients. 

 

2.1. Inclusion and exclusion criteria 

2.1.1. Case group   

Patients who were newly diagnosed with type 2 

diabetes complicated with active tuberculosis (DM-

PTB) admitted to a municipal chest hospital from 

January 2017 to January 2018 were selected as case 

groups, and patients were diagnosed with DM before 

diagnosis of PTB.  

The diagnostic criteria for DM are those 

recommended by the World Health Organization in 

1999, which are typical diabetes symptoms, fasting 

blood glucose (FBG) ≥ 7.0mmol/L, or 2h after 

glucose load ≥11.1mmol/L, and exclude type 1 

diabetes and other special types of diabetes. 

The diagnostic criteria for PTB are based on the 

"Guidelines for the Implementation of the Chinese 

Tuberculosis Prevention and Control Plan (2008)" 

[6], based on the results of sputum smear, X-ray 
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examination, combined with clinical symptoms for 

diagnosis. All patients were newly treated active PTB, 

excluding TB pleurisy, hematogenous disseminated 

PTB and other extrapulmonary TB. 

 

2.1.2. Control group   

The patients with simple DM admitted to a 

municipal general hospital at the same time were 

selected as the control group. The diagnostic criteria 

for DM were the same as the case group, and those 

with pulmonary infection or chest X-ray examination 

with PTB lesions or suspected lesions were excluded. 

The subjects were all residents who were over 18 

years of age and lived in the area for more than one 

year. All subjects excluded those with other 

endocrine system diseases (such as hyperthyroidism, 

rheumatoid arthritis, etc.), severe liver and kidney 

disease, and skeletal system diseases. 

The matching principle of case-control was that 

the age and the course of disease were ±3 years and 

±5 years, respectively, and the gender was the same. 

One case matched two controls. 

 

2.2. Ethics requirements   
Based on the ethical requirements of the relevant 

population research, this study has submitted a 

formal written application to the Ethics Committee 

of the Qingdao Municipal Center for Disease Control 

and Prevention, and has been approved (approval 

number: 2014 trial number 10), and obtained 

informed consent from the subject. 

 

2.3. Investigation method   

Using a unified questionnaire, a number of 

specially trained investigators conducted a 

questionnaire survey of patients who met the 

inclusion criteria in the two hospitals, and performed 

physical measurements (height, weight) and 

laboratory tests (FBG, glycosylated hemoglobin). 

 

2.4. Investigation content   
The questionnaire focused on the smoking status 

of the subjects, and the rest included general 

demographic characteristics, DM related conditions 

(DM duration, glycemic control, DM treatment, 

glycemic monitoring, dietary control) and lifestyle 

behaviors (indoor ventilation, dust exposure history, 

TB exposure history, exercise, drinking).  

 

2.5. Definitions   

Current smoker: refers to more than 100 cigarettes 

in a lifetime, and is still smoking; non-smoker: refers 

to those who have not smoked more than 100 

cigarettes in the past; former smoker: refers to those 

who have smoked more than 100 cigarettes in the 

past, but not absorbed in the past year; passive 

smoker: refers to oneself does not smoke but will 

inhale secondhand smoke in the home or in the 

environment[7].  

Drinking: refers to drinking at least once a week 

for more than half a year[8]; previous drinking: 

refers to drinking in the past but not drinking now; 

not drinking: refers to not drinking alcohol at 

ordinary times, occasionally a small amount of 

alcohol during gathering[9]. 

Regular exercise: refers to at least 3 physical 

exercises per week, at least 10 minutes each time. 

 

2.6. Statistical method   
Statistical analysis was performed using SPSS 

20.0 software. The qualitative data were analyzed by 

composition ratio, and the chi-square test was used 

for comparison between groups; the quantitative data 

of normal distribution was described by mean ± 

standard deviation, and the t-test was used for 

comparison between groups; quantitative data for 

non-normal distributions were analyzed using 

nonparametric tests, expressed as median and 

interquartile range. Univariate analysis was used to 

screen suspected risk factors for DM-PTB, and 

multivariate conditional logistic regression analysis 

was used to screen for independent influence factors 

of PTB. P < 0.05 was considered statistically 

significant. 

