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Abstract: Pulmonary arterial hypertension (PAH) is a severe complication that can develop in patients with a history of pulmonary
tuberculosis (PTB), leading to increased morbidity and mortality. This study aimed to determine the frequency and associated risk
factors of PAH in post-TB patients, with a focus on age, gender, BMI, and duration since TB diagnosis. Objective: To assess the
frequency of PAH and identify potential risk factors in post-TB patients, providing insights to guide improved screening and follow-
up practices. Methods: A cross-sectional study was conducted on 108 post-TB patients at the Department of Pulmonology,
Hayatabad Medical Complex, Peshawar from January 2024 to July 2024. PAH was diagnosed using echocardiography, with
pulmonary arterial pressure (PAP) thresholds set above 20 mmHg. Data were analyzed to assess associations between PAH and
variables including age, gender, BMI, and time since TB diagnosis. Results: The study found a 35.2% prevalence of PAH among
post-TB patients. Older age and longer duration since TB diagnosis were significantly associated with higher PAH frequency,
while gender and BMI were not significantly associated with PAH risk. Conclusion: It is concluded that PAH is a common
complication in post-TB patients, particularly among older individuals and those further removed from their TB diagnosis. These
findings underscore the need for routine PAH screening in high-risk post-TB patients to enable timely intervention and improve
outcomes.
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Introduction

Pulmonary hypertension (PH) is a serious and progressive
condition that affects the pulmonary arteries, leading to an
increase in blood pressure within these vessels. The
condition can strain the right side of the heart and may
eventually result in right heart failure if untreated. PH often
occurs due to a range of factors, including genetic
predispositions, chronic lung diseases, and other health
conditions that affect the heart and lungs (1). Among these
contributing factors, tuberculosis (TB) has emerged as a
significant potential risk factor. TB, a contagious bacterial
infection primarily affecting the lungs, can leave lasting
damage even after successful treatment. This damage can
result in structural and functional changes within the lung
tissue, contributing to an increased risk of PH in post-
tuberculosis patients (2). Tuberculosis continues to be a
global health concern, particularly in regions with limited
access to healthcare. Despite the widespread use of
antibiotics and various treatment protocols, TB remains a
chronic and recurrent disease for many, often leading to
pulmonary complications even after clinical cure. When TB
infects the lungs, it can cause a variety of complications,
including fibrosis, scarring, and the destruction of lung
tissue (3). These physical changes can impact the
pulmonary vasculature, leading to an increase in pulmonary
artery pressure, which may ultimately contribute to the
development of pulmonary hypertension (4). Post-
tuberculosis pulmonary hypertension is an area of growing

concern within both the pulmonary and cardiovascular
medical communities. Studies have shown that individuals
who recover from TB are at a heightened risk for a range of
respiratory issues, including bronchiectasis, chronic
obstructive pulmonary disease (COPD), and PH (5). The
exact mechanisms linking TB to PH are still under
investigation; however, it is believed that the inflammatory
response to the TB infection may play a key role. The
inflammatory process can lead to pulmonary vasculopathy,
which affects the blood vessels in the lungs, potentially
leading to higher pressures in the pulmonary artery.
Understanding the frequency of PH in post-tuberculosis
patients is essential for several reasons. Firstly, early
identification and diagnosis of PH can help improve
treatment outcomes. Patients with PH who have a history of
TB may benefit from specialized treatment protocols that
address both the residual effects of TB and the elevated
pulmonary pressures (6). Additionally, identifying the
prevalence of PH in post-TB patients can help inform
healthcare providers about the long-term management
needs of this group, potentially leading to the development
of targeted screening programs and follow-up care for those
who have had TB. The diagnosis of pulmonary hypertension
in post-tuberculosis patients can be challenging due to the
overlap in symptoms with other respiratory conditions.
Common symptoms of PH, such as shortness of breath,
fatigue, chest pain, and dizziness, may also be seen in other
post-TB respiratory conditions (7). Advanced imaging and
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diagnostic tools, such as echocardiography, right heart
catheterization, and pulmonary function tests, are often
required to accurately diagnose PH in these patients. The
use of these diagnostic tools can help clinicians differentiate
PH from other conditions and allow for more accurate
detection of the disease (8). In terms of treatment, post-
tuberculosis patients with PH may require a combination of
therapies, including medications that specifically target
pulmonary hypertension and therapies aimed at managing
underlying  pulmonary issues caused by TB.
Pharmacological treatment options for PH include
endothelin  receptor antagonists, phosphodiesterase-5
inhibitors, and prostacyclin analogs. Additionally, patients
may require oxygen therapy, pulmonary rehabilitation, and,
in severe cases, surgical interventions (9). Given the chronic
nature of pulmonary hypertension and the long-term effects
of tuberculosis, regular follow-up is crucial for post-TB
patients diagnosed with PH. Ongoing monitoring of
pulmonary artery pressure and other cardiac parameters can
help prevent disease progression and improve quality of life.
Moreover, lifestyle modifications, including smoking
cessation, exercise, and dietary changes, can play a
supportive role in managing the condition (10). The primary
purpose of this study is to determine the frequency of
pulmonary arterial hypertension in patients with a history of
pulmonary tuberculosis. By identifying how often PH
occurs in this population, the study aims to address an area
that has received limited attention in Pakistan, where the
healthcare burden from TB and its sequelae remains high.
Timely identification of PH in post-TB patients is crucial,
as it could improve their quality of life, reduce the risks
associated with untreated PH, and lessen the overall burden
on healthcare systems.

