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Abstract

Background: The prevalence of tuberculosis (TB)-associated pulmonary hypertension (PH) has not
previously been quantified, resulting in an underappreciated burden of disease. We aimed to estimate the
prevalence of PH in post-TB and active TB populations.

Methods: In this systematic review and meta-analysis, we searched PubMed/Medline, Cochrane Library,
EBSCOhost, Scopus, African Journals Online and Google Scholar, with no language restriction, for
available literature published after 1950. Eligible studies described adult participants (>16 years), with
documented evidence of active or prior TB, diagnosed with PH. Study quality was assessed using a risk of
bias tool specifically developed for prevalence studies. Aggregate prevalence estimates with 95%
confidence intervals were synthesised using a random-effects meta-analysis model, incorporating the
Freeman—Tukey transformation. Subgroup analysis was conducted to ascertain prevalence estimates in
specific patient populations.

Results: We identified 1452 unique records, of which 34 met our inclusion criteria. 23 studies, with an
acceptable risk of bias and where PH was diagnosed at right heart catheterisation or echocardiography,
were included in the meta-analysis. In post-TB studies (14/23), the prevalence of PH was 67.0% (95% CI
50.8-81.4) in patients with chronic respiratory failure, 42.4% (95% CI 31.3-54.0) in hospitalised or
symptomatic patients and 6.3% (95% CI 2.3-11.8) in nonhealthcare-seeking outpatients (I=96%). There
was a lower estimated prevalence of PH in studies of populations with active TB (9.4%, 95% CI 6.3-13.0),
1>=84%).

Conclusion: Our results highlight the significant burden of PH in post-TB and active TB populations. We
emphasise the need for increased recognition of TB-associated PH and additional high-quality prevalence data.

Introduction

Tuberculosis (TB) contributes substantially to the global burden of disease [1]. In 2021, there were an
estimated 10.6 million incident TB cases and TB remains one of the leading causes of death from a single
infectious agent worldwide [1, 2]. Global TB efforts have traditionally focused on a microbiological cure,
resulting in an improved treatment success rate and increasing the number of TB survivors [3]. Despite
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these advancements, the significant long-term morbidity and mortality of TB-associated sequelae has only
recently started to be appreciated [4]. In addition to the permanent lung damage that frequently results
from active and previously treated pulmonary TB, pulmonary vascular disease is likely an
under-recognised and significant TB-associated complication [5-7].

Pulmonary hypertension (PH), defined by a mean pulmonary arterial pressure (mPAP) greater than
20 mmHg at rest, is estimated to affect 1% of the global population, with more than 80% of people living
with PH residing in low- and middle-income countries (LMICs) [8]. PH is classified into five heterogenous
clinical groups based on pathophysiology, clinical presentation and haemodynamic profile [9]. Irrespective
of the underlying aetiology and clinical group, the development of PH is often associated with poor
outcomes and increased mortality [8, 9]. Both active and previously treated pulmonary TB are associated
with the development of PH, possibly through distinct pathophysiological mechanisms [10-13]. In high TB
burden countries, post-TB lung disease (PTLD) has been found to be one of the most common causes of
group III PH (PH associated with lung diseases and/or hypoxia) and, when cohorts of patients with PH
from African countries were studied, previous or current TB was identified in 23% of patients [14, 15].
Despite the acknowledged clinical correlation between TB, PTLD and PH, TB is rarely cited as a causative
condition for PH and the magnitude of the TB-associated PH burden is ill-defined [7].

TB disproportionately affects LMICs, where more than 90% of incident TB cases occur and the majority
of an estimated 155 million global survivors of TB reside [1, 3]. In these resource-constrained and high
TB burden countries, the diagnosis of PH presents unique challenges, resulting in the under-detection
and under-reporting of PH [16]. Right heart catheterisation (RHC) is the gold standard for the
confirmation and classification of PH; however, this invasive and specialised procedure is infrequently
available in under-resourced hospitals [14]. In these clinical settings, other imaging and clinical criteria
are used as surrogate diagnostic tools for identifying PH and, as a result, TB-associated PH may be
underappreciated [16].

The global prevalence of TB-associated PH has not previously been quantified and needs to be determined
in order to appreciate the burden of this disease entity. Given that TB-associated PH may develop in
young, economically active patients and often has a poor prognosis, the impact of this disease on
communities is likely substantial [7, 17, 18]. Knowledge of the prevalence of TB-associated PH will
quantify the burden of PH in TB and post-TB populations, assist in the development of targeted screening
algorithms and, ultimately, promote the transition towards earlier identification and appropriate
intervention. We aimed to estimate, through critical evaluation of the available literature, the prevalence of
PH in post-TB and active TB populations.

Methods

Search strategy and eligibility criteria

For this systematic review and meta-analysis, we conducted an extensive search, with no language
restriction, of the available literature published after 1950 indexed in electronic databases (Medline
accessed via PubMed, Cochrane Library, EBSCOhost, Scopus and African Journals Online). Additionally,
we conducted supplementary handsearching of grey literature, including Google Scholar, university
literature and the reference lists of other included studies. Our search strategy is available in the
supplementary material (appendix S1).

