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The risk of pulmonary tuberculosis 
after traumatic brain injury
Hsin‑Yueh Liu1,12, Kuang‑Ming Liao1,12, Fu‑Wen Liang2,3,4, Yi‑Chieh Hung5,6, 
Jhi‑Joung Wang7,8,9, Te‑Chun Shen10,11* & Chung‑Han Ho7*

After traumatic brain injury (TBI), an inflammatory response in the brain might affect the immune 
system. The risk of pulmonary infection reportedly increases in patients with TBI. We aimed to 
evaluate the risk of tuberculosis (TB) in patients with TBI in Taiwan. All participants were selected 
from the intensive care unit (ICU). Patients with TBI were defined as patients in ICU with intracranial 
injury, and comparison cohort were patients in ICU without TBI diagnosis. There was a significant 
difference in TB risk between the patients with TBI and the comparison cohort according to age and 
the Charlson’s comorbidity index (CCI) score. Thus, we divided patients based on CCI into three groups 
for further analysis: mild (CCI = 0), moderate (CCI = 1/2), severe (CCI > 2). Mild‑CCI group had a lower TB 
incidence rate (0.74%) and longer time to TB development (median: 2.43) than the other two groups. 
Moderate‑CCI group had 1.52‑fold increased risk of TB infection (p < 0.0001) compared with mild‑CCI 
group. In the severe‑CCI group, patients aged ≥ 80 years had 1.91‑fold risk of TB compared with mild‑
CCI group (p = 0.0481). Severe‑CCI group had significantly higher mortality than the mild‑CCI group 
(p = 0.0366). Patients with TBI and more comorbidities had higher risk of TB infection with higher 
mortality rate.

Tuberculosis (TB) is one of the top ten causes of death in the world and remains the leading cause of death among 
infectious diseases; a total of 1.4 million people died from TB in  20191. Host factors are important for pulmonary 
TB infection, and the risk factors include  age2, use of oral  glucocorticoids3 or inhalation  corticosteroids4, diabe-
tes  mellitus5,6, administration of tumor necrosis factor (TNF-α)  inhibitors7, organ  transplantation8, substance 
 abuse9,  smoking10,  silicosis11,  malignancy12, chronic renal  disease13, gastric  surgery14, liver  cirrhosis15 and chronic 
obstructive pulmonary  disease16. According to WHO’s Global Tuberculosis Report, the estimated deaths due 
to TB were approximately 1.4 million people in  201917. From 2011 to 2014, Taiwan was a country moderately 
burdened by TB, and the incidence of the disease was about 48–55 per 100,000  people18.

Traumatic brain injury (TBI) is a global major cause of mortality and morbidity. After patients could survive 
from TBI, they may develop systemic immunosuppression and a high risk of bacterial lung  infections19. Follow-
ing TBI, the mechanisms of bacterial lung infections include cytokine release, HMGB1 release, and activation 
of the lymphatic system. The microglia and astrocytes in the brain initiate inflammatory activity and activate 
the neutrophils to adhere to blood–brain barrier, resulting in cell breakdown and increased permeability. Fur-
thermore, TBI also increases neutrophil and inflammatory cytokines, including TNF-α, interleukin (IL)-1, and 
IL-6, within the pulmonary  tissue19.

Following TBI, the inflammatory response might affect the health status. The brain cells secrete cytokines and 
chemokines, activate the endothelial cells and microglial cells, and result in the migration of systemic neutro-
phils, lymphocytes, and monocytes into the injured  brain20,21. Immunosuppression in brain injury is rapid and 
 profound22. In the animal model, lymphocyte function was suppressed after brain injury, and the rate of pulmo-
nary infections was significantly higher in the brain injury group compared with the control  group23. In this study, 
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we hypothesized that the changing immune status after TBI not only increases the risk of lung infections, but 
also increases the susceptibility of TB infection. Considering the association between level of consciousness and 
the inflammatory response, patients with TBI and intracranial injury may have a higher inflammatory response 
than patients without. Therefore, the aim of our study was to assess the risk of TB and the subsequent mortality 
among patients with TBI and intracranial injury, compared with patients without.