Methodology

A cross-sectional study design was employed to assess the
frequency of pulmonary arterial hypertension (PAH) in
patients with a history of pulmonary tuberculosis (PTB).
The research was conducted at the Department of
Pulmonology, Hayatabad Medical Complex, Peshawar,
Pakistan from January 2024 to July 2024. A sample of 108
patients was included in the study. This sample size was
calculated using the WHO sample size calculator, based on
the following assumptions:
e Expected frequency of PAH in PTB patients: 35%
e  Confidence interval: 95%
e Absolute precision: 9%
Data were collected through consecutive non-probability
sampling was used to select participants.
e  Patients aged 15 to 80 years
e History of pulmonary tuberculosis (as per the
operational definition)
e Admitted to the Department of Pulmonology,
Hayatabad Medical Complex
e  Patients with non-tuberculosis Mycobacterium
(MOTT), HIV, diffuse lung disease, chronic
thromboembolic ~ pulmonary  hypertension
(CTEPH), and chronic obstructive pulmonary
disease (COPD) regardless of duration

e  Patients on long-term immunosuppressants

Pulmonary hypertension was diagnosed by measuring the
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pulmonary arterial pressure (PAP) using echocardiography.
A PAP of more than 20 mmHg was indicative of pulmonary
hypertension. Ethical approval was obtained from the
hospital's ethical committee before the commencement of
the study. Eligible patients with a history of tuberculosis
were enrolled. Informed consent was obtained from each
participant after explaining the study's purpose and benefits.
A brief history and clinical examination were conducted,
followed by echocardiography under the supervision of an
expert Pulmonology Fellow of the College of Physicians &
Surgeons Pakistan (CPSP). Information such as name, age,
gender, weight, and address were recorded on a proforma
(Annex-1). Data collection was conducted by the trainee
medical officer.
Data were analyzed using SPSS version 20.0. Quantitative
variables (age, weight, BMI, and duration of tuberculosis)
were described as mean + standard deviation. Categorical
variables (gender, presence of pulmonary hypertension, and
severity) were expressed as frequencies and percentages.
Pulmonary hypertension was stratified by age, gender, BMI,
and duration of TB. A post-stratification Chi-square test was
conducted at a 5% significance level. Data were presented in
tables, charts, and schemas where necessary.

Results

Data were collected from 108 patients with a mean age of
45.3 £ 12.5 years, indicating a middle-aged population. The
gender distribution was slightly male-dominated, with 60
males (55.6%) and 48 females (44.4%). The mean body
mass index (BMI) was 22.8 + 3.4 kg/m?, reflecting a
generally normal weight range among participants. These
demographic characteristics provide a baseline for
understanding the study population in terms of age, gender,
and BMI. (Table 1)

Table 1: Patient Demographics

Characteristic Value

Total Patients 108

Age (mean = SD) 45.3 + 12.5 years
Male 60 (55.6%)
Female 48 (44.4%)