We included studies where participants (>16 years old) had a history of previous TB and had completed
anti-TB treatment at the time of diagnosis of PH (the post-TB group) or were diagnosed with active TB
and were on anti-TB treatment at the time of PH diagnosis (the active TB group). These two groups were
analysed separately. We excluded studies where participants had other significant predisposing conditions
for the development of PH or documented PH pre-dating the diagnosis of pulmonary TB. HIV was not an
exclusion criterion in this systematic review; however, this data was extracted and is reported in our results.

Due to the wide variation in the diagnosis of PH, for the purpose of inclusion in this prevalence review,
PH was broadly defined to prioritise sensitivity and to include settings where specialised centres with RHC
are not available. Therefore, the diagnosis of PH was taken “as defined by the authors”. The strength and
reliability of the diagnosis of PH (RHC measurements, echocardiography parameters, ECG, radiography
and clinical criteria) was assessed and, for the meta-analysis, only data from studies with RHC or
transthoracic echocardiography diagnoses were included.

Studies with no clear numerator or denominator, case series with fewer than 10 cases and commentary or
review articles were excluded from this prevalence review. Published abstracts were not excluded, but
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authors were contacted for further information and, if a more comprehensive text was available, this was
used. Similarly, where data were duplicated the more detailed text was used.

Study selection and data extraction

All titles and abstracts retrieved during electronic searches were downloaded and managed on the Rayyan
online platform, a collaborative web-based tool [19]. Abstracts were screened by two researchers for
eligibility, using pre-determined criteria and researchers were blinded until the initial screening was
completed. A third researcher with experience in the field resolved any disagreement regarding the
inclusion of studies. Full texts were only considered unavailable after two university librarians had
contacted other local and international libraries without success. Included articles were translated prior to
data extraction, using both online translation as well as professional translation services when necessary.
Study selection is reported using the 2020 Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines [20]. Our protocol is available in the PROSPERO online database
(reference number CRD42023395311).

Data were extracted onto standardised forms and managed using Microsoft Excel software. The
data-extraction process was completed by one researcher and independently reviewed by another
researcher. The study characteristics, study population and basis of TB and PH diagnosis were collected. A
full list of the variables collected is available in the supplementary material (appendix S2).

Quality assessment

An assessment of the risk of bias of the included articles, as well as the overall risk of bias of the
evidence, was conducted using a modified version of the risk of bias tool formulated by Hoy et al. [21].
Items and examples from this risk assessment are outlined in the supplementary material (table S1).
Studies classified as “low risk” per risk of bias item were allocated zero points and one point if “high
risk”, allowing for an overall risk of bias score out of 10. Publication bias was assessed graphically using
Doi plots and the LFK index is reported.

Data analysis

Data incorporated into the meta-analysis were combined using a random-effects model to account for
inter-study heterogeneity and appropriate packages from STATA software version 17 (STATA Corporation,
College Station, TX, USA) and R software version 4.2 (R Foundation for Statistical Computing, Vienna,
Austria) were used. The prevalence data from eligible studies were combined using the metaprop_one
package in STATA to produce prevalence estimates with 95% confidence intervals (Cls) and displayed
using forest plots. The Freeman-Tukey double arcsine transformation of populations was incorporated to
stabilise the variance from small studies. The DerSimonian and Laird method was used for weighting and
95% CI values were measured using the binominal exact method.

A subgroup analysis was completed for studies from the post-TB and active TB groups according to
patient population and clinical setting. The post-TB group was subdivided into three populations,
considering disease severity, presentation to healthcare with symptoms and clinical setting. Studies
including participants on home oxygen therapy, or where there was documented chronic respiratory failure,
were categorised into the first subgroup. Studies including hospitalised patients or symptomatic patients
presenting to outpatient departments comprised the second subgroup. Finally, community-based studies
including nonhealthcare-seeking participants were separated into a third subgroup. The active TB
population was divided into two groups according to clinical setting.

Heterogeneity between studies and subgroups was tested using Cochran’s Q statistics and the Higgins I°
statistic (a value of >75% variability was considered as high heterogeneity). Sensitivity analysis was
conducted for the post-TB group, sequentially omitting potential factors (HIV, smoking, diagnostic cut-off
at echocardiography, risk of bias and publication date) that could alter results. Sensitivity analysis in the
active TB group adopted a leave-one-out method, which iteratively omitted individual studies from the
meta-analysis to assess change in the overall estimate. In addition to the prevalence data analysed,
characteristics were compared between the PH post-TB and non-PH post-TB groups using odds ratios and
mean differences. Only articles with separate data in each group were eligible for this analysis. Pooled
odds ratios and mean differences (with 95% CI) were synthesised using a random-effects model and the
metan command in STATA. For the reporting of continuous data, the metamean package in R software
was used, incorporating a random-effects model. This package allowed for minimal loss of data by
approximating means from other measures of dispersion where means were not available (by internally
using the functions described by Shr et al. [22]) allowing us to report pooled means with 95% CI. For
single-value transformations, the formulae described by Wan et al. [23] were used for computation.
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Results

Study selection and general characteristics

Our search yielded 2298 records, of which 846 duplicate records were removed (figure 1). 1452 abstracts and
titles were screened for eligibility, including abstracts from published articles, conference abstracts and
published abstracts. Based on our eligibility criteria, we excluded 1352 records which were not relevant to our
systematic review. A further 33 records were identified by manual search of the grey literature (Google Scholar
and university literature) and from the screening of citations. A total of 95 full-text articles were assessed for
eligibility. Articles assessed to have the incorrect denominator or no clear numerator were excluded as these
missing elements would have precluded us from finding prevalence estimates [13, 14, 24, 25].