Methods
Data source. According to the claims of Taiwan’s national health insurance program, Taiwan established a 
medical claims database, National Health Insurance Research Database (NHIRD), for research propose. Almost 
99% of inpatient and outpatient medical benefit claims for Taiwan’s 23 million residents were covered by NHIRD 
(http:// nhird. nhri. org. tw/ en/ Data_ Subse ts. html). The database comprises detailed information regarding clini-
cal visits for each insured person, including date of diagnosis; diagnostic codes according to the International 
Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM); payments for consultations; and 
prescription details. This study was conducted in compliance with the Declaration of Helsinki and has been 
approved by the Research Ethics Committee of Chi Mei Hospital (IRB permit number: 10803-E01). The require-
ment for informed consent was also waived by the approval of the Research Ethics Committee of Chi Mei Hos-
pital.

Patient selection and definition. All study participants were selected from the admission records of 
patients admitted in the intensive care unit (ICU) between 2002 and 2012. Patients with TBI were defined as 
inpatients with a diagnosis code of TBI (ICD-9-CM codes: 800.0–801.9, 803.0–804.9, 850.0–854.1, and 959.01). 
The patients with TBI were either classified as patients without intracranial injury (ICD-9-CM: 800.0, 800.5, 
801.0, 801.5, 803.0, 803.5, 804.0, 804.5, 850.0, 850.1, 850.5, 850.9, 854.0) or patients with intracranial injury 
(ICD-9-CM: 800.1-800.4, 800.6-800.9, 801.1-801.4, 801.6-801.9, 803.1-803.4, 803.6-803.9, 804.1-804.4, 804.6-
804.9, 850.2-850.4, 850.6-850.8, 851-853, 854.1, 959.01), only those with intracranial injury were selected in 
this study. To understand the potential for TB development in patients with TBI with a more severe inflamma-
tory response, those with intracranial injury were selected in this study. To ensure inclusion of new onset TBI, 
patients with a history of TBI diagnosis before 2002 were excluded. The comparison cohort were identified as 
patients without a TBI diagnosis but with ICU admission records in NHIRD. Considering the potential con-
founding bias that affects TB incidence, patients with a history of diabetes mellitus (DM), end-stage renal disease 
(ESRD), chronic obstructive pulmonary disease (COPD), cancer, or liver diseases were excluded from the study. 
To estimate the risk for new-onset TB, all patients with a history of TB before the date of hospital admission or 
diagnosis of TBI were excluded from both the case cohort and the comparison cohort. Additionally, patients 
who died on the day of admission were also excluded. For reducing potential selection bias, the comparison 
cohort was assembled by matching a patient with TBI and one without on index year, age, sex, and length of ICU 
stay. Finally, a total of 168,032 study participants (84,016 patients with TBI and 84,016 in the comparison cohort) 
were included in our study. Furthermore, to estimate the association between risk of TB and potential severity 
among patients with TBI, the Charlson’s comorbidity index (CCI) score was used to further classify the partici-
pants into three groups: mild (CCI score = 0), moderate (CCI score = 1 or 2), and severe (CCI score > 2). The CCI 
score is commonly used as a surrogate to patients’ disease  severity24,25. Comorbidities measured using the CCI 
score were based on the 1-year medical records prior to the date of TBI diagnosis; the CCI score has been used 
in several studies of  TBI26,27. The flowchart for patients’ selection is presented in Fig. 1.

