Open Access Original
Cureus Article DOI: 10.7759/cureus.22742

Correlations Between Inflammatory Biomarkers
in Tuberculosis-Associated Obstructive
Pulmonary Disease Patients With Anxiety and

Review began 02/13/2022

Review ended 02/28/2022 3

Published 03/01/2022 DeI)reSSI()I1

© Copyright 2022 Srikanth Katare ! , Ajit Harsha !

Katare et al. This is an open access article
distributed under the terms of the Creative
Commons Attribution License CC-BY 4.0., 1. Respiratory Medicine, Vydehi Institute of Medical Sciences and Research Centre, Bengaluru, IND
which permits unrestricted use, distribution,
and reproduction in any medium, provided

- ) Corresponding author: Srikanth Katare, srikanthkatare@gmail.com
the original author and source are credited.

Abstract
Introduction

Tuberculosis-associated obstructive pulmonary disease (TOPD), anxiety, and depression are significant
public health problems worldwide and their prevalence is common. These diseases interfere with physical,
psychosocial, and economic well-being, resulting in unemployment, prolonged hospitalization, abstinence
from working, and isolation.

Subjects and methods

This is a single-center, cross-sectional cohort, observational study conducted in a tertiary care hospital over
six years to understand spirometry, laboratory profiles, as well as the impact on overall health, daily life, and
perceived well-being in patients with TOPD.

Result

The sample size of the study was 73 patients. A total of 43 (58.5%) patients had depression with an average
St. George's Respiratory Questionnaire for chronic obstructive pulmonary disease (SGRQ-C) score of 67.5,
and 16 (21.9%) patients had anxiety with an average SGRQ-C score of 78.9. In the patients who scored higher
on the Hamilton Depression Rating Scale (HAM-D), there was a significant correlation between Hamilton
Anxiety Rating Scale (HAM-A) and HAM-D scores, as well as C-reactive protein (CRP) levels and WBC
counts. In 16 (21.9%) of the patients with moderate to severe anxiety, there was a statistically significant
negative correlation between higher HAM-A scores and lower WBC counts. Anxiety, depression, CRP level,
WBC count, and serum fibrinogen did not show a significant correlation with the Global Initiative for
Chronic Obstructive Lung Disease (GOLD) groups-based assessment of TOPD severity. A high serum
fibrinogen level did not correlate with a high HAM-D score, nor did a high CRP level correlate with a high
HAM-A score.

Conclusion

Psychiatric comorbidities like depression are associated with increased inflammation in chronic diseases like
TOPD, but no definitive biomarker has been identified and further studies are required to identify suitable
biomarkers.

Categories: Pulmonology

Keywords: hamilton anxiety rating scale (ham-a), hamilton depression rating scale (ham-d), tb -tuberculosis,
combined gold copd assessment group, depression, anxiety, bio-markers, topd- tuberculosis associated obstructive
pulmonary disease, tuberculosis associated copd

Introduction

A significant sequela of pulmonary tuberculosis (TB) is irreversible airway obstruction, contributing to the
development of chronic obstructive pulmonary disease (COPD). Globally, India has the highest burden of
TB. Extensive fibrosis, cavitation, bulla formation, and bronchiectasis have been implicated in the
development of COPD among these patients.

The high prevalence, morbidity, and mortality of COPD are major public health problems worldwide and
COPD-related deaths are projected to rise to the third position within a decade. This has significant
economic implications for healthcare providers, despite the availability of effective treatments and
comprehensive guidelines [1,2].

Global efforts to diagnose, prevent, and treat COPD with help from the Global Initiative for Chronic
Obstructive Lung Disease (GOLD) strategy document and the European Respiratory Society and American
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Thoracic Society have identified key pathological risk factors and proposed methods to reduce COPD-
associated morbidity and mortality are being carried out [2], but TB-associated obstructive pulmonary
disease (TOPD) management has received very scant attention to date.

Throughout history, TB with its sequelae and complications has always interfered with physical,
psychosocial, and economic well-being, resulting in prolonged hospitalization, unemployment, abstinence
from work, isolation, and hopelessness.

TB affected almost 10 million people in 2019. About 5.6 million men, 3.3 million women, and 1.2 million
children were affected [3]. In 2020, Southeast Asia accounted for 43% of all TB cases, while India
has accounted for 26% [4].

COPD cases have increased dramatically in India over the last three decades. They have increased from 28.1
million cases in 1990 to 55.3 million in 2016, leading to an increased prevalence from 3.3% to 4.2%. As a
result, chronic respiratory diseases are disproportionately burdensome in India, causing high morbidity and
mortality, particularly in the states where the epidemiological transition is relatively low [5].

A significant part of the COPD epidemic can be attributed to industrialization and the rampant spread of
TB. The interaction between risk factors causing COPD and TB is both additive and synergistic [6,7]. In the
PLATINO study, it was found that 30.7% of TB patients had airflow obstruction and 4.1 times greater risk of
airflow obstruction among males. In conclusion, TB history is an independent risk factor for developing
COPD. TOPD was described by Allwood et al. [8,9].

Anxiety and depression are important public health problems worldwide and the disease is often associated
with COPD but there are no studies in association with TOPD that are of particular and increasing relevance
in a polymorbid society, especially in the elderly, and the burden of the disease is expected to increase.

According to the World Health Organization (WHO), depression is among the most prevalent mental
disorders in the world. The burden of depression affects more than 5% of all adults globally and is one of the
major causes of disability. Depression can also lead to suicide. There are currently effective treatments for
mild, moderate, and severe depression [10].

Depression and anxiety symptoms under-recognized and untreated can negatively impact physical
functioning and social interaction, increasing fatigue and healthcare utilization in patients with COPD. Signs
and symptoms of depression and anxiety are often overlooked in TOPD patients, making them difficult to
identify and treat. There are numerous studies reporting that psychiatric morbidities such as anxiety and
depression are common among patients with TB and COPD [11-13].

The association between anxiety and depression and systemic inflammation in TB and COPD (especially
TOPD) patients remains unclear [14-16]. Since the prevalence of both diseases like COPD and pulmonary TB
and their associated comorbidities is high among developing countries like India, this relationship would
pose a significant burden on the healthcare infrastructure. Lack of literature has led to the underestimation
of anxiety and depression in the Indian population with TOPD. The management of these conditions
requires an in-depth evaluation of all the interrelated diseases.

Although it is becoming increasingly clear that anxiety and depression are common among chronic lung
disease patients secondary to pulmonary TB, the use of instruments specifically designed to detect these
symptoms is not widespread, and registries, including National Tuberculosis Elimination Program (NTEP),
only capture the number of TB deaths and the number of TB-related morbidities during treatment.
Therefore, patients are not followed up beyond the anti-tubercular treatment course.

Inflammation has been implicated in the pathophysiology of COPD, post-tubercular obstructive pulmonary
disease, anxiety, and depression, and may influence their optimal management. Currently, there are no
studies indicating definitive inflammatory biomarkers that can be used to analyze the above conditions.

In our study, we evaluated the prevalence and influence of inflammatory biomarkers in patients with
depression and anxiety among TOPD patients in a tertiary care hospital in Bengaluru.

