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A B S T R A C T   

Background: The cases of Rifampicin-Resistant Tuberculosis (RR-TB) in our country have increased every year 
and RR-TB deaths are thought to be caused by prolongation of the QTc interval due to side effects of anti- 
tuberculosis drugs. Thus, cytokines are needed to be used as early markers of prolongation of the QTc interval 
in RR-TB patients. 
Objective: This study aims to analyze the correlation of inflammatory cytokines on QTc interval in RR-TB patients 
who received shorter regimens. 
Methods: This study uses a case-control study with a time series conducted in the period September 2019 to 
February 2020 in one of the referral hospitals for Tuberculosis in Indonesia. Cytokines levels from blood samples 
were measured using the ELISA method, while QTc intervals were automatically recorded using an electrocar-
diography machine. The statistical analysis used was the Chi-square test, Man Whitney test, Independence t-test, 
and Spearman-rank test with p < 0.05. 
Results: There was no significant correlation between inflammatory cytokines and QTc prolongation in intensive 
phase which TNF-α value (6.8 pg/ml; r = 0.207; p = 0.281), IL-1β (20.13 pg/ml; r = 0.128; p = 0.509), and IL-6 
(43.17 pg/ml; r = − 0.028; p = 0.886). Meanwhile, in the continuation phase, the values for TNF-α (4.79 pg/ml; r 
= 0.046; p = 0.865), IL-1β (7.42 pg/ml; r = − 0.223; p = 0.406), and IL- 6 (40.61 pg/ml; r = − 0.147; p = 0.586). 
Conclusion: inflammatory cytokines (TNF-α, IL-1β, and IL-6) cannot be used to identify QTc interval prolongation 
in RR-TB patients who received shorter regimens.   

1. Introduction 

The emergence and continuing spread of Mycobacterium tuberculosis 
strains that are resistant to anti-tuberculosis drugs is a worldwide 
difficult challenge for global tuberculosis (TB) control, despite the 
availability of therapies to treat TB. The presence of drug resistance is 
associated with poor treatment management. In 2020, the World Health 
Organization (WHO) reported 465,000 cases of rifampicin-resistant 
tuberculosis (RR-TB) with treatment success rates of 57% [1]. The 

combination of second-line anti-TB drugs to treat drug-resistant tuber-
culosis (DR-TB) is more toxic and leads to adverse effects. Some adverse 
effects can be life-threatening. Poor adverse effects management is 
associated with non-adherence to treatment and result in morbidity and 
mortality. Baseline evaluation and monitoring during treatment are 
essential to prevent adverse effects from becoming serious [2]. 

Multidrug-resistant/rifampicin-resistant (MDR/RR) TB requires 
treatment with second-line drugs, including several potential QT- 
prolonging drugs caused by toxic effects [3]. The incidence of QTc 
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interval prolongation has been reported in DR-TB patients who received 
shorter regimens. The incidence of ΔQTc >30 ms and ΔQTc >60 ms 
were experienced by 21/98 (21.4%) and 10/98 (10.2%) patients, 
respectively [4]. A study in 108 DR-TB patients on the shorter treatment 
regimens reported 20 patients experienced moderate QTc prolongation 
and 31 patients experienced severe QTc prolongation [5]. Prolongation 
of heart rate-corrected QT interval (QTc) is a serious adverse effect that 
potentially increases the risk of torsade de points and independently 
predicts sudden death in the general population [6]. 

Many strategies have been used to monitor the treatment safety and 
minimize the unfavorable outcomes of MDR/RR-TB treatment, 
including the implementation of electrocardiography (ECG) to monitor 
the treatment safety when several QT-prolonging drugs are used [7]. 
The use of inflammatory cytokines may be useful in the detection or to 
predict QTc prolongation. Inflammatory cytokines such as tumor ne-
crosis factor-α (TNF-α), interleukin-6 (IL-6), and interleukin-1 (IL-1) 
have been known to induce profound changes in potassium and calcium 
channels resulting in prolongation of cardiomyocyte action potential 
duration (APD) [8]. A significant association between inflammation and 
QTc prolongation has been reported, especially the involvement of 
TNF-α in the pathology of abnormally prolonged QT-time [9]. 