3. Results 

3.1. Basic information   

In this study, we collected 105 patients with DM-

PTB and 210 patients with simple DM, the average 

ages were (55.3 ±11.5) years and (55.7 ±11.4) years, 

respectively. There was no significant difference in 

the household registration type, medical insurance 

type, DM course, DM family history, and dust 

exposure history between the case group (DM-PTB) 

and the control group (DM) (P>0.05). Both groups of 

patients took oral hypoglycemic agents as the main 

method of diabetes treatment, and their academic 

qualifications was mainly in middle school. In the 

case group, junior college and above, married, 

overweight (BMI: 24-27.9) and obesity (BMI>28.0), 

irregular glycemic monitoring, slightly controlled 

diet and regular exercise were significantly lower 

than the control group (P<0.05).The poor glycemic 

control, FBG, never monitoring glycemic, 

uncontrolled diet, no indoor ventilation, TB exposure 

history, and current drinker were significantly higher 

in the case group than in the control group (P<0.05). 

Compared with the control group, the proportion 

of non-smokers in the case group was significantly 

lower than that in the control group, accounting for 

31.4% and 50.0%, respectively; the proportion of 

current smokers in the case group was significantly 

higher than that in the control group, accounting for 

48.6% and 21.9% respectively. (P< 0.001). Table 1.  
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Table 1. Distribution of general conditions in case group and control group  

Variable DM-PTB DM 2/t P value 

Quantity 105 210   

Age (years)  55.3±11.5 55.7±11.4 -0.254 0.800 

Sex, male 80（76.2） 159（75.7） 0.009 0.926 

Marital status     

Unmarried/divorced 

/widowed 
14（13.3） 10（4.8） 7.307 

0.007 

Married 91（86.7） 200（95.2）   

Educational  level     

Illiterate 12（11.4） 8（3.8） 10.335 0.016 

Primary school 19（18.1） 32（15.2）   

Middle school 62（59.0） 126（60.0）   

Junior college and above 12（11.4） 44（21.0）   

Household registration type     

City 59 （56.2） 104 （49.5） 1.246 0.264 

  Rural 46 （43.8） 106 （50.5）   

Medical insurance type     

Employee insurance 45 （42.9） 109 （51.9） 2.293 0.130 

Other 60 （57.1） 101 （48.1）   

BMI     

18.5-23.9 58（55.2） 67（33.5） 21.032 ＜0.001 

<18.5 7（6.7） 4（2.0）   

24.0~27.9 31（29.5） 94（47.0）   

＞28.0 9（8.6） 35（17.5）   

DM course     

1 year and below 22（21.0） 32（15.2） 2.974 0.396 

1~5 years 28（26.7） 63（30.0）   

5.1~10 years 38（36.2） 69（32.9）   

More than 10 years 17（16.2） 46（21.9）   

DM family history 31（29.5） 77（36.7） 1.585 0.208 

FBG （mmol/L） 10.5 [7.4-12.9] 7.8 [5.9-10.7] -4.517 ＜0.001 

Poor glycemic control 74（77.9） 100（56.5） 12.281 ＜0.001 

DM treatment     

  Irregular treatment 24（22.9） 36（17.1） 10.285 0.016 

  Oral hypoglycemic agent 48（45.7） 92（43.8）   

  Insulin 22（21.0） 30（14.3）   

  Oral hypoglycemic agent + 

insulin 
11（10.5） 52（24.8）   

Glycemic monitoring     

  Regular monitoring 35（33.3） 77（36.7） 13.820 0.001 

Irregular monitoring 26（24.8） 85（40.5）   

Never monitor 44（41.9） 48（22.9）   

Dietary control     

Strict control 29（27.6） 53（25.2） 7.141 0.028 

Slightly control 30（28.6） 91（43.3）   

No control 46（43.8） 66（31.4）   

Indoor ventilation     

More than 2 hours 77（73.3） 158（75.2） 5.054 0.080 

  Within 2 hours 20（19.0） 47（22.4）   

  No ventilation 8（7.6） 5（2.4）   

Dust exposure history 7（6.7） 15（7.1） 0.024 0.876 

TB exposure history 22（21.0） 14（6.7） 14.113 ＜0.001 

Regular exercise 42（40.0） 128（61.0） 16.625 ＜0.001 
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Smoking status     

