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Abstract
BACKGROUND 
In China, the prevalence of type 2 diabetes mellitus (T2DM) among diabetic 
patients is estimated to be between 90%-95%. Additionally, China is among the 22 
countries burdened by a high number of tuberculosis cases, with approximately 
4.5 million individuals affected by active tuberculosis. Notably, T2DM poses a 
significant risk factor for the development of tuberculosis, as evidenced by the 
increased incidence of T2DM coexisting with pulmonary tuberculosis (T2DM-
PTB), which has risen from 19.3% to 24.1%. It is evident that these two diseases 
are intricately interconnected and mutually reinforcing in nature.

AIM 
To elucidate the clinical features of individuals diagnosed with both T2DM and 
tuberculosis (T2DM-PTB), as well as to investigate the potential risk factors 
associated with active tuberculosis in patients with T2DM.

METHODS 
T2DM-PTB patients who visited our hospital between January 2020 and January 
2023 were selected as the observation group, Simple DM patients presenting to 
our hospital in the same period were the control group, Controls and case groups 
were matched 1:2 according to the principle of the same sex, age difference ( ± 3) 
years and disease duration difference ( ± 5) years, patients were investigated for 
general demographic characteristics, diabetes-related characteristics, body 
immune status, lifestyle and behavioral habits, univariate and multivariate 
analysis of the data using conditional logistic regression, calculate the odds ratio 
(OR) values and 95%CI of OR values.

https://www.f6publishing.com
https://dx.doi.org/10.4239/wjd.v15.i2.196
mailto:cyfygrk2270@163.com
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RESULTS 
A total of 315 study subjects were included in this study, including 105 subjects in the observation group and 210 
subjects in the control group. Comparison of the results of both anthropometric and biochemical measures showed 
that the constitution index, systolic blood pressure, diastolic blood pressure and lymphocyte count were 
significantly lower in the case group, while fasting blood glucose and high-density lipoprotein cholesterol levels 
were significantly higher than those in the control group. The results of univariate analysis showed that poor 
glucose control, hypoproteinemia, lymphopenia, TB contact history, high infection, smoking and alcohol 
consumption were positively associated with PTB in T2DM patients; married, history of hypertension, treatment of 
oral hypoglycemic drugs plus insulin, overweight, obesity and regular exercise were negatively associated with 
PTB in T2DM patients. Results of multivariate stepwise regression analysis found lymphopenia (OR = 17.75, 
95%CI: 3.40-92.74), smoking (OR = 12.25, 95%CI: 2.53-59.37), history of TB contact (OR = 6.56, 95%CI: 1.23-35.03) 
and poor glycemic control (OR = 3.37, 95%CI: 1.11-10.25) was associated with an increased risk of developing PTB 
in patients with T2DM, While being overweight (OR = 0.23, 95%CI: 0.08-0.72) and obesity (OR = 0.11, 95%CI: 0.02-
0.72) was associated with a reduced risk of developing PTB in patients with T2DM.

CONCLUSION 
T2DM-PTB patients are prone to worse glycemic control, higher infection frequency, and a higher proportion of 
people smoking, drinking alcohol, and lack of exercise. Lymphopenia, smoking, history of TB exposure, poor 
glycemic control were independent risk factors for T2DM-PTB, and overweight and obesity were associated with 
reduced risk of concurrent PTB in patients with T2DM.

Key Words: Type 2 diabetes; Pulmonary tuberculosis; Blood sugar; Infection; Risk factors

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Diabetes mellitus is a metabolic disorder resulting from a combination of genetic factors, environmental influences, 
and lifestyle choices, which lead to impairments in insulin secretion or function. In recent times, there has been a significant 
increase in the incidence of diabetes accompanied by hyperglycemia as its primary manifestation. By conducting case-
control studies within hospital settings, we aim to examine the distinctive features of patients with type 2 diabetes mellitus 
and pulmonary tuberculosis and investigate the potential risk factors associated with the development of tuberculosis in this 
specific population.

Citation: Shi H, Yuan Y, Li X, Li YF, Fan L, Yang XM. Analysis of the influencing factors and clinical related characteristics of 
pulmonary tuberculosis in patients with type 2 diabetes mellitus. World J Diabetes 2024; 15(2): 196-208
URL: https://www.wjgnet.com/1948-9358/full/v15/i2/196.htm
DOI: https://dx.doi.org/10.4239/wjd.v15.i2.196