The study conducted by Adlan et al. indicates that demonstrated the 
positive association of inflammatory cytokines (TNF-α, IL-1β, IL-6, IL- 
10) and QT interval in patients with rheumatoid arthritis [6]. A close 
association between systemic inflammation and QTc interval has been 
also reported. The use of anti-IL-6 receptor was associated with a rapid 
and significant reduction of QTc interval, and shortening of QTc interval 
associated with decreases in circulating level TNF-α in RA patients [8]. 
Evidence from RA patients suggested that inflammatory cytokines of 
TNF-α, IL-1β, and IL-6 are associated with QTc interval, but this asso-
ciation is still unknown in DR-TB patients. This study investigated the 
association between inflammatory cytokines with QTc interval in DR-TB 
patients who received shorter regimens. 

2. Materials and methods 

2.1. Participants 

Participants in this study were rifampicin-resistant tuberculosis (RR- 
TB) who were undergoing treatment in a hospital. The inclusion criteria 
in participants such as patients diagnosed with RR-TB using molecular 
rapid test using GeneXpert MTB/RIF, aged 18–65 years, and receiving 
treatment with shorter regimens (intensive or continuation phases). The 
exclusion criteria in this study are patients who have any risk factors for 
QTc prolongation such as baseline QTc >500 ms, potassium <3.5 mmol/ 
L, magnesium <1.7 mmol/L, calcium <8 mmol/L, creatinine clearance 
<30 cc/m, aspartate aminotransferase – alanine aminotransferase (AST- 
ALT) >5x upper limit normal (ULN), body mass index (BMI) <18 kg/m2, 
on anti-arrhythmia therapy, on anti-depressant therapy, with brady-
cardia, on anti-fungal treatment (azoles), on erythromycin therapy, and 
phenytoin therapy [3,8,10,11]. Participants or guardians get an expla-
nation regarding the purpose of the research and those who are willing 
to participate in the research consciously and without coercion fill out 
the consent form. 

2.2. Ethical approval 

We have conducted an ethical approval base on the Declaration of 
Helsinki with registration research at the Health Research Ethics Com-
mittee in the Dr. Soetomo General Academic Hospital, Surabaya, 
Indonesia (1444/KEPK/VIII/2019). 

2.3. Study design 

A case-control study with a time-series design was conducted from 
September 2019 to February 2020 in one of the referral hospitals for TB 

in Indonesia. The number of participants in this study was 45 TB patients 
who were obtained by consecutive sampling method. Participants were 
divided into 2 groups, such as the intensive phase (n = 29) and the 
continuation phase (n = 16). This study was reported by the Strength-
ening the Reporting of Cohort Studies in Surgery (STROCSS) 2019 
guideline [12]. RR-TB is defined as TB resistant to rifampicin according 
to a molecular rapid test using GeneXpert MTB/RIF (Cepheid, Sunny-
vale, CA, USA) [13,14]. RR-TB patients who are on intensive phase were 
defined as RR-TB patients who are diagnosed with RR-TB and start 
intensive phase of treatment with shorter regimens. RR-TB patients on 
the continuation phase of shorter regimens were defined as RR-TB pa-
tients who have culture conversion. Standardized shorter regimens were 
as recommended by the WHO in 2016 [15,16]. 

2.4. Measurement of inflammatory cytokines levels 

Samples of venous blood were taken from each participant and put 
into EDTA serum tubes. All samples were stored in a deep freezer with a 
temperature of − 80 ◦C. After the sample is complete, all samples were 
put at room temperature for 2 h or at 4 ◦C for a night. Storage at low 
temperatures inhibits the process of glycolysis so that the components in 
the blood do not change during the first 5–6 h of storage [17]. Blood 
samples of patients were centrifuged at 3000 rpm for 5–10 min in 10 ml 
sterile tubes to separate the blood plasma and serum. The inflammation 
cytokines levels were measured using the ELISA kit supplied by Diaclone 
(Besoncon Cedex, France). 

2.5. QTc interval calculation 

Twelve-lead electrocardiograms were recorded at a 25 mm/s paper 
speed using an automated ECG machine merc BLT E30 (Guangdong 
Biolight Meditech, China). The means of the QT intervals and R-R in-
tervals were obtained by measuring the QT intervals and R-R intervals of 
three consecutive beats in each lead. The computer program uses suc-
cessive R-R intervals between all ventricular muscle depolarization 
(QRS complexes) to calculate the mean heart rate within the recorded 
period. QTc interval prolonging was calculated using the Fridericia 
formula [3,11,18]. 

