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Objective: There have been only a few studies of ischemic stroke in patients with pulmonary tuberculosis (pTB). This study aimed to 
explore the clinical features and the underlying pathogenesis of pulmonary tuberculosis-related ischemic stroke (TBRIS).
Methods: Active pulmonary tuberculosis patients with acute ischemic stroke (without conventional vascular risk factors) were 
recruited as the TBRIS group. Patients who solely had active pulmonary tuberculosis were recruited as the control group (pTB group). 
Clinical data were collected, and multiple logistic regression analysis was applied to analyze the independent risk factors for TBRIS.
Results: A total of 179 TBRIS patients and 179 pTB patients were enrolled. Most (56.42%) of the TBRIS patients experienced the 
ischemic stroke events within 3 months after the diagnosis of tuberculosis. The multiple logistic regression analysis revealed that an 
increased mean platelet volume; elevated plasma D-dimer, C-reactive protein, and serum ferritin levels; and an increased monocyte 
percentage were independent risk factors for TBRIS. The AUC of the identification model was 0.778, with a sensitivity of 70.30% and 
a specificity of 78.90%.
Conclusion: The findings in the present study suggested that most of the TBRIS patients experienced ischemic stroke within 3 
months after the diagnosis of tuberculosis. And the more intensive immune response to the tuberculosis infection in the TBRIS group 
contributed to the initiation of platelet activation and to the development of a hypercoagulable state, which were attributed to the 
pathogenesis of TBRIS. Index of TBRIS equaling to 0.3234 facilitates clinicians to identify the pTB patients who were at higher risk 
for TBRIS, and allow physicians to take further effective measures to prevent ischemic stroke in patients with pTB. However, our 
findings will need to be confirmed by further studies.
Keywords: pulmonary tuberculosis, ischemic stroke, tuberculosis-related ischemic stroke, independent risk factor, pathogenesis

Introduction
Tuberculosis is a poorly controlled infectious disease worldwide, and extrapulmonary tuberculosis within the central nervous 
system is the most devastating and deadly form of tuberculosis.1,2 Ischemic stroke is a noninfectious disease that occurs 
worldwide. Previous study showed that patients with tuberculous meningitis were at high risk of ischemic stroke, and the 
interval of development of ischemic stroke after the diagnosis of tuberculous meningitis in some patients was shortly only one 
month, and the ischemic stroke tended to worsen the prognosis.3–5 Pulmonary tuberculosis is more common than tuberculous 
meningitis. However, the relationship between pulmonary tuberculosis and ischemic stroke is not fully understood. In 1997, 
Schoeman et al reported a child with miliary pulmonary tuberculosis that was complicated by acute ischemic stroke. A follow- 
up autopsy found that the cerebral artery embolus that caused the ischemic stroke was composed of inflammatory granulomas, 
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suggesting that pulmonary tuberculosis might directly cause ischemic stroke, namely pulmonary tuberculosis-related ischemic 
stroke (TBRIS).6 Since then, acute ischemic stroke has been reported in patients with active pulmonary tuberculosis, which 
seems to further suggest a relationship between pulmonary tuberculosis and ischemic stroke.7–9 In 2010, in order to explore the 
relationship between pulmonary tuberculosis and ischemic stroke, Sheu et al performed a population-based three-year follow- 
up study using an insurance database, in which 2283 tuberculosis patients were included as the experimental group and 6849 
patients without tuberculosis were included as the comparison group, and the study found that the risk of ischemic stroke in 
patients with pulmonary tuberculosis was 1.52 times higher than that of the patients without tuberculosis, suggesting that 
pulmonary tuberculosis might directly or indirectly lead to ischemic stroke and that TBRIS clinically exists.10 However, in 
2014, Wu and his teams carried out another 3-year follow-up study, by using a similar insurance database, and the study found 
that pulmonary tuberculosis did not increase the risk of ischemic stroke.11 However, it is well known that pulmonary 
tuberculosis is a chronic infectious disease and a curable disease. When pulmonary tuberculosis is active, elevated plasma 
inflammatory factors, such as C-reactive protein, increased platelet activation and the development of a hypercoagulable state, 
may be continued.12–14 More importantly, elevated plasma inflammatory factors, such as C-reactive protein, platelet activation 
and the hypercoagulable state, have been found to contribute not only to an increased risk of ischemic stroke but also to a poor 
prognosis.15–18 As a result, it was hypothesized that active pulmonary tuberculosis may lead to ischemic stroke through 
elevated plasma inflammatory factors, such as C-reactive protein, platelet activation and/or hypercoagulability, namely 
TBRIS. However, the clinical features and underlying pathogenesis of TBRIS have not been fully elucidated.

