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Background: The diverse manifestations of tuberculosis (TB) in chronic kidney disease (CKD) patients can cause difficulty in 
diagnosis, delayed treatment, even death. Therefore, this study investigated the clinical characteristics and the risk factors for mortality 
in CKD patients with TB.
Methods: This retrospective study included 167 patients diagnosed with active TB at two tertiary medical centers in Chongqing 
within six years. Clinical characteristics and outcomes of anti-TB treatment in patients with and without CKD were collected, and the 
predictive mortality values of variables were analyzed.
Results: Of the 167 patients, 66.7% (44/66) hemodialysis (HD), 41.1% (21/51) pre-HD, and 32.0% (16/50) non-CKD patients had 
extrapulmonary TB. The pleura and lymph node were the common sites in CKD patients. Clinical presentations of cough and 
hemoptysis in CKD patients were less common than those in non-CKD patients, 13.7% (16/117) of CKD patients even not having any 
clinical symptoms. The positive rates of tuberculin skin test, TB-polymerase chain reaction and acid-fast bacilli in sputum in HD 
patients were lower than those in pre-HD and non-CKD patients (p<0.05). CKD patients were more prone to gastrointestinal and 
neurological side effects during anti-TB treatment. The mortality rates of non-CKD, pre-HD and HD patients was 6.1%, 31.9% and 
37.3%, respectively. Multivariate Cox analysis revealed that age≥40 years (HR: 5.871; p=0.019), hypoalbuminemia (HR:2.879; 
p=0.004), CKD stage 4–5 (HR:4.719; p=0.018) and HD (HR:6.13; p=0.005) were associated with mortality.
Discussion: CKD patients with TB have atypical clinical manifestations and high mortality. Age, hypoalbuminemia, CKD stage 4–5, 
and HD were independent predictors of mortality.
Keywords: chronic kidney disease, extrapulmonary TB, pulmonary TB, anti-TB therapy, treatment outcome, hemodialysis

Introduction
Chronic kidney disease (CKD) is a significant global health issue, with an estimated rate of 8–16% worldwide.1 In China, the 
overall occurrence of CKD is 10.8% and appears to have increased in recent years. The mortality rate in CKD patients is about 
3.2 per 1000 person-years.2,3 Tuberculosis (TB) is a leading cause of infectious morbidity and mortality worldwide. In 2019, 
approximately 10 million people suffered from TB, 12% of whom died as a result.4 A recent systematic review and meta- 
analysis found that all-cause mortality was nearly three times higher in TB patients compared with the controls.5

CKD and TB are common disorders. Patients with CKD are more susceptible to TB infection or reactivation of latent TB 
infection (LTBI) due to their immunosuppression. Shu et al found the risk of TB increases from CKD stage 3, and in stage 5, the 
risk is even higher than that of those receiving dialysis.6 Previous studies suggested that patients with CKD–especially those on 
hemodialysis (HD)–have higher incidence of TB than the general population.7,8 The reported overall mortality of CKD patients 
with TB was 35%, attributed to delayed diagnosis and anti-TB drug-related side effects.9,10

China has the second-largest incidence of TB worldwide, with an estimated 833,000 TB patients in 2019, accounting 
for 8.4% of global TB patients.4 Currently, China does not have complete data on the epidemiology of TB in CKD 
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patients. The prospective single-center observation study showed that the incidence of TB in non-dialysis CKD patients 
was 1.6% in Taiwan.11 According to reports from some small samples in various regions, the risk of TB infection in CKD 
patients is about 4–30 times higher than that of the general population in China.12 In the present study, we retrospectively 
analyzed the clinical characteristics of TB and outcomes of anti-TB treatment in CKD patients with TB to identify risk 
factors for mortality.