The characteristics of included studies and the sample populations are shown in the supplementary material
(table S2). Studies included originated from a total of 16 countries, with the largest number of studies
originating from India (7/34, 20.6%) and Japan (4/34, 11.8%). When considered according to World
Health Organization regions, the Western Pacific region (11/34, 32.4%), South East Asian region (8/34,
23.5%) and African region (7/34, 20.6%) comprised more than two-thirds of the literature included.
Included studies’ publication dates ranged from 1961 to 2023; however, more than 70% of studies were
published after 2000.

The population sampled in the included studies consisted of hospitalised patients only (13/34, 38.2%) or a
combination of hospitalised and outpatients (11/34, 32.4%). 10 out of the 34 (29.4%) studies were
conducted in outpatients only, of which 2/34 (5.9%) used random sampling to select and screen

Identification of records via databases Identification of records via other methods
Records identified through
5 database search (n=2298) Records identified from other
?3 PubMed/Medline (n=516) Records removed before screening methods (n=33)
= Cochrane Library (n=3) > Duplicates removed (n=846) Google Scholar (n=23)
E Scopus (n=1212) University literature (n=2)
S EBSCOHost (n=466) Reference list search (n=8)
AJOL (n=101)
Records excluded (n=1352)
v Incorrect outcome (n=700) Records excluded (!1=15)
Abstracts screened for eligibility .| Incorrect population (n=335) Incorrect population (n=5)
(n=1452) *|  casereport (n=113) »  Casereport(n=4)
No English abstract (n=103) Review/opinion (n=3)
Review/opinion (n=101) Other (n=3)
[o%) A4 A 4
'g Full-text articles sought for .|  Full-text articles not available Full-text articles sought for
g retrieval (n=100) i’ (n=23) retrieval (n=18)
(%]
Articles excluded (n=45)
v Incorrect denominator (n=20) A 4
Full-text articles assessed R Incorrect outcome (n=8) Full-text articles assessed
for eligibility (n=77) " No clear numerator (n=7) for eligibility (n=18)
Case series <10 (n=3)
Other (n=7) -
| Articles excluded (n=16)
Y d Incorrect denominator (n=2)
Studies included in review No clear numerator (n=2)
(n=34) ) Incorrect outcome (n=2)
E l Other (n=10)
2
§ Studies included in
meta-analysis
(n=23)

FIGURE 1 Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram of studies included in the systematic review and
meta-analysis. AJOL: African Journals Online.
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participants. Retrospective cohort studies were the most frequent study design, comprising 15/34 (44.1%)
studies, followed by cross-sectional studies (10/34, 29.4%).

Age was reported in 29/34 (85.3%) studies and yielded a pooled mean age of 48.1 years (95% CI 43.2—
53.1). There was a male predominance in 22/28 (78.6%) studies where sex was reported, with a pooled
male prevalence of 58.3% (95% CI 53.6-63.0). Data on the inclusion of participants living with HIV was
noted in 11/34 (32.4%) studies and HIV was used as an exclusion criterion in four of these 11 studies. The
pooled prevalence of HIV in the population of the remaining seven studies was 13.0% (95% CI 5.1-23.7).

Articles were grouped into the post-TB (n=17) and active TB (n=17) groups as defined in our methods
section. The details of the included TB population, diagnostic measure of PH and reported prevalence of
TB-associated PH of the two groups are available in table 1. In three studies from the active TB group, the
diagnosis of cor pulmonale was made post mortem, limiting their inclusion in the meta-analysis [26-28].
Additionally, one study that met our inclusion criteria was inappropriate for inclusion in the meta-analysis
due to the limited population it studied. This study describes 33 cases of TB-associated fibrosing
mediastinitis and PH was detected in 20/33 (60.6%) cases [29].

For the remaining 30 studies (17 post-TB and 13 active TB), we assessed the reliability of the diagnoses of
TB and PH prior to inclusion in the meta-analysis (supplementary material, table S3). All studies used one
or more criteria to define previous or active TB, with 15/30 (50%) studies specifying the use of established
guidelines in the diagnosis of TB. The most frequent primary investigation used to detect PH was
echocardiography (19/30 studies, 63.3%), although RHC was used in 4/17 (23.5%) studies including
participants with previous TB. The estimated pulmonary artery systolic pressure (PASP) value at
echocardiography used as a cut-off point by the authors to diagnose PH differed between studies, including
values of 30 mmHg, 35 mmHg and 40 mmHg. However, in 12/19 (63.2%) studies a PASP of greater or
equal to 40 mmHg was used to diagnose PH and 12/19 (63.2%) studies referred to using established
echocardiography guidelines in their methods section. Three of the four studies which made use of RHC
in the diagnosis of PH reported their haemodynamic findings and all three used an mPAP of 20 mmHg or
greater at rest to establish a diagnosis of PH.