To investigate the clinical features and underlying pathogenesis of TBRIS, in the present retrospective case–control 
study, active pulmonary tuberculosis patients with acute ischemic stroke but without conventional vascular risk factors 
were included as the experimental group, and pure active pulmonary tuberculosis patients without stroke also without 
conventional vascular risk factors were included in the control group. Then, the plasma inflammatory markers, indicators 
of platelet activation, and D dimer levels in both the experimental and control groups were collected. Finally, the risk 
factors for TBRIS and the possible pathogenesis of ischemic stroke were evaluated through a univariate analysis, 
multivariate logistic regression and ROC analysis. This study should facilitate clinicians identify the patients with 
pulmonary tuberculosis who are at high risk for ischemic stroke and will allow physicians to take further effective 
measures to prevent ischemic stroke in patients with pulmonary tuberculosis.

Materials and Methods
This study was conducted in accordance with the Declaration of Helsinki and approved by the First Affiliated Hospital of 
Guangxi Medical University Ethical Review Committee. Approval Number: 2022 (KY-E-010). The written informed 
consent was waived because of the retrospective nature of our study. During the data collection, personally identifiable 
information such as names, addresses and phone numbers of the study participants were never recorded. The collected 
data were kept confidentially and used only for the purpose of the study.

Patient Selection
Patients with TBRIS who were hospitalized between January 2011 and December 2020 in 5 centers (The First and the 
Second Affiliated Hospital of Guangxi Medical University, The Wuming Hospital of Guangxi Medical University, 
People’s Hospital of Guangxi Zhuang Autonomous Region and The Fourth People’s Hospital of Nanning City) were 
included in the present study as the TBRIS group. Considering the difficulty in accurately diagnosing TBRIS in clinical 
practice, and after referring to the conception of cancer-related ischemic stroke,19,20 TBRIS in the present study was 
defined as patients with active pulmonary tuberculosis and acute ischemic stroke without conventional stroke risk factors. 
According to the American Heart Association diagnostic criteria for stroke,21 acute ischemic stroke was diagnosed as 
follows: patients who suffered from a new and sudden onset of focal neurological deficits, such as limb weakness or 
numbness in one or both limbs, fatigue or aphasia. The patients’ brain MRIs and/or CTs could identify the ischemic 
lesions that were consistent with the neurological symptoms.

The conventional stroke risk factors were defined as follows: (i) hypertension (taking antihypertensive drugs, diastolic 
blood pressure ≥90 mmHg, or systolic blood pressure ≥140 mm Hg); (ii) diabetes (taking anti-diabetic drugs or random 
blood glucose level ≥11.1 mmol/L);22 (iii) hyperlipidemia (taking lipid-lowering drugs, low-density lipoprotein >3.64 
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mmol/L, serum total cholesterol >5.72 mmol/L or triglycerides >1.70 mmol/L);23 and (iv) smoking and drinking, 
coronary artery disease, rheumatic heart valve disease, and atrial fibrillation (history of disease or assessed by 
a cardiologist according to the electrocardiogram and transthoracic echocardiography at admission).