Measurements. The main event in this study was TB, which was identified using the ICD-9-CM codes, 
010-012 and 010-018, with at least a two-time diagnosis (within 6 months) in an outpatient clinic or during hos-
pital admission, according to the records of the NHI reimbursement datasets. Additionally, to reduce potential 
misclassification bias, patients with prescriptions of anti-TB drugs, including isoniazid, rifampin, pyrazinamide, 
ethambutol, were used to confirm the TB diagnosis. All study participants were followed-up until new-onset TB 
infection, death, or the end date of the study, December 31 2013. Demographic variables (age and sex) and clini-
cal characteristics, including the length of hospital stay (LOS) and the length of ICU stay, were used as potential 
confounders to estimate the TB and mortality risk. The secondary outcome was the mortality in patients with 
TB. Mortality was defined as having a death record in the inpatient claim dataset; or outpatient claim dataset; or 
withdrawal from the insurance program and without reenrollment within 180 days of the last health care visit.

Statistical analysis. Frequency with percentage and median with interquartile range (IQR) are used to 
present categorical variables and continuous variables, respectively. The distribution differences in age, sex, mor-
tality, and TB between the study cohorts were examined using the Pearson’s chi-squared test. For continuous 
variables, including LOS, length of ICU stay, time to TB development, and time to death, Wilcoxon rank-sum 
test was used to compare the distribution difference between the study groups. Additionally, the cumulative 
incidence rate of TB was presented using the Kaplan–Meier failure plot, with the log-rank test to compare the 
trend difference.

Cox proportional-hazards regression model was used to estimate the relative risk of TB between patients 
with TBI and those without after adjusting for age, sex, LOS, the length of ICU stay, and level of CCI for overall 
model and the stratified model which excluding the stratified variable (Table 2). Subgroups analyses form Cox 
regressions were also performed by stratifying according to the CCI modalities (mild, moderate, severe; Table 4). 
In addition, the mortality risk of moderate- and severe- CCI compared with mild-CCI among TBI patients with 
TB were also estimated using Cox regression after adjusting for age, sex, LOS, and the length of ICU stay for 
overall and the age- and sex- stratified model which excluding the stratified variable (Table 5). The Schoenfeld 
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residuals approach was used to check the proportional hazards assumption. SAS 9.4 (SAS Institute, Inc, Cary, 
NC, USA) was used to perform all statistical analyses. Kaplan–Meier curves were generated using Stata version 
12 (Stata Corp, College Station, TX, USA). All significance levels were set at a p value < 0.05.

Results
The baseline information for the TBI and non-TBI group is presented in Table 1. There were significant differ-
ences between the two groups regarding incidence of TB, time to TB diagnosis, death, time to death, and CCI 
(p < 0.05). Additionally, the incidence risk of TB was not significantly different between the TBI and non-TBI 
groups (Table 2); however, TB risk was significantly associated with increasing age among all study participants. 
Further, the stratified analysis indicated that in patients aged ≥ 80 years, the TBI group had a lower risk of TB 
compared with the non-TBI group (hazard ratio (HR): 0.63; 95% confidence interval (CI): 0.49–0.81; p = 0.0003). 
Additionally, patients with TBI and mild-CCI had a lower risk of TB than patients without TBI (HR: 0.78; 95% 
CI 0.68–0.88; p = 0.0001). However, patients with TBI and moderate-CCI had 1.25-fold risk of TB incidence 
(95% CI 1.01–1.56; p = 0.0397), compared with patients without TBI. The mortality risk between patients with 
TBI and non-TBI group did not show the statistical significant for overall and the subgroup of genders. Patients 
with TBI for patients aged ≥ 50 years, moderate-CCI, and severe-CCI had significant higher mortality risk than 
patients without TBI. However, compared with non-TBI patients, TBI patients show lower risk of mortality in 
patients aged < 50 years and mild-CCI group (Table 2).

To understand the baseline difference among patients with TBI with different levels of CCI, the baseline 
information of the patients with TBI and mild-CCI, moderate-CCI, and severe-CCI is shown in Table 3. There 
was a significant difference between the three CCI groups regarding the age of the patients with TBI (p < 0.05). 
Patients with moderate-CCI and severe-CCI were significantly older than those with mild-CCI. The severe-CCI 
group had a longer LOS and length of ICU stay, compared with the other two groups. Furthermore, the mild-
CCI group had a lower TB incidence rate (0.74%) and longer time to TB (median: 2.43; IQR: 0.97–4.89) than 
the other two groups. The moderate-CCI and severe-CCI groups had a higher percentage of TB incidence rate 
(1.69% and 1.48%, respectively; p < 0.0001) and higher mortality rate (32.48% and 31.05%, respectively) than the 
mild-CCI group. Figure 2 illustrates the difference in the cumulative incidence rate of TB among the patients 
with TBI with different levels of CCI.