Quality assessment

The risk of bias assessment for all included studies is summarised in figure 2. The included articles
showed a moderate to high risk of bias, with a median overall risk of bias score of 4 (range 1-7). There
was a higher risk of bias when articles were assessed for external validity in comparison to internal
validity. Only studies with a risk of bias score <5 were included in the meta-analysis. Asymmetry of study
effect was more notable in post-TB studies than in active TB studies (supplementary material, figure S1),
with corresponding LFK indices of 1.0 and 0.3, respectively.

Meta-analysis of the prevalence of PH in post-TB studies

14 studies where the diagnosis of PH was made at echocardiography (n=10) or RHC (n=4) were included
in the meta-analysis. These 14 studies included a pooled sample of 1069 participants, with a pooled mean
age of 52.5 years (95% CI 46.2-58.8) and a male predominance of 62.3% (95% CI 54.2-70.0). Data on
smoking status was available in 7/14 (50%) studies, where it was an exclusion criterion in two studies and
in the remaining five studies there was a pooled prevalence of smoking (previous or current) of 37.8%
(95% CI 15.0-63.7). In 7/14 (50%) studies, data on COPD were available and COPD was an exclusion
criterion in 4/7 (57%) of these studies, not listed as a comorbid condition in 1/7 (14%) study and had a
prevalence of 11.9% (95% CI 7.6-17.0) in the remaining studies.

There was an overall pooled prevalence of PH post-TB of 48.1% (95% CI 33.4-63.0); with a high
heterogeneity between studies (I°=96%, p<0.01) (supplementary material, figure S2). Subgroup analysis
was performed according to the subgroups set out in our methods. In studies including participants with
chronic respiratory failure, we found a pooled prevalence of PH post-TB of 67.0% (95% CI 50.8-81.4)
with high heterogeneity between studies (I>=91%; p<0.01) and a prevalence estimate of 42.4% (95% CI
31.3-54.0) (I°=83%; p<0.01) in hospitalised patients and symptomatic outpatients (figure 3). Only 2/14
(14.3%) studies reported prevalence data in nonhealthcare-seeking outpatients, with a pooled prevalence of
PH post-TB of 6.3% (95% CI 2.3-11.8) (I°=64%, p=0.10).

There was a moderate risk of bias amongst the 14 included studies (median risk of bias score 4; range 1-5).
Sensitivity analysis showed that removing studies with a higher risk of bias resulted in a lower overall
prevalence whereas the removal of studies with smokers or HIV participants had little effect on the
overall estimates (supplementary material, table S4). In four studies where PH was diagnosed by
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TABLE 1 Tuberculosis (TB) and post-TB sample populations and prevalence of pulmonary hypertension (PH) for studies in the systematic review (n=34)

Study TB population included in study Investigation used to detect PH Risk of bias  Sample size Prevalence of
TB-associated PH, % (95% CI)*
Post-tuberculosis studies (n=17)
Anmep et al. [57] Microbiologically confirmed previous TB Echocardiography 3 30 46.67 (28.34-65.67)
Completed ATT
Presented with dyspnoea
Akkara et al. [58] Completed ATT Echocardiography 4 264 27.27 (21.99-33.07)
Presented with symptoms
Jarri et al. [32] Microbiologically confirmed previous TB Echocardiography 4 90 88.89 (80.51-94.54)
Completed ATT
Respiratory failure in 91%
Joetal [18] TDL: history of previous TB Echocardiography 4 195 18.97 (55.66-81.66)
+ Radiological findings of destroyed lung parenchyma
Including patients on home oxygen therapy
KaLta et al. [50] Completed ATT Echocardiography 1 20 0.00 (0.00-16.84)
Non-healthcare-seeking
Randomly selected from TB registry
Kurivama et al. [37] History of previous TB Right heart catheterisation 5 86 67.44 (56.48-77.16)
+ Post-TB pulmonary sequalae
Lee et al. [59]" TDL: history of previous TB CT chest 7 93 46.24 (35.84-56.88)
+ Radiological findings of destroyed lung parenchyma
Louw et al. [30] Completed ATT Echocardiography 1 100 9.00 (4.20-16.40)
Non-healthcare-seeking
Randomly selected from TB registry
Mkoko et al. [60]* Previous TB ECG/clinical examination 6 173 21.90 (11.98-31.62)
+ Chronic lung disease
Monecer et al. [36] Microbiologically confirmed previous TB Right heart catheterisation 5 58 43.10 (30.16-56.77)
Respiratory failure in 65%
Nicota et al. [61] Previous TB CXR/clinical examination 7 362 17.13 (13.39-21.41)
+ Post-TB pulmonary sequalae
NisHiMURA et al. [62] History of previous TB Echocardiography 4 31 35.48 (19.23-54.63)
+ Post-TB pulmonary sequalae
Home oxygen therapy for at least 6 months
RaJeev [31] History of previous TB Echocardiography 4 100 44.00 (34.08-54.28)
+ Post-TB pulmonary sequelae on CXR
Sasaki et al. [35] History of previous TB Right heart catheterisation 4 21 95.24 (76.18-99.88)
+ Post-TB pulmonary sequalae
86% on home oxygen therapy
SingH et al. [63] Completed ATT Echocardiography 3 94 45.74 (35.42-56.34)
+ Respiratory symptoms
SINGHAL et al. [64] TDL: history of previous TB Echocardiography 5 44 54.55 (38.85-69.61)
+ Radiological findings of destroyed lung parenchyma
Tomono [38] History of previous TB Right heart catheterisation 4 78 67.69 (45.98-68.81)