Active pulmonary tuberculosis was diagnosed based on the “Guideline” for pulmonary tuberculosis.24 The patients 
had symptoms, such as cough, expectoration, hemoptysis, night sweats, fever, weight loss and loss of appetite. 
Furthermore, one of the following four laboratory conditions were required for confirmed cases of pulmonary tubercu
losis: (i) 2 sputum smears positive for acid-fast bacilli or 1 sputum smear positive for acid-fast bacilli with chest imaging 
that had changes consistent with active pulmonary tuberculosis or 1 sputum smear that was positive for acid-fast bacilli 
with 1 sputum mycobacterium culture that was positive; (ii) positive culture of Mycobacterium tuberculosis and the chest 
imaging showed changes consistent with active pulmonary tuberculosis; (iii) positive detection of Mycobacterium 
tuberculosis nucleic acid and chest imaging had evidence for active pulmonary tuberculosis; and (iv) The pathological 
examination of lung tissue was consistent with the pathological changes of tuberculosis.

The exclusion criteria for the TBRIS group included (i) patients with tuberculosis in lung tissue and other organs 
outside the pleura; (ii) patients with malignant tumors, HIV or Treponema pallidum infection, or autoimmune disease; 
(iii) patients with heart, kidney or liver failure; (iv) patients with bacterial, fungal pneumonia or sepsis; and (v) patients 
with various types of encephalitis, such as tuberculous meningitis and cryptococcal meningitis; (vi) patients with 
incomplete clinical or imaging data.

Age-, sex- and living condition-matched patients with only active pulmonary tuberculosis were recruited as the 
control group (pTB group). The pTB group was hospitalized at the same center during the same period, and the pTB 
group shared the same exclusion criteria as the TBRIS group.

Collection of Clinical Data
The general data were collected, and the data included demographic data (age, sex and living conditions) and conven
tional stroke risk factors, such as smoking, hypertension, diabetes, coronary artery disease, rheumatic heart valve disease 
and atrial fibrillation. The symptoms and signs of focal neurological deficits, the lesions of ischemic stroke and the 
precise timing for the diagnosis of stroke were also collected. Data on pulmonary tuberculosis, such as the patient’s signs 
and symptoms, the clinical types of pulmonary tuberculosis (including primary pulmonary tuberculosis, hematogenous 
pulmonary tuberculosis, secondary pulmonary tuberculosis, tuberculous pleurisy, tuberculous tracheitis, tuberculous 
bronchitis), and the actual timing of the diagnosis were collected at the same time. The etiologies of the tuberculosis 
cases were also collected.

Routine laboratory data were also collected, such as routine blood tests, erythrocyte sedimentation rate (ESR), 
C-reactive protein, serum ferritin (SF), and D-dimer. For TBRIS patients, the laboratory data was collected according 
to the following conditions: (I) data was collected within 24 hours after admission, and the data were from patients who 
were admitted for acute ischemic stroke while being diagnosed with pulmonary tuberculosis during the treatment of 
ischemic stroke. (II) The data was collected within 24 hours of the acute ischemic stroke attack, and the data were from 
patients who were diagnosed with acute ischemic stroke during the treatment of pulmonary tuberculosis.

Furthermore, the imaging finding results (such as cranial CT, CT angiography, MRI, magnetic resonance angiography, 
diffusion-weighted MRI, chest CT or X-ray, trans-cranial Doppler ultrasound, echocardiography and ambulatory blood 
pressure monitoring) were collected.