Methods
Study Design and Patients
We conducted a retrospective study of CKD patients with newly diagnosed active TB at the First Affiliated Hospital of 
Chongqing Medical University and the Chongqing Public Health Center from January 1, 2012, to December 31, 2018. We 
check the clinical data of active TB patients in electronic chart record, because active TB, as an infectious disease, needs to be 
reported to the Chinese Center for Disease Control and Prevention(CDC). During the same period, 50 patients without CKD 
who were newly diagnosed with active TB were randomly selected from the medical record system as a control group. CKD 
was defined as an estimated glomerular filtration rate (eGFR) < 60 mL/min/ 1.73m2 for more than three months according to 
the 2012 Kidney Disease: Improving Global Outcome guideline. Criteria for active TB diagnosis included the following: (1) 
positive culture of any specimen for Mycobacterium TB or positive staining with acid-fast bacilli (AFB) of the sample, (2) 
histopathological evidence of TB from a tissue biopsy specimen; and (3) physician-diagnosis TB in cases without bacter-
iological or pathological confirmation, determined by combining the patient’s clinical manifestations and imaging findings to 
exclude all other diseases, together with the patient’s confirmed responsiveness to anti-TB treatment after one month of 
follow-up. Exclusion criteria were as follows: (1) patient who has a history of pulmonary TB (PTB), (2) incomplete clinical 
data, (3) TB before CKD diagnosis, (4) patient infected with the human immunodeficiency virus(HIV) or chronic hepatitis.

Treatment
All patients were treated with the standard regimen of anti-TB therapy (ATT). Anti-TB drugs were administered, including 
rifampicin (450mg/d), isoniazid (5mg/kg/d), ethambutol (25–35mg/kg/d), and pyrazinamide (15–25mg/kg/d); however, etham-
butol (25–35mg/kg) and pyrazinamide (15–25mg/kg) were administered 3 times per week to patients with CKD stage 4–5 and 
5D, which was based on expert consensus for the management of adult CKD complicated with TB in China.13 The course of 
treatment was 6 months for PTB and one year for extrapulmonary TB (EPTB).4 In the event of serious complications–including 
severe drug-associated hepatotoxicity or allergic reaction involving the skin or mucosal tissue with shock–the treatment regimen 
was modified as appropriate by an expert treating the infectious disease. In addition to anti-TB treatment, patients were treated to 
control their blood pressure, blood sugar, and anemia. Dialysis patients underwent regular HD three times per week.

Study Definitions and Variable
Baseline characteristics of all patients – including age, gender, combined diseases, basic kidney information, smoking 
history, and history of contact TB–were collected. In addition, clinical manifestation, TB infection site, TB screening, 
imaging examination results, adverse effects of anti-TB drugs, and prognosis were noted. All the survivors were followed 
up with until June 30, 2019. The institutional ethical committee approved the study.

Statistical Methods
All statistical analyses were performed using the Statistical Package for the Social Sciences for Windows with SPSS 13.0 
(Chicago, Illinois, USA). Continuous variables were expressed as mean ±standard deviation and were analyzed using variance 
analysis. Categorical variables were displayed as frequencies and percentages and analyzed using the Chi-square test and 
Fisher’s exact test. A p-value ≤0.05 was considered significant. Univariate and multivariate Cox regression analyses were 
performed for prognosis. Correlations were expressed as hazard ratio(HR) and 95% confidence interval (95% CI).
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Results
Baseline Clinical Characteristics
During the six years, 167 patients with TB participated in this study, including 66 patients who received HD (HD group), 
51 patients who did not receive HD (pre-HD group), and 50 patients without CKD (non-CKD group). Among the pre-HD 
group, 41.2% (21/51) had CKD stage 1–3, and 58.8% (30/51) had CKD stage 4–5. As shown in Table 1, 41.2% (21/51) 
had hypoalbuminemia (serum albumin<3.0mg/dl) in the pre-HD group, which was higher than the frequency in the HD 
(10.6%) and non-CKD (14.0%) group (p˂0.001). There was no significant difference in age, gender, underlying disease, 
smoking and contact TB history among those groups.