+ Post-TB pulmonary sequalae
+ Chronic respiratory failure

Continued
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TABLE 1 Continued

Study TB population included in study Investigation used to detect PH Risk of bias  Sample size Prevalence of
TB-associated PH, % (95% CI)*

Active tuberculosis studies (n=17)

AL Osaipy et al. [65] Microbiologically confirmed TB Echocardiography 3 50 8.00 (2.22-19.23)
Dasti et al. [66] Microbiologically confirmed TB Echocardiography 4 100 3.00 (0.62-8.52)
DesaLu et al. [67] Medical records Medical records 5 108 12.96 (7.27-20.79)
Fawiee et al. [68] Microbiologically confirmed TB Echocardiography 5 74 18.92 (10.75-29.70)
Complicated by unilateral lung destruction Clinical examination
Kane et al. [69] Medical records Medical records 2 355929 2.59 (2.54-2.65)
L et al. [29] Microbiologically confirmed TB, previous TB or Echocardiography 3 33 60.61 (42.14-77.09)
TB exposure with suggestive radiographic findings
MarJani et al. [70] Microbiologically confirmed TB Echocardiography 3 7 9.52 (7.55-11.81)
Current ATT
Meressa et al. [71] Drug-resistant TB Echocardiography 5 612 5.23 (3.60-7.30)
Clinical examination
Nicam et al. [72] Microbiologically confirmed TB CXR/ECG/clinical examination 4 139 17.27 (11.39-24.59)
Twari et al. [17] Current ATT Echocardiography 4 728 14.00 (11.82-17.04)
Tobororr et al. [73] Clinical findings CXR/ECG/clinical examination 6 1492 17.43 (15.53-19.45)
Vasavi et al. [74] Diagnosis of TB by treating physician Echocardiography 2 50 12.00 (4.53-24.31)
WEen-TiNG et al. [10] Microbiologically confirmed TB Echocardiography 3 121 14.88 (9.06-22.49)
Current ATT
Wigowo et al. [75] Drug-resistant TB Echocardiography 4 65 4.62 (0.96-12.90)
Levinsky [26] TB at time of death Autopsy 6 201 22.89 (17.27-29.32)
On et al. [27] Microbiologically confirmed TB or clinical findings Cause of death according to medical records 6 55 9.09 (3.02-19.95)
Satami et al. [28] Microbiologically confirmed TB Cause of death according to medical records 5 202 10.89 (6.95-16.02)

ATT: anti-TB treatment; CT: computed tomography; CXR: chest radiography; TDL: TB-destroyed lung. : 95% confidence interval calculated using the Clopper—Pearson (binomial exact) method.
Y: Lee et al. [58]: prevalence range of 46.2-73.1% according to different CT criteria used; Mkoko et al. [60]: prevalence range of 21.9%-24.7% according to different ECG criteria used.
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FIGURE 2 Risk of bias assessment for all studies included in the systematic review. Based on the tool described by Hov et al. [21].

echocardiography, the mean PASP was reported, yielding a pooled mean PASP of 58.6 mmHg (95% CI
52.8-64.4) in these studies [18, 30-32].

Data on the duration since the previous episode of TB was available in 8/14 (57.1%) studies, with a
pooled mean time from TB to PH diagnosis of 12.4 years (95% CI 2.3-22.6). When participants with PH
post-TB were compared to non-PH post-TB participants, there was a shorter duration between the previous
episode of TB and the current assessment with a mean difference of —1.3 years (95% CI —2.5 to —0.2;
p=0.03) (I*=0%). Additionally, we found a lower mean forced expiratory volume in 1 s/forced vital
capacity (FVC) (%) and a lower mean FVC (% predicted) in those with PH post-TB when compared to the
non-PH post-TB participants with mean differences of —2.8% (95% CI —7.0-1.3; p=0.18) (I°=0%) and
—9.0 (95% CI —20.8-2.6; p=0.127) (I1°=87%), respectively (supplementary material, figures S3a—S3c). The
pooled odds ratio of being male and a current or previous smoker were 0.9 (0.2-3.7; p=0.91) and 0.9 (95%
CI 0.3-3.2; p=0.91), respectively.

Meta-analysis of the prevalence of PH in active TB studies

In the active TB group, nine studies with an echocardiography diagnosis of PH and risk of bias score <5
were included in the meta-analysis. This pooled cohort consisted of 2577 participants, with a pooled mean
age of 43.2 years (95% CI 36.4-50.0) and 58.8% (95% CI 51.7-65.7) of the cohort were males. The
pooled HIV prevalence was 15.3% (95% CI 8.5-23.5) (n=3 studies) and 19% were previous or current
smokers (95% CI 12.2-26.7) (n=5 studies).