Materials And Methods

The study was conducted as a single-center study in a 1600-bed multispecialty tertiary care hospital in
Karnataka, India between 2014 and 2021 after being approved by the institutional ethics committee (VIMS &
RC /IEC/102/2013-2014). The current study is a cross-sectional cohort, observational study that was
conducted to determine the severity of TOPD including spirometry, inflammatory biomarkers, as well as the
impact on overall health, daily life, and perceived well-being in patients with TOPD.

During the course of the study period, 22,530 patients visited the outpatient department of respiratory
medicine with COPD. Out of the 3,120 patients diagnosed with TOPD, 129 patients had a history of
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psychiatric disorders, 332 patients had a family history of psychiatric disorders, 1,036 patients had an active
secondary respiratory bacterial infection, 787 patients had chronic diseases of other systems, 446 were using
substances of abuse, and out of the remaining 390 patients, 73 consented to participate in the study. Well-
documented cured pulmonary TB patients with no acute history of exacerbation of obstructive airway
disease and having clinical features of COPD and spirometry value as per GOLD guidelines were included in
the study.

All patients with chronic pulmonary diseases, sputum-positive TB, clinically suspected active pulmonary TB,
active secondary respiratory bacterial infection, chronic disease of other systems, previously diagnosed
psychiatric illnesses, family history of psychiatric illness, and substance abuse were excluded. The study is
reported in accordance with the Strengthening the Reporting of Observational Studies in Epidemiology
(STROBE) statement.

Statistical analysis was performed using Jamovi 2.0. Hamilton Anxiety Rating Scale (HAM-A), Hamilton
Depression Rating Scale (HAM-D), age groups, and TOPD according to GOLD category were analyzed with
Pearson's chi-squared test and linear model ANOVA. Mann-Whitney test was used to determine the
significant difference between C-reactive protein (CRP) categories, white blood cells (WBC) categories, and
St. George's Respiratory Questionnaire-COPD (SGRQ-C) scores, and it was expressed in terms of mean, SD,
median, and interquartile range. A p-value of 0.001 was considered statistically significant.

Classification of severity of airflow limitation in TOPD patients according to the COPD GOLD guidelines
(forced expiratory volume in one second (FEV1)/forced vital capacity (FVC) < 0.70) is shown in Table 1.

Grade Severity FEV, of predicted

GOLD 1 Mild FEV4 2 80% predicted
GOLD 2 Moderate 50% < FEV/ < 80% predicted
GOLD 3 Severe 30% < FEV4 < 50% predicted
GOLD 4 Very severe FEV, < 30% predicted

TABLE 1: Classification of airflow limitation severity in COPD (based on post-bronchodilator
FEV1).

In patients with FEV,/FVC < 0.70.

GOLD, Global Initiative for Chronic Obstructive Lung Disease; COPD, chronic obstructive pulmonary disease; FEV,, forced expiratory volume in one
second; FVC, forced vital capacity.

The classification of TOPD patients is divided into GOLD ABCD groups depending on their symptoms and
past exacerbation events. Table 2 illustrates the evaluation strategy.

Exacerbation history Groups
Moderate or severe exacerbation history 22 or 21, leading to hospital admission =~ Group C Group D
Moderate or severe exacerbation history 0 or 1, not leading to hospital admission  Group A Group B

mMRC = 0-1 and CAT <10 mMRC 22 and CAT =10

Symptom

TABLE 2: Combined COPD (ABCD) assessment groups (GOLD 2022).

COPD, chronic obstructive pulmonary disease; CAT, COPD Assessment Test; mMRC, Modified Medical Research Council Questionnaire; GOLD, Global
Initiative for Chronic Obstructive Lung Disease.

As described in Table 3, the HAM-A is used to measure the severity of anxiety symptoms among TOPD
patients. It contains 14 items and their severity is graded as shown below.
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Anxiety severity
Mild severity
Moderate severity

Severe severity

Score

<17

18-24

25-30

TABLE 3: Hamilton Anxiety Rating Scale (HAM-A).

Depression severity
Normal

Mild depression
Moderate depression
Severe depression

Very severe depression

HAM-D is used to assess the severity of depressive symptoms in TOPD patients. The scale contains 17 items,
and their severity was rated in accordance with Table 4.

Score
0-7
8-13
14-18

19-22

TABLE 4: Hamilton Depression Rating Scale (HAM-D).

SGRQ-C scores range from 0 to 100, with higher scores indicating more limitations. The biomarkers studied
were as follows: CRP less than 1.0 mg/dL, serum fibrinogen of 200 to 400 mg/dl, and total leukocyte count of

4.0t011.0 x 10/L.

The COPD Assessment Test (CAT) is a patient-completed questionnaire assessing the impact of COPD
(cough, sputum, dyspnea, and chest tightness) on health status. It includes eight questions on a scale from 1
to 5 and is scored 0-40. A higher score indicates a more severe impact of COPD on the patient. A target score
does not represent the best outcome that may be achieved.

Results

The study involved 73 TOPD patients, of whom 69 were males and four were females. Most of the patients
were between 55 and 65 years old (Figure 7). Patients ranging in age from 41 to 79 years old were
interviewed; the mean age and standard deviation were 58.8 + 8.23 years.
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HAM-D score

Normal

Mild depression

Moderate
depression

Severe depression

Very severe
depression

HAM-A score

Very low anxiety

Moderate anxiety

Severe anxiety

CRP level

<1 mg/dl

Gender

Female
Male

Age

(55,60] -

{50,55] -

(45,50] 4

{40,45) 4

10 0 10
Population

FIGURE 1: Age pyramid - distribution of the population by age group
and gender.

The TOPD patients (N = 73) were distributed and classified into the GOLD groups. Ten patients belonged to
the GOLD group A, 31 patients belonged to the GOLD group B, one patient belonged to the GOLD group C,
and 31 patients belonged to the GOLD group D. SGRQ-C scores and GOLD groups-based assessments of
TOPD severity were having significant correlation (p < 0.001). Of the 73 TOPD patients, 43 (58.5%) had some
form of depression and 16 (21.9%) had moderate to severe anxiety, as shown in Table 5.

