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Background: Tuberculosis destroyed lung constitutes a significant worldwide public health challenge, little is known about its
associated risk factors and prognosis. Our study aimed to identify the risk factors of tuberculosis destroyed lung among pulmonary
tuberculosis and structural lung diseases.

Methods: Between January 2019 and December 2021, a case-control study was conducted at the Third People’s Hospital of Shenzhen
in China. We collected the clinical data among patients with pulmonary tuberculosis and structural lung diseases. Cases were defined
as patients with tuberculosis destroyed lung. Controls were not diagnosed with the tuberculosis destroyed lung. A binary logistic
regression was performed.

Results: In our study, a total of 341 patients met the inclusion criteria, including 182 cases and 159 controls. We found that age ranges
of 46-60 years (aOR: 4.879; 95% CI: 2.338-10.180), >60 years (aOR: 3.384; 95% CI: 1.481-7.735); history of TB treatment (aOR:
2.729; 95% CI: 1.606—4.638); malnutrition (aOR: 5.126; 95% CI: 1.359-19.335); respiratory failure (aOR: 5.080; 95% CI: 1.491—
17.306); and bronchiarctia (aOR: 3.499; 95% CI: 1.330-9.209) were the independent risk factors for tuberculosis destroyed lung.
Conversely, having a normal (aOR: 0.207; 95% CI: 0.116-0.371) or overweight BMI (aOR: 0.259; 95% CI: 0.090-0.747) emerged as
a protective factor against tuberculosis destroyed lung.

Conclusion: This study indicated that tuberculosis destroyed lung is a common condition among patients with pulmonary tubercu-
losis and structural lung diseases. The independent risk factors for tuberculosis destroyed lung were identified as being within the age
groups of 46—60 and over 60 years, having a previous history of TB treatment, malnutrition, respiratory failure, and bronchiarctia. It is
essential to closely monitor patients possessing these risk factors to prevent the progression towards tuberculosis destroyed lung.
Keywords: tuberculosis, pulmonary, tuberculosis destroyed lung, structural lung diseases, risk factors

Introduction

Tuberculosis (TB) is a major global health challenge, with approximately 10 million new cases reported each year.' From
1980 to 2019, among 363 million TB patients, yet only 172 million received treatment.” In 2019, an estimated total of
122 million disability-adjusted life years (DALY's) was caused by TB, with 58 million DALY's were attributed to post-TB
sequelae, accounting 47% of total burden.® In low and middle income countries, TB constitutes a substantial risk factor
for chronic respiratory diseases.” In large population-based cross-sectional studies, abnormal airway physiology has been
observed following anti-TB treatment.”’ Even after achieving microbiological cure, there is a considerable burden for
post tuberculosis lung disease (PTLD), marked by spirometry decline and reduced quality of life.*'° The prevalence of
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PTLD varies widely, ranging from 18% to 87%, depending on the population under investigation and the pulmonary
function tests (PFTs) utilized."' Previous research has unveiled several risk factors associated with PTLD, such as
extensive lung involvement, prior anti-TB treatment, prolonged treatment duration, delayed initiation of anti-TB therapy,
drug-resistant tuberculosis, multiple tuberculosis infections, and the female.'*'* A retrospective cohort study conducted
in South Korea from 2005 to 2011 involving 595 patients with tuberculosis destroyed lung (TDL) revealed that decreased
lung function with exacerbation, and progressive decline of FEV; were typical characteristics. TDL, representing the
severe PTB and structural lung disease, is characterized by widespread structural damage to the lungs and a fundamental
loss of respiratory function, with a high likelihood of developing extensive multidrug-resistant tuberculosis.'* Despite the
global focus on TB, research specific to TDL, especially in high-incidence regions like China, remains underexposed.