Table 4 shows the overall and stratified TB incidence rate per 10,000 person-year, and HRs of TB among the 
patients with TBI in different CCI groups. The incidence of TB in patients with TBI and mild-CCI, moderate-
CCI, and severe-CCI were 73.62, 169.42, and 147.64 per 10,000 person-year, respectively. Patients with TBI and 
moderate- and severe-CCI had a higher incidence risk of TB compared with the mild-CCI group. Patients with 
TBI and moderate-CCI had a 1.52-fold risk of TB (95% CI 1.24–1.87; p < 0.0001), compared with those with 
mild-CCI. For patients with TBI and severe-CCI, the adjusted HR was 1.24-fold (95% CI 0.85–1.80; p = 0.2680) 
than those in the mild-CCI group. For different age groups, patients with TBI in the moderate-CCI group had 
a higher TB incidence; however, patients in the severe-CCI group aged ≥ 80 years had the highest TB incidence 
rate (337.42 per 10,000 person-year). Compared with the mild-CCI group, patients in the moderate-CCI group 
aged 50–64 years and 65–79 years had a significant relative risk of 1.94 (95% CI 1.23–3.05; p = 0.0041) and 1.65 
(95% CI 1.20–1.26; p = 0.0018), respectively. In the severe-CCI group, patients with TBI aged ≥ 80 years showed 
significant TB risk compared with those in the mild-CCI group (HR: 1.91; 95% CI 1.01–3.64; p = 0.0481).

Figure 1.  The flowchart for patients’ selection.
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Table 1.  The baseline information of patients without TBI and with intracranial injury in ICU. CCI Charlson’s 
comorbidity index, ICU intensive care unit, LOS length of stay, SD standard deviation, TBI traumatic brain 
injury.

ICU patients without TBI
N = 84,016

TBI patients with intracranial injury in ICU
N = 84,016 p value

Age at entry, years

< 20 13,942 (16.59) 13,942 (16.59)

0.9145

20–35 17,942 (21.36) 18,108 (21.55)

35–50 16,293 (19.39) 16,281 (19.38)

50–65 16,018 (19.07) 16,006 (19.05)

65–80 13,798 (16.42) 13,658 (16.26)

≧80 6023 (7.17) 6021 (7.17)

Sex

Male 56,416 (67.15) 56,416 (67.15)
1.0000

Female 27,600 (32.85) 27,600 (32.85)

LOS, median(IQR) 11 (6–20) 11 (7–20) 0.0004

Length of ICU, median(IQR) 3 (2–6) 3 (2–6) 0.6545

Outcome

TB 793 (0.94) 702 (0.84) 0.0181

Time to TB, median (IQR) 1.94 (0.54–4.13) 2.30 (0.94–4.65) 0.0413

Death 11,710 (13.94) 10,242 (12.19) < .0001

Time to Death, median(IQR) 2.23 (0.62–4.68) 1.87 (0.55–4.10) < .0001

Level of CCI

Mild-CCI, CCI = 0 53,741 (63.97) 74,842 (89.08)

< .0001Moderate-CCI, CCI = 1 or 2 25,589 (30.46) 7142 (8.50)

Severe-CCI, CCI >  = 3 4686 (5.58) 2032 (2.42)

Table 2.  The risk of tuberculosis and mortality in patients with intracranial injury compared to patients 
without TBI in ICU for whole model and the stratified models. TBI traumatic brain injury, ICU intensive care 
unit, CCI Charlson’s comorbidity index, HR hazard ratio, CI confidence interval. a Adjusted by the variables 
of age, gender, the length of stay, the length of ICU stays, and level of CCI. b Adjusted by the variables of age, 
gender, the length of stay, the length of ICU stays, and level of CCI, but excluding the stratified variable in the 
model.

