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Summary
Background Patients with tuberculosis (TB) face an elevated risk of certain cardiovascular diseases. The inflam
matory response associated with TB is linked to cardiac complications, though the spatial impact on cardiac 
structure remains understudied. In this study, we assess population-level differences in cardiac morphology in TB 
using an atlas-based approach applied to routine chest X-rays.

Methods A total of 8651 patients (with 2626 patients with TB) were selected from four cohorts: Shenzhen, TBX11K, 
TB Portals, and MIMIC, covering seven countries. We developed a representative cardiac template, CardioMorph 
Atlas, and compared population-level morphological differences between patients with TB and controls. Cardiac 
borders and areas were quantified into CardioMorph features and analysed for their association with all-cause 
mortality using Cox regression.

Findings CardioMorph Atlas revealed significant lateral elongation of the heart in patients with TB, in both left and 
right ventricles, with patterns distinct from those in pneumonia and cardiomegaly. Vector field analysis showed 
lateral extension of cardiac structures in patients with TB. Upper area (hazard ratio: 2.18, 95% CI: 1.1–4.30, 
p = 0.022) and right perimeter (HR = 2.07, 95% CI:1.06–4.02) were significantly associated with increased all-cause 
mortality in patients with TB. CardioMorph features showed strong associations with all-cause mortality in patients 
with TB, supporting their potential utility for risk stratification, and which demonstrates feasibility of quantitatively 
assessing impact of TB on cardiac morphology using routine chest X-rays.

Interpretation These findings suggest that tuberculosis is linked to distinct, prognostically relevant cardiac 
morphological alterations detectable on routine chest X-rays using the CardioMorph Atlas. Further prospective 
validation is warranted.
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Introduction
Tuberculosis (TB) is the leading infectious disease 
cause of death worldwide,1 with more than 10 million 

individuals developing TB disease annually and a 
million deaths. While the lungs are the most common 
target in TB, its impact extends beyond the respiratory 
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system, influencing multiple organ systems, including 
the cardiovascular system.2 Patients with TB face an 
elevated risk of cardiovascular disease (CVD) due to 
both shared risk factors and direct pathophysiological 
effects of TB on the heart.3 The chronic inflammatory 
state induced by TB has been linked to several cardiac 
complications, yet the precise nature and spatial dis
tribution of TB-related cardiac structural changes 
remain underexplored.

About 60% of patients with TB show some form of 
cardiovascular disease, most commonly pericarditis, 
myocarditis, and coronary artery disease.4 Pericardial 
involvement, such as effusion and constrictive pericar
ditis, is well documented in TB and often causes hae
modynamic instability and increased morbidity. 
TB-related immune responses can also lead to 
myocardial inflammation and fibrosis, contributing to 
cardiac dysfunction and heart failure.4 Cardiac involve
ment in TB is linked to higher mortality, highlighting 
the need for early detection and monitoring.2,5,6 A pop
ulation study of over 69,000 patients found cardiovas
cular disease incidence significantly higher (HR = 2.89; 
95% CI: 2.58–3.23) in patients with TB treated with 
standard therapy compared to the general population.7 

Another study8 showed that patients with pulmonary 
TB had a 1.5-fold increased risk of aortic complications, 
like aneurysm and dissection, after adjusting for de
mographics and comorbidities.

Traditionally, studies investigating TB-related cardiac 
changes have utilised advanced imaging modalities, such 
as cardiac magnetic resonance imaging (MRI) and 
computed tomography (CT) scans.6,7 These methods pro
vide detailed three-dimensional assessments of cardiac 
morphology, enabling the identification of ventricular 

remodelling, myocardial scarring, and pericardial thick
ening. However, despite their diagnostic accuracy, these 
imaging techniques are expensive, less accessible, and 
require specialised expertise,8 limiting their use in 
resource-limited settings where TB prevalence is 
highest.9,10

Chest X-rays (CXRs) remain one of the most widely 
used, cost-effective imaging modalities and are recom
mended by WHO as a screening and triage tool for 
evaluating pulmonary TB and other chest-related dis
eases.11 Although CXRs are routinely employed for eval
uating pulmonary pathology, their application in detecting 
and quantifying TB-associated cardiac morphological 
changes has not been extensively explored.