The prevalence of PH active TB ranged from 3.0% (95% CI 0.6-8.5) to 18.9% (95% CI 10.8-29.7)
(supplementary material, figure S4) with an overall pooled prevalence of 9.4% (95% CI 6.3-13.0) and

https://doi.org/10.1183/16000617.0154-2023 8


http://err.ersjournals.com/lookup/doi/10.1183/16000617.0154-2023.figures-only#fig-data-supplementary-materials
http://err.ersjournals.com/lookup/doi/10.1183/16000617.0154-2023.figures-only#fig-data-supplementary-materials

EUROPEAN RESPIRATORY REVIEW

PH IN POST-TB AND ACTIVE TB POPULATIONS | J.K. VAN HEERDEN ET AL.

Study Year published PH Post-TB population Prevalence (95% Cl) Weight (%)
Chronic respiratory failure
SAsAKI et al. [35] 1998 20 21 ——®-95.24 (76.18-99.88) 12.58
JAFRI et al. [32] 2020 80 90 —®— 88.89(80.51-94.54) 15.04
Joetal [18] 2017 37 53 —— 69.81 (55.66-81.66) 14.43
KURIYAMA et al. [37] 1190 58 86 —— 67.44 (56.48-77.16) 15.00
TomonNo [38] 1998 45 78 —— 57.69 (45.98-68.81) 14.90
MONEGER et al. [36] 1976 25 58 —— 43.10 (30.16-56.77) 14.55
NISHIMURA et al. [62] 1999 11 31 —— 35.48 (19.23-54.63) 13.50
Subtotal <> 66.98 (50.80-81.40) 100.00
Heterogeneity: 12=91%; p<0.01
Hospitalised patients and symptomatic outpatients
SINGHAL et al. [64] 2013 24 44 — 54.55 (38.85-69.61) 17.87
AHMED et al. [57] 2011 14 30 — 46.67 (28.34-65.67) 15.71
SINGH et al. [63] 2021 43 94 —— 45.74 (35.42-56.34) 21.22
RAJEEV [31] 2020 44 100 —— 44,00 (34.08-54.28) 21.43
AKKARA et al. [58] 2013 72 264 —— 27.27 (21.99-33.07) 23.77
42.44 (31.32-53. 100.

ai?:r)ézleneity: 12=83%; p<0.01 = 3275359 o
Nonhealthcare-seeking outpatients
Louw et al. [30] 2023 9 100 8- 9.00 (4.20-16.40) 83.06
KALLA et al. [50] 2020 0 20 &— 0.00 (0.00-16.84) 16.94
Subtotal 6.29 (2.26-11.77) 100.00
Heterogeneity: 12=64%; p=0.10 <>

0 100

Prevalence (%)

FIGURE 3 The prevalence of pulmonary hypertension (PH) in post-tuberculosis (TB) studies: subgroup analysis.

high heterogeneity between studies (I7=84%; p<0.01). In a subgroup analysis we found the pooled
prevalence of PH active TB to be 10.4% (95% CI 6.6-14.8) (I°’=80%) in studies including hospitalised
patients and 7.0% (95% CI 1.3-16.4) (I>=91%) in studies including outpatients only (figure 4). No single
study was noted to have a significant influence on the overall pooled estimate presented (supplementary
material, figure S5).

Discussion

In this systematic review and meta-analysis, we critically evaluated the available prevalence data pertaining
to TB-associated PH, using this data to generate prevalence estimates. We identified that the current body
of literature reporting prevalence data on PH post-TB and PH active TB is limited. We found that the
prevalence of PH post-TB is high, particularly in those with chronic respiratory failure (67.0%, 95% CI
50.8-81.4) or who are symptomatic or hospitalised (42.4%, 95% CI 31.3-54.0), and lower in
nonhealthcare-seeking outpatients (6.3%, 95% CI 2.3-11.8). Overall, the prevalence was lower, yet still
substantial, in active TB, where PH is estimated to affect approximately 10% of the TB population. We
found that the diagnosis of PH in TB populations is made predominantly at transthoracic echocardiography
without RHC confirmation and we observed a lack of uniformity in the diagnostic parameters used.

We found that the quality of data informing the prevalence of TB-associated PH is poor, limiting the
accurate quantification of this disease entity. Our decision to exclude articles with a high risk of bias and
those without echocardiography or RHC attempted to improve the quality of generated prevalence
estimates presented. Nevertheless, in those included in the meta-analysis, we observed studies with small
sample sizes, selective bias and a disproportionate representation of studies including hospitalised or
symptomatic patients. This symptom-based (as opposed to population-based) sampling has been reported
in other prevalence studies of PH in LMICs and is likely driven by resource constraints in these
settings [33]. Although the screening of large numbers of patients with active or previous TB would not be
feasible in many low-income settings, when accounting for the significant morbidity, mortality and cost
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First author Year published PH TB population Prevalence (95% Cl)  Weight (%)
Studies including hospitalised patients |

