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Background: The coexistence of chronic obstructive pulmonary disease (COPD) and tuberculosis (TB) complicates diagnosis and
treatment, increasing disease burden and mortality. The correlation between serum inflammatory factors and disease severity and
prognosis in COPD patients with TB remains unclear.

Methods: This retrospective study included 200 participants treated at the Affiliated Hospital of Hebei University from
December 2020 to December 2022: 80 patients with COPD and TB, 40 with COPD alone, 40 with TB alone, and 40 healthy controls.
Serum levels of tumor necrosis factor-o (TNF-o), interleukin-6 (IL-6), interferon-y (IFN-y), soluble IL-2 receptor (sIL-2R), and
C-reactive protein (CRP) were compared across groups and correlated with disease severity and prognosis in COPD patients with TB.
Results: Serum levels of TNF-a, IL-6, IFN-y, sIL-2R, and CRP were significantly higher in the COPD with TB group compared to all
other groups (P<0.05). In this group, elevated levels of these markers were associated with increased disease severity and poorer
prognosis (P<0.05). Correlation analysis showed positive associations between inflammatory cytokine levels and disease severity, and
negative associations with prognosis (P<0.05).

Conclusion: Serum inflammatory markers may help assess disease severity and prognosis in COPD patients with TB. However, due
to the observational design, causality cannot be inferred. Further prospective, multi-center studies are required to validate these
findings before clinical application.
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Background

Chronic obstructive pulmonary disease (COPD) is a chronic inflammatory disease of the lungs caused by progressive
obstruction of the airways because of smoking and inhalation of particulate matter." The incidence rate of COPD has
continued to increase in the recent years globally and is currently ranked third among the leading causes of death
worldwide."* Tuberculosis (TB) is a deadly infectious disease of the respiratory system caused by Mycobacterium
tuberculosis. The latest epidemiological data has reported up to 10 million new TB cases and 1.5 million TB-related
deaths each year.>* Compared to the healthy subjects, the risk of developing TB is about three times higher in the COPD
patients; moreover, chronic and recurrent inflammation caused by TB further worsens COPD by exacerbating emphy-
sema and promoting macrophage dysfunction.”® Therefore, early diagnosis and evaluation of COPD complicated with

TB is of great significance.
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The levels of Thl and Th2 cells in the peripheral blood are closely related with the onset and progression of COPD
complicated with TB. Th1 cells promote granuloma formation and inhibit mycobacterial proliferation, whereas Th2 cells
promote opposite effects.”® Th1 and Th2 cells secrete cytokines such as TNF-a, IL-6, IFN-y, and sIL-2R.*"'* The serum
levels of CRP, a common acute phase reactive protein, are aberrantly increased during inflammation.”'° However, CRP
is a nonspecific inflammatory marker, and its elevation can be observed in various inflammatory conditions, including
infections, autoimmune diseases, and tissue injury.'" Therefore, while CRP levels can reflect the overall inflammatory
burden in COPD patients complicated with TB, they may not provide specific information regarding the underlying
pathophysiology. Changes in the serum levels of TNF-a, IL-6, IFN-y, sIL-2R, and CRP have not been well studied in
COPD patients complicated with TB. Moreover, their association with COPD complicated with TB has not been
confirmed in clinical practice. Future studies should explore more specific biomarkers to better understand the inflam-
matory mechanisms in these patients.'>

In this study, we analyzed whether the serum levels of TNF-a, IL-6, IFN-y, sIL-2R, and CRP were useful biomarkers
for the diagnosis and prognosis of COPD patients complicated with TB and potential therapeutic targets. We postulated
that our findings would provide a reference for the clinicians to evaluate treatment strategy and prognosis of COPD
complicated with TB during the preliminary stages of the disease.

Methods
Study Participants

This single-center retrospective observational study was conducted at the Hebei University Affiliated Hospital for
patients that received treatment between December 2020 and December 2022 and included a cohort consisting of 80
patients with COPD complicated with TB, 40 patients with COPD alone, 40 patients with TB alone, and 40 healthy
individuals undergoing physical examinations (ratio of 2:1:1:1).