INTRODUCTION
Diabetes mellitus (DM) is a metabolic disorder caused by genetic factors, environment and lifestyle caused by defects in 
insulin secretion or function. In recent years, the prevalence of DM, the main manifestation of hyperglycemia, has risen 
sharply, reaching 9.7%[1]. In China, type 2 DM (T2DM) accounts for 90%-95% of in all diabetic patients[2]. Tuberculosis 
(TB) is a chronic infectious disease caused by Mycobacterium tuberculosis (M. tuberculosis)[3], most of latent tuberculosis 
infected people have no obvious clinical symptoms. Patients with latent TB, when body resistance decreases or cell-
mediated allergy increases, develop active TB, with pulmonary tuberculosis (PTB) being the most common[4]. China is 
one of the 22 countries with high TB burden with about 4.5 million active TB patients[5]. As many as 130000 TB patients 
die each year, more than twice the total number of other infectious diseases in China[5]. T2DM is one of the risks of 
developing TB, and the incidence of T2DM with PTB (T2DM-PTB) increased from 19.3% to 24.1%. These two diseases are 
closely related and mutually promote[6]. On the one hand, due to the high tissue sugar content, metabolic disorder and 
decreased immune function, M. tuberculosis increases the production of resistant strains, and affects the prognosis of 
T2DM-PTB patients; on the other hand, TB will aggravate the glucose metabolism disorder of T2DM patients, increase the 
incidence of ketoacidosis, and present a dangerous prognosis[7]. T2DM-PTB faces new challenges in the world public 
health field due to its severity, treatment difficulties, and poor prognosis.

China is in a period of rapid growth in the incidence of DM, and the burden of tuberculosis is serious. DM combined 
with tuberculosis has become a major public health problem and the rising prevalence of DM is a potential threat to TB 
control. Based on this, World Health Organization recommends a collaborative framework for clinical management and 
control of DM with TB. Therefore, this study conducted a hospital-based case-control study to observe the characteristics 
of T2DM-PTB patients and explore the risk factors for pulmonary TB in T2DM, providing a scientific basis for the 
prevention and control of T2DM-PTB.

https://www.wjgnet.com/1948-9358/full/v15/i2/196.htm
https://dx.doi.org/10.4239/wjd.v15.i2.196
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MATERIALS AND METHODS
General information
In this study, cases (observation group) of selected tuberculosis patients with T2DM from January 2020 to January 2023 
were randomly selected in our hospital, and compared with diabetic patients without tuberculosis in the same period 
(control group).

Selection of the cases
Inclusion criteria for the observation group: (1) DM diagnosis earlier than PTB; (2) active tuberculosis (never received 
anti-tuberculosis chemotherapy or received chemotherapy for 1 month); (3) lived locally for more than 1 year, age > 18 
years old; and (4) was aware of the study and signed informed consent.

Exclusion criteria for observation group: (1) Recovered PTB patients, disseminated PTB, tuberculosis pleurisy, and other 
extrapulmonary tuberculosis; (2) has other endocrine diseases, such as hyperthyroidism, systemic lupus erythematosus, 
rheumatoid arthritis; (3) has diseases that can affect immune function such as acquired immunodeficiency syndrome 
(AIDS), malignant tumor, chronic hepatitis, cirrhosis, primary kidney disease, renal failure, blood disease, renal 
transplantation, gastrectomy; or (4) study subjects have used hormones and immunosuppressants within 4 months.

Selection of control group
The control group was patients with T2DM in our hospital at the same time. Two controls were matched for each case by 
the principle of equal gender, age difference ( ± 3) years and disease duration difference (± 5) years.

Inclusion criteria for the control group: (1) DM patients aged > 18 years who had lived locally for more than 1 year; and 
(2) were aware of the study and signed informed consent.

Exclusion criteria for the control group: (1) Now have other endocrine diseases, such as hyperthyroidism, systemic lupus 
erythematosus, rheumatoid arthritis, etc.; (2) now has diseases that can affect the immune function, such as AIDS, 
malignant tumor, chronic hepatitis and cirrhosis, chemical, primary renal disease, renal failure, hematological disorders, 
post-renal transplantation, gastrectomy, etc.; or (3) patients with pulmonary infection, or patients with tuberculosis 
lesions or suspicious lesions after chest X-ray examination.

Diagnostic criteria
Diagnostic criteria for T2DM[8]: Patients presented with typical T2DM, abnormal glucose test (random glucose 11.1 
mmol/L or fasting glucose 7.0 mmol/L; or oral glucose tolerance test 2h glucose 11.1 mmol/L).

Diagnostic criteria for PTB[9]: (1) Clinical symptoms such as cough, expectoration and fever, typical PTB findings 
combined with chest X-ray and chest computed tomography; (2) tuberculin skin test (PPD) reaction 10 mm; (3) positive 
TB antibody or γ -interferon release test; (4) positive mycobacterium smear culture; and (5) histopathology consistent with 
positive tuberculous change and acid fast staining.

Sample size calculation
The sample size was calculated according to the sample size of the paired case-control study (number of cases: number of 
controls = 1: r):

p1p0Zα and Zβ are the exposure rate of a major risk factor in the observation group and control group, respectively. OR 
represents the odds ratio of the risk factor, the standard normal cut-off for the type I error probability α and the standard 
normal cut-off for the type II error probability β. The literature shows that the glucose control level of T2DM patients is 
closely related to the occurrence of PTB[10], poor glucose control can increase the risk of PTB, its OR value is about 3[11], 
the incidence of poor glucose control in T2DM patients in China is about 60%[12], namely = 0.60, this study took α = 0.05 
(bilateral), β = 0.10, r = 2. The observation group should be more than 81 cases and more than 162 cases in the control 
group. A total of 105 patients in the observation group and 210 patients in the control group were included in this study, 
which met the study requirements.