Site of TB
Incidence rates of EPTB were higher in the HD and pre-HD groups (66.6% and 41.1%, respectively) compared with the 
non-CKD group (32.0%; p=0.002). The pleura, lymph node, and bone were the common sites of TB in CKD patients, 
while almost all were pleura TB in the non-CKD group (Table 1).

Clinical Presentations
There were no significant differences in fever or pyrexia of unknown origin and TB poisoning symptoms (anorexia, night sweats, 
and weight loss) among the groups. However respiratory symptoms were significantly lower in the pre-HD (58.8%) and HD 
(50.0%) groups compared with the non-CKD (p<0.001), while gastrointestinal symptoms and lymphadenitis were significantly 
higher in the HD group compared the pre-HD and non-CKD groups (p=0.012 and p=0.018, respectively). Additionally, 12.1% of 
patients in the HD group and 15.7% of patients in the pre-HD group did not have any clinical symptoms (Table 2).

TB Screening Test
As shown in Table 3, not all patients completed the TB screening test. The strong positive rate of TB antibody (TB-Ab) 
and the positive rates of tuberculin skin test (TST)and T-Spot in the HD group were very low (10.9%, 20.0%, and 69.2%, 
respectively), but there were no significant differences among the three groups. The positive rate of TB-polymerase chain 
reaction (TB-PCR) in sputum was 91.6% in the non-CKD group, which was higher than those in the pre-HD (50.0%) and 
HD (40.0%) groups (p=0.032). The positive rates of AFB-sputum smear in patients with and without HD were 11.1% and 
39.5%, respectively, lower than that in non-CKD patients (51.2%, p=0.01).

Table 1 Patients Demographics and Sites of Tuberculosis(TB)

Variables Non-CKD (n=50) Pre-HD (n=51) HD (n=66) p value

Age, y (mean±SD) 54.1±17.1 55.2±15.2 53.3±18.2 0.833

Gender, M/F 30/20 37/14 46/20 0.364
Hypertension 3(6.0%) 13(25.5%)a 11(16.7%) 0.029

Diabetes 7(14.0%) 16(31.4%) 15(22.7%) 0.114

Connective tissue disease 5(10.0%) 8(15.6%) 10(15.2%) 0.237
Hypoalbuminemia 7(14.0%) 21(41.2%)a 7(10.6%)b ˂0.001

Smoking history 18(36.0%) 22(43.1%) 23(34.8%) 0.628

Contact TB history 5(10.0%) 1(2.0%) 2(3.0%) 0.139
Site of TB

PTB 34 (68.0%) 30 (58.8%) 22 (33.3%)a,b 0.002

PTB+EPTB 9 (18.0%) 8 (15.7%) 15 (22.7%)
EPTB 7 (14.0%) 13 (25.4%) 29 (43.9%)

Notes: Data are presented as frequency (%). Hypoalbuminemia if serum albumin levels<3.0mg/dl. Connective tissue disease 
included systemic lupus erythematosus, vasculitis, polymyositis. Contact TB refers to patients were exposed to people with active 
Tb. ap<0.05 compared with the non-CKD group. bp<0.05 compared with the pre-CKD group. 
Abbreviations: CKD, chronic kidney disease; HD, hemodialysis; SD, standard deviation; M, male; F, female; TB, tuberculosis; PTB, 
pulmonary tuberculosis; EPTB, extrapulmonary tuberculosis.
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Pulmonary computed tomography scans were done in all patients, A total of 56.1% (37/66) of HD patients and 74.5% 
(38/51) of pre-HD patients had TB-related radiologic changes, and TB mainly invaded the multiple lung lobes. 
Forty percent (31/75) of CKD patients and 32.6% (14/43) of non-CKD patients had pleural effusion; there were no 
significant differences in TB-related lung lesions among those patients.