FAWIBE et al. [68] 2011 14 74 ! - 18.92 (10.75-29.70) 9.53
WEN-TING et al. [10] 2022 18 121 —- 14.88 (9.06-22.49) 11.19
VAsAvI et al. [74] 2019 6 50 l L 12.00 (4.53-24.31) 8.06
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AL OBAIDY et al. [65] 2018 4 50 L ; 8.00 (2.22-19.23) 8.06
MARESSA et al. [71] 2015 32 612 - : 5.23(3.60-7.30) 14.38
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Heterogeneity 12=80%; p<0.01

Studies including outpatients only

TIWARI et al. [17] 2017
Wisowo et al. [75] 2021
DasTI et al. [66] 2015
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Heterogeneity: 12=91%; p<0.01
Overall

Heterogeneity 12 = 84%; p<0.01

— 10.37 (6.62-14.79) 65.82

|
!
|
104 728 : —,— 14.29 (11.82-17.04) 14.54
1
|

3 65 — 4.62 (0.96-12.90) 9.05

3 100 —@—, 3.00 (0.62-8.52) 10.58
|

e 7.02 (1.27-16.43) 34.18
<> 9.40 (6.27-13.04) 100.00

Prevalence (%)

FIGURE 4 The prevalence of pulmonary hypertension (PH) in active tuberculosis (TB) studies: subgroup analysis.

implications that may be related to TB-associated PH, appropriate targeted screening may indeed have
long-term cost benefits [4, 34].

We observed a high heterogeneity in the screening and diagnosis of TB-associated PH. Given that the
majority of the included studies were conducted in LMICs, it is unsurprising that RHC was used in only
four studies, of which three originated from Japan and one from France [35-38]. Similarly, a systematic
review of the aetiologies of PH in African countries by Bicna et al. [33] found that in only one out of 21
studies the diagnosis of PH was made at RHC. The lack of availability of this gold standard to diagnose
PH in the majority of studies may partially explain the shortage of available data on TB-associated PH.
Unfortunately, due to inequality of global health resources, it is unlikely that widespread use of RHC will
become available in contexts with the highest TB burdens in the foreseeable future. Thus, we emphasise
the need for screening and diagnostic algorithms using alternative methods in these resource-limited
settings. Transthoracic echocardiography is a relatively reliable noninvasive screening tool (estimated
sensitivity of ~85%; specificity of ~74%) and was used in 19/23 (82.6%) studies included in this
meta-analysis [39]. However, the use of echocardiography as a screening tool in TB and post-TB
populations may have several limitations, most notably an acknowledged reduced diagnostic accuracy in
patients with chronic lung disease [39]. Echocardiography may frequently overestimate PASP in patients
with chronic lung disease and, although accuracy can be improved through the use of other measurements
at echocardiography, these were usually not reported in the included studies [40, 41].

It is estimated that there are 155 million survivors of TB globally [3]. Our results show a high prevalence
of PH within this population. However, estimates varied according to patient population and clinical setting
and were analogous to the severity of PTLD, defined as “evidence of chronic respiratory abnormality
attributable at least in part to previous TB” [42]. PTLD may be the cause of 15-30% of PH cases in high
TB burden areas [15, 43]. Our prevalence estimates (42—65% in symptomatic patients) are comparable to
other significant chronic lung diseases that are associated with group III PH, including COPD (estimated
PH prevalence in a recent meta-analysis of 39.2% overall and 62.5% in the severe group), idiopathic
pulmonary fibrosis (8-50% and >60% in those awaiting lung transplant) and combined pulmonary fibrosis
and emphysema (approximately 30-50%) [44-47]. In light of these findings, PTLD is likely an
underappreciated contributor to group IIT PH globally.

Despite the high prevalence estimates of PH post-TB found in this study, TB or PTLD is rarely cited in the
available PH literature. This highlights that there is a clear disparity between the real burden of PH
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post-TB and the acknowledged burden within the PH research community. This discrepancy has been
emphasised by multiple experts in the field and can be explained by global disparities in healthcare, where
the lack of specialised centres to screen for PH in low-resource settings results in the under detection of
PH in TB-burden countries, as well as the fact that most PH literature stems from high-resource countries
where TB is uncommon [5-7]. Tt is notable that even mild elevations in pulmonary pressures in other
chronic lung diseases have been associated with an increased mortality [46]. A 2019 meta-analysis
estimated the all-cause mortality to be 2.91 times (95% CI 2.21-3.84) higher amongst the post-TB
population compared to age-matched and sex-matched controls [48]. It is possible that PH post-TB
contributes significantly to this mortality estimate [49].

Post-TB PH may share several pathophysiological mechanisms with other PH-chronic lung diseases and,
additionally, may have several alternative pathophysiological pathways relating to other PH groups.
Extensive post-TB lung damage, destruction of the pulmonary bed with reduced cross-sectional area of the
pulmonary vasculature and hypoxic-induced vascular remodelling leading to the subsequent development
of PH are the most cited mechanisms [11, 12]. Additionally, TB directly affects the pulmonary vasculature,
causing a vasculitis and endarteritis obliterans and may be associated with the development of chronic
thromboembolic PH. It is noted that the average time from incident TB to assessment of PH was 12 years
and time may be an important variable in the pathogenesis of some forms of post-TB PH. Also noteworthy
is the high prevalence of post-TB PH in the fibrosing mediastinitis subgroup (not included in the
meta-analysis) which is due to proliferation of excess fibrosing tissue in the mediastinum [29]. Thus, in
addition to group III PH, post-TB PH may share pathophysiological mechanisms with PH groups I, IV and
V, respectively [29, 50-52].