Pulmonary tuberculosis (PTB) and structural lung disease frequently emerge as the common symptom among PTLD.
Persistent damage by Mycobacterium tuberculosis on lung tissues leads to irreversible destruction of the normal lung
structure. This destruction is characterized by extensive caseous necrosis, cavitation, fibrosis, bronchiectasis, or bronch-
iarctia, affecting either pulmonary lobes or entire lung unilaterally, and is collectively referred to as structural lung
diseases.'” The deformation of airways, along with the breakdown of elastic and bronchial wall muscle fibers, results in
the abnormal lung architecture. These changes lead to substantial variations in lung volume and respiratory function.
Patients suffering from PTB and structural lung disease exhibit significant decline in pulmonary function, making
pharmacological treatments less effective and increasing their risk of recurrent bacterial or fungal infections. The most
severe symptom is seen in cases of cavernous PTB and TDL, significantly diminishing the patients’ quality of life.
Conventional drug treatments frequently fall short due to the extensive lung damage, making patients with TDL more
susceptible to repeated bacterial or fungal infections, thus acting as potential reservoirs for continuous infection
transmission. Cavernous PTB is characterized by the presence of bilateral or unilateral fibrous cavity with thick walls
and extensive fibrous tissue growth, indicating a high bacterial load, enhanced infectivity, increased risk of spread and
drug resistance.'® The fibrosis around the cavity walls severely limits the ability of anti-tuberculosis drugs to reach the
target areas through the bloodstream, complicating treatment efforts.'” Thereby escalating healthcare costs and hastening
the progression of the disease.'® TDL is particularly common in regions with a high prevalence of TB.'*?° TDL is
characterized by the presence of extensive parenchymal damage after a PTB infection with or without anti-TB
treatment.”' >* TDL heightens the susceptibility to hemoptysis, secondary bacterial infections, and the reactivation of
TB, all of which are strongly linked to recurrent exacerbation.”**>

Despite the efficacy of anti-TB therapy, patients may continue to experience chronic physical and psychosocial
impairments. As a result of persistent chronic inflammation leading to destroyed lung, TDL patients suffer from
a heightened incidence of pulmonary adhesion, frequently affecting neighboring lung lobes or resulting in multi-lobe
damage. Studies indicated that surgical treatment of TDL is effective, with rates of postoperative complications ranging
from 9.6% to 45.7%.7*® Traditional TB-related research predominantly concentrates on postoperative complications,
mortality, and treatment outcomes, with limited attention given to the long-term sequelae of TB.'® Therefore, the objective
of this study is to identify the risk factors associated with TDL in patients suffering from PTB and structural lung diseases.

Methods
Study Design and Participants

Between January 1, 2019 and December 31, 2021, we conducted a case-control study in Shenzhen, located in Guangdong
province. The Third People’s Hospital of Shenzhen is the largest chest hospital in Shenzhen, offering specialized services
for the diagnosis and treatment of TB. During the same period, a random selection of PTB and structural lung diseases
patients within the Third People’s Hospital of Shenzhen was conducted on a 1:1 basis. Those who did not fulfill the
study’s inclusion criteria were subsequently excluded to establish the present participants. We consecutively enrolled 182
patients with TDL, and 159 patients without TDL were included to the control group, all of whom were registered in the
hospital information system (HIS). Furthermore, we followed up the post-discharge survival status of the 341 patients.
The research protocol was granted ethical approval by the Ethics Review Committee of the Third People’s Hospital of
Shenzhen, China (Approval Number: [2022-197-02]). This study complied with the Declaration of Helsinki. Given the

754 https: Risk Management and Healthcare Policy 2024:17

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Liu et al

observational nature of the study, which did not directly involve the participation by the patients, the Ethics Committee of
The Third People’s Hospital of Shenzhen exempted the requirement for obtaining informed consent from the participants.