TB incidence risk Mortality risk

Adjusted  HRa

(95% C.I.) p value

Adjusted  HRb

(95% C.I.) of the stratified 
variable p value

Adjusted  HRa

(95% C.I.) p value

Adjusted  HRb

(95% C.I.) of the stratified 
variable p value

Overall

TBI versus Non-TBI 0.90 (0.80–1.00) 0.0512 0.90 (0.80–1.00) 0.0512 0.98 (0.95–1.01) 0.1854 0.98 (0.95–1.01) 0.1854

Age at entry, years

< 20 0.43 (0.32–0.60) < 0.0001 1.30 (0.74–2.27) 0.3669 0.36 (0.33–0.39) < 0.0001 0.56 (0.48–0.65) < 0.0001

20–35 1.00 (Ref.) 1.02 (0.74–1.40) 0.9175 1.00 (Ref.) 0.49 (0.45–0.53) < 0.0001

35–50 1.60 (1.30–1.97) < 0.0001 1.09 (0.82–1.45) 0.5641 1.22 (1.16–1.29) < 0.0001 0.86 (0.79–0.93) < 0.0001

50–65 2.34 (1.92–2.86) < 0.0001 0.97 (0.74–1.26) 0.7949 1.45 (1.37–1.52) < 0.0001 1.15 (1.06–1.24) 0.0006

65–80 5.66 (4.71–6.80) < 0.0001 0.85 (0.70–1.03) 0.0887 3.41 (3.26–3.58) < 0.0001 1.32 (1.25–1.39) < 0.0001

≧80 10.31 (8.43–12.61) < 0.0001 0.63 (0.49–0.81) 0.0003 8.67 (8.26–9.10) < 0.0001 1.09 (1.03–1.16) 0.0026

Sex

Male 2.55 (2.23–2.91) < 0.0001 0.91 (0.81–1.03) 0.1295 1.39 (1.35–1.43) < 0.0001 0.98 (0.94–1.01) 0.1805

Female 1.00 (Ref.) 0.84 (0.65–1.08) 0.1703 1.00 (Ref.) 0.98 (0.93–1.04) 0.4964

Level of CCI

Mild-CCI, CCI = 0 1.00 (Ref.) 0.78 (0.68–0.88) 0.0001 1.00 (Ref.) 0.79 (0.76–0.82) < 0.0001

Moderate-CCI, CCI = 1 or 2 1.02 (0.90–1.15) 0.7974 1.25 (1.01–1.56) 0.0397 1.39 (1.35–1.44) < 0.0001 1.43 (1.36–1.50) < 0.0001

Severe-CCI, CCI >  = 3 1.06 (0.86–1.32) 0.5792 0.93 (0.60–1.43) 0.7260 1.42 (1.34–1.49) < 0.0001 1.29 (1.17–1.43) < 0.0001
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Additionally, males presented a higher TB incidence rate than females among the three groups. However, 
females had a significant relative risk for TB in the moderate-CCI group (HR: 1.83; 95% CI 1.15–2.90; p = 0.0102), 
compared with those in the mild-CCI group. Males also showed a significant relative risk for TB between the 
moderate-CCI and mild-CCI groups (HR: 1.45; 95% CI 1.15–1.83; p = 0.0015).

Furthermore, the relative mortality risk among patients with TBI and TB is shown in Table 5. Patients with 
TBI in the severe-CCI group showed a significantly higher mortality risk of 1.72 (95%: 1.03–2.86; p = 0.0366) 
than those in the mild-CCI group. Patients aged < 50 years were merged due to less events; however, among those 
aged 50–64 years, patients in the moderate-CCI group presented a 2.6-fold higher mortality risk than those in 
the mild-CCI group. Further, patients aged 65–79 years in the severe-CCI group had a significant mortality risk 
(HR: 2.18; 95% CI 1.02–4.65; p = 0.0435), compared with those in the mild-CCI group.