Side Effects of Anti-TB Drugs
As shown in Table 4, 26 patients in the pre-HD group, 35 in the HD group, and 15 in the non-CKD group developed side 
effects during anti-TB treatment. Only one patient had acute liver failure due to severe drug-related hepatotoxicity and 
died (HD group). Side effects of gastrointestinal, central, and peripheral nerves disorders were more severe in the pre-HD 
and HD group (p=0.017, p=0.026, respectively) than in the non-CKD group (p=0.012), which included the optic nerves 
disorders in the HD group (15.3%). In the pre-HD group, 13 patients with CKD stage 4–5 rapidly developed high serum 
creatinine and uric acid levels and required dialysis during anti-TB treatment.

Table 2 Clinical Characteristics of the Study Patients

Clinical Characteristics Non-CKD (n=50) Pre-HD (n=51) HD (n=66) P value

Fever/PUO 19(38.0%) 24(47.1%) 36(54.5%) 0.21
TB poisoning symptoms 15(30.0%) 9(17.6%) 14(21.2%) 0.31

Respiratory symptoms 45(90.0%) 30(58.8%)a 33(50.0%)a ˂0.001

Lymph node phlogistic 0 1(2.0%) 7(10.6%)b 0.018
Gastrointestinal symptoms 0 6(11.8%)a 11(16.7%)a 0.012

Neurological symptom 1(2.0%) 1(2.0%) 3(4.5%) 0.636

Urinary tract irritation 0 3(5.9%) 0 0.053
Asymptomatic 0 8(15.7%)a 8(12.1%)a 0.007

Notes: Data are presented as frequency (%). TB poisoning symptoms included anorexia, night sweats, and weight loss. 
ap<0.05 compared with the non-CKD group. bp<0.05 compared with the pre-CKD group. 
Abbreviations: CKD, chronic kidney disease; HD, hemodialysis; PUO, pyrexia of unknown origin; TB, tuberculosis.

Table 3 Laboratory and Imaging Characteristics of the Study Patients

Variables Non-CKD Pre-HD HD P value

TB screening test

TB antibody

Weakly positive rate 14/29(48.3%) 7/26(26.9%) 17/46(36.9%) 0.060

Strongly positive rate 7/29(24.1%) 9/26(34.6%) 5/46(10.9%)
TST 12/29(41.4%) 9/20(45.0%) 7/35(20.0%) 0.088

T-Spot 6/6(100.0%) 10/10(100.0%) 9/13(69.2%) 0.078

TB-PCR (sputum) 11/12(91.6%) 5/10(50.0%) 2/5(40.0%) 0.032
AFB 22/43(51.2%) 15/38(39.5%) 4/36(11.1%)a,b 0.01

Pulmonary imaging n=43 n=38 n=37

Single lung 8(18.6%) 4(10.5%) 7(18.9%) 0.524
Multiple lung 35(81.4%) 34(89.5%) 30(81.1%)

Lung cavity 12(27.9%) 8(21.1%) 3(8.1%) 0.080

Pleural effusion(left/right) 9(20.9%) 4(10.5%) 7(18.9%) 0.219
Pleural effusion(bilateral) 5(11.6%) 8(21.1%) 11(29.7%)

Notes: Data are presented as frequency (%). ap<0.05 compared with the non-CKD group. bp<0.05 compared with 
the pre-CKD group. 
Abbreviations: CKD, chronic kidney disease; HD, hemodialysis; TB, tuberculosis; TST, tuberculin skin test; TB- 
PCR, TB-tuberculosis-polymerase chain reaction; AFB, acid-fast bacilli.
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Outcomes
Four patients in the pre-HD group, 7 in the HD group, and 1 in the non-CKD group were lost to follow-up and did not 
complete the study. During the treatment period, the overall mortality rate was 34.9% (37/106). The mortality rates of 
non-CKD, pre-HD and HD patients was 6.1%(3/50), 31.9%(15/47), and 37.3%(22/59), respectively (p<0.001, Table 4).

Cox Regression Analysis
Univariate Cox regression analysis showed that age≥40 years, hypoalbuminemia, CKD, and HD were associated with 
mortality. Multivariate Cox analysis revealed that age≥40 years (HR: 5.871; p=0.019), hypoalbuminemia (HR:2.879; 
p=0.004), CKD stage 4–5 (HR:4.719; p=0.018). And HD (HR:6.130; p=0.005) were independent risk factors (Table 5).

