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Introduction 

Pulmonary tuberculosis (PTB) is still an infectious disease 
that seriously endangers human health and it is also a 
major public health problem of global concern. PTB is an 
infectious condition caused by Mycobacterium tuberculosis 
(MTB) that affects the lungs and causes a severe cough, 

fever, and chest pain (1,2). Pulmonary embolism (PE) 
is a syndrome of clinical pathophysiology caused by the 
obstruction of the pulmonary artery and its branches 
due to exogenous or endogenous embolus dislodgment, 
resulting in the obstruction of pulmonary circulation (3). 
PE has no typical symptoms in the early stages. However, 
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symptoms such as weakness, cough, chest pain, cold sweat, 
and dyspnea develop with disease progression (4). Due 
to the complexity and ambiguity of the clinical signs and 
symptoms, some symptoms of PE are similar to those of 
PTB and can be difficult to distinguish clinically. When the 
two are combined, the misdiagnosis rate is high, and the 
diagnosis is easily missed (5).

Many studies have investigated the risk factors for the 
formation of PE (6,7). Currently, clinical screening for PE is 
based on the Wells criteria and the revised Geneva score. The 
Wells criteria and Geneva score are clinical prediction tools 
commonly used to assess the probability of PE in patients 
presenting with symptoms suggestive of the condition (8,9). 
The Wells criteria assign points based on clinical features 
and risk factors, categorizing patients into low, moderate, or 
high probability of PE. Similarly, the Geneva score, available 
in original and revised forms, uses a scoring system derived 
from clinical variables to estimate PE likelihood. These tools 
guide clinicians in deciding the necessity of further diagnostic 
testing. When patients with PTB are comorbid with PE, it is 
easy to miss the diagnosis of PE. It is difficult for clinicians to 
accurately assess the probability of PE in patients with PTB 
based on clinical data. In addition, there are few studies on 
combined PE in PTB, and most of the available studies are 

case reports (10-12).
Therefore, we retrospectively analyzed clinical data from 

patients with PTB to construct and externally validate a 
predictive model for early identification of the risk of PE in 
patients with PTB. We hope that the results of this study 
will benefit clinical practice and improve patient prognosis. 
We present this article in accordance with the TRIPOD 
reporting checklist (available at https://jtd.amegroups.com/
article/view/10.21037/jtd-24-1627/rc).

Methods 

Study design

The sample size for this study was estimated based on the 
event-per-variable (EPV) rule, which is widely used in 
regression analyses to ensure model stability and reliability. 
According to this guideline, we included 694 patients from 
Anhui Chest Hospital as a developmental cohort, including 
84 tuberculosis patients with combined PE from September 
2019 to December 2023. The validation cohort included 
236 tuberculosis patients admitted to Fuyang Infectious 
Disease Clinical College of Anhui Medical University from 
May 2021 to July 2023, of whom 19 were complicated 
with PE. We conducted a retrospective analysis based on 
the clinical data of these two groups of patients. The data 
cutoff for the study was February 1, 2023. We developed 
a predictive model of PE in PTB patients based on a 
developmental cohort. Visualization of the model was done 
using diagrams. External validation was performed using 
data sets from another center.

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study was 
approved by Ethics Committee of Anhui Chest Hospital 
(No. KJ2030-39) and Ethics Committee of Fuyang 
Infectious Disease Clinical College of Anhui Medical 
University (No. 20230814015). Informed consent was taken 
from all the patients. 

Inclusion and exclusion criteria

Our inclusion criteria were patients diagnosed with PE by 
computed tomography pulmonary angiography (CTPA) 
and hospitalized. The diagnosis of PTB patients is based 
on clinical signs and symptoms, chest radiographs, sputum 
and/or bronchoalveolar lavage fluid MTB culture, acid-
fast bacillus microscopy, and anti-tuberculosis treatment 
effect (13).

Highlight box

Key findings
•	 In our study, the area under the receiver operating characteristic 

curve of the development cohort and validation cohort in the 
prediction model were 0.903 and 0.821. The calibration curves 
for the two cohorts showed that the probabilities predicted by the 
model were very close to the actual probabilities. This indicates 
that nomogram has significant clinical applications.

What is known and what is new?
•	 The clinical symptoms of pulmonary embolism (PE) are usually 

similar to those of respiratory diseases, which makes early clinical 
diagnosis difficult. 