The diagnostic standards for TDL in-accordance to “Tuberculosis Diagnostic Criteria WS288-2017”, Chest imaging
indicating diminished lung tissue volume, secondary bronchiectasis, or the presence of multiple fibrotic cavities with thick
walls and calcification. Additional indicators include chest wall collapse, the displacement of nearby hilar and mediastinal
structures due to pulling forces, along with pleural thickening and adhesions. Structural lung diseases are a broad term that refer to
the destruction of the normal architecture of the lungs, heightening an individual’s vulnerability to bacterial, fungal, viral, and
other pathogen-related pulmonary infections. This category predominantly encompasses COPD, secondary bronchiectasis,
interstitial lung disease, cystic pulmonary fibrosis, chronic lung abscess, pulmonary cavities, and other related pulmonary
diseases. The identification of TDL or structural lung diseases within our study was established through a consensus reached by
two pulmonologists, based on a comprehensive evaluation of image findings and clinical characteristics.

The inclusion criteria were as follows: (1) Individuals aged 18 years and older. (2) PTB cases adhered to the guidelines
outlined in the Tuberculosis Classification Criteria WS196-2017 and Tuberculosis Diagnostic Criteria WS288-2017, as issued
by the National Health Commission of the People’s Republic of China. (3) Structural lung diseases were confirmed through
computed tomography and other imaging findings, including COPD, secondary bronchiectasis, interstitial lung disease, cystic
pulmonary fibrosis, chronic lung abscess, pulmonary cavities, and other related disorders.”” (4) TDL were aligned with
“Tuberculosis Diagnostic Criteria WS288-2017”, with chest imaging revealing indications of reduced lung tissue volume,
secondary bronchiectasis, or the existence of multiple fibrotic cavities characterized by thick walls and calcification. The
exclusion criteria included: (1) Pregnant or lactating women; (2) Patients diagnosed with malignant tumors, human immu-
nodeficiency virus infection, or other wasting diseases. (3) Patients with incomplete clinical data.

Key Definitions

The definition of structural lung diseases: Mycobacterium tuberculosis continues to cause progressive damage to the
pulmonary parenchyma and interstitium, which results in structural lung diseases, including COPD, secondary bronchiectasis,
interstitial lung disease, cystic pulmonary fibrosis, chronic lung abscess, pulmonary cavities, and other related diseases.

The definition of TDL: TDL results from years of chronic progressive TB and inadequate treatment, and it leads to
lymph node obstruction of the bronchi with a combination of distal collapse, necrosis and secondary infection.>* TDL
presents a critical manifestation of structural lung diseases, characterized by profound destruction of the lung parench-
yma and considerable impairments in lung function.

Data Collection

Patient data were collected from the HIS, encompassing demographics, clinical characteristics, routine laboratory data,
and imaging findings. We identified the independent variables that corresponded to the predefined risk factors associated
with TDL in previous research, as well as other potential factors not reported. The variables considered in this study
encompassed age, gender, educational level, marital status, medical insurance, history of TB treatment, drug resistance,
nutritional status, comorbidity, imaging findings, and laboratory data. A self-designed questionnaire was employed to
gather medical records. And the data collection was undertaken by two researchers to ensure data quality and complete-
ness (LLL and XFW). Throughout this process, patient identification numbers facilitated data entry while ensuring
confidentiality. The study’s data were securely stored and accessible solely to authorized researchers for clinical analysis.

Statistical Analysis

In our study, the dependent variable was TDL, with socio-demographic and clinical characteristics of the 341 patients
serving as explanatory variables. Quantitative data with normal distribution were presented as mean =+ standard deviation
(x £ 5), and non-normally distributed data were described by the median and interquartile range (IQR). Categorical
variables were presented as frequencies and percentages (%). Variables with a normal distribution were compared by the
Student’s ¢-test. Variables with a non-normal distribution were compared by the Mann—Whitney U-tests. Chi-square tests
or Fisher’s exact tests were conducted to analyze differences in categorical data. Variables with a p value less than 0.20 in
the univariate analysis were incorporated into a binary logistic regression (LR) analysis. The Forward LR was employed
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to filter independent variables, calculating the odds ratio (OR) and the confidence interval (CI) for each. To mitigate the
effect of potential confounder, results from the binary LR analysis were presented as adjusted odds ratios (aORs). The
results were statistically significant at p<0.05. All statistical analysis performed using SPSS software version 25.0 (IBM
Corp, Armonk, NY, USA).