Questionnaire survey
Using uniform questionnaire and inquiry, the questionnaire mainly included: general demographic characteristics: age, 
gender, marital status, educational level, work and monthly income, DM related characteristics: family history of DM, 
course of disease, diet control and blood glucose monitoring; body immune status: whether the subjects had upper 
respiratory tract infections (such as cold, sinusitis, tonsillitis, otitis media, etc.), bronchitis or pneumonia, skin infections 
(lip herpes, genital herpes, warts, furuncle or abscess) in the last year. The questionnaire was adapted from the immune 
system assessment questionnaire developed by the Chronic Immunodeficiency Center of the University Medical Center 
in Freiburg[13]; Lifestyle and behavioral habits: smoking, alcohol consumption, physical exercise, sleep status, 
tuberculosis exposure history, per capita living area, dust exposure history and contact personnel, etc.
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Physical examination
Measurement of height and weight: After calibrating the instrument, the patient is required to take off his shoes and coat 
according to the standard method. During the measurement, feet are tight, back straight and eyes straight forward.

Blood pressure measurement: Blood pressure is measured by desktop mercury column sphygmomanometer. The 
respondent needs to rest for at least 5 min in a quiet state, and can be measured after the mood is stable. During the 
measurement, the respondent was exposed to his right arm, the arm was placed flat on the table and heart, and the feet 
were placed flat on the ground to relax. Select the appropriate cuff, record the systolic blood pressure and diastolic blood 
pressure in the first and fifth tone of KorotKoff, measuring three times, at least one minute between each two times, and 
averaging the three readings.

Laboratory examination
Fasting blood was drawn and sent to the clinical laboratory, Timely centrifugation, Isolate the serum, Hitachi 7180 was 
used to determine fasting blood glucose, total cholesterol, triglycerides, low-density lipoprotein cholesterol (LDL-C), 
high-density lipoprotein cholesterol (HDL-C), albumin; separated plasma, A SYSMEX XE-2100 hematology for 
hemoglobin, lymphocyte count, etc. Glycated hemoglobin was determined by Alometric.

Quality control
Before the formal investigation, the pre-investigation should be conducted in a certain group of people to find out the 
problems and deficiencies in time, adjust the design of unreasonable items, and improve the content of the questionnaire. 
All the investigators have received systematic and unified professional training, and can participate in the project 
research only after passing the examination. Inform the research subjects before the investigation, and sign the informed 
consent form. Investigators in strict accordance with the requirements of the training inquiry and physical examination, 
not induced questions, truthfully fill in the questionnaire, to ensure the authenticity and reliability of the data, and in the 
survey by personnel audit questionnaire, unified number and corresponding records, the unqualified questionnaire check 
or remove as far as possible. Data entry was conducted by uniformly trained researchers. The double data entry method 
was adopted, and the data was checked after entry. When the two questionnaires were inconsistent, the original data 
were checked, and errors were found and re-entered.

Statistical analysis
Data were entered and statistically analyzed using SPSS 20.0 software. If the quantitative data conforms to the normal 
distribution, the mean standard deviation; the non-normal data adopts the median and the interquartile spacing; the 
qualitative data is represented by the frequency (percentage). For quantitative data satisfying the normal distribution, 
non-parametric test for non-parametric data; and test for comparison between groups. Univariate analysis screened the 
potential risk factors for concurrent PTB in DM patients, multivariate conditional Logistic regression analysis (fitting by 
Cox model in survival analysis) screened the independent influencing factors of concurrent PTB, using the stepwise 
method, and 0.05 and 0.10 were used as the significance level of introduced and excluded variables, respectively. The 
strength of the association of the various influencing factors with PTB was measured by the odds ratio (OR) and its 
95%CI. Before the analysis, all the variables were checked for collinearity. The test level shall be taken as α = 0.05.

RESULTS
General demographic characteristics
A total of 105 eligible T2DM-PTB patients and 210 patients with T2DM alone were collected during the study period. The 
age range of the observation group was 26-86 years, and the mean age was 55.3 ± 11.5 years; the control group was 26-83 
years, 55.7 ± 11.4 years, gender, marital status, educational level, occupational and worker's insurance (P > 0.05), as 
shown in Table 1.

DM-related characteristics
The mean duration of DM in the observation group was 6.8 ± 5.7 years, 7.4 ± 5.6 years, with no statistical difference (P > 
0.05); the proportion of history of hypertension was lower than the control group (P < 0.05), but no significant difference 
in family history of DM (P > 0.05); the incidence of poor glucose control in the observation group was 77.9%, significantly 
higher than 56.5% (P < 0.001). In both groups, drugs were the main way to control blood glucose, accounting for 45.7% 
and 43.8%, respectively, but the proportion of the observation group using oral medicine and insulin was significantly 
lower than that of the control group (10.5% vs 24.8%, P < 0.05). There were significant differences between the two 
groups, and the proportion was 43.8%, while the control group was 43.3%, statistically different (P < 0.05); there was no 
significant difference in the family history of DM and regular blood glucose monitoring (P > 0.05; Table 2).