•	 Our predictive models can better predict the risk of PE in 
pulmonary tuberculosis (PTB) patients and aid in early clinical 
identification.

What is the implication, and what should change now?
•	 The clinical presentation of PTB is clinically difficult to identify 

early with PE, the developed nomogram performed well in both 
the predictive development cohort and the validation cohort. 
Patients with high model scores are more likely to develop PE, 
and early identification and timely intervention are prognostically 
helpful.
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Exclusion criteria were: (I) the patients had more clinical 
data loss. (II) The suspected PE patients were not clearly 
diagnosed.

Data collection

Clinical data were collected, including comorbidities such 
as chronic obstructive pulmonary disease (COPD), diabetes, 
hypertension, and tumors. Clinical symptoms such as chest 
pain, cough, dyspnea, and hemoptysis; and laboratory test 
data, including platelet count, fibrinogen, D-dimer levels.

Statistical analysis

All statistical analyses were performed using R (4.1.2). 
Continuous variables were expressed as mean ± standard 
deviation and categorical variables were presented as 
numbers and percentages. Initially, the Kolmogorov-
Smirnov test was used to check whether the variables were 
normally distributed. Subsequently, the Chi-squared test, 
Fisher’s exact test, Student’s t-test, and the Mann-Whitney 
U test were used for data analysis, as appropriate. Univariate 
and multivariate regression analyses were used to investigate 

risk factors in patients with PTB combined with PE. 
Additionally, a nomogram was established to predict 

the probabil i ty  of  PE based on independent r isk 
factors screened from the developmental cohort. In the 
development and validation cohorts, the performance of 
the prediction model was evaluated using the area under 
the receiver operating characteristic (ROC) curve (AUC), 
calibration curve analysis, and decision curve analysis (DCA). 
Statistical significance was set at P<0.05.

Results

Basic characteristics of patients

A total of 990 patients were included according to the study 
design. Among these patients, 60 were excluded, as they 
did not meet the study criteria. Ultimately, 930 patients 
were included in this analysis (Figure 1). The clinical data 
for the development and validation cohorts are described 
in Table 1 (14). The developmental cohort consisted of  
694 patients with PTB, including 501 males (72.19%) and 193 
females (27.81%), with an average age of 54.36±17.47 years. 
A total of 236 patients with tuberculosis were included in 
the validation cohort, including 181 males (76.69%) and 55 

990 patients with suspected 
pulmonary embolism

930 patients included in the  
final cohort

Development cohort:  
694 patients

Data handling statistical 
analysis

Outcome: nomogram 
development and validation

Validation cohort:  
236 patients

60 patients excluded:
• 50 patients with no CTPA
• 6 patients refused hospitalization
• 4 patients clinical data lost

Figure 1 Flow diagram of patient selection. CTPA, computed tomography pulmonary angiography.
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Table 1 Comparison of clinical statistics between the development 
cohort and the validation cohort

Clinical characteristics
Development 

cohort (n=694)
Validation 

cohort (n=236)
P value

Age (years) 54.37±17.48 58.75±19.04 0.001

Sex 0.18

Male 501 (72.19) 181 (76.69)

Female 193 (27.81) 55 (23.31)

Smoking 0.47

No 378 (54.47) 135 (57.20)

Yes 316 (45.53) 101 (42.80)

COPD 0.002

No 546 (78.67) 207 (87.71)

Yes 148 (21.33) 29 (12.29)

Hypertension 0.040

No 600 (86.46) 191 (80.93)

Yes 94 (13.54) 45 (19.07)

Tumor 0.20

No 656 (94.52) 228 (96.61)

Yes 38 (5.48) 8 (3.39)

Diabetes 0.52

No 597 (86.02) 199 (84.32)

Yes 97 (13.98) 37 (15.68)

Cough <0.001

No 179 (25.79) 26 (11.02)

Yes 515 (74.21) 210 (88.98)

Chest pain 0.46

No 640 (92.22) 214 (90.68)

Yes 54 (7.78) 22 (9.32)

Hemoptysis 0.058

No 605 (87.18) 194 (82.20)

Yes 89 (12.82) 42 (17.80)

Dyspnea 0.24

No 538 (77.52) 174 (73.73)

Yes 156 (22.48) 62 (26.27)

Bedridden 0.88

No 669 (96.40) 227 (96.19)

Yes 25 (3.60) 9 (3.81)

Table 1 (continued)

Table 1 (continued)