There is increasing interest in understanding whether 
TB causes structural heart changes, given evidence link
ing TB to higher cardiovascular risk.2,5,6 To address this, 
we developed the CardioMorph Atlas, a population-based 
anatomical framework that captures localised cardiac 
shape differences related to TB using routine chest X- 
rays. Built through a multi-step pipeline involving image 
registration, difference atlas analysis, and vector field 
modelling, this approach enables systematic comparison 
of cardiac morphology across cohorts. The first objective 
of this study was to quantitatively map cardiac deforma
tion patterns associated with TB on chest X-rays. The 
second was to evaluate the prognostic value of these 
features, especially their link to all-cause mortality in pa
tients with TB. Together, these aims enhance under
standing of TB-related cardiac remodelling and its impact 
on outcomes. Quantifying heart shape changes with chest 
X-rays offers population-level insights into TB’s cardio
vascular effects and provides a scalable imaging-based 
risk assessment tool. We applied CardioMorph to 8651 

Research in context

Evidence before this study
We searched PubMed for studies published in the last five 
years using the terms “tuberculosis” AND (“heart” OR 
“cardiac”) AND (“X-ray” OR “radiography”). Evidence shows 
that most research on TB and the heart has focused on direct 
cardiac involvement, including pericarditis, myocardial 
infection, or constrictive pericarditis. These studies were 
primarily case reports, small case series, or specialised 
imaging studies using MRI, CT, or PET/CT to identify localised 
cardiac lesions. There is a critical gap in knowledge regarding 
the effects of pulmonary TB on cardiac morphology and 
function in the absence of direct cardiac infection, and no 
large-scale studies have systematically assessed subtle cardiac 
changes using chest X-rays.

Added value of this study
Using 8651 chest X-rays across four international cohorts, 
this study demonstrates that pulmonary TB without direct 
cardiac involvement is associated with measurable cardiac 

remodelling, including lateral elongation of both ventricles. 
These changes were captured using a computational 
morphometric framework, CardioMorph, and were 
independently associated with all-cause mortality. This 
represents population-level evidence linking pulmonary TB 
to subclinical cardiac remodelling and highlights a non- 
invasive approach to identify individuals at elevated 
cardiovascular risk.

Implications of all the available evidence
Our findings indicate that pulmonary TB may have systemic 
cardiovascular consequences even without direct heart 
infection. Integrating morphometric analysis of routine chest 
X-rays into TB management could enable early detection of 
cardiac remodelling and improve risk stratification. These 
insights expand the understanding of TB as a multisystem 
disease and could provide a scalable approach for monitoring 
TB-related cardiac effects in clinical and public health 
settings.
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CXRs from four large, diverse datasets, including over 
2600 patients with TB from Asia, Europe, and North 
America, covering clinical and population health settings 
for robust cross-cohort analysis. Although AI has been 
widely applied to detect pulmonary TB or cardiomegaly 
on CXRs, our study investigates TB’s impact on cardiac 
anatomy using a population-level, anatomy-based frame
work. This approach offers a new perspective on systemic 
disease impact and supports low-cost cardiac monitoring 
in TB-endemic areas using widely available imaging.

Methods
Cohort creation
In this study, we included retrospectively collected chest 
X-rays from patients with TB and controls (patients 
without any reported pulmonary disease) from multiple 
datasets: the Shenzhen dataset,12 TBX11K dataset,13 TB 
Portals dataset,14 and the MIMIC dataset,15 capturing 
diverse populations across various demographics, 
including age, sex (self-reported), and ethnic back
ground, which enhances the generalisability of our 
findings. Acquisition timeframes and data sources for 
each cohort are summarised in Supplementary 
Tables S1–S3.