Treatment
In the present study, all patients in both the TBRIS group and the pTB group received standard anti-tuberculosis 
treatment according to the guidelines for tuberculosis.21 Patients in the TBRIS group were treated with anti-acute 
ischemic stroke medications according to the guidelines for acute ischemic stroke, 12 patients first received venous 
thrombolysis therapy, and all patients received antiplatelet therapy.20

Journal of Inflammation Research 2022:15                                                                                          https://doi.org/10.2147/JIR.S368183                                                                                                                                                                                                                       

DovePress                                                                                                                       
4241

Dovepress                                                                                                                                                              Wei et al

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Statistical Analysis
Statistical analyses were performed using SPSS version 26.0 software (IBM). p < 0.05 was considered statistically 
significant. Continuous variables were compared between the 2 groups using Student’s t-test and the Mann–Whitney 
U-test, while categorical variables were compared using the χ2 test. To explore the independent risk factors for TBRIS, 
variables with p < 0.05 in the univariate analyses were analyzed in the multiple logistic regression analysis. In order to 
create a reliable model to identify TBRIS, we combined the independent risk factors for TBRIS to develop the index of 
TBRIS. Moreover, an ROC analysis was used to compare the area under the ROC curve (AUC) of the index of TBRIS 
with every independent risk factor using MedCalc version 15.8 software packages.

Results
In the present study, there were 61,203 active pulmonary tuberculosis patients and 4920 active pulmonary tuberculosis 
patients with acute ischemic stroke were firstly screened out. Then, 179 patients who met the TBRIS criteria were 
enrolled as TBRIS group. And the other 4741 patients were excluded, including 3367 patients with traditional stroke risk 
factors, 11 patients with cerebral hemorrhage, 930 patients with HIV and/or a syphilis infection, 176 patients with 
pulmonary bacterial or fungal infections, 95 patients with heart, kidney, liver or lung failure, 144 patients with 
incomplete clinical data and 18 patients with an onset of ischemic stroke one year or more after the diagnosis of 
tuberculosis. Finally, 179 patients aged 32–84 years (median 66.00 [IQR 12], 124 males, 55 females) were enrolled in 
TBRIS group. In the pTB group, 179 patients were included, and they were aged 48–85 years (median 64.00 [IQR 10], 
109 males, 70 females). No significant differences were found in the living conditions, sex or age between the two groups 
(p > 0.05) (Table 1 and Figure 1). The two groups of patients shared similar pulmonary tuberculosis manifestations: 
cough, expectoration, night sweats, weight loss, fever and appetite loss. Pulmonary CT and/or X-ray showed that 
secondary pulmonary tuberculosis was the most common clinical type of tuberculosis in the two groups (97.2% vs 
98.3%), followed by hematogenous pulmonary tuberculosis (2.8% vs 1.7%). There was no significant difference in the 
clinical types of pulmonary tuberculosis between the two groups (p > 0.05) (Table 1).

In the TBRIS group, 42 (21.46%) patients were hospitalized for first-ever ischemic stroke and were found to have 
active pulmonary tuberculosis during hospitalization, and these patients were given anti-tuberculosis treatment. A total of 
137 (76.54) active pulmonary tuberculosis patients were first diagnosed with acute ischemic stroke while receiving 
antituberculosis treatment. Among these patients, 101 (56.42%), 22 (12.29%) and 14 (7.82%) patients experienced 
ischemic stroke within the first 3 months, 4–6 months and 7–12 months, respectively (Figure 2).

In addition, in the TBRIS group, there were 138 (138/179, 77.09%) patients who had 2 or more scattered, patchy and 
variable-sized ischemic lesions according to the neuroimaging studies. These lesions were distributed to 2 or more cerebral 
arterial territories in most of the patients (118/179, 65.92%) but were confined to only one cerebral arterial territory in the 
other patients (20/179, 11.17%). Moreover, 41 (41/179, 22.91%) patients had a single ischemic lesion (Table 2). Regarding 

Table 1 General Data

Characteristic TBRIS (n=179) pTB (n=179) p value

Age (years), median (IQR) 66 (12) 64 (10) 0.082

Gender, n (%)

Male 124 (69.3) 109 (60.9) 0.096
Female 55 (30.7) 70 (39.1)

Living conditions, n (%)

City 69 (38.5) 79 (44.1) 0.391
Countryside 110 (61.5) 100 (55.9)

Type of tuberculosis, n (%)

Secondary 174 (97.2) 176 (98.3) 0.475
Hematogenous 5 (2.8) 3 (1.7)

Abbreviations: TBRIS, pulmonary tuberculosis-related ischemic stroke; pTB, pulmonary tuberculosis; IQR, inter
quartile range.
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Figure 1 Flowchart for the screening of patients with pulmonary tuberculosis-related ischemic stroke. TBRIS: pulmonary tuberculosis-related ischemic stroke pTB: 
pulmonary tuberculosis.