Discussion
In our study, we observed that the risk of TB was not significantly different between the patients with TBI and 
patients without TBI admitted in the ICU. This implies that patients with TBI had similar TB risk compared with 
the high-risk patients in the ICU. However, we observed that the level of CCI scores might majorly affect the risk 

Table 3.  The baseline information among TBI patients with different Charlson’s Comorbidity Index groups. 
CCI Charlson’s comorbidity index, ICU intensive care unit, LOS length of stay, TB tuberculosis, TBI traumatic 
brain injury, IQR interquartile range, SD standard deviation.

Variables
Mild-CCI
(N = 74,842)

Moderate-CCI
(N = 7142) Severe-CCI  (N = 2032) p value

Age at entry, mean ± SD 43.21 ± 22.26 60.70 ± 22.17 58.00 ± 21.82 < 0.0001

Age at entry, n (%)

< 20 13,350 (17.84) 449 (6.29) 143 (7.04)

< 0.0001

20–34 17,208 (22.99) 687 (9.62) 213 (10.48)

35–49 15,057 (20.12) 920 (12.88) 304 (14.96)

50–64 14,196 (18.97) 1356 (18.99) 454 (22.34)

65–79 10,807 (14.44) 2259 (31.63) 592 (29.13)

≧80 4224 (5.64) 1471 (20.60) 326 (16.04)

Sex, n (%)

Male 50,308 (67.22) 4743 (66.41) 1365 (67.18) 0.3800

Female 24,534 (32.78) 2399 (33.59) 667 (32.82) < 0.0001

LOS, median (IQR) 11 (7–18) 19 (9–38) 29 (15–48) < 0.0001

Length of ICU, median (IQR) 3 (2–6) 5 (2–16) 7 (3–15) < 0.0001

Outcome

TB, n (%) 551 (0.74) 121 (1.69) 30 (1.48) < 0.0001

Time to TB, median (IQR) 2.43 (0.97–4.89) 1.88 (0.93–3.93) 1.81 (0.93–3.30) 0.0669

Death, n (%) 7291 (9.74) 2320 (32.48) 631 (31.05) < 0.0001

Time to death, median (IQR) 1.97 (0.53–4.31) 1.62 (0.56–3.48) 1.93 (0.76–3.95) < 0.0001

Figure 2.  The cumulative incidence rate of TB among the patients with TBI with different levels of CCI.
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of TB development in patients with TBI and those with mild- and moderate-CCI. Furthermore, patients with TBI 
and moderate- and severe-CCI had a higher TB incidence rate and higher mortality than those with mild-CCI.

The risk of TB increased with age and was higher among males. We observed that patients with TBI aged 
50–64 years in the moderate-CCI group had the highest risk of developing TB, compared with those in the mild-
CCI group; the risk of mortality was also the highest in the moderate-CCI group. There were no statistically 
significant differences in mortality among the patients aged ≥ 80 years in the moderate-CCI versus mild-CCI 
groups, and severe-CCI versus mild-CCI groups. To our knowledge, this is the first study to delineate the relation-
ship between TB and TBI. The possible mechanism for increased risk of TB in patients with TBI was alterations 
in immune system function after TBI, along with presence of comorbidities.

TBI leads to brain damage via direct or indirect injury. These indirect (secondary or delayed) mechanisms 
begin with an acute inflammatory response encompassing destruction of the blood–brain barrier and brain 
cells, tissue swelling, and edema. Subsequently, cell recruitment, and restoration and stimulation of peripheral 
blood cells and tissue-resident immune cells ensues. The immune mediators, such as chemotactic factors and 
interleukins, augment the inflammatory response and result in possibly harmful or helpful sequelae of  TBI28.