  Non-smoker 33（31.4） 105（50.0） 28.989 ＜0.001 

Former smoker 14（13.3） 20（9.5）   

Passive smoker 7（6.7） 36（17.1）   

  Current smoker 51（48.6） 46（21.9）   

Drinking     

Non-drinkers 61（58.1） 151（71.9） 18.924 ＜0.001 

Previous drinker 3（2.9） 21（10.0）   

Current drinker 41（39.0） 38（18.1）   

*DM-PTB: Type 2 diabetes complicated with tuberculosis; DM: Type 2 diabetes; BMI: Body mass index; 

FBG: Fasting blood glucose; TB: Tuberculosis. 

 

Table 2. Results of univariate conditional logistic regression analysis 

Variable OR value 95%CI P value  

Married 0.29 0.12-0.73 0.009 

Educational level    

Primary school and below 1.00 - - 

Middle school 0.48 0.24-0.95 0.035 

Junior college and above 0.26 0.10-0.64 0.003 

Poor glycemic control 2.36 1.32-4.22 0.004 

DM treatment    

  Irregular treatment 1.00 - - 

  Oral hypoglycemic agent 0.76 0.41-1.44 0.401 

  Insulin 0.98 0.45-2.14 0.960 

  Oral hypoglycemic agent + 

Insulin 

0.31 0.13-0.73 
0.007 

BMI     

Normal 1.00 - - 

Overweight 0.38 0.22-0.66 0.001 

  Obesity 0.32 0.14-0.70 0.005 

TB exposure history 4.49 1.97-10.23 <0.001 

Indoor ventilation    

More than 2 hours 1.00 - - 

  Within 2 hours 0.87 0.49-1.52 0.617 

  No ventilation 3.13 1.02-9.60 0.046 

Smoking 5.12 2.61-10.70 <0.001 

Drinking 3.39 1.88-6.12 <0.001 

Regular exercise 0.34 0.20-0.58 <0.001 

 * BMI: Body mass index; TB: Tuberculosis. 

 

3.2. Univariate conditional logistic regression 

analysis  

Univariate conditional logistic regression analysis 

was used to screen out the influencing factors of 10 

DM-PTB from 20 analysis factors at the level of 

α=0.05, which were marital status, education level, 

poor glycemic control, diabetes treatment, BMI 

grouping, TB exposure history, indoor ventilation, 

smoking, drinking, regular exercise. Table 2. 

 

3.3. Multivariate conditional logistic regression 

analysis   

The possible risk factors selected from univariate 

analysis were used as independent variables, and 

whether or not suffering from PTB as dependent 

variable (case group was 1, control group was 0) was 

used for conditional logistic regression analysis. The 

0.05 and 0.10 were taken as the significant level of 

introducing variable and eliminating variable 

respectively. This study focused on multivariate 

conditional logistic regression analysis of smoking 

status. 

3.3.1. Smoking status and DM-PTB relationship   

According to the analysis of smoking status, 

compared with non-smokers, the risk of active PTB 
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was significantly higher in current smokers and 

former smokers, and the increased risk was more 

obvious in current smokers. Smoking, TB exposure 

history and poor glycemic control were risk factors 

for active PTB in DM patients, while high academic 

qualifications (middle school, junior college and 

above), overweight and obesity were protective 

factors. Table 3. 