Test results of laboratory indicators
Systolic BP, diastolic blood pressure, body weight, body mass index (BMI), and lymphocyte count were lower than the 
control group, while fasting glucose and HDL were higher than the control group (P < 0.05). Serum cholesterol and trigly-
ceride levels may differ between the two groups (P = 0.052), but not in height, glycated hemoglobin, hemoglobin, albumin 
and LDL (P > 0.05; Table 3).
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Table 1 General demographic characteristics of the observed and control groups, n (%)

Characteristics Observation group (n = 105) Control group (n = 210) χ2/t P value

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

Gender 0.009 0.926

Male 80 (76.2) 159 (75.7)

Female 35 (23.4) 51 (24.3)

marital status 7.307 0.007

Unwed/divorced/widowed 14 (13.3) 27 (12.9)

Married 91 (86.7) 183 (87.1)

Educational level 0.335 0.163

Illiteracy 13 (12.4) 32 (15.2)

Primary school 18 (17.1) 32 (15.2)

Middle school 62 (59.1) 126 (60.0)

College degree or above 12 (11.4) 20 (9.5)

Occupation 6.491 0.261

Housework and unemployed 34 (32.4) 65 (30.9)

Peasant 22 (21.0) 65 (30.9)

Office worker 13 (12.4) 27 (12.9)

Self-employed worker 12 (11.4) 23 (11.0)

Worker 14 (13.3) 21 (10.0)

Other 10 (9.5) 9 (4.3)

Worker's insurance 2.293 0.130

Yes 45 (42.9) 109 (51.9)

No 60 (57.1) 101 (48.1)

Nutritional status
In terms of nutritional status, clear differences between the rates of overweight, obesity, hypoproteinemia and 
lymphopenia, as detailed in Table 4. The incidence of overweight and obesity was 29.5% and 8.6%, respectively, 
significantly lower than the control group 47.0% and 17.5%, and the incidence of hypoproteinemia and lymphopenia was 
24.2% and 74.2%, respectively, both higher than 11.4% and 45.1% in the control group, while neither group was statist-
ically different between the incidence of hyperlipidemia and anemia, shown in Table 4.

Immunological status of the body
In the case of the observation group, upper respiratory tract infection was 69.5% in the past year, which was significantly 
higher than 47.1% of the control group. Both the observation and control groups were lower in the incidence of bronchitis 
or pneumonia, gastrointestinal infection, and skin infection, and there was no significant difference between the two 
groups. There were significant differences between high infection in the two groups, with the proportion of high infection 
in 70.5% in the observation group and 54.3% in the control group. The difference was statistically significant (P < 0.05). 
However, there was no statistical difference in the incidence of herpes between the two groups, as detailed in Table 5. The 
rates of pharyngeal, tonsillectomy, nasal polypectomy, and appendectomy were low in both groups (< 2%, not listed).

Lifestyle and behavior habits
The comparison of lifestyle and behavioral habits between the two groups are shown in Table 6. The proportion of 
participants with a history of TB contact was significantly higher than the control group (21.0% vs 6.7%), while the kitchen 
was less well-ventilated than the control group (61.9% vs 81.2%). More than 70% of the patients in both groups were able 
to do indoor ventilation regularly, but the proportion of people in the observation group without ventilation habits was 
higher than that in the control group. There were no statistical differences in dust contact history, migrant work history, 
contact situation and per capita living area. A comparison of the distribution of smoking between the two groups found 
that the proportion of current smokers in the observation group was the highest, 49.5%, while the proportion of non-
smokers in the control group was 50.0%. The proportion of current smokers in the observation group was significantly 
higher than that in the control group (P < 0.05).39% and 18% of the observation and control groups were current drinkers, 
and 2.9% and 10.0% were previous drinkers. The proportion of patients in the observation group was 40%, significantly 
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Table 2 Comparison between the observed and control groups in diabetes-related characteristics, n (%)

Characteristics Observation group (n = 105) Control group (n = 210) χ2/t P value

Disease course (yr) 6.8 ± 5.7 7.4 ± 5.6 -0.863 0.389

Family history of diabetes 1.585 0.208

Yes 31 (29.5) 77 (36.7)

No 74 (71.5) 133 (63.3)

History of hypertension 4.123 0.042

Yes 34 (32.4) 93 (44.3)

No 71 (67.6) 117 (55.7)

Poor glycemic control 12.281 < 0.001

Yes 74 (77.9) 100 (56.5)

No 31 (22.1) 110 (43.5)

Regular blood glucose monitoring 0.135 0.713

Yes 25 (23.8) 54 (25.7)

No 80 (76.2) 156 (74.3)

Diabetes treatment modality 10.285 0.016

Unregular treatment 24 (22.9) 36 (17.1)

Oral hypoglycaemic agent 48 (45.7) 92 (43.8)

Insulin 22 (20.9) 30 (14.3)

Oral antidiabetic drugs + insulin 11 (10.5) 52 (24.8)

Diet control attitude 7.141 0.028

Think it's very important 29 (27.6) 53 (25.3)

Think it is generally important 30 (28.6) 91 (43.3)

Think it's not important 46 (43.8) 66 (31.4)

lower than 61% in the control group. According to the sleep status analysis, the proportion of people with difficulty 
falling asleep and habitual snoring was higher than that of the control group, while the drug sleep assistance and sleep 
duration was not significantly different between the two groups.