Figure 2 Temporal map between the course of pulmonary tuberculosis and the onset of ischemic stroke. : Ischemic stroke onset before pulmonary tuberculosis 
diagnosis : Ischemic stroke onset after pulmonary tuberculosis diagnosis.
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the locations of the lesions, most of the ischemic lesions were scattered in the basal ganglia, the next mostly likely locations 
were the semioval center and thalamus regions, followed by the frontal lobe, parietal lobe, temporal lobe, cerebellum and 
brain stem, and the occipital lobe was the least likely to be involved (Table 2). The vascular examinations revealed that the 
cerebrovascular vessels were normal in the patients in the present study (Figure 3).

Compared to the pTB group, the TBRIS group had higher WBC counts, Hb levels, neutrophil counts, neutrophil 
percentages, lymphocyte counts, lymphocyte percentages, neutrophil-to-lymphocyte ratios (NLR), monocyte counts, mono
cyte percentages, mean platelet volumes (MPV), D-dimer, C-reactive protein (CRP), serum ferritin (SF) and serum albumin 
(ALB) (p < 0.05) (Table 2). The TBRIS group also had higher mortality rates (7.45%, 15.96%) at 30 days and 90 days after 
the stroke (Table 2). Furthermore, the multiple logistic regression analysis revealed that elevated D-dimer levels (odds ratio 
[OR]:1.432, 95%confidence interval [CI]:1.072–1.911, p < 0.05), MPV (OR:1.833, 95% CI:1.371–2.450, p < 0.05), CRP 
levels (OR:1.014, 95% CI:1.001–1.02, p < 0.05), SF (OR:1.001, 95% CI:1.000–1.002, p < 0.05), and monocyte percentages 
(OR:1.253, 95% CI:1.036–1.515, p < 0.05) were independent risk factors for TBRIS (Table 3).

Table 2 Comparison of the Laboratory Data Between the Patients with TBRIS and pTB

Characteristic TBRIS (n=179) pTB (n=179) p value

WBC (109/L), median (IQR) 7.14 (3.56) 6.33 (2.18) <0.001
Hb, g/L, mean±SD 120.79±17.59 125.91±16.31 0.005

NEU (109/L), median (IQR) 4.75 (3.73) 3.88(1.91) <0.001

NEUR (%), median (IQR) 68.70 (18.66) 62.00 (13.20) <0.001
LYM (109/L), median (IQR) 1.33 (0.80) 1.50 (0.66) 0.025

LYMR (%), median (IQR) 20.00 (14.10) 25.90 (13.20) <0.001

NLR, median (IQR) 3.40 (4.0) 2.57 (1.94) <0.001
MONO (109/L), median (IQR) 0.57 (0.36) 0.46 (0.24) <0.001

MONOR (%), median (IQR) 8.20 (4.14) 7.30 (3.50) 0.004
PC,(109/L), median (IQR) 250.00 (119.00) 255.00 (98.00) 0.412

Platelet volume indices

MPV (fL), median (IQR) 9.10 (8.70) 8.70 (1.30) 0.010
MPV/PC, median (IQR) 3.56 (2.10) 3.51 (1.55) 0.185

PDW (%), median (IQR) 15.60 (4.00) 15.70 (0.50) 0.204

PDW/PC, median (IQR) 5.65 (3.65) 5.96 (2.51) 0.467
FIB (g/L), median (IQR) 3.50 (1.60) 3.46 (1.59) 0.811