GOLD group A(N= GOLD groupB (N= GOLD group C (N GOLD groupD (N= Total (N = P.value
10) 31) =1) 31) 73)
0.251"
8.0 (80.0%) 14.0 (45.2%) 1.0 (100.0%) 7.0 (22.6%) 30.0
(41.1%)
2.0 (20.0%) 8.0 (25.8%) 0.0 (0.0%) 9.0 (29.0%) 19.0
(26.0%)
0.0 (0.0%) 3.0 (9.7%) 0.0 (0.0%) 5.0 (16.1%) 8.0 (11.0%)
0.0 (0.0%) 1.0 (3.2%) 0.0 (0.0%) 4.0 (12.9%) 5.0 (6.8%)
0.0 (0.0%) 5.0 (16.1%) 0.0 (0.0%) 6.0 (19.4%) 11.0
(15.1%)
0.239"
10.0 (100.0%) 26.0 (83.9%) 1.0 (100.0%) 20.0 (64.5%) 57.0
(78.1%)
0.0 (0.0%) 1.0 (3.2%) 0.0 (0.0%) 5.0 (16.1%) 6.0 (8.2%)
0.0 (0.0%) 4.0 (12.9%) 0.0 (0.0%) 6.0 (19.4%) 10.0
(13.7%)
0.089"
51.0
9.0 (90.0%) 24.0 (77.4%) 1.0 (100.0%) 17.0 (54.8%)
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>1 mg/dl 1.0 (10.0%)
WBCltotal leukocyte

<11,000 cells/cumm  10.0 (100.0%)

>11,000 cells/cumm 0.0 (0.0%)

Serum fibrinogen

level

<200 mg/dl 0.0 (0.0%)
200-400 mg/dl 5.0 (50.0%)
400-600 mg/dl 2.0 (20.0%)
2600 mg/dl 3.0 (30.0%)

SGRQ-C score
Mean (SD) 11.5 (12.4)

Range 0.9-35.3

7.0 (22.6%)

28.0 (90.3%)

3.0(9.7%)

3.0 (9.7%)

18.0 (58.1%)

8.0 (25.8%)

2.0 (6.5%)

40.2 (18.8)

0.9-72.1

0.0 (0.0%)

1.0 (100.0%)

0.0 (0.0%)

0.0 (0.0%)

1.0 (100.0%)

0.0 (0.0%)

0.0 (0.0%)

86.1 (NA)

86.1-86.1

14.0 (45.2%)

25.0 (80.6%)

6.0 (19.4%)

1.0 (3.2%)

17.0 (54.8%)

10.0 (32.3%)

3.0 (9.7%)

75.0 (20.6)

18.4-98.3

(69.9%)

22.0
(30.1%)

0.367"

64.0
(87.7%)

9.0 (12.3%)

0.623"

4.0 (5.5%)

41.0
(56.2%)

20.0
(27.4%)

8.0 (11.0%)
<0.0012
51.7 (29.6)

0.9-98.3

TABLE 5: Correlation of GOLD ABCD groups with anxiety scores, depression scores,

inflammatory biomarkers, and SGRQ-C scores.

P < 0.001 was considered as significant. ! Pearson's chi-squared test. 2 Linear model ANOVA.

GOLD, Global Initiative for Chronic Obstructive Lung Disease; HAM-D, Hamilton Depression Rating Scale; HAM-A, Hamilton Anxiety Rating

Scale; CRP, C-reactive protein; SGRQ-C, St. George's Respiratory Questionnaire for chronic obstructive pulmonary disease.

There was a significant correlation between scores on the HAM-D and scores on the HAM-A in addition to

WBC counts in the patients who scored higher on the HAM-D, as shown in Table 6.
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HAM-A score

Very low
anxiety

Moderate
anxiety

Severe
anxiety

CRP level

<1 mg/dl

>1 mg/dl

WBCltotal
leukocyte

<11,000
cells/lcumm

>11,000
cells/cumm

Serum
fibrinogen
level

<200 mg/d|

200-400 mg/dl

400-600 mg/dl

>600 mg/dl

SGRQ-C
score

Mean (SD)

Range

Normal (N Mild depression Moderate

= 30) (N=19)
30.0

18.0 (94.7%
(100.0%) (94.7%)
0.0 (0.0%) 1.0 (5.3%)
0.0 (0.0%) 0.0 (0.0%)
25.0

13.0 (68.4%
(83.3%) (68.4%)
5.0

6.0 (31.6%
(16.7%) (31.6%)
30.0

18.0 (94.7%
(100.0%) (04.7%)
0.0 (0.0%) 1.0 (5.3%)
2.0(6.7%) 2.0 (10.5%)
16.0 10.0 (52.6%)
(53.3%) TAReRR
8.0 3.0 (15.8%)
(26.7%) SAEER
4.0 4.0 (21.1%)
(13.3%) e

34.4 (27.8) 542 (21.3)

0.9-93.6 6.8-95.5

depression (N = 8)

3.0 (37.5%)

2.0 (25.0%)

3.0 (37.5%)

4.0 (50.0%)

4.0 (50.0%)

7.0 (87.5%)

1.0 (12.5%)

0.0 (0.0%)

4.0 (50.0%)

4.0 (50.0%)

0.0 (0.0%)

72.0 (26.2)

17.7-93.1

Severe
depression (N =
5)

3.0 (60.0%)

1.0 (20.0%)

1.0 (20.0%)

5.0 (100.0%)

0.0 (0.0%)

5.0 (100.0%)

0.0 (0.0%)

0.0 (0.0%)

3.0 (60.0%)

2.0 (40.0%)

0.0 (0.0%)

74.9 (34.5)

17.5-98.3

Very severe

depression (N =11)

3.0 (27.3%)

2.0 (18.2%)

6.0 (54.5%)

4.0 (36.4%)

7.0 (63.6%)

4.0 (36.4%)

7.0 (63.6%)

0.0 (0.0%)

8.0 (72.7%)

3.0 (27.3%)

0.0 (0.0%)

69.1 (21.1)

30.1-91.9

Total (N
=73)

57.0
(78.1%)

6.0
(8.2%)

10.0
(13.7%)

51.0
(69.9%)

22.0
(30.1%)

64.0
(87.7%)

9.0
(12.3%)

4.0
(5.5%)

41.0
(56.2%)

20.0
(27.4%)

8.0
(11.0%)

51.7
(29.6)

0.9-98.3

P-value

<0.001"

0.016"

<0.001"

0.595"

<0.0012

TABLE 6: Correlation of depression scores with anxiety scores, inflammatory biomarkers, and
SGRQ-C scores.

P < 0.001 was considered as significant. ! Pearson's chi-squared test. 2 Linear model ANOVA.

HAM-A, Hamilton Anxiety Rating Scale; CRP, C-reactive protein; SGRQ-C, St. George's Respiratory Questionnaire for chronic obstructive pulmonary

disease.
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A statistically significant negative correlation between higher HAM-A scores and WBC counts was noted. As

shown in Table 7, among the 16 (21.9%) patients with moderate to severe anxiety, 10 patients had WBC
counts below <11,000 cells/cumm and six patients had counts above >11,000 cells/cumm.
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CRP level

<1 mg/dl

>1 mg/dl

WBCltotal leukocyte
<11,000 cells/cumm
>11,000 cells/cumm
Serum fibrinogen level
<200 mg/dI

200-400 mg/dl
400-600 mg/dl

>600 mg/d|
SGRQ-C score
Mean (SD)

Range

TABLE 7: Correlation of anxiety scores with inflammatory biomarkers and SGRQ-C scores.

P < 0.001 was considered as significant. 1 Pearson's chi-squared test. 2 Linear model ANOVA.