Univariate analysis of the risk of patients with T2DM-PTB
Using univariate condition logistic, regression analysis, 12 factors at α = 0.05, including marital status, history of 
hypertension, poor blood glucose control, DM treatment, BMI grouping, hypoproteinemia, lymphopenia, TB exposure, 
high infection, smoking, drinking, and regular exercise. The relative hazards of each contributing factor are shown in 
Table 7. The analysis found that poor glycemic control, hypoproteinemia, lymphopenia, history of TB exposure, high 
infection, smoking, and alcohol consumption were the risk factors for T2DM-PTB. In this study, non-smokers, former 
smokers, and passive smokers were combined as current non-smokers, With it as a reference group, univariate logistic 
regression analysis found that T2DM patients had more than five times higher risk of smoking PTB than non-smokers 
(OR = 5.12, 95%CI: 2.61-10.7; P < 0.001); Combining non-drinkers and previous drinkers as current non-drinkers, With it 
as a reference group, The univariate results showed that the risk of PTB in T2DM patients was 3.39 times higher than that 
in current non-drinkers (OR = 3.39, 95%CI: 1.88-6.12; P < 0.001). Regarding nutritional status, hypoproteinemia (OR = 
2.48, 95%CI: 1.21-5.09) and lymphopenia (OR = 3.91, 95%CI: 2.12-7.21) were both risk factors for T2DM-PTB; while 
overweight (OR = 0.38, 95%CI: 0.22-0.66; P = 0.001) and obesity (OR = 0.32, 95%CI: 0.14-0.70; P = 0.005) than T2DM with 
normal weight, and patients had a lower risk of concurrent PTB. Unmarried (OR = 0.29, 95%CI: 0.12-0.73), history of 
hypertension (OR = 0.59, 95%CI: 0.36-0.98), oral medication and insulin (OR = 0.31, 95%CI: 0.13-0.73), and regular exercise 
(OR = 0.34, 95%CI: 0.20-0.58) were protective factors for T2DM-PTB.

Multivariate logistic regression analysis of the risk of patients with T2DM-PTB
Before the multivariate condition logistic regression analysis, the univariate analysis of OR is significant, marital status, 
high blood pressure, poor blood glucose control, DM treatment, BMI group, low proteinemia, lymphopenia, TB exposure 
history high infection, smoking, drinking, regular exercise 12 factors for collinear diagnosis. The results show that the 
tolerance is between 0.746 and 0.924, and the variance expansion factors are less than 10, and there is no collinearity 
problem. The possible risk factors selected by the results of univariate analysis were used as independent variables, and 
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Table 3 Test results of observation and control groups

Items Observation group (n = 105) Control group (n = 210) χ2/t P value

Height (cm) 169.52 ± 8.81 168.68 ± 7.54 0.881 0.379

Weight (kg) 66.53 ± 13.62 71.75 ± 12.08 -3.249 0.001

Body mass index (kg/m2) 23.00 ± 3.30 25.18 ± 3.40 -5.377 < 0.001

Systolic blood pressure (mmHg) 129.00 ± 20.00 134.00 ± 24.00 -2.544 0.011

Diastolic blood pressure (mmHg) 80.00 ± 10.50 83.00 ± 14.00 -2.504 0.012

Hemoglobin A1c (%) 8.85 ± 2.15 8.90 ± 2.80 -0.873 0.382

Fasting blood glucose (mmol/L) 10.54 ± 3.43 7.83 ± 2.81 -4.517 < 0.001

Hemoglobin (g/L) 136.50 ± 27.00 138.00 ± 21.00 -0.295 0.768

Albumin (g/L) 40.20 ± 8.40 39.68 ± 5.80 -0.247 0.805

Lymphocyte count (109/L) 1.65 ± 0.78 2.08 ± 0.94 -4.168 < 0.001

Triglyceride (mmol/L) 1.28 ± 0.31 1.47 ± 0.36 -1.940 0.052

Cholesterol (mmol/L) 4.68 ± 1.13 4.39 ± 1.62 -1.870 0.061

High-density lipoprotein (mmol/L) 1.20 ± 0.47 1.10 ± 0.39 -2.032 0.042

Low-density lipoprotein (mmol/L) 2.85 ± 1.08 2.70 ± 1.30 -0.713 0.476

Table 4 Comparison of nutritional status between the observed and control groups, n (%)

Items Observation group (n = 105) Control group (n = 210) χ2/t P value

BMI divide into groups 19.702 < 0.001

Normal 65 (61.9) 71 (35.5)

Overload 31 (29.5) 94 (47.0)

Fat 9 (8.6) 35 (17.5)