Discussion
This study analyzed the clinical characteristics and risk factors for mortality in CKD patients with TB. The state of cell- 
mediated immune response impairment persists in CKD patients, which makes them susceptible to infections, including 
the high occurrence of TB infection.14,15 Cho et al reported that TB risk increased by 5.1% with every 10 mL/min/ 
1.73 m2 decrease in eGFR, and there was a positive correlation between CKD stage and TB in CKD patients.16 We found 
that most (81.1%) of TB patients were CKD stage 4–5 and on dialysis, and 45.5% (30/66) of HD patients were infected 
with TB within the first year in our study. Similarly, Vikrant S found that TB occurs between 12 and 15 months on 
dialysis.9 These findings suggest that special attention should be paid to CKD patients due to their increased risk of TB 
infection, especially within the first year of dialysis.

Unlike patients with TB alone, CKD patients with TB often have atypical clinical manifestations. First, we found that 
the respiratory symptoms—such as cough and hemoptysis—were less common in CKD patients, even 13.7% (16/117) of 
patients not having any clinical symptoms, which active TB cases were diagnosed by the clinical presentation or image 
by the experts. Second, CKD patients were more likely to develop EPTB. Due to the accumulation of uremic toxins or 
abnormal vitamin D metabolism with decreased renal function leads to immune dysfunction, and active TB may develop 
or reactivate from LTBI.17 In our study, 41.1% (21/51) of pre-HD and 66.7% (44/66) of HD patients had EPTB, and the 
most common sites were the pleura, lymph node, and bone. In 2015, the overall incidence of EPTB in South Korea 
accounted for 13%.18 Li C-H found that 50% patients had EPTB in 114 non-dialysis CKD stage 1–5 patients.11 Previous 
studies have demonstrated that the incidence rate of EPTB on dialysis patients was approximately 40%.10 While India 
has the highest burden of TB in the world, Vikrant reported that three-fourths of dialysis (peritoneal dialysis or 

Table 4 Side Effects and outcomes of Anti-Tuberculosis Therapy in Patients

Variable Non- 
CKD  

(n=50)

Pre-HD  
(n=51)

HD  
(n=66)

p-value

Treatment outcome

Success 46(93.9%) 32(68.1%)a 37(62.7%)a ˂0.001

Died 3(6.1%) 15(31.9%)a 22(37.3%)a 0.001
Side effect

Nausea and vomiting 4(8.2%) 10(21.3%) 18(30.5%)a 0.017

Abnormal liver function 8(16.3%) 4(8.5%) 7(11.9%) 0.503
Central nerve damage 4(8.2%) 9(19.1%)a 17(28.8%)a 0.026

Peripheral nerve damage 2(4.1%) 4(8.5%) 13(22.0%)ab 0.012

Joint pain 1(2.0%) 2(4.3%) 1(1.7%) 0.701
Drug allergy 3(6.1%) 4(8.5%) 4(6.8%) 0.897

Notes: Data are presented as frequency (%). Central nerve damage included dizziness, headache, and optic 
neuritis. Peripheral nerve damage included neurological symptoms of impaired sensation, movement and 
gland function in the hands and/or feet. ap<0.05 compared with the non-CKD group. bp<0.05 compared with 
the pre-CKD group. 
Abbreviations: CKD, chronic kidney disease; HD, hemodialysis.
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hemodialysis) patients had EPTB, and 40.6% dialysis patients had unilateral pleural effusion in India.9 However, our data 
showed that bilateral pleural effusion was more predominant in CKD patients (63.3%; 19/30), which may be related to 
uremia and hypoalbuminemia in addition to TB infection.