D-dimer (μg/mL), median (IQR) 1.07 (1.46) 0.77 (0.80) <0.001

CRP (mg/mL), median (IQR) 16.50 (40.80) 5.00 (6.18) <0.001
ESR (mm/h), median (IQR) 33.00 (45.00) 31.00 (40.75) 0.745

SF (μg/mL), median (IQR) 430.00 (528.90) 299.73 (234.28) <0.001

ALB/(g/L), median (IQR) 36.10 (7.30) 39.30 (6.30) <0.001
Number of infarcts

One 41 (22.91%)

More than two 138 (70.09%)
30-day outcome TBRIS (n=94) pTB (n=113)

Survival 87 (92.55%) 113 (100%) <0.001

Death 7 (7.45%) 0(0%)
90-day outcome TBRIS (n=94) pTB (n=113)

Survival 79 (84.04%) 113 (100%) <0.001

Death 15 (15.96%) 0 (0%)

Abbreviations: TBRIS, pulmonary tuberculosis-related ischemic stroke; pTB, pulmonary tuberculosis; WBC, white blood cells; Hb, hemo
globin; NEU, neutrophil count; NEUR, neutrophil percentage; LYM, lymphocyte count; LYMR, lymphocyte percentage; NLR, neutrophil-to- 
lymphocyte ratio; MONO, monocyte count; MONOR, monocyte percentage; PC, platelet count; MPV, mean platelet volume; PDW, platelet 
distribution width; FIB, fibrinogen; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; SF, serum ferritin; ALB, Serum albumin; IQR, 
interquartile range; SD, standard deviation.

https://doi.org/10.2147/JIR.S368183                                                                                                                                                                                                                                    

DovePress                                                                                                                                                 

Journal of Inflammation Research 2022:15 4244

Wei et al                                                                                                                                                              Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Compared to the AUCs of the D-dimer, mean platelet volume, C-reactive protein, serum ferritin, and monocyte 
percentage, the AUC of the index of TBRIS was the largest (AUC = 0.778, sensitivity 70.30%, specificity 78.90%), with 
the cutoff value equaling to 0.3234 (Table 4 and Figure 4).

Discussion
In the present study, most TBRIS patients (56.42%) developed an ischemic stroke within 3 months after the diagnosis of 
pulmonary tuberculosis, suggesting that TBRIS were likely to develop during the intensive inflammatory response period 
that occurred in active pulmonary patients. Some TBRIS patients presented with ischemic stroke as the initial event, and 
these patients were diagnosed with active pulmonary tuberculosis during the anti-ischemic stroke treatment. Although 
acute ischemic stroke has often been found in patients with active pulmonary tuberculosis,7–9and active pulmonary 
tuberculosis was found to increase the risk for ischemic stroke,10 the relationship between active pulmonary tuberculosis 

Figure 3 Typical neuroimage of a patient with acute ischemic stroke and active pulmonary tuberculosis. Images are from a male in his 50s who had acute ischemic stroke 
without conventional stroke risk factors and who was initially diagnosed with active pulmonary tuberculosis during the treatment of ischemic stroke. Six MRI diffusion- 
weighted images (picture A–F) show multiple high-signal lesions in multiple arterial regions of the brain. Two pictures of computed tomography angiography (picture G and 
H) show normal cerebral vessels.

Table 3 Multivariate Logistic Regression Analysis

Factors β SE Wals Df OR 95% CI p value

WBC (109/L) 0.308 0.690 0.200 1 1.361 0.352–5.257 0.655
Hb (g/L) −0.003 0.009 0.101 1 0.997 0.980–1.015 0.751