Fridericia formula is a formula recommended by the U.S. Food and 
Drug Administration (FDA) for clinical trials on drug safety. Fridericia 
formula calculation is QTc = QT/[R - R]1/3 [19,20]. 

2.6. Statistical analysis 

Participant characteristics data were analyzed using the chi-square 
test and the t-independent or Mann-Whitney test based on the distri-
bution of data which was calculated using the Shapiro Wilk test. All 
obtained data, including the levels of inflammatory cytokines (TNF-α, 
IL-1β, and IL-6) and QTc interval were analyzed. Statistical analysis was 
performed with SPSS 21.0 software (IBM Corp., Armonk, NY, USA). The 
analysis used to find the correlation between inflammatory cytokines 
and QTc interval in the intensive phase group and continuation phase 
group is the Spearman rank test. The correlation was considered as 
significant statistically if p-value < 0.05. 

3. Results 

3.1. Characteristics of participant 

29 RR-TB patients on intensive phase (64%) and 16 RR-TB patients 
on continuation phase (36%) were included in this study. The average 
age of the participants was 37.71 ± 13.55 years with a median value of 
41.00 (18.00–62.00) years. There was a difference in the mean age in the 
intensive phase group (37.03 ± 13.76 years) and the continuation phase 
group (38.94 ± 13.51 years; p = 0.569). Similar conditions were found 
in the participant’s BMI value, which in the intensive phase group was 
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21.90 ± 3.55 m/kg2 and the group continuation phase was 21.08 ±
3.66 m/kg2 (p = 0.530). Meanwhile, the average BMI of participants was 
21.61 ± 3.57 m/kg2 with a median value of 20.28 (18.03–28.65) m/kg2 

(Table 1). 
Significant differences between the intensive and continuation pha-

ses were found in potassium (4.30 ± 0.45 vs. 3.97 ± 0.41 mmol/l; CI 
0.056–0.606; p = 0.019) and calcium levels (9.03 ± 0.46 vs. 8.68 ± 0.20 
mg/dl; CI 0.109–0.602; p = 0.001). There was a decrease in potassium 
and calcium levels in the continuation phase (Table 1). The average 
potassium level of participants was 4.18 ± 0.46 mmol/l with a median 
value of 4.2 (3.5–5.5) mmol/l and the average value of calcium partic-
ipants was 8.90 ± 0.42 mg/dl with a median value of 8.90 (8.10–9.80) 
mg/dl. Most of the participants were male as many as 23 participants 
(51.10%). In the intensive phase, most of the participants were male (16 
participants; 55.20%) and in the continuation phase, the majority were 
women (9 participants; 56.3%; p = 0.463). Some participants have 
diabetes mellitus as many as 19 participants which in the intensive 
phase as many as 14 participants (48.30%) and in the continuation 
phase as many as 5 participants (31.30%; p = 0.268). 

3.2. Correlation of inflammatory cytokines on QTc interval 

The inflammatory cytokines participant values were such us TNF-α 
was 8.73 ± 9.80 pg/ml, IL-1β was 48.68 ± 109.49 pg/ml, and IL-6 was 
125.04 ± 253.80 pg/ml. The significant difference in cytokine values 
between the intensive phase and continuation phase was found in the IL- 
1β value (62.78 ± 132.64 vs. 23.14 ± 35.25 pg/ml; p = 0.040). Mean-
while, TNF-α (9.05 ± 9.21 vs 8.15 ± 11.09 pg/ml; p = 0.530) and IL-6 
(166.44 ± 308.99 vs 49.98 ± 37.34 pg/ml; p = 0.447). there is no sig-
nificant difference between the intensive phase and the continuation 
phase. A significant difference was found in the value of QTc intervals, 
which in the intensive phase was 417.28 ± 31.22 ms and in the 
continuation phase was 455.94 ± 16.64 ms (CI -55.648 to − 21.675; p <
0.001; Table 1). The mean value of QTc intervals prolonging partici-
pants was 431.02 ± 32.64 ms with a median value of 433.00 
(352.00–476.00) ms. 