Anemia 18 (18.4) 28 (15.2) 0.465 0.495

Hypoproteinemia 24 (24.2) 20 (11.4) 7.702 0.006

Lymphocytopenia 72 (74.2) 83 (45.1) 21.773 < 0.001

Hyperlipidemic and hyperlipidemia 46 (50.0) 98 (58.7) 1.812 0.178

Simple hypertriglyceridemia 13 (14.1) 38 (22.8) 2.790 0.095

Simple hypercholesterolemia 8 (8.7) 9 (5.4) 1.057 0.304

Combined hyperlipidemia familial 3 (3.3) 7 (4.2) 0.138 0.710

Simple low HDL cholesterolemia 22 (24.7) 44 (26.7) 0.114 0.736

BMI: Body mass index; HDL: High-density lipoprotein.

the conditional logistic regression analysis was performed with PTB as the dependent variable (the control group was 0), 
and 0.05 and 0.10 as the significance level of the introduced and excluded variables. The assignment method for each 
variable is shown in Table 8.

The statistically significant 12 factors were analyzed by multivariate Logistic regression, which showed that five factors 
entered the model, as detailed in Table 9. Among them, lymphopenia, poor glycemic control, history of TB exposure and 
smoking were risk factors for T2DM-PTB, while overweight and obesity were protective factors. Patients with T2DM-PTB 
with OR lymphopenia (17.75, P = 0.001) and smoking (OR = 12.25, P = 0.002) had more than ten times the risk of TB. 
Being overweight (OR = 0.23, P = 0.011) and obesity (OR = 0.11, P = 0.021) reduced the risk of PTB in T2DM by 77% and 
89%, respectively.
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Table 5 Comparison of body immune status between the observed and control groups, n (%)

Items Observation group (n = 105) Control group (n = 210) χ2/t P value

Upper respiratory tract infection 73 (69.5) 99 (47.1) 14.145 < 0.001

Bronchitis or pneumonia 5 (4.8) 12 (5.7) 0.124 0.724

Gastrointestinal infection 9 (8.6) 20 (9.5) 0.076 0.783

Skin infection 3 (2.9) 9 (4.3) 0.390 0.532

High infection 74 (70.5) 114 (54.3) 7.626 0.006

Bleb 16 (15.2) 26 (12.4) 0.495 0.482

Table 6 Comparison of lifestyle and behavioral habits between the observed and control groups, n (%)

Items Observation group (n = 105) Control group (n = 210) χ2/t P value

History of tuberculosis contact 22 (21.0) 14 (6.7) 14.113 < 0.001

History of dust contact 7 (6.7) 15 (7.1) 0.024 0.876

Smoke 29.017 < 0.001

Current smoker 52 (49.5) 48 (22.8)

Non-smoker 33 (31.4) 105 (50.0)

A former smoker 13 (12.4) 18 (8.6)

Passive smoker 7 (6.7) 39 (18.6)

Drink 18.924 < 0.001

Current drinker 41 (39.0) 38 (18.1)

No drinkers 61 (58.1) 151 (71.9)

A former drinker 3 (2.9) 21 (10.0)

Whether you exercise regularly 16.625 < 0.001

Yes 42 (40.0) 128 (61.0)

No 63 (60.0) 82 (39.0)

DISCUSSION
This paper compared the characteristics of the two groups, and the results showed that there were obvious differences in 
marriage, education, low protein, etc. Our previous study found that the proportion of unmarried (unmarried, divorced, 
widowed) in T2DM-PTB patients was significantly higher. Part of this is that a person has a great relationship between 
their physical and mental health. The ability to care for each other and support each other is very important for 
maintaining mental and physical stability between couples[14]. However, the older unmarried, divorced, widowed, often 
have loneliness, anxiety, anger, sadness and other bad psychological state. This bad mood and mood, it is likely to affect 
the body's metabolic function and immunity, thus making the body more susceptible to M. tuberculosis infection. More-
over, it is also possible that it is related to the poor family income of PTB patients, with some impact on their marriage.

T2DM-PTB is a common chronic wasting disease, patients often lead to nutritional deficiency, and then lead to body 
injury, and then lead to disease recurrence, affecting the prognosis[15,16]. The incidence of T2DM-PTB is as high as 45%-
78.3%[17]. The occurrence of T2DM-PTB is associated with multiple causes[18]. T2DM has high blood sugar levels in the 
body, but due to the lack of insulin, the body cannot convert blood sugar into energy, and can only use protein, fat and 
other metabolites as energy sources, resulting in malnutrition[19]. T2DM is a serious risk of human health disease. In 
addition, because the body is in a state of consumption for a long time, PTB will also cause the body's catabolism 
abnormalities, thus reducing the body's protein and fat reserves, resulting in the body's malnutrition. The T2DM-PTB 
group had higher hypoproteinemia than the T2DM group. It is possible that protein deficiency reduces the cellular 
immune function of the body, which further improves the body's sensitivity to infection, leading to the infection 
aggravating[20]. Another reason may be that in the chronic process from M. tuberculosis infection to TB, the metabolism of 
the patient will accelerate and the production of interleukin-6 and tumor necrosis factor-α may lead to fever, liver 
synthesis of acute phase reaction protein and inhibit the production of serum albumin[21,22]. PTB is a chronic wasting 
disease that is prone to anemia. At the same time, M. tuberculosis proliferation in the patient's body tissue can cause a 
large amount of nutrients to be consumed, including hematopoietic substances, and eventually lead to anemia in the 
patient. About 16%-94% of PTB patients will develop anemia[23]. Our previous study found that there was no significant 
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Table 7 Results of the univariate conditional logistic regression analysis