Results

Patient Characteristics

Table 1 showed demographic and clinical characteristics of the study participants. Of these 341 patients, the median age
was 46 years, 250 (73.31%) being male, 234 (68.62%) possessed a secondary education background. Furthermore, 236
(69.21%) have married, 228 (66.86%) benefited from medical insurance, and the median length of hospitalization was 11
days. Regarding clinical characteristics, 192 (56.30%) had previously undergone TB treatment, 69 (20.23%) were
diagnosed with drug-resistant TB, and 80 (23.46%) had reported incidents of hemoptysis. The median body mass

Table | Baseline Characteristics of the Study Population

Variables Total (%) Controls (%) Cases (%) p value
(n=341) (n=159) (n=182)
Age (Median [IQR]) 46 [30, 56] 27 [39, 54] 37 [49, 59] <0.001
Age group
<30 years 82 (24.05%) 50 (31.45%) 32 (17.58%) <0.001
30~45 years 83 (24.34%) 49 (30.82%) 34 (18.68%)
46~60 years 112 (32.84%) 38 (23.90%) 74 (40.66%)
>60 years 64 (18.77%) 22 (13.83%) 42 (23.08%)
Gender
Male 250 (73.31%) 113 (71.07%) 137 (75.27%) 0.393
Female 91 (26.69%) 46 (28.93%) 45 (24.73%)
Education level
Elementary school 79 (23.17%) 28 (17.61%) 51 (28.02%) 0.054
Secondary school 234 (68.62%) 115 (72.33%) 119 (65.39%)
College and above 28 (8.21%) 16 (10.06%) 12 (6.59%)
Marital status
Unmarried 90 (26.39%) 48 (30.19%) 42 (23.08%) 0.169
Married 236 (69.21%) 106 (66.67%) 130 (71.43%)
Divorced 10 (2.93%) 2 (1.26%) 8 (4.40%)
Widowed 5 (1.47%) 3 (1.88%) 2 (1.09%)
Insurance type
Insured 228 (66.86%) 110 (69.18%) 118 (64.84%) 0.421
Self-pay 113 (33.14%) 49 (30.82%) 64 (35.16%)
History of TB treatment 192 (56.30%) 67 (42.14%) 125 (68.68%) <0.001
Drug-resistance tuberculosis 69 (20.23%) 18 (11.32%) 51 (28.02%) <0.001
Hemoptysis 80 (23.46%) 47 (29.56%) 33 (18.13%) 0.015
BMI, kg/m? (Median [IQR]) 19.06 [17.18, 20.97] 19.73 [18.37, 22.15] 17.97 [15.82, 19.56] <0.001
BMI (group)
Underweight 166 (48.68%) 45 (28.30%) 121 (66.48%) <0.001
Normal 150 (43.99%) 100 (62.89%) 50 (27.47%)
Overweight 22 (6.45%) 13 (8.18%) 9 (4.95%)
Obese 3 (0.88%) 1 (0.63%) 2 (1.10%)
NRS 200223 184 (53.96%) 56 (35.22%) 128 (70.33%) <0.001
Malnutrition 34 (9.97%) 3 (1.89%) 31 (17.03%) <0.001
Hypoproteinemia 45 (13.20%) 9 (5.67%) 36 (19.78%) <0.001
Anemia 52 (15.25%) 17 (10.69%) 35 (19.23%) 0.034
(Continued)
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Table 1 (Continued).
Variables Total (%) Controls (%) Cases (%) p value
(n=341) (n=159) (n=182)

Comorbidity
Diabetes mellitus 86 (25.22%) 43 (27.04%) 43 (23.63%) 0.532
Hypertension 29 (8.50%) 14 (8.81%) 15 (8.24%) 1.000
Coronary heart disease 12 (3.52%) 7 (4.40%) 5 (2.75%) 0.558
Cardiac insufficiency 14 (4.11%) 2 (1.26%) 12 (6.59%) 0.014
Respiratory failure 36 (10.56%) 4 (2.52%) 32 (17.58%) <0.001
Electrolyte disturbances 36 (10.56%) 8 (5.03%) 28 (15.38%) 0.002