 

Table 3. Multivariate conditional logistic regression analysis of smoking and DM-PTB risk 

Variable β value Sx Wald value P value OR value 95%CI 

Educational level       

Primary school and 

below 

- - - - 1.000 - 

Middle school -1.599 0.618 6.704 0.010 0.202 0.060～0.678 

Junior college and 

above 

-2.808 0.775 13.128 0.000 0.060 0.013～0.276 

BMI       

＜23.9 - - - - 1.000  

24.0～27.9 -1.190 0.441 7.271 0.007 0.304 0.128～0.722 

＞28.0 -1.346 0.640 4.425 0.035 0.260 0.074～0.912 

TB exposure history 2.939 0.842 12.171 ＜0.001 18.895 3.625～98.491 

Poor glycemic control 0.848 0.405 4.398 0.036 2.336 1.057～5.162 

Smoking status       

No smoking - - - - 1.000 - 

Former smoking 1.524 0.742 4.224 0.040 4.591 1.073～19.638 

Passive smoking -0.469 0.704 0.444 0.505 0.625 0.157～2.487 

Current smoking 2.501 0.633 15.612 ＜0.001 12.194 3.527～42.162 

    *BMI: Body mass index; TB: Tuberculosis 

4. Discussion 

China is a country with heavy double burden of 

diabetes and tuberculosis[10]. Diabetes patients are 

easily complicated by tuberculosis and are one of the 

susceptible populations of tuberculosis. Studies have 

shown that[11] the prevalence of TB in diabetic 

patients in China in 2014 was 958 / 100000, 

compared with 78 / 100000 reported by WHO in 

2011, the prevalence of tuberculosis in Chinese 

diabetic population was significantly increased. The 

results of this study showed that smoking was an 

independent risk factor for tuberculosis in diabetic 

patients after adjusting for confounding factors such 

as poor glycemic control, TB exposure history, 

educational level, BMI, and exercise. 

The occurrence of PTB is related to the interaction 

among environment, patients and Mycobacterium 

tuberculosis. Smoking is an environmental risk factor 

that affects the susceptibility of DM patients to 

tuberculosis. Existing studies have shown that 

smoking can lead to reduced lung function and 

immunity, resulting in shorter cilia, lung mucosal 

injury and decreased sputum excretion. And smoking 

can inhibit innate immune activation, macrophage 

function, T cell function, NK cell function and Th1 

immune expression[12-15], increase host 

susceptibility to tuberculosis[16]. Several studies 

have shown that[12,17,18] smoking can also inhibit 

lung T-cell recruitment, change the lung T-cell 

response to Mycobacterium tuberculosis, reduce the 

body's specific immunity and enhance non-specific 

inflammatory response. This study analyzed the 

smoking status of the subjects. The results showed 

that former smoking and current smoking were risk 

factors for DM-PTB, and their OR values were 

different, suggesting that the two smoking status 

could increase the risk of active PTB in DM patients 

to varying degrees. The results of this study showed 

that the risk of active PTB in current smokers was 

higher than that in former smokers, suggesting that 

quitting smoking is of great significance in 

preventing DM-PTB in patients with DM. This may 

be related to the rapid recovery of anti-

Mycobacterium tuberculosis immunity after quitting 

smoking[12]. Lin et al[19] reported that smoking 

significantly increased the risk of active PTB in 

diabetic patients, consistent with the results of this 

study. 

Smoking can also cause improper glycemic 

control in DM patients and increase susceptibility to 

TB[20]. Studies have reported that smoking can 
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affect the level of glycosylated hemoglobin 

(HbA1c)[4], indirectly affect the occurrence of active 

PTB. Therefore, smoking is a risk factor of active 

pulmonary tuberculosis in patients with type 2 

diabetes, suggesting that quitting smoking can reduce 

the incidence of TB in patients with diabetes, and 

help to prevent the occurrence of DM-PTB. 

5. Conclusion   

Smoking is an independent risk factor for active 

pulmonary tuberculosis in patients with type 2 

diabetes mellitus, which can significantly increase 

the risk of active pulmonary tuberculosis in patients 

with type 2 diabetes mellitus. Reducing smoking and 

developing good living habits are helpful to reduce 

the incidence of type 2 diabetes mellitus complicated 

with active pulmonary tuberculosis. 
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