The specific inclusion and exclusion criteria were 
applied systematically across these cohorts to ensure 
data quality and diagnostic specificity. For the Shenz
hen, TBX11K, and TB Portals datasets, inclusion 
criteria mandated the availability of 2D chest X-ray 
images and confirmed disease findings consistent with 
either active tuberculosis or absence of any reported 
pulmonary disease. Conversely, for the MIMIC dataset, 
inclusion required 2D chest X-ray images exhibiting 
findings of Pneumothorax, Cardiomegaly, or Atelec
tasis. Across all four cohorts, cases identified as latent 
tuberculosis were excluded. Since valid segmentation is 
a prerequisite for all downstream morphometric mea
surements, scans where the pre-trained segmentation 
model failed to localise the heart or lungs were addi
tionally excluded (less than 1% of all scans). Fig. 1 de
tails patient selection. The Shenzhen, TBX11K, and TB 
Portals datasets consist predominantly of poster
oanterior (PA) erect acquisitions; the MIMIC dataset 
contains a mixture of PA and anteroposterior (AP) 
projections. The CardioMorph Atlas was created using 
data from Cohorts 1 (Shenzhen) and 2 (TBX11K), 
including patients with active TB and controls to cap
ture cardiac morphological variations linked to pulmo
nary disease. In this work, patients without any 
reported pulmonary finding were referred to as con
trols. Cohort 1 had 658 patients (335 with active TB, 
323 controls), while Cohort 2 included 4767 patients 
(969 active TB, 3798 controls) selected from a larger 
pool. Cohort 3 (TB Portals) had 1322 patients with 
active TB for analysing the prognostic role of cardiac 
involvement via all-cause mortality. Cohort 4 (MIMIC) 

comprised 1904 patients with non-TB thoracic condi
tions 500 with cardiomegaly, 500 pneumonia, 328 
pneumothorax, 76 atelectasis and 500 controls, used to 
build a non-TB atlas for differential diagnosis. The 
phenotype label harmonised terminology and atlas 
names is detailed in Supplementary Fig. S1 and 
Table S4.

CardioMorph Atlas creation
CardioMorph quantifies population-level cardiac shape 
variation directly from chest X-ray silhouettes, defining 
morphological phenotypes independently of clinical 
cardiac disease classification. CardioMorph Atlas crea
tion involved four steps: region of interest segmenta
tion, template selection, image registration, and atlas 
generation. Lung and heart chambers were segmented 
using a pre-trained model,16 images cropped to the 
thoracic cavity, and resized to 512 × 512 pixels to stan
dardise field of view. A representative cardiac template 
was chosen based on the median heart area from the 
control cohort to ensure that the baseline measure
ments were taken from the control group. This tem
plate serves as a reference for comparing the structural 
differences in patients with TB. All X-rays were first 
registered using a rigid registration and followed by 
affine registration to a canonical frame with DICE 
scores assessing alignment accuracy, explicitly correct
ing for translation, rotation, and scaling differences 
arising from variation in patient posture and projection 
geometry. As the atlas is derived from population-level 
averaging of signed distance maps, random inter- 
individual positional variation is expected to cancel 
out, with only consistent, systematic shape differences 
surviving permutation-corrected group-level statistical 
comparison.

Binary heart chamber masks were converted to 
signed distance functions, and TB vs. control differ
ences were quantified via GLM-based t-tests with per
mutation testing and multiple-comparison correction. 
Representative signed distance function templates for 
the TB and control groups are shown in Supplementary 
Figs. S2, S5–S7.

Displacement vector field analysis
To understand the direction and extent of changes in 
cardiac structure associated with tuberculosis, we 
quantified TB-associated cardiac shape changes using 
pixel-wise displacement vector field analysis on chest X- 
rays. Heart contours of TB and control groups were 
aligned via B-spline transformation,17 and resulting 
vectors (direction and magnitude) were averaged within 
a polar grid of concentric zones and angular sectors to 
map regional deformations.

Feature generation
CardioMorph features were derived from four land
mark points per heart chamber, enabling border and 
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area measurements as 2D/3D morphology proxies. 
These features capture geometric and spatial cardiac 
variations and were compared across TB vs. controls 
using the Wilcoxon rank-sum test. Fig. 2 illustrates the 
different cardiac chambers and the methodology used 
to extract the cardiac borders and areas features.

All-cause mortality
Overall survival was measured from TB diagnosis to 
death, with patients split into Cardiac-high and Cardiac- 
low groups by median CardioMorph feature values. A 
6-month landmark Kaplan–Meier and Cox regression 
analysis assessed the prognostic impact of cardiac 
morphology changes, reporting hazard ratios, confidence 
intervals, and p-values. Prognostic analyses were per
formed on the full TB Portals cohort (n = 1322 patients 
with active TB); survival metadata, including comorbid
ities, were available for n = 688, in whom multivariable 
Cox models were fitted. Baseline demographic and clin
ical characteristics are presented in Supplementary 
Table S5.