MPV (fL) 0.606 0.148 16.716 1 1.833 1.371–2.450 <0.001

NEU (109/L) 0.185 0.732 0.064 1 1.204 0.287–5.054 0.800
NEUR (%) 0.000 0.062 0.000 1 1.000 0.885–1.129 0.994

LYM (109/L) −0.688 0.924 0.554 1 0.503 0.082–3.077 0.457

LYMR (%) 0.032 0.072 0.193 1 1.032 0.896–1.190 0.661
NLR −0.03 0.068 0.193 1 0.971 0.85–1.1080 0.660

MONO (109/L) −1.948 1.485 1.721 1 0.143 0.008–2.618 0.190

MONOR (%) 0.225 0.097 5.381 1 1.253 1.036–1.515 0.020
D-dimer (μg/mL) 0.359 0.147 5.925 1 1.432 1.072–1.911 0.015

CRP (μg/mL) 0.014 0.006 4.659 1 1.014 1.001–1.027 0.031

SF (μg/mL) 0.001 0.000 6.859 1 1.001 1.000–1.002 0.009
ALB/(g/L) −0.046 0.031 2.171 1 0.955 0.898–1.015 0.141

Constant −8.086 6.002 1.815 1 0.000 0.178

Abbreviations: WBC, white blood cells; Hb, hemoglobin; MPV, mean platelet volume; NEU, neutrophil count; NEUR, neutrophil percentage; LYM, 
lymphocyte count; LYMR, lymphocyte percentage; NLR, neutrophil-to-lymphocyte ratio; MONO, monocyte count; MONOR, monocyte percentage; CRP, 
C-reactive protein; SF, serum ferritin; ALB, serum albumin; SE, standard error; OR, odds ratio; CI, confidence interval.
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and ischemic stroke has not been established.10,11 However, the findings in the present study still indicated that 
pulmonary tuberculosis should be considered while determining the etiology of an ischemic stroke because pulmonary 
tuberculosis is one of the possible causes of cryptogenic ischemic stroke.

In the present study, the neuroimaging showed that TBRIS was associated with particularly striking features. First, 
brain MRI and/or CT showed that most patients with TBRIS had 2 or more ischemic lesions that were distributed in 2 or 
more cerebral arterial territories and that the ischemic lesions commonly appeared in the basal ganglia, semioval center 
and thalamus regions. Second, the vascular examinations showed that the TBRIS patients in the present study had normal 
cerebral vessels. The patients with tuberculous meningitis were also found to be at high risk for ischemic stroke. The 
neuroimaging features of the ischemic strokes in patients with tuberculous meningitis include multiple lacunar lesions, 
and these lesions are mostly involved in the “TB zone”, which are supplied by the medial lenticulostriate and 
thalamoperforating arteries.5,25,26 However, the neuroimaging features of TBRIS have not been reported.

In the present study, the TBRIS group also had a higher mortality rate, both at the 30th day and at the 90th day after 
the ischemic stroke, compared to the pTB group, indicating that ischemic stroke not only lead to physical disability but 
also might lead to more severe outcomes in patients with pTB. Therefore, to prevent the development of TBRIS and to 
improve the prognosis of patients with TBRIS, it is not only useful but necessary to elucidate the pathogenesis of TBRIS.

In the present study, the multivariate analysis showed that elevated plasma levels of D-dimer, MPV, CRP, and SF and 
an increase in the monocyte percentage were independent risk factors for TBRIS, implying that these independent risk 
factors alone or in combination promoted the development of TBRIS through different kinds of pathways.

Table 4 ROC Analysis of the Independent Risk Factors and the Identification Model of TBRIS

Factors AUC 95% CI Sen (%) Spe (%)

SF, μg/L 0.642 0.583–0.701 36.70 89.50
CRP, μg/mL 0.698 0.643–0.753 57.60 77.80

D-dimer, μg/mL 0.661 0.603–0.709 53.20 77.80

MPV, fL 0.611 0.553–0.670 62.70 60.20
MONOR, % 0.614 0.557–0.672 37.30 82.50

Identification model 0.778 0.727–0.828 70.30 78.90

Abbreviations: SF, serum ferritin; CRP, C-reactive protein; MPV, mean platelet volume; MONOR, monocyte percentage; 
AUC, area under the ROC curve; CI, confidence interval; Sen, sensitivity; Spe, specificity.