Cytokines such as TNF-α and IL-6 are important mediators that initiate and maintain inflammation after 
TBI. Brain injuries result in immune system suppression and subsequent infection. Immunosuppression in 
brain injury is profound and may be associated with infection after TBI. Wolach et al.22 observed the occurrence 
of infections in nine (75%) of 12 patients after TBI. These patients with TBI had immune system impairment, 
which included deficiencies such has neutrophil superoxide release, immunoglobulins, complement system 
components, properdin, alternate C pathway, T cells, T helper cells, T suppressor cells, and natural killer cells. 
These immune deficiencies probably contributed to the high rate of infections. Munno et al.29 studied the rela-
tionship between persistent vegetative status after TBI and immune system. They observed that patients had 

Table 4.  Tuberculosis incidence and relative risk among TBI patients with different Charlson’s Comorbidity 
Index groups. CCI Charlson’s comorbidity index, TB tuberculosis, HR hazard ratio, CI confidence interval. 
a Adjusted by the variables of age, gender, the length of stay, and the length of ICU stays, but excluding the 
stratified variable in the model.

Mild-CCI Moderate-CCI Severe-CCI Moderate versus mild Severe versus mild

No. of TB
Incidence rate of TB 
per 10,000 No. of TB

Incidence rate of TB 
per 10,000 No. of TB

Incidence rate of TB 
per 10,000 HR (95% CI)a p value HR  (95% CI)a p value

Overall 551 73.62 121 169.42 30 147.64 1.52 (1.24–1.87)  < 0.0001 1.24 (0.85–1.80) 0.2680

Age at entry

< 20 25 18.73 3 66.82 0 0.00 1.92 (0.50–7.28) 0.3396 –

20–34 71 41.26 5 72.78 1 46.95 0.96 (0.37–2.49) 0.9388 0.65 (0.09–4.72) 0.6659

35–49 104 69.07 11 119.57 2 65.79 1.45 (0.76–2.78) 0.2636 0.75 (0.18–3.09) 0.6919

50–64 113 79.60 24 176.99 4 88.11 1.94 (1.23–3.05) 0.0041 0.86 (0.32–2.36) 0.7731

65–79 162 149.90 54 239.04 12 202.70 1.65 (1.20–2.26) 0.0018 1.32 (0.73–2.39) 0.3538

≥ 80 76 179.92 24 163.15 11 337.42 1.06 (0.67–1.69) 0.7983 1.91 (1.01–3.64) 0.0481

Sex

Male 462 91.83 95 200.30 23 168.50 1.45 (1.15–1.83) 0.0015 1.16 (0.76–1.78) 0.4829

Female 89 36.28 26 108.38 7 104.95 1.83 (1.15–2.90) 0.0102 1.53 (0.70–3.36) 0.2873

Table 5.  The mortality risk among patients with traumatic brain injury and tuberculosis. CCI Charlson’s 
comorbidity index, HR hazard ratio, CI confidence interval, NHIRD National Health Insurance Research 
Database, TBI traumatic brain injury, ICU intensive care unit, TB tuberculosis, DM diabetes mellitus, ESRD 
end-stage renal disease, COPD chronic obstructive pulmonary disease. a Adjusted by the variables of age, 
gender, the length of stay, and the length of ICU stays, but excluding the stratified variable in the model.