Imaging findings
Involved Bilateral lung 151 (44.3%) 55 (34.59%) 96 (52.75%) 0.001
Cavity 278 (81.52%) 148 (93.08%) 130 (71.43%) <0.001
Bronchiectasis 78 (22.87%) 31 (19.50%) 47 (25.82%) 0.196
Bronchiarctia 32 (9.38%) 8 (5.03%) 24 (13.19%) 0.014
Pneumothorax 29 (8.50%) 7 (4.40%) 22 (12.09%) 0.012
Atelectasis 27 (7.92%) 7 (4.40%) 20 (10.99%) 0.025
Pulmonary infection 140 (41.1%) 54 (34.00%) 86 (47.30%) 0.015

Laboratory indicators
CRP, mg/L (Median [IQR]) 52.39 [14.88, 83.22] 35.27[8.58, 83.22] 64.75 [27.69, 84.53] 0.005
ESR, mm/h (Median [IQR]) 56.40 [32.00, 76.00] 54.00 [26.00, 74.00] 56.40 [41.00, 77.25] 0.020
NEUT, x10%/L (Median [IQR]) 5.86 [4.26, 8.20] 5.25 [4.03, 7.15] 6.62 [4.67,9.21] <0.001
LYMPH, x10%/L (Median [IQR]) 1.22 [0.82, 1.68] 1.28 [0.84, 1.83] 1.18 [0.78, 1.55] 0.050
PLT, x10°/L (Median [IQR]) 301 [232, 394] 274 [224, 361] 318 [237, 412] 0.011
WBC,x10%/L (Median [IQR]) 8.16 [6.28, 10.73] 7.65 [6.09, 9.13] 8.71 [6.74, 11.82] <0.001
RBC,x10"/L (x + s) 425%0.75 4.390.76 4.120.72 0.001
MONO (Median [IQR]) 0.68 [0.48, 0.91] 0.65 [0.46, 0.89] 0.70 [0.53, 0.92] 0.134
Cr, umol/L (Median [IQR]) 61.00 [49.00, 72.75] 65.00 [52.00, 75.00] 57.85 [47.00, 69.00] 0.003
AST, U/L (Median [IQR]) 20.00 [15.00, 33.00] 19.00 [15.00, 30.00] 21.40 [15.23, 34.43] 0.243
ALT, U/L (Median [IQR]) 14.00 [8.40, 26.50] 16.00 [9.00, 28.00] 13.00 [8.00, 23.45] 0.109
TBIL, umol/L (Median [IQR]) 9.60 [6.85, 13.65] 10.10 [7.40, 15.00] 9.45 [6.68, 13.08] 0.125
TP, g/L (Median [IQR]) 70.30 [64.65, 74.55] 70.50 [65.50, 74.60] 69.85 [63.70, 74.50] 0.267
ALB, g/L (Median [IQR]) 36.7 [32.6, 40.70] 39.3[35.9, 42.2] 35.6 [30.2, 38.7] <0.001
PCT, ng/mL (Median [IQR]) 0.17 [0.06, 0.59] 0.05 [0.10, 0.59] 0.22 [0.07, 0.59] 0.002

Length of hospitalization, day (Median [IQR]) 11.00 [8.00, 18.00] 10.00 [8.00, 15.00] 13.00 [8.00, 20.00] 0.011

Discharge outcome
Alive 324 (95.01%) 156 (98.11%) 168 (92.31%) 0.014
Death 17 (4.99%) 3 (1.89%) 14 (7.69%)

Outcome over six months out of hospital
Alive 310 (90.91%) 156 (98.11%) 154 (84.62%) <0.001
Death 31 (9.09%) 3 (1.89%) 28 (15.38%)

Abbreviations: BMI, Body mass index; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; NEUT, neutrophil count; PLT, platelet count; WBC,
white blood cell count; RBC, red blood cell count; Cr, creatinine level; ALB, albumin concentration; PCT, procalcitonin.