Very low anxiety (N = 57)

43.0 (75.4%)

14.0 (24.6%)

54.0 (94.7%)

3.0 (5.3%)

4.0 (7.0%)
30.0 (52.6%)
16.0 (28.1%)

7.0 (12.3%)

44.5 (27.9)

0.9-97.6

Moderate anxiety (N = 6)

2.0 (33.3%)

4.0 (66.7%)

3.0 (50.0%)

3.0 (50.0%)

0.0 (0.0%)
4.0 (66.7%)
1.0 (16.7%)

1.0 (16.7%)

85.2 (19.7)

45.7-98.3

Severe anxiety (N = 10)

6.0 (60.0%)

4.0 (40.0%)

7.0 (70.0%)

3.0 (30.0%)

0.0 (0.0%)
7.0 (70.0%)
3.0 (30.0%)

0.0 (0.0%)

72.6 (19.2)

30.1-92.2

CRP, C-reactive protein; SGRQ-C, St. George's Respiratory Questionnaire for chronic obstructive pulmonary disease.

Total (N = 73)

51.0 (69.9%)

22.0 (30.1%)

64.0 (87.7%)

9.0 (12.3%)

4.0 (5.5%)
41.0 (56.2%)
20.0 (27.4%)

8.0 (11.0%)

51.7 (29.6)

0.9-98.3

P-value

0.078"

0.001"

0.763"

<0.0012

There was a significant correlation between higher GOLD groups and higher SGRQ-C scores in 43 (58.5%)

patients with depression with an average SGRQ-C score of 67.5 and 16 (21.9%) patients with moderate to
severe anxiety with an average SGRQ-C score of 78.9. Average SGRQ-C scores for GOLD A, B, C, and D
groups averaged 11.5, 40.2, 86.1, and 75.0, respectively, and the density plot is shown in Figure 2.
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(%)
1

COMBINED COPD ASSESMENT GROUP

0 4'0 8'0
SGRQ-C SCORE

FIGURE 2: Density plot showing SGRQ-C score among various
combined COPD GOLD assessment groups.
GOLD group A: 1; GOLD group B: 2; GOLD group C: 3; and GOLD group D: 4.

GOLD, Global Initiative for Chronic Obstructive Lung Disease; COPD, chronic obstructive pulmonary
disease; SGRQ-C, St. George's Respiratory Questionnaire for chronic obstructive pulmonary disease.

GOLD groups-based assessment of TOPD severity did not demonstrate a significant correlation with
anxiety, depression, CRP level, WBC count, or serum fibrinogen. High serum fibrinogen levels were not
correlated with high HAM-D scores, nor were serum fibrinogen levels and CRP levels correlated with high
HAM-A scores.

Discussion

There was a strong correlation between a history of TB and airflow obstruction among individuals aged >40
years with mental health issues in a population-based, single study of TOPD patients in a metropolitan city
in southern India. The current authors believe that this is the first population-based study to explore this
association with GOLD groups, TOPD, and inflammatory biomarkers in patients having anxiety and
depression.

Although the exact mechanism of obstructive airways in post-TB patients is unclear, bronchiectasis,
bronchiolar narrowing, bronchiolitis obliterans, and accelerated emphysematous changes may contribute to
the obstruction of airflow due to TB. TB lesions may involve non-cartilaginous small airways with an
internal diameter <2 mm, resulting in airflow obstruction. The presence of air trapping on a CT scan of the
thorax associated with reduced attenuation on expiratory CT scans is also indicative of TB as a cause of
obliterative bronchiolitis. Other lesions can appear radiographically as centrilobular nodules, "tree-in-bud"-
like appearances, and poorly demarcated nodules. Despite the resolution of endobronchial and parenchymal
changes, certain radiologic features may persist after TB treatment [17-19]. Among patients with a history of
TB in developing countries, bronchiectasis is common, causing airflow obstructions and bronchial stenosis
causing airflow limitation [20].

In bronchiectasis, endobronchial obstruction, peribronchial fibrosis, or enlarged lymph nodes are the main
causes of chronic airflow obstruction [21]. A common sequela of scarred lung parenchyma due to TB is
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tractional bronchiectasis. During a two-year prospective study at Phramongkutklao Hospital in Bangkok,
Thailand, it was found that of the 35 patients with bronchiectasis, 32% had TB, 24% had Haemophilus
influenzae, 14% had Klebsiella pneumoniae, 6% had Streptococcus pneumoniae, and 6% had Mycobacterium
kansasii and Mycobacterium chelonae [22]. An observational study of 53 patients over two years in western
India found post-tuberculous sequelae bronchiectasis in 23% of patients [23]. In another study from Daegu,
Korea, the most common CT findings in patients with tubercular destroyed lung tissue were atelectasis
(84%) and emphysema with bronchiectasis (89%) [24].

As a result of serial changes in lung structure caused by pulmonary cavitation, airways may be obliterated or
distorted, resulting in restricted airflow. Compared to patients without cavities, patients with cavities had
significantly lower FEV; at baseline and one month after starting TB treatment [25]. Based on a systematic

review of 37 studies, the prevalence and pattern of post-TB lung disease was found to include cavitation
(8.3-83.7%), bronchiectasis (35.0-86.0%), fibrosis (25.0-70.4%), nodules (25.0-55.8%), and emphysema
(15.0-45.0%) [26].

A significant correlation between the HAM-D and HAM-A scores, as well as CRP levels, and WBC counts
among patients who scored higher on the HAM-D was found in the current study, consistent with other
studies showing inflammation to be a significant factor in the progression of both the disease and
psychiatric comorbidity. A study conducted by Prnjavorac et al. found a significant relationship between CRP
levels in the blood, fibrinogen levels, and the appearance of fibrosis on lung X-rays in patients with
pulmonary TB. TB lung damage appears to be a result of multiple cell types and proteins orchestrating the
development of lesions and progressing lesions. Alveolar macrophages are the first cells to become infected
with Mycobacterium tuberculosis (MTB) in primary infection. Cavitation and caseation occur when these cells
are activated, releasing inflammatory cytokines and chemokines that recruit both innate and adaptive
immune cells to the infection site [27].

There are several ways in which neutrophils may damage tissue. Neutrophils are the most prevalent type of
cells in the lungs infected with replicating MTB during active pulmonary TB, and cavitary lesions are
primarily lined by neutrophils [28]. One study that analyzed lung biopsies revealed that the walls of the
cavity stained positive for neutrophils expressing extracellular matrix-destructing matrix metalloproteinase
(MMP)-8 and -9, causing calprotectin (S100A8/A9) to stimulate a large influx of destructive neutrophils and
release chemokines (CXCLS5) into the lung [29-31]. An increasing body of evidence suggests that neutrophil
extracellular traps (MMP-8 and calprotectin) in TB may cause tissue destruction and pulmonary dysfunction
like other lung diseases. The neutrophil extracellular trap is released upon activation and aims to capture
and destroy bacteria. These traps contain chromatin fibers, histones, and proteases like myeloperoxidase
(MPO), cathepsin G, and neutrophil-associated elastase, which may lead to severe pulmonary pathology [32-
39].