The inclusion criteria were as follows: (1) Satisfied the COPD diagnostic criteria according to the COPD diagnostic
guidelines of the Global Initiative for the Prevention and Treatment of Chronic Obstructive Pulmonary Disease
(GOLD);"? (2) The diagnostic criteria for TB refer to the “WS 288-2017 diagnosis of tuberculosis” formulated by
the National Health and Health Commission of the People’s Republic of China. TB diagnosis was based on micro-
biological confirmation (sputum smear/culture or molecular diagnostics like PCR) supplemented by clinical and
radiological evidence;'* (3) Availability of complete clinical data; (4) Availability of the laboratory indicator testing
records. It is important to note that, due to the retrospective design of this study, detailed lung function tests (eg, FEV1/
FVC and FEV1% predicted values) were not available for assessing COPD severity. Furthermore, information
regarding the precise usage and adherence to COPD-related medications was not systematically collected within our
cohort. The exclusion criteria were as follows: (1) Patients with other respiratory system diseases such as pulmonary
embolism, bronchiectasis, interstitial lung disease, or lung tumors; (2) Patients with other serious systemic diseases
such as heart failure, liver disease, and kidney disease; (3) Patients with systemic inflammatory diseases such as
rheumatoid arthritis or systemic lupus erythematosus; (4) Patients with malignant tumors; (5) Patients with infectious
diseases.

However, it should be noted that this study was limited by its single-center retrospective design, which may restrict
the generalizability of the findings. This limitation may introduce potential selection bias. Prospective multi-center
studies involving diverse patient populations are needed to validate and generalize our findings. Additionally, potential
confounding variables such as smoking status, comorbidities, and medication use were not controlled for in this study,
which could potentially influence the results.

Assessment of Inflammatory Indicators

We collected 4 mL of fasting venous blood on the morning after admission. The blood samples were centrifuged at 2500
r/min for 15 min, and the supernatant was harvested and used as serum. The serum levels of TNFa, IL-6, [FNy, sIL-2R,
and CRP were measured using the enzyme-linked immunosorbent assay (ELISA).
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It is important to acknowledge that the measurement of serum inflammatory factors was performed at a single time
point, which may not capture the dynamic changes of these inflammatory markers over time.

Assessment of the Severity of COPD Complicated with TB Patients

Based on the imaging examination, the severity of COPD complicated with TB was assessed as follows: (1) Mild: single
lobe involvement without obvious cavity; (2) Moderate: >2 lung lobes involved in a single lung and presence of cavities
with a diameter <4 cm; (3) Severe: Both lungs are significantly affected and presence of multiple cavities.

Prognostic Evaluation of COPD Patients Complicated with TB

Based on the clinical symptoms and imaging data analysis, prognosis of COPD patients complicated with TB was
categorized as follows: (1) Good prognosis: significantly mild clinical symptoms; absence of acute attacks; negative
results for the TB pathogen test, including sputum smear, culture, or molecular biological identification (eg, PCR); and
absence or reduced pore area based on imaging examination; (2) Poor prognosis: patients exhibiting persistent clinical
symptoms, reduced lung function (FEV1 decline >10%), recurrent acute exacerbations, or progression on imaging
examination after 6 months were categorized as having a poor prognosis.

Statistical Analysis

The statistical data was analyzed using SPSS version 26.0 (IBM Corp, Armonk, NY, USA). The Shapiro Wilk test was
used for assessing normal distribution. The continuous variables are represented as mean =+ standard deviation (SD) or
median and interquartile range (IQR). One-way analysis of variance (ANOVA) was used to evaluate the statistical
significance of differences between groups for the continuous variables. Subsequently, pairwise comparisons were
performed using the LSD method. Kruskal Wallis H-test was used to compare the statistical differences between the
four groups for the variables that showed non-normal distribution. Subsequently, pairwise comparisons were performed
using the Nemenyi test. Categorical variables are represented as frequencies and percentages. The differences in the
categorical variables between the four groups were evaluated using the Chi-square test or Fisher’s exact test. Two-sided
p-value less than 0.05 was considered statistically significant. Spearman correlation analysis was performed to determine
if the serum levels of TNF-a, IL-6, IFN-y, sIL-2R, and CRP were associated with the severity and prognosis of COPD
complicated with TB. P<0.05 was considered statistically significant.

Results

Baseline Characteristics

This study included 200 participants (127 males and 73 females) with an age range of 35—73 years and an average age of
55.21 £ 8.65 years. There were four categories of participants, including 80 patients with COPD complicated with TB, 40
patients with TB alone, 40 patients with COPD alone, and 40 healthy patients undergoing physical examination. Among
the 80 patients with COPD complicated with TB, 25 showed mild symptoms, 28 showed moderate symptoms, and 27
showed severe symptoms. After 6 months of follow-up, 21 cases showed poor prognosis and 59 cases showed good
prognosis. The participant screening and selection process is shown in Figure 1. As shown in Table 1, there were no

significant differences between the four groups regarding clinical data.