index (BMI) was recorded at 19.06, 166 (48.68%) patients were underweight and 184 (53.96%) were at risk of
malnutrition, 34 (9.97%) were malnourished, 45 (13.20%) suffered from hypoproteinemia, and 52 (15.25%) were

anemic. Additionally, 86 (25.22%) patients had diabetes mellitus, 36 (10.56%) experienced respiratory failure, and
another 36 (10.56%) had electrolyte disturbances. Imaging findings revealed that 278 (81.52%) patients had cavity, 151
(44.3%) had bilateral lung involvement, and 140 (41.1%) were diagnosed with concurrent pulmonary infections.

In terms of clinical outcomes, significant statistical differences were observed at the time of discharge (p=0.014) and

six months after hospitalization (p<0.001). Regarding long-term survival, patients with TDL exhibited a higher mortality

risk compared to those with PTB and structural lung disease.

Risk Management and Healthcare Policy 2024:17

https:

757

Dove!


https://www.dovepress.com
https://www.dovepress.com

Liu et al Dove

Univariate Analysis of Associated Factors involved in TDL

Based on the defined criteria for TDL, 182 patients were diagnosed as TDL. It is important to note that there was
a statistically significant age difference between the case group and the control group (p<0.001), with the median age of
TDL patients being older. There were notable differences in prior TB treatment history (p<0.001), drug-resistant TB
(»<0.001), and hemoptysis (p=0.015). Concerning nutritional status, significant differences were observed in the TDL
group regarding BMI (p<0.001), nutritional risk (p<0.001), malnutrition (»p<0.001), hypoproteinemia (p<0.001), and
anemia (p=0.034). Regarding comorbidity, significant differences were observed between the two groups in terms of
cardiac insufficiency (p=0.014), respiratory failure (p<0.001), and electrolyte imbalances (p=0.002). And the two groups
exhibited significant statistical differences in imaging finding, including bilateral lung involvement (p=0.001), cavity
(»<0.001), bronchiarctia (p=0.014), pneumothorax (p=0.012), atelectasis (p=0.025), and pulmonary infection (p=0.015).
As for laboratory indicators, the TDL group demonstrated significantly elevated levels of CRP (p=0.005), ESR
(»=0.020), NEUT (p<0.001), PLT (p=0.011), WBC (p<0.001), and PCT (p=0.002), along with significantly lower levels
of LYMPH (p=0.050), RBC (p=0.001), Cr (p=0.003), and ALB (p<0.001).

Binary Logistic Regression Analysis of Risk Factors involved in TDL
As shown in Table 2, the binary logistic regression analysis presented that the age ranges of 46—60 years (aOR: 4.879;
95% CI: 2.338-10.180), >60 years (aOR: 3.384; 95% CI: 1.481-7.735); history of TB treatment (aOR: 2.729; 95% CI:

Table 2 Risk Factors of Tuberculosis Destroyed Lung

Variables B SE Wald p value aOR (95% CI)
Age group
<30 years Reference
30~45 years 0.295 0.406 0.530 0.466 1.344 (0.607-2.976)
46~60 years 1.585 0.375 17.381 <0.001 4.879 (2.338-10.180)
>60 years 1.219 0.422 8.355 0.004 3.384 (1.481-7.735)

History of TB treatment

No Reference

Yes 1.004 0.271 13.777 <0.001 2.729 (1.606—4.638)
BMI

Underweight Reference

Normal —-1.573 0.297 28.058 <0.001 0.207 (0.116-0.371)

Overweight —-1.352 0.541 6.243 0.012 0.259 (0.090-0.747)

Fat —0.356 1.477 0.058 0.810 0.701 (0.039-12.657)
Malnutrition

No Reference

Yes 1.634 0.677 5.822 0.016 5.126 (1.359-19.335)

Respiratory failure

No Reference

Yes 1.625 0.625 6.755 0.009 5.080 (1.491-17.306)