The present study found that 43 (58.5%) of the 73 TOPD patients had some form of depression and 16
(21.9%) had moderate to severe anxiety symptoms. Patients with higher HAM-D scores also had higher CRP
levels and WBC counts in addition to HAM-A scores, which is similar to other studies. Based on a systematic
review (1981-2020), epidemiological evidence suggests an association between depression, anxiety, and TB.
There is an important relationship between TB, anxiety, and depression in both high-income and low and
middle-income countries, and countries with a high prevalence of the disease like India, Pakistan, and China
have reported a strong association between the disease and mental disorders such as anxiety and depression.
There is a higher incidence of depression and anxiety among patients with prolonged illness, and depression
is more common in patients with pulmonary TB than in extrapulmonary TB. Depression can affect 1.71% to
87.5% of TB patients, and anxiety can affect 7.14% to 74% of TB patients. There is also a low to moderate
rate of suicidal ideation (9%) and suicide attempts (3%) among TB patients [40-43].

It is well known that inflammation plays a significant role in both infectious and non-infectious diseases,
and depression frequently occurs in conjunction with both infectious and non-infectious conditions [44].
MTB infection leads to several cytokines being produced [45]. The cellular, neural, and humoral pathways
enable cytokines to reach the brain and overproduce within the parenchyma during inflammation.
Proinflammatory cytokines such as interferon gamma (IFNy), tumor necrosis factor-alpha

(TNFa), interleukin 1 beta (IL-1B), and interleukin 6 (IL-6) can reach the brain parenchyma and play a role in
the development of depressive disorder through regulating synaptic transmission, neuronal excitability,
neuronal survival, and synaptic plasticity [46]. Inflammation induced by these mechanisms can cause
depression by means of a variety of pathophysiological mechanisms, including disturbances in
monoaminergic neurotransmission, oxidative injury, and impairment of hippocampal neuronal function
[47,48].

There have been no studies that show that inflammatory biomarkers contribute to mortality and that
psychiatric comorbidities such as anxiety and depression contribute to frequent exacerbations in TOPD
patients. However, this has been studied in COPD patients. In a substudy of 1,673 participants in the
SUMMIT trial with moderate COPD, fibrinogen and CRP were associated with an increased risk of death [49].
A study from the Hospital of Zunyi Medical University, Guizhou, China found that 63.5% of 307 patients
with acute COPD exacerbations had depressive or anxious symptoms [50].
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Compared with those without anxiety symptoms, COPD patients with comorbid anxiety disorders are more
likely to report functional limitations, poorer exercise tolerance, and more acute exacerbations. When
anxiety disorders are not adequately treated, they can become chronic, diminish self-esteem, predispose to
suicidal ideation, and increase the chances of hospitalization. Depression and anxiety negatively affect the
prognosis of COPD, increasing the risk of exacerbation and possibly death. On the other hand, COPD
increases the risk of depression [51-53].

Several studies suggest that low-grade chronic inflammation might contribute to the association between
depressive symptoms and pulmonary function. Chronic obstructive pulmonary disease and late-life
depression are linked to increased inflammatory markers. A population-based study revealed that elevated
levels of inflammatory biomarkers (IL-6 and CRP) contributed to the association of depressive symptoms
with pulmonary obstruction [11,54-56]. TOPD patients are likely to have similar morbidities, progression,
and complications.

The current study found TOPD patients in higher GOLD groups have a significant correlation between higher
SGRQ-C scores in 58.5% of patients with depression, with an average SGRQ-C score of 67.5 and 21.9%
patients with moderate to severe anxiety, with an average SGRQ-C score of 78.9. According to a study from
Menoufia University in Egypt, quality of life has deteriorated among these patients, and it is associated with
a significant increase in the SGRQ-C score, and it is crucial to perform psychological assessments and
consult with a psychiatrist to improve symptoms, QOL, and address superimposed psychiatric symptoms
[57]. Indicating that TOPD patients have poorer quality of life with additional psychiatric comorbidities.

Diseases such as TOPD, anxiety, and depression are prevalent in the population. These diseases are linked to
substantial morbidity and mortality rates. They share some risk factors, especially systemic inflammation
and that explains their syndemic relationship. Essentially, the presence of one favors the development of the
other and worsens the disease. Patients with TOPD should be treated holistically in conjunction with those
suffering from COPD, depression, and anxiety, as these conditions have significant co-morbidities. Hence,
patient compliance and well-being can be negatively affected by poorly managed anxiety and depression.

Hence, timely and appropriate assessment of TOPD patients for co-morbidities like anxiety, depression, and
inflammatory biomarkers should be done and appropriate interventions should be provided to improve the
quality of life. Further studies are required regarding the identification of novel inflammatory biomarkers in
the assessment of systemic inflammation, anxiety, and depression among TOPD patients.

The study has certain limitations. The sample size used is small. Before the development of obstructive
airway disease (OAD), the amount of TB bacterial load and the extent of respiratory structure involvement
were unknown. Additional associated risk factors that can contribute to the development of OADs have not
been evaluated. Other risk factors that can contribute to anxiety and depression such as medical
comorbidities, drug abuse, alcohol dependence, low educational attainment, poverty, social stigma, and
social isolation have not been evaluated. Even though airflow obstruction in TB has received the most
attention, mixed patterns of airflow obstruction and restrictive ventilatory defects have not been studied.

Conclusions

Since the sample size of the present study is relatively small, TOPD prevalence in the general population is
likely to be underestimated. Additional multicenter studies with a larger sample size are necessary to
confirm the results. It is critical to remember that psychiatric comorbidity and obstructive pulmonary
disease might develop after a diagnosis of pulmonary TB and that these issues must be addressed to
improve the patients' quality of life. In view of variable results regarding inflammatory biomarkers
influencing TOPD and psychiatric comorbidities, further research on specific inflammatory biomarkers
could assist in diagnosing this condition in light of typical clinical and radiological features.

TOPD is relatively new as a clinical condition, so further studies are needed to assess its epidemiology and

treatment options. Additionally, there is a lack of interventions to monitor cured pulmonary TB patients and
treat post-tuberculous lung disease. Treatment of anxiety and depression symptoms effectively is critical for
improving a patient's quality of life, optimizing healthcare utilization, and maximizing treatment outcomes.

Additional Information
Disclosures

Human subjects: Consent was obtained or waived by all participants in this study. Vydehi Institute of
Medical Sciences and Research Centre issued approval VIMS & RC /IEC/102/2013-2014. Animal subjects:
All authors have confirmed that this study did not involve animal subjects or tissue. Conflicts of interest:
In compliance with the ICMJE uniform disclosure form, all authors declare the following: Payment/services
info: All authors have declared that no financial support was received from any organization for the
submitted work. Financial relationships: All authors have declared that they have no financial
relationships at present or within the previous three years with any organizations that might have an
interest in the submitted work. Other relationships: All authors have declared that there are no other

2022 Katare et al. Cureus 14(3): e22742. DOI 10.7759/cureus.22742 11 0f 13



Cureus

relationships or activities that could appear to have influenced the submitted work.

References

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Theanacho I, Zhang S, King D, Rizzo M, Ismaila AS: Economic burden of chronic obstructive pulmonary
disease (COPD): a systematic literature review. Int ] Chron Obstruct Pulmon Dis. 2020, 15:439-60.
10.2147/COPD.S234942

Ho T, Cusack RP, Chaudhary N, Satia I, Kurmi OP: Under- and over-diagnosis of COPD: a global perspective .
Breathe (Sheff). 2019, 15:24-35. 10.1183/20734735.0346-2018

World Health Organization. Tuberculosis. (2022). Accessed: January 9, 2022: https://www.who.int/news-
room/fact-sheets/detail/tuberculosis.