Statistics
All statistical analyses were performed using Python 3.8. 
Cardiac morphological differences between patients with 
active TB and controls were assessed using the Wilcoxon 
rank-sum test, a non-parametric test chosen given the 
non-normal distribution of morphometric measurements 
across cohorts. The CardioMorph Atlas was constructed 
using generalised linear model (GLM)-based t-tests18 with 
permutation testing (n = 500 permutations) and multiple- 
comparison correction to identify regions of statistically 
significant shape difference; this approach is established 
for population-level image-based morphometry and was 
selected for its robustness to non-Gaussian spatial data. 

All-cause mortality analyses were performed using 
Kaplan–Meier estimation and Cox proportional hazards 
regression. A 6-month landmark was applied to reduce 
immortal time bias. Univariate Cox models were fitted for 
individual CardioMorph features; multivariable models 
additionally adjusted for age, sex, BMI, country of origin, 
HIV status, drug resistance, Hepatitis C status, diabetes, 
TB site, and lung localisation. Hazard ratios with 
95% confidence intervals and two-sided p-values are re
ported throughout; p < 0.05 was considered statistically 
significant.

Ethics
This study used only retrospective secondary analysis of 
fully de-identified, publicly available chest X-rays data
sets (Shenzhen, TBX11K, TB Portals, and MIMIC- 
CXR), with no direct patient contact or new data 
collection. All studies involved exclusively de-identified 
public data. All original datasets were collected with 
appropriate ethical approvals and informed consent as 
described in their respective primary publications. Ac
cess to TB Portals and MIMIC-CXR was obtained 
through approved data use agreements, and the 
requirement for additional informed consent was 
waived due to the use of de-identified data.

Role of funders
The funders of the study had no role in experimental 
design, data collection, data analysis, data interpreta
tion, or writing of the study.

Results
A total of 8651 patients were included from multiple 
retrospective cohorts, encompassing a diverse population 

1. Poor quality scans 2. Latent Tuberculosis

Cohort 1: 
Shenzhen

- 2D chest x-ray
- Disease findings: Ac�ve Tuberculosis or No Finding
scans

Cohort 1: 
Shenzhen

TB (N=335)
No Finding(N=323)

Cohort 2: 
TBx 11k

TB (N=969)
No Finding (N=3798)

Cohort 3: 
Tb portals

TB (N=1322)

Cohort 2: 
TBx 11k

Cohort 3: 
Tb portals

Cohort 4: 
MIMIC

- 2D chest x-ray
- Pneumothorax, Cardiomegaly, 
Atelectasis

Cohort 4: 
MIMIC

Cardiomegaly (N=500)
Pneumonia (N=500)

Pneumothorax (N=328)
Atelectasis (N=76)

Inclusion 
criteria
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criteria

CardioMorph Atlas Non-TB atlasAll-cause mortality

Fig. 1: Cohort diagram with inclusion and exclusion criteria for the atlas creation and all-cause mortality analysis.
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across seven countries and multiple ethnicities, as shown 
in Fig. 3. The cohort distribution was as follows: 4767 
patients from the TBX11K dataset13 (TB/controls 
969/3798), 658 patients from the Shenzhen dataset12 

(TB/controls: 335/323), 1322 patients from the TB Por
tals dataset,14 all of whom were TB-positive (TB/controls: 
1322/0), and 1904 patients from the MIMIC dataset,15 

representing a range of clinical conditions. Inclusion 
and exclusion criteria are detailed in Fig. 1. A detailed 
breakdown of patient numbers by disease category and 
dataset is provided in Fig. 4 and Supplementary Table S2.

Evaluating cardiac differences in patients with TB
To ensure accurate anatomical alignment of cardiac 
structures across all X-rays images, a robust image 
registration pipeline was implemented. The registration 
accuracy, measured using the DICE score, achieved a 
value of 0.841 for heart-to-heart alignment. This high 
level of accuracy confirmed that the cardiac morphology 
across all images was consistently aligned, allowing 
meaningful shape-based comparisons.

To compare shape variation between patients with 
TB and controls, we created the difference atlas (DTB). 
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Fig. 2: Workflow diagram with steps to summarise population-level differences into the CardioMorph Atlas.

Fig. 3: Main overview illustrates the creation of the CardioMorph Atlas, including segmentation of cardiac substructures to detect 
morphological changes in tuberculosis patients.
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This generates a heatmap of areas with significant 
morphological differences. Across both Shenzhen and 
TBX11K datasets, multiple regions of the heart exhibi
ted significant morphological differences, predomi
nantly located along the lateral borders of the heart, as 
observed in Fig. 5.