Figure 4 Analysis of the ROC curve and the area under the curve. 
Abbreviations: MONOR, monocyte percentage; MPV, mean platelet volume; CRP, C-reactive protein; SF, serum ferritin; AUC, area under the ROC curve; CI, confidence 
interval; Sen, sensitivity; Spe, specificity.
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Generally, previous studies have demonstrated that tuberculosis may lead to elevated inflammatory factors in the 
plasma, such as CRP and SF, and may also lead to platelet activation and the development of a systemic hypercoagul
able state.12–14,27,28 First, in the present study, the TBRIS group had elevated plasma inflammatory factors, such as 
CRP and SF, and an increased monocyte percentage compared to the pTB group, which implies that the immune 
response to tuberculosis infection may be more intensive in TBRIS patients compared to pTB patients.29 Moreover, 
a higher MPV was also found in the TBRIS group. As it has been reported that a higher MPV is a common biomarker 
for platelet activation and that a higher MPV is correlated with the CRP concentration,30 the more intensive immune 
response to the tuberculosis infection in the TBRIS group may have induced the increase in the platelet activation in 
the TBRIS group. As platelet activation has a close relationship with the development of a hypercoagulable state,31–33 

the more intensive immune response to a tuberculosis infection may induce a stronger hypercoagulable state in the 
TBRIS group.

In addition, in the present study, the TBRIS group had elevated plasma D-dimer levels. As previous studies have 
found that elevated plasma D-dimer levels were common in patients with ischemic stroke18,34,35 and in patients with 
pTB,36 that elevated plasma D-dimer levels have been used as a biomarker of a hypercoagulable state, and that 
pulmonary tuberculosis could cause a hypercoagulable state,37 the TBRIS group may have developed a stronger 
hypercoagulable state. Furthermore, Seok et al38 found that elevated plasma D-dimer levels were linearly correlated 
with the frequency of the microembolic signals in the internal carotid on transcranial Doppler ultrasound and were 
correlated with the development of thrombotic stroke, indicating that a hypercoagulable state may lead to ischemic 
stroke. In summary, in the present study, the more intensive immune response to tuberculosis infection in the TBRIS 
group may initially induce more active platelet activation, then a stronger hypercoagulable state and ultimately the 
development of TBRIS.

In the present study, the ROC curve analysis showed that the index of TBRIS had the largest AUC, which suggests 
that the independent risk factors that were included in the index of TBRIS altogether promoted the development of 
TBRIS, and this also illustrates that the index of TBRIS had the most power to predict the pTB patients who were at 
higher risk for TBRIS. Clinicians should identify TBRIS from other subtypes of ischemic stroke in terms of the etiology 
with the index of TBRIS equaling to 0.3234 (such as an ischemic stroke resulting from an atherosclerotic thrombosis of 
the large artery in pTB patients). In addition, the concept of TBRIS and its clinical characteristics and possible 
pathogenesis have raised more people’s attention to enhance the quality of life of patients with pTB through effectively 
preventive and therapeutic measures for TBRIS.39

Our study has limitations. First of all, due to our strict inclusion criteria for TBRIS, the number of TBRIS patients 
included in our study was still small despite the retrieval of 10-year data from 5 centers. Second, due to the retrospective 
nature of the study, the findings need to be confirmed by future studies.

Conclusion
The findings in the present study suggested that most of the TBRIS patients experienced ischemic stroke within 3 months 
after the diagnosis of tuberculosis. And the more intensive immune response to the tuberculosis infection in the TBRIS 
group contributed to the initiation of platelet activation and to the development of a hypercoagulable state, which were 
attributed to the pathogenesis of TBRIS. Index of TBRIS equaling to 0.3234 facilitates clinicians to identify the pTB 
patients who were at higher risk for TBRIS and allow physicians to take further effective measures to prevent ischemic 
stroke in patients with pTB. However, our findings will need to be confirmed by further studies.
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