World Health Organization. TB disease burden . (2022). Accessed: January 9, 2022:
https://www.who.int/publications/digital/global-tuberculosis-report-2021/tb-disease-burden.

India State-Level Disease Burden Initiative CRD Collaborators: The burden of chronic respiratory diseases
and their heterogeneity across the states of India: the Global Burden of Disease Study 1990-2016. Lancet
Glob Health. 2018, 6:1363-74. 10.1016/52214-109X(18)30409- 1

Creswell ], Raviglione M, Ottmani S, et al.: Tuberculosis and noncommunicable diseases: neglected links
and missed opportunities. Eur Respir J. 2011, 37:1269-82. 10.1183/09031936.00084310

van Zyl Smit RN, Pai M, Yew WW, Leung CC, Zumla A, Bateman ED, Dheda K: Global lung health: the
colliding epidemics of tuberculosis, tobacco smoking, HIV and COPD. Eur Respir J. 2010, 35:27-33.
10.1183/09031936.00072909

Allwood BW, Gillespie R, Galperin-Aizenberg M, et al.: Mechanism of airflow obstruction in tuberculosis-
associated obstructive pulmonary disease (TOPD). Am ] Respir Crit Care Med. 2014, 189:A5832.

Menezes AM, Hallal PC, Perez-Padilla R, et al.: Tuberculosis and airflow obstruction: evidence from the
PLATINO study in Latin America. Eur Respir J. 2007, 30:1180-5. 10.1183/09031936.00083507

World Health Organization. Depression. (2022). Accessed: January 9, 2022: https://www.who.int/news-
room/fact-sheets/detail/depression.

Yohannes AM, Alexopoulos GS: Depression and anxiety in patients with COPD . Eur Respir Rev. 2014,
23:345-9. 10.1183/09059180.00007813

Wang XB, Li XL, Zhang Q, et al.: A survey of anxiety and depressive symptoms in pulmonary tuberculosis
patients with and without tracheobronchial tuberculosis. Front Psychiatry. 2018, 9:308.
10.3389/fpsyt.2018.00308

Mohammedhussein M, Alenko A, Tessema W, Mamaru A: Prevalence and associated factors of depression
and anxiety among patients with pulmonary tuberculosis attending treatment at public health facilities in
southwest Ethiopia. Neuropsychiatr Dis Treat. 2020, 16:1095-104. 10.2147/NDT.5249451

Janssen DJ, Miillerova H, Agusti A, et al.: Persistent systemic inflammation and symptoms of depression
among patients with COPD in the ECLIPSE cohort. Respir Med. 2014, 108:1647-54.
10.1016/j.rmed.2014.07.013

Al-shair K, Kolsum U, Dockry R, Morris |, Singh D, Vestbo J: Biomarkers of systemic inflammation and
depression and fatigue in moderate clinically stable COPD. Respir Res. 2011, 12:3. 10.1186/1465-9921-12-3
Strollo HC, Nouraie SM, Hoth KF, et al.: Association of systemic inflammation with depressive symptoms in
individuals with COPD. Int ] Chron Obstruct Pulmon Dis. 2021, 16:2515-22. 10.2147/COPD.S322144

Sarkar M, Srinivasa, Madabhavi I, Kumar K: Tuberculosis associated chronic obstructive pulmonary disease .
Clin Respir J. 2017, 11:285-95. 10.1111/crj.12621

Im JG, Itoh H, Shim YS, Lee JH, Ahn ], Han MC, Noma S: Pulmonary tuberculosis: CT findings--early active
disease and sequential change with antituberculous therapy. Radiology. 1993, 186:653-60.
10.1148/radiology.186.3.8430169

Menon B, Nima G, Dogra V, Jha S.: Evaluation of the radiological sequelae after treatment completion in
new cases of pulmonary, pleural, and mediastinal tuberculosis. Lung India. 2015, 32:241-5. 10.4103/0970-
2113.156233

Hamel NC, Briggs JN, Schulkins TA: Post-tuberculous bronchiectasis—indications for surgical treatment .
Calif Med. 1962, 97:233-4.

Lopez-Campos JL, Calero C: Infectious causes of chronic obstructive pulmonary disease: 'TB or not TB, that
is the question'. Respiration. 2013, 86:15-6. 10.1159/000351792

Palwatwichai A, Chaoprasong C, Vattanathum A, Wongsa A, Jatakanon A: Clinical, laboratory findings and
microbiologic characterization of bronchiectasis in Thai patients. Respirology. 2002, 7:63-6. 10.1046/j.1440-
1843.2002.00367.x

Natarajan S, Rudrawar P: Bronchiectasis in western India: clinical presentations and socio-economic
burden. J Indian Med Assoc. 2014, 112:89-92.

Chae JN, Jung CY, Shim SW, Rho BH, Jeon YY: CT radiologic findings in patients with tuberculous destroyed
lung and correlation with lung function. Tuberc Respir Dis. 2011, 71:202-9. 10.4046/trd.2011.71.3.202

Long R, Maycher B, Dhar A, Manfreda ], Hershfield E, Anthonisen N: Pulmonary tuberculosis treated with
directly observed therapy: serial changes in lung structure and function. Chest. 1998, 113:933-43.
10.1378/chest.113.4.933

Meghji ], Simpson H, Squire SB, Mortimer K: A systematic review of the prevalence and pattern of imaging
defined post-TB lung disease. PLoS One. 2016, 11:e0161176. 10.1371/journal.pone.0161176

Prnjavorac B, Causevic A, Semiz S, Dujic T, Bego T, Ireijz N, Sejdinovic R: Analysis of C-reactive protein and
fibrinogen as possible predictors of secondary fibrosis in pulmonary tuberculosis. Eur Respir J. 2011,
38:4381.

Eum SY, Kong JH, Hong MS, et al.: Neutrophils are the predominant infected phagocytic cells in the airways
of patients with active pulmonary TB. Chest. 2010, 137:122-8. 10.1378/chest.09-0903

Ong CW, Elkington PT, Brilha S, et al.: Neutrophil-derived MMP-8 drives AMPK-dependent matrix
destruction in human pulmonary tuberculosis. PLoS Pathog. 2015, 11:e1004917.
10.1371/journal.ppat.1004917