Furthermore, some CKD patients with TB can present with nonspecific symptoms–such as fever, anorexia, and 
weight loss–which mimic uremia and lead to difficulties in diagnosis, delay treatment, even death. Therefore, when it is 
highly suspected that CKD patients have TB infection, Physicians should screen for TB infection early. In our study, the 
positive rate of AFB sputum smear in CKD patients was very low because of the increasing frequency of EPTB. The 
positive rates of TST, TB-Ab, and TB-PCR sputum in CKD patients were lower than those in non-CKD patients, 
especially the positive rates of TST and TB-Ab in HD patients were only 10.9% and 20.0%, respectively. It is well known 
that TST and TB-Ab lack sensitivity with negative rates of up to 50%.9 Impaired cellular immunity in CKD patients 
could explain the high rate of negative and false-negative results of TST and TB-Ab, suggesting that these are unreliable 
tests in CKD patients. The newer interferon-gamma release assays (IGRAs), including T-Spot and Quanti FERON-TB, 
have a sensitivity of 100% and a specificity of 62% in detecting active TB infection, superior to TST.19 In our study, the 
positive rate of T-Spot was very high in both CKD and non-CKD patients (82.6% and 100%, respectively), but the 
sample size was relatively small, the large number of prospective studies are needed for further confirm.

However, Xu YZ found that IGRA may detect more LTBI in immunocompromised patients.20 IGRA cannot 
distinguish between active TB and LTBI because it cannot measure the infection itself, which have important limitations 
and poor predictive value for active TB in CKD patients. Therefore, selecting a test with better performance may help 
early detection and better treatment of TB in patients with a high risk of developing active TB.

Table 5 Univariate and Multivariate Cox Regression Analyses for Patient Mortality

Variable Univariate Multivariate

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

Age, y

˂40 1.00
40–60 7.259(1.668–31.585) 0.008 5.871(1.337–25.783) 0.019

˃60 11.347(2.663–48.34) 0.001 11.514(2.638–50.252) 0.001

Gender 0.726(0.381–1.383) 0.33
Diabetes 1.552(0.800–3.011) 0.194

Hypertension 1.490(0.709–3.135) 0.293

CTD 1.139(0.418–4.161) 0.664
Hypoalbuminemia 2.645(1.379–5.074) 0.003 2.879(1.389–5.966) 0.004

Site of TB

PTB 1.00
EPTB 1.527(0.785–2.972) 0.213

PTB+EPTB 0.654(0.243–1.762) 0.401

CKD stage
Non-CKD 1.00

Stage1–3 5.201(1.532–17.661) 0.008 2.051(0.486–8.649) 0.328

Stage 4–5 7.285(2.027–26.183) 0.002 4.719(1.305–17.063) 0.018
HD 5.201(1.532–17.661) 0.008 6.130(1.740–21.589) 0.005