To further examine the structural alterations 
observed in patients with TB, vector field analysis was 
performed as detailed in Fig. 5. The displacement vec
tors from controls to patients with TB showed a lateral 
outward expansion of the heart, suggesting that TB is 
associated with an overall widening of the cardiac 
silhouette. This finding was consistent across all data
sets and closely aligned with the differences detected in 
the difference atlas. The magnitude of the vectors cor
responded to the extent of morphological differences, 
while the direction of the vectors indicated the precise 
nature of the shape deformation.

On quantification of cardiac structures further into 
CardioMorph features, several features demonstrated 
statistically significant differences between patients 
with TB and controls across the Shenzhen and TBX11K 
datasets on univariate analysis. On multivariable anal
ysis adjusting for age, sex, BMI, country, HIV status, 
drug resistance, Hepatitis C, diabetes, TB site, and lung 
localisation, CardioMorph features remained indepen
dently associated with all-cause mortality, indicating 
that the prognostic signal is not explained by disease 
severity or comorbidity burden (Supplementary 
Table S7). The left border length and left cardiac area 
were consistently larger in TB compared to controls 
(p < 0.001 for both metrics in both datasets). These 
results suggest that TB is associated with an enlarge
ment of the left side of the heart, which may be driven 
by ventricular hypertrophy or increased workload on the 
left ventricle. The descriptive statistics for these 

Fig. 4: Patient scan count and disease distribution across different datasets used in this study.
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Significant p-value for pixelsonly p < 0.01 regions are overlaid in red/pink. 
overlay[mask] = alpha * red + (1 -alpha) * cxr[mask]; overlay[~mask] = cxr[mask]

Fig. 5: Difference atlas for tuberculosis and other diseases. Red/pink overlay regions denote pixels where the signed-distance-function 
difference between groups reached statistical significance (p < 0.01, GLM-based t-test with permutation testing and FDR correction). 
Non-significant regions display the underlying chest X-ray without colour overlay. The bottom row shows vector-field analysis overlaid on the 
same panels, with arrow direction and length indicating the direction and magnitude of local cardiac shape displacement between groups.
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morphological features across different cohorts are 
summarised in Table 1.

Comparing cardiac differences with Non-TB 
conditions
To assess whether these cardiac shape differences were 
unique to tuberculosis, we generated difference atlases 
for pneumonia, atelectasis, and pneumothorax patients 
from the MIMIC dataset. These groups showed no 
similar structural alterations, suggesting TB-specific de
formations. For comparison with cardiomegaly, a sepa
rate atlas (DCmeg) revealed localised left ventricular 
changes, unlike the diffuse, lateral enlargement in TB, 
consistent with known cardiomegaly patterns19,20(Fig. 5). 
Pneumonia, atelectasis, and pneumothorax patients had 
only small, randomly oriented displacement vectors, 
while cardiomegaly vectors pointed toward the left ven
tricular apex, matching classic enlargement patterns. This 
is in marked contrast to the TB-associated pattern, which 
showed consistent, bilaterally directed lateral displace
ment vectors of substantially greater magnitude, indica
tive of a diffuse, symmetric cardiac remodelling process 
rather than positional displacement.21 Notably, conditions 
such as pneumothorax and atelectasis which are known 
to cause mediastinal shift and could therefore be expected 
to produce directional cardiac displacement,22 instead 
yielded non-directional, low-magnitude vectors in this 
cohort, further supporting the specificity of the TB- 
associated deformation pattern. These contrasts under
score the distinct remodelling pattern of TB compared to 
other pulmonary and cardiac conditions.19 Supplementary 
Figs. S5 and S6 provide a detailed visualisation of the 
vector field analysis across different heart chambers and 
disease categories.