2022 Katare et al. Cureus 14(3): e22742. DOI 10.7759/cureus.22742

12 0f 13


https://dx.doi.org/10.2147/COPD.S234942
https://dx.doi.org/10.2147/COPD.S234942
https://dx.doi.org/10.1183/20734735.0346-2018
https://dx.doi.org/10.1183/20734735.0346-2018
https://www.who.int/news-room/fact-sheets/detail/tuberculosis
https://www.who.int/news-room/fact-sheets/detail/tuberculosis
https://www.who.int/publications/digital/global-tuberculosis-report-2021/tb-disease-burden
https://www.who.int/publications/digital/global-tuberculosis-report-2021/tb-disease-burden
https://dx.doi.org/10.1016/S2214-109X(18)30409-1
https://dx.doi.org/10.1016/S2214-109X(18)30409-1
https://dx.doi.org/10.1183/09031936.00084310
https://dx.doi.org/10.1183/09031936.00084310
https://dx.doi.org/10.1183/09031936.00072909
https://dx.doi.org/10.1183/09031936.00072909
https://www.atsjournals.org/doi/abs/10.1164/ajrccm-conference.2014.189.1_MeetingAbstracts.A5832
https://dx.doi.org/10.1183/09031936.00083507
https://dx.doi.org/10.1183/09031936.00083507
https://www.who.int/news-room/fact-sheets/detail/depression
https://www.who.int/news-room/fact-sheets/detail/depression
https://dx.doi.org/10.1183/09059180.00007813
https://dx.doi.org/10.1183/09059180.00007813
https://dx.doi.org/10.3389/fpsyt.2018.00308
https://dx.doi.org/10.3389/fpsyt.2018.00308
https://dx.doi.org/10.2147/NDT.S249431
https://dx.doi.org/10.2147/NDT.S249431
https://dx.doi.org/10.1016/j.rmed.2014.07.013
https://dx.doi.org/10.1016/j.rmed.2014.07.013
https://dx.doi.org/10.1186/1465-9921-12-3
https://dx.doi.org/10.1186/1465-9921-12-3
https://dx.doi.org/10.2147/COPD.S322144
https://dx.doi.org/10.2147/COPD.S322144
https://dx.doi.org/10.1111/crj.12621
https://dx.doi.org/10.1111/crj.12621
https://dx.doi.org/10.1148/radiology.186.3.8430169
https://dx.doi.org/10.1148/radiology.186.3.8430169
https://dx.doi.org/10.4103/0970-2113.156233
https://dx.doi.org/10.4103/0970-2113.156233
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1575319/
https://dx.doi.org/10.1159/000351792
https://dx.doi.org/10.1159/000351792
https://dx.doi.org/10.1046/j.1440-1843.2002.00367.x
https://dx.doi.org/10.1046/j.1440-1843.2002.00367.x
https://pubmed.ncbi.nlm.nih.gov/25935961/
https://dx.doi.org/10.4046/trd.2011.71.3.202
https://dx.doi.org/10.4046/trd.2011.71.3.202
https://dx.doi.org/10.1378/chest.113.4.933
https://dx.doi.org/10.1378/chest.113.4.933
https://dx.doi.org/10.1371/journal.pone.0161176
https://dx.doi.org/10.1371/journal.pone.0161176
https://erj.ersjournals.com/content/38/Suppl_55/p4381
https://dx.doi.org/10.1378/chest.09-0903
https://dx.doi.org/10.1378/chest.09-0903
https://dx.doi.org/10.1371/journal.ppat.1004917
https://dx.doi.org/10.1371/journal.ppat.1004917

Cureus

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Gopal R, Monin L, Torres D, et al.: S100A8/A9 proteins mediate neutrophilic inflammation and lung
pathology during tuberculosis. Am J Respir Crit Care Med. 2013, 188:1137-46. 10.1164/rccm.201304-08030C
Nouailles G, Dorhoi A, Koch M, et al.: CXCL5-secreting pulmonary epithelial cells drive destructive
neutrophilic inflammation in tuberculosis. J Clin Invest. 2014, 124:1268-82. 10.1172/JCI72030

Repasy T, Lee ], Marino S, et al.: Intracellular bacillary burden reflects a burst size for Mycobacterium
tuberculosis in vivo. PLoS Pathog. 2013, 9:e1003190. 10.1371/journal.ppat.1003190

Ramos-Kichik V, Mondragén-Flores R, Mondragén-Castelan M, et al.: Neutrophil extracellular traps are
induced by Mycobacterium tuberculosis. Tuberculosis (Edinb). 2009, 89:29-37. 10.1016/j.tube.2008.09.009
Narasaraju T, Yang E, Samy RP, et al.: Excessive neutrophils and neutrophil extracellular traps contribute to
acute lung injury of influenza pneumonitis. Am ] Pathol. 2011, 179:199-210. 10.1016/j.ajpath.2011.03.013
Dicker AJ, Crichton ML, Pumphrey EG, et al.: Neutrophil extracellular traps are associated with disease
severity and microbiota diversity in patients with chronic obstructive pulmonary disease. ] Allergy Clin
Immunol. 2018, 141:117-27. 10.1016/j.jaci.2017.04.022

Brinkmann V, Reichard U, Goosmann C, et al.: Neutrophil extracellular traps kill bacteria . Science. 2004,
303:1532-5. 10.1126/science.1092385

Kaplan MJ, Radic M: Neutrophil extracellular traps: double-edged swords of innate immunity . ] Immunol.
2012, 189:2689-95. 10.4049/jimmunol.1201719

Guyot N, Wartelle ], Malleret L, et al.: Unopposed cathepsin G, neutrophil elastase, and proteinase 3 cause
severe lung damage and emphysema. Am ] Pathol. 2014, 184:2197-210. 10.1016/j.ajpath.2014.04.015
Urban CF, Ermert D, Schmid M, et al.: Neutrophil extracellular traps contain calprotectin, a cytosolic protein
complex involved in host defense against Candida albicans. PLoS Pathog. 2009, 5:e1000639.
10.1371/journal.ppat.1000639

Yen YF, Chung MS, Hu HY, et al.: Association of pulmonary tuberculosis and ethambutol with incident
depressive disorder: a nationwide, population-based cohort study. J Clin Psychiatry. 2015, 76:e505-11.
10.4088/]CP.14m09403

Javaid A, Mehreen S, Khan MA, et al.: Depression and its associated factors with multidrug-resistant
tuberculosis at baseline. ] Depress Anxiety. 2017, 6:253. 10.4172/2167-1044.1000253

Mathai PJ, Ravindran P, Joshi P, Sundaram P: Psychiatric morbidity in pulmonary tuberculosis-a clinical
study. Indian | Psychiatry. 1981, 23:66-8.

Shyamala KK, Naveen RS, Khatri B: Depression: a neglected comorbidity in patients with tuberculosis . |
Assoc Physicians India. 2018, 66:18-21.

Chandra M, Rana P, Chandra K, Arora VK: Tuberculosis - depression syndemic: a public health challenge .
Indian ] Tuberc. 2019, 66:197-202. 10.1016/].ijth.2019.02.007

Ferraz JC, Melo FB, Albuquerque MF, Montenegro SM, Abath FG: Immune factors and immunoregulation in
tuberculosis. Braz ] Med Biol Res. 2006, 39:1387-97. 10.1590/50100-879x2006001100002

Herndndez ME, Becerril L, Alvarez L, Pavon-Romero L: Neuroimmunomodulation pathways. First part.
Salud Ment. 2017, 30:13-19.