Serum Levels of Inflammatory Factors are Higher in COPD Patients Complicated with TB
Our data showed statistically significant differences in the serum levels of TNF-q, IL-6, IFN-y, sIL-2R, and CRP between
the four groups. The serum levels of TNF-a, IL-6, IFN-y, sIL-2R, and CRP were significantly higher in the COPD
patients complicated with TB compared to the other three groups (P<0.05) (Figure 2).
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Between December 2020 and December 2022, patients receiving
treatment in the respiratory department and tuberculosis department,
health inspectors at the physical examination center (N=281)

Excluded (N=79)

-Individuals with other respiratory system
discases (such as pulmonary embolism,
bronchiectasis, interstitial lung discase, or lung
tumors) (N=39);

-Other serious systemic diseases (such as heart
failure, liver discase, kidney disease) (N=20);
-Individuals with immune system disorders
(N=8);

-Patients with malignant tumors (N=3);
-People with infectious discases (N=9).

A

Eligible patients (N=202)

Healthy cases without
COPD or TB (N=177)

Excluded (N=28)

-History of alcohol
consumption over 140 g per
week (N=25)

-Missing data (N=3)

COPD & TB (N=80)

TB alone (N=69)

COPD alone (N=53)

Control group (N=149)

Patients were matched for gender, age, and BMI in 2:1:1:1 ratio

COPD & TB (N=80)

TB alone (N=40)

COPD al

onc(N=40)

Control group (N=40)

l

l

Mild (N=25)

Moderate (N=28)

COPD & TB (N=27)

Poor prognosis (N=21)

Good prognosis (N=59)

Figure | Diagram of participant screening and selection process.

Comparison of Serum Inflammatory Factor Levels in Patients with Different Degrees
of COPD Complicated with TB
Among the 80 COPD patients complicated with TB, we identified 25 mild cases, 28 moderate cases, and 27 severe cases.
The serum levels of TNF-a, IL-6, IFN-y, sIL-2R, and CRP increased proportionately with higher severity of COPD

(P<0.05) (Figure 3). Supplementary Figure 1 illustrates the correlation between these inflammatory markers and disease
severity, showing a positive correlation with the disease progression.

Table | Comparison of Clinical Data Between the Four Participant Groups

Parameters Health Group (n=40) COPD Group (n=40) TB Group (n=40) COPD & TB Group (n=80) Fly? P

Male (yes), n (%) 26 (65.0) 24 (60.0) 29 (72.5) 48 (60.0) 2.071 0.558
Age (years), meantSD 54.53+7.56 56.3318.66 53.25+8.22 55.9619.31 1.194 | 0313
BMI (kg/m?), mean£SD 23.92+2.41 23.65+3.05 22.93+2.86 24.04+3.54 1.203 | 0310
Smoke (yes), n (%) 26 (65.0) 25 (62.5) 24 (60.0) 44 (55.0) 1.328 | 0.723
Drink (yes), n (%) 21 (52.5) 14 (35.0) 19 (47.5) 29 (36.3) 4.191 0.242

Abbreviations: COPD, chronic obstructive pulmonary disease; SD, standard deviation; TB, tuberculosis.
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Figure 2 Distribution of serum levels of TNF-q, IL-6, IFN-y, sIL-2R, and CRP between the four groups.

Notes: *P<0.05, compared with the healthy group; ®P<0.05, compared with the COPD group; “P<0.05, compared with the TB group.

Abbreviations: COPD, Chronic obstructive pulmonary disease; TB, Tuberculosis; TNF-a, Tumor necrosis factor-g; IL-6, Interleukin-6; IFN-y, Interferon -y; sIL-2R, soluble
IL-2 receptor; CRP, C-reactive protein.

Comparison of Serum Inflammatory Factor Levels in COPD Complicated with TB
Patients with Good and Poor Prognosis

At the 6-month follow-up of 80 COPD patients complicated with TB, 59 patients showed good prognosis or improvement,
whereas 21 patients showed poor prognosis or worsening of COPD. It should be emphasized that, due to the retrospective design
of this study, detailed data regarding the treatment regimens and adherence to anti-tuberculosis and COPD medications were not
systematically collected. Our data showed that the serum levels of TNF-a, IL-6, [FN-y, sIL-2R, and CRP were significantly
higher in patients with poor prognosis compared to those with good prognosis (P<0.05) (Figure 4). Supplementary Figure 2

provides a further illustration of the correlation between inflammatory markers and disease prognosis, showing a negative

correlation with better prognosis outcomes.