Bronchiarctia

No Reference

Yes 1.253 0.494 6.436 0.011 3.499 (1.330-9.209)
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Variables Cases Controls aOR (95% CI)
30-45 years 34 49 o 1.34 (0.61 to 2.98)
46-60 years 74 38 | —-— 4.88 (2.34 t0 10.18)
~60 years 42 22 — 3.38 (1.48 to 7.74)
History of TB treatment 125 67 - 2.73 (1.61 to 4.64)
Normal BMI 50 100 . 0.21 (0.12 t0 0.37)
Overweight BMI 9 13 - 0.26 (0.09 to 0.75)
Fat BMI 2 1 — 0.70 (0.04 to 12.66)
Malnutrition 31 3 —-7 5.13 (1.36 to 19.34)
Respiratory failure 32 4 —=—— 5.08 (1.49to0 17.31)
Bronchiarctia 24 8 e 3.50 (1.33 10 9.21)

T 1 1

0 .5 1015

Figure | The forest map of risk factors among TDL patients.

1.606—4.638); normal BMI (aOR: 0.207; 95% CI: 0.116-0.371), overweight BMI (aOR: 0.259; 95% CI: 0.090-0.747);
malnutrition (aOR: 5.126; 95% CI: 1.359-19.335); respiratory failure (aOR: 5.080; 95% CI: 1.491-17.306); and
bronchiarctia (aOR: 3.499; 95% CI: 1.330-9.209) were associated with TDL.

Figure 1 showed the forest map of risk factors among TDL patients. Notably, patients aged 46—60 and those over 60
years experienced a significant risk in TDL compared to patients under 30 years of age. A history of TB treatment was
found to be 2.73 times of developing TDL compared to those receiving the initial treatment. Malnutrition presented
a 5.13-fold risk of TDL. Furthermore, patients experiencing respiratory failure and bronchiectasis were found to be
a higher risk of developing TDL, with 5.08 times and 3.50 times, respectively. Conversely, a normal or overweight BMI
were the protective factors, decreasing the risk of TDL by 79.3% and 74.1%, respectively, in comparison to those with an
underweight BMI.

Discussion
TDL represents one of the most devastating complications of TB, with a substantial proportion of patients experiencing
a significant decline in lung function over time. In this study, we investigated the risk factors of TDL at the Third
People’s Hospital of Shenzhen between 2019 and 2021. The TDL incidence rate of 53.37% was higher than other high
TB prevalence regions, which stands at 1.3%.>' TDL patients presented a prolonged hospitalization period and an
increased mortality in comparison to individuals with PTB and structural lung diseases. This phenomenon could be
attributed to the frequent exacerbation and unfavorable prognosis associated with TDL, thereby imposing a significant
influence on the duration of treatment and mortality rate. Furthermore, the findings unveiled that patients within the age
range of 46—60 years and those aged over 60 years, a prior history of TB treatment, malnutrition, respiratory failure, and
bronchiarctia were the risk factors for TDL. Conversely, maintaining a normal or overweight BMI was recognized as
a protective factor against TDL.

The age-specific impact on the progression of TDL is particularly notable in individuals aged 46—60 and those over
60 years. Consistent with the finding, Ruan et al*? have also documented that individuals aged 40 years and older with
TDL face an increased risk of severe postoperative complications. This vulnerability is primarily due to a weakened
immune system and the presence of other coexisting conditions, leading to a greater likelihood of unfavorable outcome.
Moreover, elderly patients frequently demonstrate inadequate medical awareness, neglect to promptly seek medical care,
thereby delaying treatment, which culminates in the development of TDL.