Mondelli V, Vernon AC: From early adversities to immune activation in psychiatric disorders: the role of the
sympathetic nervous system. Clin Exp Immunol. 2019, 197:319-28. 10.1111/cei.13351

Lara-Espinosa JV, Hernandez-Pando R: Psychiatric problems in pulmonary tuberculosis: depression and
anxiety. ] Tuberc Res. 2021, 9:31-50. 10.4236/jtr.2021.91003

Celli BR, Anderson JA, Brook R, et al.: Serum biomarkers and outcomes in patients with moderate COPD: a
substudy of the randomised SUMMIT trial. BM] Open Respir Res. 2019, 6:e000431. 10.1136/bmjresp-2019-
000431

Long J, Ouyang Y, Duan H, Xiang Z, Ma H, Ju M, Sun D: Multiple factor analysis of depression and/or anxiety
in patients with acute exacerbation chronic obstructive pulmonary disease. Int ] Chron Obstruct Pulmon
Dis. 2020, 15:1449-64. 10.2147/COPD.S245842

Willgoss TG, Yohannes AM: Anxiety disorders in patients with COPD: a systematic review . Respir Care.
2013, 58:858-66. 10.4187/respcare.01862

Maurer |, Rebbapragada V, Borson S, Goldstein R, Kunik ME, Yohannes AM, Hanania NA: Anxiety and
depression in COPD: current understanding, unanswered questions, and research needs. Chest. 2008,
134:43S-56S. 10.1378/chest.08-0342

Atlantis E, Fahey P, Cochrane B, Smith S: Bidirectional associations between clinically relevant depression
or anxiety and COPD: a systematic review and meta-analysis. Chest. 2013, 144:766-77. 10.1378/chest.12-
1911

Alexopoulos GS, Morimoto SS: The inflammation hypothesis in geriatric depression. Int | Geriatr
Psychiatry. 2011, 26:1109-18. 10.1002/gps.2672

Huerta A, Crisafulli E, Menéndez R, et al.: Pneumonic and nonpneumonic exacerbations of COPD:
inflammatory response and clinical characteristics. Chest. 2013, 144:1134-42. 10.1378/chest.13-0488

LuY, Feng L, Feng L, Nyunt MS, Yap KB, Ng TP: Systemic inflammation, depression and obstructive
pulmonary function: a population-based study. Respir Res. 2013, 14:53. 10.1186/1465-9921-14-53
Zamzam MA, Azab NY, El Wahsh RA, Ragab AZ, Allam EM: Quality of life in COPD patients . Egypt ] Chest
Dis Tuberc. 2012, 61:281-9. 10.1016/j.ejedt.2012.08.012

2022 Katare et al. Cureus 14(3): e22742. DOI 10.7759/cureus.22742

13 0f 13


https://dx.doi.org/10.1164/rccm.201304-0803OC
https://dx.doi.org/10.1164/rccm.201304-0803OC
https://dx.doi.org/10.1172/JCI72030
https://dx.doi.org/10.1172/JCI72030
https://dx.doi.org/10.1371/journal.ppat.1003190
https://dx.doi.org/10.1371/journal.ppat.1003190
https://dx.doi.org/10.1016/j.tube.2008.09.009
https://dx.doi.org/10.1016/j.tube.2008.09.009
https://dx.doi.org/10.1016/j.ajpath.2011.03.013
https://dx.doi.org/10.1016/j.ajpath.2011.03.013
https://dx.doi.org/10.1016/j.jaci.2017.04.022
https://dx.doi.org/10.1016/j.jaci.2017.04.022
https://dx.doi.org/10.1126/science.1092385
https://dx.doi.org/10.1126/science.1092385
https://dx.doi.org/10.4049/jimmunol.1201719
https://dx.doi.org/10.4049/jimmunol.1201719
https://dx.doi.org/10.1016/j.ajpath.2014.04.015
https://dx.doi.org/10.1016/j.ajpath.2014.04.015
https://dx.doi.org/10.1371/journal.ppat.1000639
https://dx.doi.org/10.1371/journal.ppat.1000639
https://dx.doi.org/10.4088/JCP.14m09403
https://dx.doi.org/10.4088/JCP.14m09403
https://dx.doi.org/10.4172/2167-1044.1000253
https://dx.doi.org/10.4172/2167-1044.1000253
https://pubmed.ncbi.nlm.nih.gov/22058519/
https://pubmed.ncbi.nlm.nih.gov/31313544/
https://dx.doi.org/10.1016/j.ijtb.2019.02.007
https://dx.doi.org/10.1016/j.ijtb.2019.02.007
https://dx.doi.org/10.1590/s0100-879x2006001100002
https://dx.doi.org/10.1590/s0100-879x2006001100002
http://www.scielo.org.mx/scielo.php?script=sci_arttext&pid=S0185-33252007000600013&lng=es&nrm=iso&tlng=es
https://dx.doi.org/10.1111/cei.13351
https://dx.doi.org/10.1111/cei.13351
https://dx.doi.org/10.4236/jtr.2021.91003
https://dx.doi.org/10.4236/jtr.2021.91003
https://dx.doi.org/10.1136/bmjresp-2019-000431
https://dx.doi.org/10.1136/bmjresp-2019-000431
https://dx.doi.org/10.2147/COPD.S245842
https://dx.doi.org/10.2147/COPD.S245842
https://dx.doi.org/10.4187/respcare.01862
https://dx.doi.org/10.4187/respcare.01862
https://dx.doi.org/10.1378/chest.08-0342
https://dx.doi.org/10.1378/chest.08-0342
https://dx.doi.org/10.1378/chest.12-1911
https://dx.doi.org/10.1378/chest.12-1911
https://dx.doi.org/10.1002/gps.2672
https://dx.doi.org/10.1002/gps.2672
https://dx.doi.org/10.1378/chest.13-0488
https://dx.doi.org/10.1378/chest.13-0488
https://dx.doi.org/10.1186/1465-9921-14-53
https://dx.doi.org/10.1186/1465-9921-14-53
https://dx.doi.org/10.1016/j.ejcdt.2012.08.012
https://dx.doi.org/10.1016/j.ejcdt.2012.08.012

	Correlations Between Inflammatory Biomarkers in Tuberculosis-Associated Obstructive Pulmonary Disease Patients With Anxiety and Depression
	Abstract
	Introduction
	Subjects and methods
	Result
	Conclusion

	Introduction
	Materials And Methods
	TABLE 1: Classification of airflow limitation severity in COPD (based on post-bronchodilator FEV1).
	TABLE 2: Combined COPD (ABCD) assessment groups (GOLD 2022).
	TABLE 3: Hamilton Anxiety Rating Scale (HAM-A).
	TABLE 4: Hamilton Depression Rating Scale (HAM-D).

	Results
	FIGURE 1: Age pyramid - distribution of the population by age group and gender.
	TABLE 5: Correlation of GOLD ABCD groups with anxiety scores, depression scores, inflammatory biomarkers, and SGRQ-C scores.
	TABLE 6: Correlation of depression scores with anxiety scores, inflammatory biomarkers, and SGRQ-C scores.
	TABLE 7: Correlation of anxiety scores with inflammatory biomarkers and SGRQ-C scores.
	FIGURE 2: Density plot showing SGRQ-C score among various combined COPD GOLD assessment groups.

	Discussion
	Conclusions
	Additional Information
	Disclosures

	References