Prognostic analysis of CardioMorph features in 
patients with TB
We stratified TB Portals patients into CardioMorph- 
positive (CM+) and CardioMorph-negative (CM−) 

groups based on whether cardiac morphological fea
tures exceeded the population median. CM + patients 
had significantly higher mortality than CM− (Fig. 6). 
On univariate landmark analysis, increased upper area 
predicted higher all-cause mortality (HR = 2.18, 95% 
CI: 1.1–4.30, p = 0.022), as did increased upper 
perimeter (HR = 2.07, 95% CI: 1.06–4.02, p = 0.029), 
possibly reflecting aortic root dilation or cardiac strain.10 

Conversely, decreased right perimeter was linked to 
lower mortality risk (HR = 0.42, 95% CI: 0.21–0.84, 
p = 0.011), suggesting reduced remodelling or pulmo
nary hypertension. As mentioned previously, these 
findings were significant despite adjusting for age, sex, 
BMI, country, HIV status, drug resistance, Hepatitis C, 
diabetes, TB site, and lung localisation (More details 
on different adjusted models can be found in 
Supplementary Tables S6–S8, and Supplementary 
Figs. S3 and S4).

Discussion
Pulmonary tuberculosis increases CVD risk,3,23,24 but its 
spatial and structural cardiac effects remain poorly 
quantified with accessible imaging. This study tested 
whether computational analysis of routine CXRs could 
detect consistent changes and inform prognosis. Using 
four datasets, we developed a population-based model
ling framework to register images, created a Car
dioMorph Atlas, and mapped structural differences 
between patients with TB and controls. Vector field 
analysis quantified deformation direction and magni
tude, and CardioMorph features were extracted for 
statistical and prognostic evaluation.

Population-based morphometric analysis enables 
localised assessments of structural variation by aligning 
anatomies to a reference and analysing deviations.25,26 

Though common in MRI and neuroimaging, it has 
been applied in brain,26–28 lung,29,30 and prostate31 studies 
and lung region detection.32,33 This framework allows 
the measurement of TB-related cardiac changes using 
2D CXRs. Our tailored registration pipeline produced 
the CardioMorph Atlas, integrating vector field analysis 
with morphology metrics, demonstrating a low-cost, 
scalable method for studying systemic disease effects 
on cardiac structure.

CardioMorph difference maps and vector field 
analysis reveals significant lateral elongation of the 
heart in patients with TB, as illustrated in Fig. 5. Car
dioMorph analysis showed significant lateral elongation 
in patients with TB, affecting both ventricles rather 
than just the left ventricle as in cardiomegaly, sug
gesting diffuse structural impact. Univariate analysis 
revealed increased left heart border length and upper 
area, potentially indicating aortic root dilation, consis
tent with evidence linking TB to higher risk of aortic 
complications. Chronic inflammation, pulmonary hy
pertension, and vascular remodelling may drive the 

Feature class Cohort 1 (Shenzhen) Cohort 2 (TBX11K)

Areas
Upper 0.249 <0.001
Anterior <0.001 <0.001
Inferior 0.841 <0.001
Left <0.001 <0.001
Right <0.001 <0.001

Perimeter
Upper 0.37 0.352
Anterior <0.001 <0.001
Inferior <0.001 <0.001
Left <0.001 <0.001
Right 0.019 <0.001

Student’s t-test p-values reported. Significant values are bold.

Table 1: Comparison of CardioMorph features in patients with TB and 
‘no finding’ controls across Shenzhen and TBX11K datasets.
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ventricular hypertrophy and deformation, with effects 
on extracellular matrix, fibrosis, and compliance. These 
findings point to multifactorial remodelling in TB, 
highlight cardiac morphology as a potential prognostic 
marker, and underscore the need for longitudinal 
studies to assess progression and functional impact.

TB-induced cardiac alterations appear distinct from 
those in other diseases like pneumonia and car
diomegaly, suggesting a unique impact of TB on the 
cardiovascular system. Understanding these differences 
can improve diagnostic accuracy, helping clinicians 
distinguish TB-related heart changes from other cardiac 
conditions. Identifying specific morphological markers 
for TB could enable earlier detection of cardiovascular 
involvement, allowing for timely interventions and 
better outcomes. Supplementary Fig. S8 shows our 
hypothesised pathophysiological pathway linking TB to 
cardiac changes.