The history of TB treatment is closely linked to the TB relapse after initial therapy, leading to adverse outcomes.**=**
Hnizdo et al*>” found that the delayed diagnosis of PTB, non-standardized anti-TB treatment, and recurrent TB make

individuals more susceptible to lung function impairment. Patients undergoing retreatment for TB are prone to experience
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treatment failures due to delayed diagnosis of PTB and non-standardized anti-tuberculosis treatment. Patients receiving
retreatment for TB presented more extensive lung impairment and diminished pulmonary blood flow, hindering the
effective delivery of anti-tuberculosis medications to the lung tissues. Moreover, the overall physical and mental health
status of retreatment patients tends to be worse, culminating in sub-optimal therapeutic results. Commonly, patients
requiring retreatment face prolonged therapy duration, diminished therapeutic efficacy, recurrent treatment disruptions,
inadequate adherence to treatment regimens, severe adverse reactions to second-line drugs, and an escalated risk of

developing drug resistance,’®’

subsequently increasing the risk of TDL.

Malnutrition stands as the leading risk factor for TB, impairing both innate and adaptive immune responses by
weakening the body’s resistance to Mycobacterium tuberculosis infection.*® Additionally, malnutrition influences the
pharmacokinetics and pharmacodynamics in TB patients. Our findings highlighted the pivotal role of malnutrition in
heightening the risk of TDL. This phenomenon primarily occurs due to malnutrition, which results in an increased
bacillary load in sputum, more frequent cavitation, and slower sputum conversion rates.>” ** Moreover, the reduced
levels of serum albumin and other drug carriers in malnourished patients lower the effective concentrations of anti-TB
drugs, thereby affecting treatment efficacy and possibly necessitating additional treatments. Meanwhile, we found that
the normal or overweight BMI reduce the risk of TDL. Body weight is a prognostic indicator in the clinical course of
TB.** A higher BMI serves as a protective factor against TB.** Individuals with a higher BMI may benefit from increased
daily protein and energy intake, potentially fortifying immune function and consequently reducing both mortality rate and
the incidence of TB. Thus, nutritional therapy ought to be recognized as a pivotal supplementary treatment in conjunction
with the chemotherapeutic management of TB. It is essential to underscore the significance of nutritional interventions.

Respiratory failure heightens the vulnerability to developing TDL. It is an irreversible condition characterized by
progressive deterioration over time. Patients with TB frequently experience concurrent respiratory failure, likely stem-
ming from significant impairment in lung function, disruptions in internal acid-base balance, and the widespread
dissemination of tubercle bacilli infection throughout the body.

Bronchiarctia increases the risk of TDL. This association arises because bronchiarctia can induce irreversible
pulmonary impairment, ultimately leading to respiratory failure and increased mortality risk. Prolonged bronchiarctia
can trigger recurrent pulmonary infections, atelectasis, bronchiectasis, and pulmonary sequelae. These complications
collectively diminish pulmonary function, potentially leading to respiratory failure or death by suffocation.

Limitation

This study had several limitations. Firstly, being a single-center retrospective analysis, it might lead to potential select
bias and affect the generalizability of the results. The reliance on a single hospital for data collection can restrict the
applicability of the findings to a wider demographic, failing to account for the diverse demographic, socioeconomic, and
health condition variations found in broader populations. This limitation narrows the scope of the study’s conclusions.
Future research should aim for a multi-center cohort, gathering data from various hospitals to enhance the diversity and
representatives of the study.

Secondly, due to the retrospective nature of the study, it did not encompass parameters pertaining to mental health,
pulmonary function tests, and the six-minute walk test, potentially resulting in restricted findings. Incorporating
assessments of mental health and pulmonary function would contribute to a more comprehensive understanding of the
risk factors of TDL.

Conclusion

This study has demonstrated that patients with PTB and structural lung diseases exhibit a relatively high prevalence of
TDL. The risk factors for TDL encompass patients aged 46—60 years and over 60 years, prior history of TB treatment,
malnutrition, respiratory failure, and bronchiarctia. It’s necessary to highlight the importance of early-stage screening for
risk factors, including clinical symptoms, pulmonary function, radiographic changes, history of tuberculosis retreatment,
as well as structural and functional pulmonary impairments. Prompt prevention and intervention are advantageous in
slowing down the progression of TDL. These measures are crucial for enhancing patients’ quality of life and reducing the
socioeconomic burden of TB.
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