Clinical characteristics
Development 

cohort (n=694)
Validation 

cohort (n=236)
P value

Surgery 0.97

No 682 (98.27) 232 (98.31)

Yes 12 (1.73) 4 (1.69)

Hemoglobin (g/L) 119.96±19.21 113.96±25.76 <0.001

Platelet count (×109/L) 239.10±92.23 272.83±108.08 <0.001

Fibrinogen (g/L) 3.83±1.42 4.38±1.31 <0.001

D-dimer (mg/L) 0.51±1.36 1.88±2.73 <0.001

Pulmonary embolism 0.09

No 610 (87.90) 217 (91.95)

Yes 84 (12.10) 19 (8.05)

The table is adapted from Kong et al. (14). Reuse with exemptions 
from licenses of European Journal of Medical Research under the 
journal’s copyright policy CC BY-NC 4.0. Data are presented as 
mean ± standard deviation or n (%). COPD, chronic obstructive 
pulmonary disease.

females (23.31%), with an average age of 58.75±19.04 years. 
Based on imaging results, 610 people in the development 
cohort had no detectable PE and 84 had detectable PE, with 
a positive rate of 12.1%. In the validation cohort 217 were 
without PE and 19 were examined for PE, with a positive 
rate of 8.05%.

Table 2  (14) shows the differences between the 
non-PE group (n=610) and the PE group (n=84) in 
the developmental cohort. The difference in clinical 
characteristics between the two groups was statistically 
significant: age (52.86±17.17 vs. 65.31±15.84 years, 
P<0.001), smoking (43.11% vs. 63.10%, P<0.001), tumor 
(3.93% vs. 16.67%, P<0.001), chest pain (6.23% vs. 19.05%, 
P<0.001), dyspnea (15.57% vs. 72.62%, P<0.001), surgery 
(0.98% vs. 7.14% P<0.001) and D-dimer (0.29±0.51 vs. 
2.11±3.24 mg/L, P<0.001).

We summarized the results of univariate and multivariate 
regression analyses for the developmental cohort in  
Table 3, which provides a detailed summary of odds ratio 
(OR) and 95% confidence interval (CI). A univariate 
regression analysis was conducted from the 17 variables 
included and 10 variables were selected. These variables 
include: age, smoking, hemoglobin, fibrinogen, D-dimer, 
hypertension, tumor, chest pain, dyspnea and surgery. 
Multivariate regression analysis of the above variables 
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showed that age (OR =1.027; 95% CI: 1.006–1.048; P=0.01), 
D-dimer (OR =2.873; 95% CI: 1.932–4.272; P<0.001), 
tumor (OR =3.843; 95% CI: 1.285–11.499; P=0.02), chest 
pain (OR =3.434; 95% CI: 1.415–8.338; P=0.006), dyspnea 
(OR =9.261; 95% CI: 4.936–17.378; P<0.001), surgery  
(OR =6.455; 95% CI: 1.330–31.320; P=0.03) were 
independent risk factors for PE in PTB patients. 

Development of the nomogram

The multivariate regression analysis results suggested 
that age, D-dimer, tumor, chest pain, dyspnea and surgery 
were independent risk factors for PE in PTB patients. We 
constructed a nomogram to predict the probability of PE in 
PTB patients based on the six variables that were assessed 
(Figure 2A). Each value on the horizontal axis corresponds 
to a distinct relative score, and the sum of all indicator 
scores represents the probability of developing a risk of PE. 
Clinical factors correspond to a specific point. By drawing a 
vertical line upward from this point on the axis, and locating 
the sum of the points on the total point axis, the sum 
indicates the predicted probability of embolism.

Evaluation of the predictive model

A total of 236 PTB patients from another hospital were 
included in the external test of the prediction model.  
Figure 2B,2C show the ROC curve of the development 
cohorts and validation cohorts and the AUC of the 

Table 2 Comparison of data between the pulmonary embolism 
group and the non-pulmonary embolism group

Clinical characteristics Non-PTE (n=610) PTE (n=84) P value

Age 52.86±17.17 65.31±15.84 <0.001

Sex 0.03

Male 432 (70.82) 69 (82.14)

Female 178 (29.18) 15 (17.86)

Smoking <0.001

No 347 (56.89) 31 (36.90)

Yes 263 (43.11) 53 (63.10)

COPD 0.08

No 486 (79.67) 60 (71.43)