Enlargement of both ventricles, especially the left, is 
a key finding in patients with TB. While left ventricular 
enlargement can resemble cardiomegaly, the mecha
nisms in TB may differ. Increased workload on the left 
ventricle, likely due to elevated cardiac resistance,34,35 

could be a probable cause. Pulmonary TB complica
tions such as fibrosis and cavitation can lead to pul
monary hypertension, increasing cardiac strain. This 
strain typically peaks around six months post-infection 
as inflammation sustains pressure on the heart, 
resulting in ventricular enlargement36,37 and left ven
tricular hypertrophy from increased vascular resis
tance.34,35 Whilst TB-related fibrosis and collapse can 
cause ipsilateral mediastinal shift,22 the observed bilat
eral symmetric cardiac elongation is mechanistically 
inconsistent with unilateral displacement, supporting 
intrinsic cardiac remodelling as the predominant 
driver.

Fig. 6: (A) Forest plots and KM curves (A–J) for all-cause mortality using cardiac features on the TB Portals dataset.
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Finally, while this study provides a valuable starting 
point for understanding the cardiac impact of TB, it is 
important to note that there are still many unanswered 
questions. In this work, we find that the changes in 
upper area, upper perimeter, and right perimeter of the 
entire heart were associated with increased all-cause 
mortality in patients with TB. A 2020 meta-analysis 
reported 51% higher risk of major adverse cardiac 
events in TB survivors, emphasising the prognostic 
importance of detecting early remodelling.23 The exact 
mechanisms behind the observed lateral elongation of 
the heart and other morphological changes remain 
unclear. Further research is needed to fully elucidate 
the biological processes driving these alterations and 
to determine how they relate to clinical outcomes in 
patients with TB. As our understanding of the rela
tionship between TB and cardiac morphology im
proves, we may be able to develop more effective 
strategies for preventing and managing TB-related 
cardiovascular disease, improving the prognosis for 
affected individuals.

This study highlights cardiac morphological changes 
in patients with TB but has limitations that affect 
robustness and generalisability. Heterogeneity in 
acquisition protocol across cohorts including projection 
type (PA vs. AP) and patient positioning represents a 
residual limitation not fully resolved by registration. 
Retrospective datasets may introduce selection bias, and 
the absence of serial imaging limits understanding of 
temporal progression. Lack of cause-specific mortality 
data hinders assessment of TB-related deaths, and 
batch effects between TB and non-TB datasets could 
inflate model performance. In the absence of uniform 
severity scores across public datasets, TB site and lung 
localisation were employed as structured proxies for 
disease extent; future prospective studies should 
incorporate standardised radiographic severity scoring. 
Diabetes prevalence in the TB Portals cohort was rela
tively low (5.1%), limiting power to exclude residual 
confounding from diabetic cardiomyopathy38 a well- 
characterised cause of left ventricular hypertrophy.

Furthermore, conditions included in the MIMIC 
comparison group specifically pneumothorax and atel
ectasis are known to cause mediastinal shift, which may 
alter cardiac position and apparent size on chest X-rays; 
whilst the observed displacement vectors in these 
groups were small and non-directional, future studies 
should prospectively exclude cases with radiographi
cally confirmed significant mediastinal displacement to 
further strengthen specificity analyses. Fibrosis or 
collapse-driven mediastinal shift in advanced TB may 
contribute residual cardiac displacement not fully 
resolved by registration; future studies should stratify 
by radiographic extent of parenchymal disease.

Causality could not be determined, only correlations. 
Future work should use prospective cohorts with lon
gitudinal imaging, assess specific mortality causes, and 

validate findings with advanced modalities (CT/MRI) to 
capture 3D changes. TB-related cardiac strain may vary 
with infection severity, comorbidities, immune status, 
and disease duration; examining these factors could 
improve risk stratification and guide targeted in
terventions for high-risk patients.

This study demonstrates the potential of chest 
X-rays as a non-invasive, cost-effective tool to detect 
cardiac morphological changes in patients with TB. 
Using difference atlas and vector field analysis, we 
identified TB-specific cardiac deformation patterns 
distinct from conditions like cardiomegaly and pneu
monia. Changes in the upper and right heart perimeter 
were linked to all-cause mortality, highlighting their 
prognostic value.

These results suggest that cardiac morphology fea
tures could improve early detection and risk stratifica
tion of TB-related cardiac involvement, potentially 
enhancing patient outcomes. However, further valida
tion through prospective, longitudinal studies is 
needed, along with investigation into the mechanisms 
driving these changes. In summary, this work shows 
the feasibility of using chest X-rays and advanced 
computational methods to assess cardiac morphology 
in patients with TB. Future efforts should focus on 
clinical validation and integration into practice to better 
manage TB and reduce cardiovascular complications.
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