BMI (mean £ SD) 22.8 *+ 3.4 kg/m2

Out of the 108 post-tuberculosis patients, 38 (35.2%) were
diagnosed with pulmonary arterial hypertension (PAH),
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while 70 (64.8%) did not have PAH. Among those with
PAH, the majority presented with mild severity, with 22
patients (57.9%) having a pulmonary arterial pressure
(PAP) between 21-30 mmHg. Moderate PAH (PAP 31-40
mmHg) was observed in 12 patients (31.6%), and severe
PAH (PAP > 40 mmHg) in 4 patients (10.5%). (Table 2)

Figure 1: Distribution of pulmonary hypertension
Severit}g gmHlmonary Hypertension in Patients with PAH

20

15
12 (31.6%)

Count

4 (10.5%)

Mild (21-30 mmHg) Moderate (31-40 mmHg) Severe (> 40 mmHg)
Severity Level

Figure 2: Severity of pulmonary hypertension:

The stratified analysis shows that PAH prevalence increases
with age, affecting 28.6% of patients aged 15-30, 34.3% of
those aged 31-50, and 40% in the 51-80 age group. Gender-

Table 2: Frequency of Pulmonary Arterial Hypertension (PAH)

Status / Severity Level Count
Total Patients with PAH 38
Patients without PAH 70
Severity of Pulmonary Hypertension

Mild (21-30 mmHg) 22
Moderate (31-40 mmHg) 12
Severe (> 40 mmHg) 4

Table 3: Stratification by Age Group, Gender, and BMI

Category Total Patients
Stratification by Age Group

15-30 years 28.0
31-50 years 35.0
51-80 years 45.0
Stratification by Gender

Male 60.0
Female 48.0
Stratification by BMI

Underweight (< 18.5) 10.0
Normal weight (18.5-24.9) 68.0
Overweight (> 25) 30.0

Table 4: Stratification by Duration of Tuberculosis
Duration since TB Diagnosis Total Patients

<5 years 48
5-10 years 40
> 10 years 20

Patients

8.0
12.0
18.0

22.0
16.0

4.0
24.0
10.0

Patients with PAH

based stratification reveals that PAH was present in 22 of 60
males and 16 of 48 females, suggesting similar rates across
genders. Stratification by BMI indicates that underweight
patients had the highest PAH prevalence (40%), followed
by those with normal weight (35.3%) and overweight
individuals (33.3%), highlighting an increased PAH
occurrence in both underweight and normal-weight patients
compared to overweight individuals. (Table 3)

Among patients diagnosed with TB less than five years
prior, 14 out of 48 (29.2%) developed PAH. In those with a
TB history of 5-10 years, the prevalence of PAH rose to
40% (16 out of 40), and similarly, 40% (8 out of 20) in those
with more than ten years since TB diagnosis. These findings
suggest a higher risk of PAH among patients with a longer
duration since TB, likely due to progressive pulmonary
damage over time. (Table 4)

The severity of pulmonary hypertension (PAH) varied
based on the time since tuberculosis (TB) diagnosis. In
patients with a TB history of less than five years, most PAH
cases were mild (8 cases), with fewer cases at moderate (4)
and severe (2) levels. For those diagnosed 5-10 years prior,
mild cases increased to 10, while moderate cases reached 6
and severe cases remained at 2. Among patients with over
ten years since TB diagnosis, only mild (4) and moderate
(2) PAH cases were observed, with no severe cases.

The severity distribution of pulmonary hypertension (PAH)
among genders indicates that mild PAH (21-30 mmHg) was
slightly more common in males, with 12 cases, compared to
10 in females. Moderate PAH (31-40 mmHg) was observed
in 8 male patients and 4 female patients. Severe PAH (> 40
mmHg) was equally distributed, with 2 cases in both
genders. (Table 5)

Percentage
35.2%
64.8%

57.9%
31.6%
10.5%

with PAH Percentage with PAH
28.6%

34.3%

40%

40%
35.3%
33.3%

Percentage with PAH

14 29.2%
16 40%
8 40%
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Table 5: Stratification by Severity and Duration of Tuberculosis
5-10 years