Yes 124 (20.33) 24 (28.57)

Hypertension 0.003

No 536 (87.87) 64 (76.19)

Yes 74 (12.13) 20 (23.81)

Tumor <0.001

No 586 (96.07) 70 (83.33)

Yes 24 (3.93) 14 (16.67)

Diabetes 0.56

No 523 (85.74) 74 (88.10)

Yes 87 (14.26) 10 (11.90)

Cough 0.13

No 163 (26.72) 16 (19.05)

Yes 447 (73.28) 68 (80.95)

Chest pain <0.001

No 572 (93.77) 68 (80.95)

Yes 38 (6.23) 16 (19.05)

Hemoptysis 0.14

No 536 (87.87) 69 (82.14)

Yes 74 (12.13) 15 (17.86)

Dyspnea <0.001

No 515 (84.43) 23 (27.38)

Yes 95 (15.57) 61 (72.62)

Bedridden 0.06

No 591 (96.89) 78 (92.86)

Yes 19 (3.11) 6 (7.14)

Table 2 (continued)

Table 2 (continued)

Clinical characteristics Non-PTE (n=610) PTE (n=84) P value

Surgery <0.001

No 604 (99.02) 78 (92.86)

Yes 6 (0.98) 6 (7.14)

Hemoglobin (g/L) 120.37±18.94 115.65±24.52 0.07

Platelet count (×109/L) 240.22±93.13 230.93±85.49 0.39

Fibrinogen (g/L) 3.78±1.40 4.17±1.58 0.02

D-dimer (mg/L) 0.29±0.51 2.11±3.24 <0.001

The table is adapted from Kong et al. (14). Reuse with exemptions 
from licenses of European Journal of Medical Research under the 
journal’s copyright policy CC BY-NC 4.0. Data are presented as 
mean ± standard deviation or n (%). COPD, chronic obstructive 
pulmonary disease. 
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prediction model is 0.903 and 0.821 (P<0.05). Figure 3A,3B 
show the calibration curves for the development and 
validation cohorts, respectively, which demonstrate that the 
predicted probabilities of the model are very close to the 
actual probabilities. Figure 3C shows the DCA curves for 
both cohorts with significant net gains for most threshold 
probabilities.

Discussion

In our study, PTB complicated with PE was associated 
with tumors, D-dimer levels, chest pain, age, surgery and 
dyspnea. Furthermore, multivariate regression analysis 
demonstrated that these clinical variables were independent 
risk factors for PTB complicated with PE. The tumor is 
an independent risk factor for PTB combined with PE. A 
study by Park et al. found that the occurrence of PE in a 
significant proportion of patients with malignant tumors is 
one of the leading causes of death (15). It is also estimated 

that 20–30% of thromboembolic cases are associated with 
malignancy (16). Additionally, the incidence of cancer-
associated thrombosis has increased over time (17). In a 
meta-analysis, Reynolds et al. found that the incidence of 
PE in patients with malignancies ranged from 0.13% to 
8.65%, which is significantly higher than the incidence of 
PE in the general population (18). Similarly, in the present 
study, tumors were seen as an independent risk factor 
for PTB complicated with PE, and patients with PTB 
combined with tumors had a higher risk of PE.

During the breakdown of cross-linked fibronectin, a 
D-dimer is formed (19). The D-dimer test is a standard, 
quick, easy, and low-cost laboratory test. When elevated, 
this serves as a sensitive indicator of acute intravascular 
thrombosis (20-23). Some studies have shown that each 
unit increase in D-dimer levels in patients with TB, the 
risk of complicated PE increases several-fold (24,25). The 
possibility of PE should be considered in PTB patients if 
the D-dimer level is several times higher than that before 

Table 3 Univariable and multivariable logistic regression between pulmonary embolism group and non-pulmonary embolism group in the 
development cohort

Variables
Univariable logistic regression analysis Multivariate logistic regression analysis