Correlation Analysis Between Serum Inflammatory Cytokine Levels and the Severity
and Prognosis of COPD Complicated with TB

According to the Spearman correlation analysis results, serum levels of TNF-q, IL-6, IFN-y, sIL-2R, and CRP showed
positive correlation with the severity of COPD complicated with TB and negative correlation with the disease prognosis
(P<0.05) (Table 2).
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Figure 3 Serum levels of inflammatory cytokines in patients with different severity of COPD complicated with TB.

Notes: *P<0.05, compared with mild patients; °P<0.05, compared to moderate patients.

Abbreviations: COPD, chronic obstructive pulmonary disease; TB, Tuberculosis; TNF-0, Tumor necrosis factor-a; IL-6, Interleukin-6; IFN-y, Interferon-y; sIL-2R, soluble IL-2
receptor; CRP, c-reactive protein (CRP).

Discussion

This study showed that the serum levels of inflammatory factors such as TNF-a, IL-6, IFN-y, sIL-2R, and CRP were
significantly higher in the COPD patients complicated with TB than those in the other three groups and highlighted the
severity of COPD. These data suggested that TB significantly affected the severity and prognosis of COPD patients. In
recent years, several studies have shown mutual influence between TB and COPD.%'> The occurrence and development
of COPD is associated with the past history of TB; moreover, the risk of TB is increased by the airflow restriction and
long-term chronic inflammation of the respiratory tract in the COPD patients.'>!'® Furthermore, COPD patients
complicated with TB show varying degrees of inflammation responses. Therefore, the correlation between relevant
inflammatory indicators and severity of diseases can provide a practical reference for the diagnosis and treatment of
human diseases.®*'® Coitinho et al'” reported that the cell-mediated inflammation response via natural killer cells,
T lymphocytes and macrophages played a significant role in the inflammation response against TB. Macrophages present
specific antigens of Mycobacterium tuberculosis, engulf the mycobacterium through lysosomal fusion, and kill the
mycobacterium by generating cytotoxic free radicals and other cytokines.'®'” Several studies have also shown that
cytotoxic T cells, CD8" cells, CD4 " cells, and gamma cells play important roles in the onset and progression of COPD;
moreover, inflammation imbalance is a common feature in COPD patients.'® The incidence rate of TB is higher in the
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Figure 4 Serum levels of inflammatory factors in COPD patients complicated with TB categorized according to their prognostic outcomes.
Abbreviations: COPD, chronic obstructive pulmonary disease; TB, Tuberculosis; TNF-a, Tumor necrosis factor-a; IL-6, Interleukin-6; IFN-y, Interferon-y; sIL-2R, soluble IL-2

receptor; CRP, c-reactive protein.

COPD patients than in the healthy people because pathogenetic mechanisms of COPD and TB are similar.'®!? Jiang

eta

120

identified two distinct groups of CD4 " cells, namely, Th1 and Th2 cells. Th1 cells produce cytokines such as IL-2,

IL-12, IF -y, and TNF-B, which promote cellular inflammation responses. Th2 cells produce cytokines such as IL-9, IL-4,
IL-5, IL-10, and IL-13, which play an important role in the humoral inflammation response of the body by enhancing

proliferation and activation of eosinophils and mast cells. Therefore, monitoring the serum levels of the above indicators

is essential for accurately evaluating the status of inflammation function in the body.

Table 2 Results of the Spearman Correlation Analysis

Parameters TNF-a IL-6 IFN-y | sIL-2R | CRP
Degree of illness | p | 0.414 0.320 0.464 0.654 0.636
P | <0.001 0.004 | <0.001 | <0.001 | <0.001
Disease prognosis | p | —0.268 | —0.262 | —0.346 | —0.527 | —0.476
P | 0.0l6 0.019 0.002 | <0.001 | <0.001

Abbreviations: TNF-a, tumor necrosis factor-o; IL-6, interleukin-6; IFN-y, interferon -y;

sIL-2R, soluble IL-2 receptor; CRP, c-reactive protein.

International Journal of General Medicine 2025:18

https:

3553



Di et al

The levels of inflammatory factors in COPD patients complicated with TB showed an increasing trend as the
condition worsened. This indicated that the inflammatory factors such as TNF-a, IL-6, IFN-y, sIL-2R, and CRP played
significant roles in the pathological process of COPD and TB, and were important disease markers for COPD and TB.
However, this study did not compare these inflammatory markers against existing clinical assessment tools such as lung
function tests or symptom-based evaluations. Future studies should explicitly compare the predictive value of these
inflammatory markers with established clinical assessments to determine their additional clinical benefit. Previous studies
have also shown that inflammatory reactions result in varying degrees of bronchial stenosis, which subsequently cause
incomplete bronchial obstruction and adversely affect ventilation.”' Oh et al** also reported that higher levels of
inflammatory factors in COPD patients complicated with TB were associated with increased severity of the disease.
This was consistent with the results of our study. The alveolar interstitium is damaged by repeated respiratory tract
infections and gets detached from the bronchi and the surrounding lung parenchyma, thereby weakening the respiratory
function.”'*? Therefore, TB can significantly reduce pulmonary function of the COPD patients and increase their
inflammatory index.