Dialysis time

No HD 1.00
<1year 0.714(0.242–2.105) 0.541

1–3 years 2.233(0.997–5.004) 0.051

˃3 years 1.741(0.731–4.142) 0.21

Abbreviations: HR, hazard ratio; CI, confidence interval; CTD, connective tissue disease; TB, tuberculosis; PTB, 
pulmonary tuberculosis; EPTB, extrapulmonary tuberculosis; CKD, chronic kidney disease; HD, hemodialysis.
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CKD patients with TB, especially those on hemodialysis, have a higher mortality rate. In our cohort, the overall mortality 
rate was 34.9% (37/106). Among CKD patients with and without dialysis, the mortality rate was 37.3% (22/59) and 31.9% 
(15/47), respectively. However, Vikrant reported that among 107 CKD patients with TB infection in India, the overall 
mortality rate was 7%; the mortality rate was 34.8% for dialysis patients.9 Reis-Santos et al reported that the overall mortality 
rate was about 34.4% in 1077 CKD patients with TB.10 There are several possible reasons for the poor prognosis of CKD 
patients with TB in our study. First, we found that the CKD patients tended to develop TB drug-related side effects compared 
to non-CKD patients (57.5% vs 30.6%), even though renal function-based dosage adjustment was performed, moreover, the 
CKD patients, especially HD patients, were more prone to gastrointestinal and neurological disturbances during anti-TB 
treatment. A retrospective analysis in Japan found that the adverse events increased with the severity of CKD (20.4–44.4%) 
in 241 CKD patients with TB (including 11 dialysis patients).21 Some previous studies have reported that the rate of adverse 
effects of anti-TB drugs ranges from 24.9% to 46.34% in dialysis patients.9,21 Ezer et al reported that the incidence of optic 
neuropathy associated with ethambutol was 2.3%;22 however, in our cohort, 15.3% of patients on dialysis had optic 
neuropathy, which was higher than pre-HD (6.4%) and non-CKD (6.1%) patients. This difference may be related to the 
decreased clearance and metabolism of anti-TB drugs due to concomitant renal function decline in patients with CKD. 
Therefore, the higher drug-related side effects may result incomplete adherence to anti-TB drugs or therapy was discon-
tinued, and lead to poor patient compliance, even death. Second, we found that age ≥40 years, hypoalbuminemia, CKD stage 
4–5, and dialysis risk factors for mortality using Cox regression analysis. The mean age of CKD patients was higher than 
non-CKD patients, which could mean older CKD patients are more susceptible to TB. Furthermore, 13 out of 51 patients 
with CKD stage 4–5 received dialysis due to deterioration of renal function during anti-TB treatment in our study. Similarly, 
Chang et al reported that 7.1% of patients had kidney injury during anti-TB treatment, and 27% of those patients did not 
recover within six months.23 Anti-TB drugs could induce nephrotoxicity, and mycobacterium tuberculosis may cause 
interstitial nephritis and amyloidosis, which can aggravate the progression of kidney disease. In our study, 41.2% of pre- 
HD patients and 10.6% of HD patients had hypoalbuminemia at enrollment resulting from gastrointestinal symptoms, such 
as nausea and vomiting, due to uremic toxins or side effects of anti-TB drugs, or proteinuria, and chronic inflammation (TB 
infection). Severe hypoalbuminemia possibly making them prone to secondary serious infections or death. Furthermore, we 
also found that 37 of 106 CKD patients with TB died during the follow-up, and ten patients died of heart disease and 15 
patients died of infection, including five patients with PTB infection complicated with respiratory failure. A systematic 
review and meta-analysis found that patients diagnosed with TB have a higher risk of cardiovascular diseases (CVD) 
morbidity and mortality compared with those not diagnosed with TB.24 However, in our study, the primary cause of death 
among CKD patients with TB was an infection, followed by heart disease. To our knowledge, this is the first time the cause 
of death for CKD patients with TB has been reported. In addition, we found that some CKD patients with underlying 
diseases, such as diabetes (26.5%) or autoimmune diseases (15.8%), are prone to infections due to weakened immunity in our 
study. On the other hand, in China, approximately 71% of patients with TB live in rural areas and are not treated on time 
because of their poor economic conditions.25,26

Our study has several limitations. The first was its retrospective design. The second limitation was that one patient 
with non-CKD and 11 patients with CKD were lost to follow-up during treatment because they returned to their 
hometowns. Third, the single-center design and small sample size may limit the ability to generalize our findings to 
the overall population.

Conclusion
CKD patients with TB–especially those on dialysis–had atypical clinical manifestations, a low positive rate in TB 
screening tests, high mortality, high incidence of gastrointestinal side effects, and neurological disturbance during anti- 
TB treatment. Age>40 years, hypoalbuminemia, CKD stage 4–5, and HD were independent predictors of mortality in 
CKD patients with TB.

Abbreviations
CKD, chronic kidney disease; TB, tuberculosis; LTBI, latent TB infection; EPTB, extrapulmonary TB; HD, hemodia-
lysis; AFB, acid-fast bacilli; ATT, anti-tuberculosis therapy; PUO, pyrexia of unknown origin; TST, tuberculin skin test; 
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TB-PCR, TB-polymerase chain reaction; IGRA, interferon-gamma release assays; CVD, cardiovascular diseases; CTD, 
Connective tissue disease.
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