OR (95% CI) P value OR (95% CI) P value

Sex 0.528 (0.294, 0.947) 0.03 1.222 (0.511, 2.921) 0.65

Age 1.052 (1.034, 1.071) <0.001 1.027 (1.006, 1.048) 0.01

Smoking 2.256 (1.408, 3.614) <0.001 1.439 (0.697, 2.967) 0.32

Hemoglobin 0.988 (0.978, 1.000) 0.04 0.996 (0.981, 1.010) 0.57

Platelet count 0.999 (0.996, 1.001) 0.39 – –

Fibrinogen 1.199 (1.029, 1.399) 0.02 0.924 (0.739, 1.155) 0.49

D-dimer 4.051 (2.880, 5.699) <0.001 2.873 (1.932, 4.272) <0.001

COPD 1.568 (0.939, 2.618) 0.09 – –

Hypertension 2.264 (1.296, 3.954) 0.004 0.926 (0.402, 2.135) 0.86

Tumor 4.883 (2.415, 9.875) <0.001 3.843 (1.285, 11.499) 0.02

Diabetes 0.812 (0.404, 1.633) 0.56 – –

Cough 1.550 (0.874, 2.749) 0.13 – –

Chest pain 3.542 (1.875, 6.690) <0.001 3.434 (1.415, 8.338) 0.006

Hemoptysis 1.575 (0.856, 2.895) 0.14 – –

Dyspnea 14.378 (8.487, 24.356) <0.001 9.261 (4.936, 17.378) <0.001

Bedridden 2.393 (0.927, 6.173) 0.07 – –

Surgery 7.744 (2.437, 24.601) <0.001 6.455 (1.330, 31.320) 0.02

CI, confidence interval; COPD, chronic obstructive pulmonary disease; OR, odds ratio.
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Figure 2 Establishment of predict model in PTB with PE and the ROC curve of the development cohorts and validation cohort. (A) 
Nomogram of risk factor in the PTB with PE using multinomial logistics regression, red plot means the risk of one patient in the predictive 
model. (B) The ROC curve of the development cohort. (C) The ROC curve of the validation cohort. AUC, area under the receiver 
operating characteristic curve; PE, pulmonary embolism; PTB, pulmonary tuberculosis; ROC, receiver operating characteristic.

during dynamic follow-up.
Furthermore, dyspnea is a common clinical manifestation 

of PE, with an overall prevalence of 32.1% reported in a 
study of patients in the emergency department presenting 
with dyspnea (26). Additionally, a study on acute PE in 
Thailand showed that the most common symptom was 
dyspnea (27). Our study also shows that patients with PTB 
who present with dyspnea should be screened for possible 
combined PE. 

A related study by Heit et al. showed that age is an 
independent risk factor for PE, with the risk increasing 
approximately 1-fold every 10 years with increasing age (28). 
White found that the prevalence of PE is low in adolescents 
and high in the elderly population. Its pathogenesis may 
be closely related to aging, increased blood viscosity, and 
thrombosis due to vascular endothelial damage (29). In a 

multicenter retrospective study, PE was examined in 30% of 
patients presenting for chest pain, and PE was diagnosed in 
nearly 3% of patients (30). This also suggests that patients 
with chest pain should be alert to the possibility of PE in 
clinical diagnosis and treatment. Moulder et al. found that 
operative time was closely related to embolization (31). 
Some scholars have pointed out that the risk of embolism 
after malignant tumor surgery is as high as 8.4% (32). In 
surgical patients, in addition to various types of surgery, 
intraoperative anaesthesia, and postoperative bed rest, also 
predispose to thrombosis. 

In recent years, the nomogram has been widely used 
as a new predictive model for the diagnosis of various 
diseases. It improves the ability of medical professionals, the 
effectiveness of further treatment measures and supports 
them in making informed medical decisions (33). In this 
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study, age, chest pain, tumor, D-miner, surgery and dyspnea 
were screened by multivariate analysis, and a nomogram 
was constructed. We also conducted external validation, the 
AUC of the prediction model is 0.821, which shows that the 
model has good predictive value. 

There are some limitations in this study. First, the 
sample size was relatively small, and the statistical power 
was reduced. Second, only two hospitals were included in 
this study, and a multicenter study could be conducted in 
the course of the follow-up study. Third, follow-up bias 
cannot be avoided because of the retrospective nature 
of this study. For the results to be more valuable, large-
sample, multicenter prospective cohort studies are needed 
to confirm our findings.

Conclusions

We developed a nomogram to predict the incidence of PE in 
patients with PTB using six common clinical variables, including 
age, chest pain, tumors, D-dimer levels, surgery and dyspnea. 
Our model was evaluated by calibration curve, ROC curve 
analysis and DCA. This model was shown to be clinically 
valuable for clarifying the diagnosis and ensuring early 

initiation of treatment in patients with PTB combined with PE.
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