Severity Level <5 years
Mild (21-30 mmHg) 8
Moderate (31-40 mmHg) 4
Severe (> 40 mmHg) 2
Table 6: Stratification by Gender and Severity of PAH
Gender Mild (21-30 mmHg)
Male 12
Female 10
Discussion

The study aimed to evaluate the frequency and severity of
pulmonary arterial hypertension (PAH) in patients with a
history of pulmonary tuberculosis (PTB). With a cross-
sectional analysis of 108 patients, this study highlights the
significant prevalence of PAH among post-TB patients and
provides valuable insights into potential risk factors
associated with PAH development in this population (11).
Our findings indicate that 35.2% of post-tuberculosis
patients were diagnosed with PAH, a substantial proportion
that underscores the importance of pulmonary hypertension
as a long-term complication of TB. The distribution of PAH
severity shows that most patients exhibited mild to
moderate PAH, with a smaller proportion experiencing
severe PAH. This stratification is clinically relevant, as mild
cases of PAH may often go undiagnosed or misattributed to
other post-TB respiratory conditions due to overlapping
symptoms, such as dyspnea and fatigue (12). The early
detection of even mild cases can facilitate timely
intervention, potentially slowing disease progression and
improving patient outcomes (13).

The data show an increasing prevalence of PAH with age.
Patients over 50 years exhibited a notably higher frequency
of PAH compared to younger cohorts. This finding suggests
that age may be an independent risk factor for PAH in post-
TB patients, likely due to age-related vascular changes and
the cumulative impact of chronic respiratory conditions.
The observed age association aligns with existing literature
on PAH, which reports increased susceptibility among older
individuals (14). This highlights the need for targeted
screening and follow-up care for older post-TB patients to
manage the risk of PAH effectively. Another significant
finding is the association between the duration since TB
diagnosis and PAH prevalence. Patients with a longer
interval since their TB diagnosis, particularly those over 5
years post-TB, exhibited a higher frequency of PAH (15).
This pattern may be due to the long-term effects of chronic
inflammation and lung scarring induced by TB, which can
progressively compromise pulmonary vasculature over
time. Chronic post-TB lung damage, including fibrosis, may
persist and worsen, creating a conducive environment for
PAH development. These findings suggest that the chronic
nature of lung impairment post-TB has a lasting impact on
pulmonary vascular health, necessitating long-term
monitoring of such patients (16). Interestingly, gender and
BMI did not show statistically significant associations with
PAH prevalence in this study, suggesting that other factors,
such as age and TB duration, may play more critical roles in
PAH development for post-TB patients. While literature on
BMI and PAH presents mixed results, this study’s findings
may reflect the specific pathology of PAH in post-TB

> 10 years
4
2
0

Moderate (31-40 mmHg)  Severe (> 40 mmHg)

2
2

patients, where BMI might not directly influence PAH risk.
Gender also showed a similar lack of significant association,
which may be attributable to the shared exposure to TB-
related lung damage across genders rather than sex-specific
factors. The significant prevalence of PAH in post-TB
patients, particularly those who are older and further
removed from their TB diagnosis, calls for a re-evaluation
of standard follow-up practices for TB survivors (17).
Routine PAH screening could be beneficial for early
identification and treatment of PAH in high-risk groups,
potentially preventing progression to more severe forms.
Moreover, the study underscores the need for specialized
pulmonary care that includes echocardiographic evaluation
as a standard component of post-TB follow-up. While this
study provides important insights, it has limitations. The
cross-sectional design limits the ability to establish causality
between TB and PAH. Additionally, the single-center
setting and the non-probability sampling technique may
limit the generalizability of the findings to broader
populations. Future research could expand on these findings
by exploring longitudinal studies that follow TB patients
over time, assessing the progression and risk factors of PAH
in different populations. Moreover, investigating the
underlying mechanisms linking TB and PAH at the
molecular and cellular levels could offer further
understanding of the disease process and help in developing
targeted therapies.

Conclusion

It is concluded that pulmonary arterial hypertension (PAH)
is a significant complication among post-tuberculosis
patients, with higher prevalence observed in older
individuals and those with a longer duration since TB
diagnosis. These findings highlight the need for routine
PAH screening in post-TB care to enable early detection and
improve patient outcomes. Enhanced follow-up protocols
can help address this critical health issue in high-risk
populations.
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