At the 6-month follow-up, serum levels of TNF-q, IL-6, IFN-y, sIL-2R, and CRP were significantly higher in COPD
patients complicated with TB demonstrating poor prognosis compared to those showing good prognosis. This further
confirmed the importance of the above-mentioned inflammatory factors in the assessment of COPD complicated with TB
and prognosis. However, COPD and TB are heterogeneous diseases involving complex immune responses beyond these
inflammatory markers. The current study did not stratify patients based on COPD phenotypes (eg, emphysema-
predominant versus chronic bronchitis) or TB subtypes (eg, drug-sensitive versus drug-resistant TB). Future research
should include subgroup analyses based on these phenotypes to clarify the specific roles of inflammatory markers in
different disease states. Park et al* also showed that COPD patients with a history of TB were associated with worse
pulmonary function. Therefore, the history of TB is associated with higher severity of COPD and worse prognosis. The
main clinical manifestations of COPD complicated with TB include multi shaped lung lesions with calcification, patchy
shadows, non-segmental shadows and cavities, pleural effusion, pleural changes, consolidation shadows, and organizing
pneumonia-like lesions; CT findings of COPD patients with early TB show the presence of clear and visible solid

1'? also

nodules in the posterior segment of the upper lobe tip and the posterior segment of the lower lobe. Tang et a
reported that patients with pulmonary TB and COPD were associated with elevated levels of serum inflammatory factors,
impaired cellular immunity, and a higher severity of inflammatory damage compared to patients with pulmonary TB and
COPD. These data were consistent with the results of our study. The strength of our study was that we analyzed healthy
individuals as a control group and monitored diverse inflammatory markers, which are routinely examined in the
hospitals. Therefore, our research findings are clinically significant and can help guide the examination of COPD
patients. The positive correlations observed between serum inflammatory factors and disease severity and prognosis in
COPD complicated with TB patients are consistent with known inflammatory mechanisms in these diseases. Elevated
cytokine levels, such as TNF-a, IL-6, IFN-y, and sIL-2R, reflect enhanced Thl immune responses, which contribute to
pulmonary inflammation and tissue injury. Additionally, increased CRP levels represent systemic inflammatory activa-
tion, further supporting their association with disease severity. It is important to note, however, that these observed
associations do not imply causation, given the observational nature of our study. Although serum inflammatory factors
showed significant associations with disease severity and prognosis, their clinical utility as biomarkers has several
limitations. These markers are non-specific, influenced by various inflammatory and infectious conditions, potentially
limiting their diagnostic specificity for COPD complicated with TB. Further comparative studies are needed to evaluate
whether these biomarkers offer superior predictive value compared to established clinical assessments, such as pulmon-
ary function tests, symptom-based assessments, and radiological findings.

This study has several limitations. Firstly, it was a single-center retrospective study, which may introduce selection
bias and limit the external validity of our findings. Secondly, potential confounding factors, such as smoking status,
comorbidities, and medication use, were not fully controlled, which may affect the interpretation of results. Thirdly,
inflammatory markers were measured only at a single time point, which could not reflect the dynamic inflammatory
changes over time. Future multi-center, prospective studies with controlled confounding factors and repeated measure-
ments of biomarkers are recommended to validate these preliminary findings.
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Conclusions

This study demonstrated that the serum levels of inflammatory cytokines were significantly increased in COPD patients
complicated with TB. The magnitude of the increase was closely associated with the severity of disease and prognosis.
Our findings suggest that serum inflammatory factors, including TNF-a, IL-6, IFN-y, sIL-2R, and CRP, may serve as
potential biomarkers for disease monitoring and prognosis in COPD patients complicated with TB. Given the limitations
of cross-sectional measurements, longitudinal studies with serial biomarker measurements are necessary to confirm these
biomarkers’ predictive reliability and clinical applicability.

Abbreviations

COPD, chronic obstructive pulmonary disease; TB, tuberculosis; TNF-a, tumor necrosis factor -a; IL-6, interleukin-6;
IFN - v, interferon -y; sIL-2R, soluble IL-2 receptor; CRP, c-reactive protein; ELISA, enzyme-linked immunosorbent
assay; SD, standard deviation; IQR, interquartile range; ANOVA, One-way analysis of variance.
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