The estimated prevalence of PH active TB ranged from 3.0% to 18.9% which was lower compared to the
post-TB group. This proportion is still significant, particularly since PH developing during active TB has
been considered a poor prognostic indicator in certain studies [17]. Although both PH active TB and PH
post-TB contribute to the overall burden of TB-associated PH, these two disease entities may indeed be
distinct with different pathophysiological mechanisms and courses of disease, the former occurring during
acute respiratory illness and the latter developing more distally. The pooled cohort with active TB in this
systematic review had a relatively young age, were less frequently smokers than the post-TB group and,
although numbers are small, had a relatively high HIV prevalence (15% versus 11% in the global TB
population) [1]. Data from the Pan African Pulmonary Hypertension Cohort (PAPUCO) showed that 5-7%
of PH patients had active TB at the time of PH diagnosis, rising to 13% in the HIV population [13, 14].
Although HIV may cause PH in its own right in approximately 0.5% of cases, the critical interplay
between these two chronic infectious diseases and the combined effect on the pulmonary vasculature is
unknown and is an important area of research [53, 54].

PH developing in active TB is likely a result of the parenchymal destruction caused by active TB disease;
however, multiple other pathophysiological mechanisms may contribute to its development. Such factors
may include the release of multiple inflammatory cytokines, local hypoxic vasoconstriction, in addition to
the direct destructive effect of TB on the pulmonary vasculature [50, 51]. Additionally, active TB is
associated with endothelial activation with the development of a pro-thrombotic state and may well induce
in situ thromboses in the pulmonary circulation, thus being causatively related to acute and potentially
chronic venous thromboembolic disease [55]. It is notable that in this systematic review we did not search
specifically for studies with acute PH developing in the setting of an acute pulmonary embolism and this
subset of patients would likely have increased the prevalence of PH in this group.

Strengths and limitations

Our study has several limitations. Most notably, although our results demonstrate a particularly high
burden of PH in the post-TB population, several factors should be considered which may have overinflated
these estimates. First, although COPD was an exclusion criterion in some studies, the high prevalence of
smokers in the included studies means that there may have been an overlap between COPD and PTLD.
However, this overlap is not unique to our study, and it should be considered that many people who are
diagnosed with COPD in high TB-burden areas may also have PTLD. In the PLATINO study, when
COPD patients with and without previous TB were compared, it was found that airway obstruction was
observed in 30.7% of patients with a positive history of TB, while the incidence was only 13.9% in those
without a TB history [56]. Second, our estimates may have been influenced by reporting bias and it is
possible that studies where a low incidence of PH was found were not published. Our inclusion of the
negative study by Karra et al. [50] in the meta-analysis is notable; however, the sample size in this study
was small. Third, in the majority of cases, the diagnosis of PH was not confirmed at RHC and an
echocardiography diagnosis of PH has several limitations, which have been discussed. Lastly, the high
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number of studies reporting PH prevalence in chronically ill patients likely contributed to high prevalence
estimates and we found that these studies also had a moderately high-risk of bias. Interpretation was
improved using subgroup analysis; however, this was somewhat limited by the small number of studies in
the subgroup of nonhealthcare-seeking outpatients.

Other limitations of this study are the small sample sizes and limited populations studied, which may limit
the generalisability of the prevalence estimates presented. The marked heterogeneity between studies,
which was only partially accounted for by the use of a random-effects meta-analysis model and subgroup
analysis, may limit the interpretation of results. Additionally, missing data precluded the meaningful
comparison of risk factors for the development of TB-associated PH. Our systematic review and
meta-analysis also have certain strengths. We used a rigorous approach, employing a wide search strategy,
to assess the available literature on this topic and synthesise prevalence estimates. Additionally, by
adopting a broad definition of PH in our inclusion criteria, we did not exclude studies where RHC was not
available and were able to gauge current diagnostic means available for PH in TB-endemic settings.

Conclusion

There are 155 million survivors of TB globally and 10.6 million new cases each year. Our results present
evidence of a high prevalence of PH in both of these populations, which may comprise two disease
entities, namely PH post-TB and PH active TB. The contribution of TB-associated PH to morbidity in
these populations is not known but is likely substantial. Prevalence estimates of TB-associated PH vary
according to patient population, lung disease severity and clinical setting. Our findings highlight the need
for a heightened awareness of TB-associated PH, the establishment of universal screening guidelines in
low-resource settings, in the absence of availability of RHC, and the integration of these methods to
produce high-quality prevalence data.

Questions for future research

- Additional high-quality prevalence data on TB-associated PH

» Understanding the pathophysiological mechanisms and risk factors for TB-associated PH
»  Screening algorithms for PH post-TB and PH active TB in low-resource settings
»  Quantification of the mortality attributable to TB-associated PH
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