Variable Odds ratio 95%CI P value

Married 0.29 0.12-0.73 0.009

Poor glycemic control 2.36 1.32-4.22 0.004

Diabetes treatment modality

Unregular treatment 1.00 - -

Oral hypoglycaemic agent 0.76 0.41-1.44 0.401

Insulin 0.98 0.45-2.14 0.960

Oral antidiabetic drugs + insulin 0.31 0.13-0.73 0.007

History of hypertension 0.59 0.36-0.98 0.040

Body mass index divide into groups

Normal 1.00 - -

Overload 0.38 0.22-0.66 0.001

Fat 0.32 0.14-0.70 0.005

Hypoproteinemia 2.48 1.21-5.09 0.013

Lymphocytopenia 3.91 2.12-7.21 < 0.001

History of tuberculosis contact 4.49 1.97-10.23 < 0.001

High infection 1.95 1.21-3.15 0.006

Smoke 5.12 2.61-10.7 < 0.001

Drink 3.39 1.88-6.12 < 0.001

Regular exercise 0.34 0.20-0.58 < 0.001

Table 8 Assignment statement in the multivariate logistic regression analysis of the risk in type 2 diabetes mellitus with pulmonary 
tuberculosis patients

Items Assignment method

Marital status Unmarried, divorced and widowed = 1, married = 2

Hypertension No = 0, Yes = 1

Poor glycemic control No = 0, Yes = 1

Diabetes treatment methods Oral medication = 1, insulin = 2, oral medication and insulin simultaneously = 3, no regular treatment = 4

BMI grouping BMI < 24 = 1, BMI: 24.0-27.9 = 2, BMI ≥ 28 = 3

Hypoproteinemia No = 0, Yes = 1

Lymphocytopenia No = 0, Yes = 1

History of tuberculosis contact No = 0, Yes = 1

High infection No = 0, Yes = 1

Smoke No = 0, Yes = 1

Drink No = 0, Yes = 1

Regular exercise No = 0, Yes =1 

BMI: Body mass index.

relationship between T2DM-PTB and the incidence of diabetic TB, and the incidence of T2DM-PTB will gradually 
increase with the development of the disease.

Our multifactorial study found that in patients with T2MD, having lymphopenia, smoking, a history of TB, and failure 
to control their blood sugar increase the risk of TB. In the execution of cellular immunity, lymphocytes are the most 
important effector cells, which can not only reflect the immune status of the human body, but also be used as a new index 
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Table 9 Multivariate conditional logistic regression analysis of risk factors for type 2 diabetes mellitus with pulmonary tuberculosis

Variable β SE Wald P value Odds ratio (95%CI)

BMI divide into groups

Normal - - - - 1.00

Overload -1.457 0.573 6.475 0.011 0.23 (0.08-0.72)

Fat -2.182 0.943 5.357 0.021 0.11 (0.02-0.72)

Poor glycemic control 1.215 0.568 4.581 0.032 3.37 (1.11-10.25)

Lymphocytopenia 2.876 0.844 11.622 0.001 17.75 (3.40-92.74)

History of tuberculosis contact 1.882 0.854 4.849 0.028 6.56 (1.23-35.03)

Smoke 2.506 0.805 9.686 0.002 12.25 (2.53-59.37)

BMI: Body mass index.

to evaluate the protein reserve of the human body internal organs. By measurement, it can also indirectly evaluate the 
nutritional status of the human body. The previous study of our group found that T2DM was accompanied by lym-
phocyte decline, and the incidence of PTB was 10 times higher than that of T2DM. The decrease in lymphocyte number 
indicates a weakening of cellular immune function as an anti-tuberculosis immune mechanism, which leads to the 
development of TB[24]. After extensive research, it has been proved that balanced nutrition and proper body weight can 
ensure the normal metabolic activities and immune function of the body. Malnourished people often reduce the total 
number of T lymphocytes, the function of the decline, but also can make the mechanical barrier of the body is damaged, 
mucosal resistance decreased, resulting in immune dysfunction, which is easy to cause a variety of infection[25,26].