Moderate-CCI versus Mild-CCI Severe-CCI versus Mild-CCI

HR  (95% CI)a p value HR  (95% CI)a p value

Overall 1.37 (0.98–1.91) 0.0676 1.72 (1.03–2.86) 0.0366

Age at entry

< 50 0.52 (0.15–1.80) 0.2991 1.48 (0.20–10.85) 0.7022

50–64 2.60 (1.18–5.74) 0.0182 1.03 (0.13–8.32) 0.9773

65–79 1.56 (0.94–2.59) 0.0874 2.18 (1.02–4.65) 0.0435

≧80 0.96 (0.49–1.87) 0.9086 1.92 (0.83–4.42) 0.1268

Sex

Male 1.38 (0.96–1.99) 0.0823 1.74 (0.98–3.09) 0.0567

Female 1.10 (0.84–2.76) 0.8423 1.94 (0.64–5.85) 0.2421
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profound impairment of phagocytosis and killing of monocytes, and low serum levels of interferon gamma. 
Wolach et al.30 also observed impaired humoral immunity in patients with post-comatose unawareness. Patients 
also had decreased levels of complement system components, hemolytic activity of the classical complement 
pathway, immunoglobulins, and neutrophil killing activity; however, neutrophil function of chemotaxis, random 
migration, and superoxide anion release was normal. All of these factors contribute to increased susceptibility 
of TB infection in immunosuppressed patients with TBI.

After further analysis of the comorbidities via CCI in the patients with TBI, we observed that compared with 
mild-CCI, the moderate-CCI group had a higher risk of TB between the ages of 35 and 79, and the severe-CCI 
group had higher risk of TB in patients aged ≥ 80 years. There were no statistically significant differences in TB 
incidence among patients ≤ 35 years in the moderate- and severe-CCI group, compared with the mild-CCI group. 
This might have been due to the small number of patients in that group, which provided inadequate statistical 
power to demonstrate a difference. After stratification by age, each group (moderate-CCI and severe-CCI) had 
a limited number of patients, and the sample size was too small to have enough statistical power to detect.

Comorbidities play an important role in the severity and mortality in patients with TB. Factors such as 
advancing age and co-infection with HIV have been linked to mortality in patients with TB  infections31. CCI is 
a standardized method to evaluate comorbidities, which was originally used in 1987 to predict 1-year all-cause 
mortality due to the 17 underlying  conditions24; it has been validated and widely used clinically.

In our study, we demonstrated that CCI was associated with mortality in the patients who developed TB 
after TBI, and we observed that patients with TBI aged ≤ 80 years in the moderate-CCI group had higher risk 
of mortality of developing TB. CCI has been shown to be an independent predictor of mortality and long-term 
survival. The patients with moderate-CCI had a higher risk of mortality compared with patients with mild-CCI. 
The same result was observed in the severe-CCI group compared with the mild-CCI group, though only in those 
aged 65–79 years, due to the small sample size in other age groups. Whether different comorbidities or age have 
an impact on TB incidence after TBI needs further investigation, and more studies are required to confirm the 
impact of comorbidities on mortality.

Beside the brain injury itself, it is increasingly evident that a brain injury also changes the systemic immune 
response in a way that makes patients with TBI more susceptible to infections in the post-injury period; these 
infections are associated with morbidity and mortality and can be an added challenge to treat patients. Further 
research to better understand immunosuppression rather than TBI-induced immunosuppression is more impor-
tant for the development of effective therapeutic strategies for helping these  patients32. A study has shown that 
TBI activates the sympathetic nervous system, and further upregulates the expression of programmed cell death-1 
on  CD4+ and  CD8+ T cells, which, in turn, impairs their function and contributes to  immunosuppression33.

There are some limitations to our study. Based on the database, we were unable to analyze the type of TBI 
during hospitalization; the mortality risk may have been related to the type of TBI. We also lacked data regarding 
functional outcomes and consciousness level after patient discharge. Besides, we could not rule out any long-term 
mortality that might have been caused by the sequelae associated with TBI, or indirectly, by other diseases. We 
also did not have the laboratory and imaging data, including brain computed tomography scan.

Despite these limitations, our study enrolled a large number of patients with TBI with different comorbidi-
ties, divided them according CCI scores, and underwent long-term follow-up at various hospitals. Therefore, 
our findings may have broad generalizability to this population and provide valid estimates of the population 
characteristics.

Conclusion
Patients with TBI with more comorbidities increased the risk of TB infection. A careful survey and diagnosis 
are important for determination of a subsequent treatment strategy. The long-term mortality risk in patients 
with TB after TBI was significantly higher than the corresponding risk in patients with mild-CCI. Our findings 
might provide some information for clinicians to improve long-term care strategies in elderly patients with TBI.
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