A large number of studies have shown that smoking can improve the risk of TB. Preliminary meta-analysis showed 
that the risk of TB in smokers is twice that of non-smokers[27]. The previous study of our research group found that the 
risk of TB in diabetic patients is 10 times that of non-smokers. This suggests that among diabetics, smoking causes a much 
greater risk of TB than the average patient. Smoking can damage airway epithelial cilia, inhibit lung phagocyment by 
macrophages, reduce the removal of lung, and increase the risk of lung infection. There are also reports that nicotine in 
cigarettes directly damage macrophages, killing M. tuberculosis[28]. Smoking for a long time leads to a decrease in the 
expression of surface proteins associated with antigen presentation in lung macrophages. After the pathogen enters the 
body, some of them cannot be presented to the immune system, leading to a decrease in the killing of pathogenic bacteria
[29]. Our study showed that smoking and alcoholism is a risk factor for TB, while smoking and alcohol abuse is also a risk 
factor for TB in African population[30]. Smoking and passive smoking are closely linked to drinking, this is because 
drinking has a special social environment, drinking and smoking and passive smoking often coexist, thus improving the 
risk of infection. Previous studies have shown that the risk of active pulmonary TB with over 40 g of daily drinking 
significantly increases[31], and the univariate analysis of our research group also indicates that alcohol consumption is an 
important cause of T2DM-PTB. Some scholars believe that excessive drinking will cause TB, and alcohol will cause direct 
toxicity to the body's immune system, making the body more susceptible to TB[32,33]. Animal experiments have shown 
that chronic and acute alcohol intake can directly damage macrophages and cellular immunity, leading to the deve-
lopment of PTB[34].

BMI is a comprehensive index of long-term lack of energy. Previous studies[35,36] found that BMI (BMI < 18.5 kg/m2) 
is closely related to TB incidence, but the proportion of people with BMI < 18.5 kg/m2 is low (3.5%), and the statistical 
significance is unclear, so further expansion of the sample is needed.

Previous studies have shown that the risk of developing TB gradually increases with increasing age, and men are more 
likely to develop TB[37,38]. Since age is proportional to sex, its relationship with T2DM-PTB cannot be evaluated.

This project intends to use a 1:2 ratio case-control design to obtain more valuable data with a smaller sample size, 
especially in a small number of diabetic patients with active TB. Using conditional logistic regression analysis, the 
deficiency of increased required sample content due to stratification avoided previous univariate stratification analysis. In 
addition, this study uses a matching case-control study, which enables the matching factors to reach a balance between 
the case group and the control group. In the comparative analysis, the influence of these factors can be excluded, so it has 
a high accuracy in the estimation of the model. Combining a 1:2 ratio of case-control trials with conditional Logistic 
regression can improve the detection efficiency of clinical trials and ensure the quality of the trials with a smaller sample 
size.

However, this paper also has some shortcomings. Since the samples in this study were collected from hospitals, there 
are certain limitations in the selection of samples, so it is inevitable that selective bias will occur.

CONCLUSION
In conclusion, T2DM-PTB patients are prone to worse glycemic control, higher infection frequency, smoking, drinking 
and lack of exercise; lymphocytopenia, smoking, exposure to TB history, and poor glycemic control are independent risk 
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factors for T2DM-PTB, overweight and obesity, T2DM, and decreased risk of concurrent PTB.

ARTICLE HIGHLIGHTS
Research background
The characteristics of patients with type 2 diabetes (T2DM) were clarified, and the risk factors of active tuberculosis (TB) 
in T2DM were explored to provide scientific basis for the prevention and control of the disease.

Research motivation
In China, T2DM accounts for 90%-95% of all diabetic patients, and China is one of the 22 countries with high TB burden, 
with about 4.5 million active TB patients; T2DM is one of the risks of developing TB, and the incidence of T2DM with TB 
(T2DM-PTB) increases from 19.3% to 24.1%. These two diseases are closely related and mutually reinforcing.

Research objectives
Clarify the characteristics of patients with T2DM complicated with TB, and explore the risk factors of active tuberculosis 
in T2DM patients, so as to provide a scientific basis for the prevention and control of diseases.

Research methods
T2DM-PTB patients in our hospital were selected as the observation group, and simple T2DM patients in our hospital at 
the same time were selected as the control group. The general demographic characteristics, diabetes-related character-
istics, body immune status, lifestyle and behavioral habits were investigated, and the data were analyzed by conditional 
logistic regression.

Research results
The results found that the physical index, systolic blood pressure, diastolic blood pressure and lymphocyte count were 
significantly lower than the control group, while fasting blood glucose and high-density lipoprotein cholesterol levels 
were significantly higher than the control group, poor glucose control, hypoproteinemia, lymphopenia, TB exposure 
history, high infection, smoking, alcohol consumption were positively associated with PTB in T2DM; married, history of 
hypertension, treatment of oral hypoglycemic agents + insulin, overweight, obesity and regular exercise were negatively 
associated with concurrent PTB in patients with T2DM.

Research conclusions
Patients with T2DM-PTB are prone to worse glycemic control, higher infection frequency, and a higher proportion of 
people smoking, alcohol consumption, and lack of exercise. Lymphopenia, smoking, history of TB exposure, and poor 
glycemic control were independent risk factors for T2DM-PTB, and overweight and obesity were associated with a 
decreased risk of concurrent PTB in patients with T2DM.

Research perspectives
The empirical and comparative perspectives.
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