Our study suggests that levels of TNF-α, IL-1β, and IL-6 have no 
significant correlation with QTc interval in RR-TB patients, both in the 
intensive phase and continuation phase. There is no significant corre-
lation between inflammatory cytokines and QTc interval in the intensive 
phase which statistical analysis results show such us TNF-α (r = 0.207; p 
= 0.281), IL-1β (r = 0.128; p = 0.509), and IL- 6 (r = − 0.028; p = 0.886). 
Meanwhile, in the continuation phase such us TNF-α (r = 0.046; p =
0.865), IL-1β (r = − 0.223; p = 0.406), and IL-6 (r = − 0.147; p = 0.586). 
The same condition was found in the K and Ca analysis of the QTc in-
terval which in the intensive phase the value of K levels (r = − 0.142; p =
0.461) and Ca level (r = 0.127; p = 0.510) while in the continuation 
phase the value of K levels was obtained (r = 0.323; p = 0.223) and Ca 

levels (r = 0.312; p = 0.239; Table 2). 
There was no significant correlation between levels of inflammatory 

cytokines (TNF-α, IL-1β, and IL-6) on QTc interval prolonging in the 
participant. The distribution of levels of inflammatory cytokines and 
QTc interval prolongation were not found to be correlated between the 
two variables (Fig. 1). 

4. Discussions 

Proinflammatory cytokines, including TNF-α, IL-1β, and IL-6 have 
been well known to have an important role in the host response against 
Mycobacterium tuberculosis infection. TNF-α is an important component 
of the immune response to TB and is also involved in granuloma for-
mation. IL-1β, which is produced by macrophages and monocytes, has a 
role in the early stages of antimycobacterial immune response and 
protects the tissue by activating epithelial antimicrobial peptides [21]. 
IL-1β does not kill directly Mycobacterium tuberculosis, rather IL-1β is 
induced during infection and is primarily produced by monocytes, 
macrophages, and dendritic cells. IL-1 signals through the IL-1R1 re-
ceptor present on several cells including endothelial cells, monocytes, 
macrophages, and T lymphocytes. IL-1β is capable of inducing the 
expression of the neutrophil recruiting cytokine IL-17. Further, the un-
derlying function of IL-1 in Mycobacterium tuberculosis appears to be in 
regulating type I IFN function and helping to maintain the balance be-
tween sufficient phagocytes to mediate control of the intracellular 
pathogen while inhibiting the over recruitment of permissive macro-
phages mediated by type I IFN [22]. IL-6 is a pleiotropic proin-
flammatory cytokine. IL-6 is essential for the development of an optimal 
T-cell response, and a requirement in host resistance to Mycobacterium 
tuberculosis infection [21,22]. 

In our study, the higher levels of cytokines in the early stage of 
treatment (intensive phase) are due to a higher inflammation process 
caused by Mycobacterium tuberculosis infection. High levels of IL-6 were 
observed in TB patients. Infection by Mycobacterium tuberculosis also 
results in the appearance of a strong inflammatory cell-mediated im-
mune response and increased TNF-α levels. Cytokines of TNF-α, IL-1β, 
and IL-6 are expressed and released at the site of disease after the 
interaction between T lymphocytes and infected macrophages when 
Mycobacterium tuberculosis invades the lungs [21]. 

Correlation analysis using Spearman-rho indicates that inflamma-
tory cytokines of TNF-α, IL-1β, and IL-6 did not correlate with QTc in-
terval in RR-TB patients, both in the intensive phase and continuation 
phase. A previous study in the elderly general population reported a 
significant correlation of TNF-α and abnormally prolonged QT-time 
(APTQ) in women, while IL-6 was not significantly related with 
(APQT) [9]. Another study in patients who experienced TdP reported 
different results. Systemic inflammation via elevated IL-6 levels was 
suggested as a novel QT-prolonging risk factor contributing to TdP 
occurrence, while TNF-α and IL-1 were not correlated with QT prolon-
gation [8]. 

Potassium and calcium were not correlated with QTc interval, Table 1 
Characteristics of participant.  

Characteristics RR-TB patients p 

Intensive phase (n 
= 29) 

Continuation phase (n 
= 16) 

Age (years) 37.03 ± 13.76 38.94 ± 13.51 0.569 
BMI (m/kg2) 21.90 ± 3.55 21.08 ± 3.66 0.530 
Potassium (mmol/ 

l) 
4.30 ± 0.45 3.97 ± 0.41 0.019* 

Calcium (mg/dl) 9.03 ± 0.46 8.68 ± 0.20 0.001* 
TNF-α (pg/ml) 9.05 ± 9.21 8.15 ± 11.09 0.530 
IL-1β (pg/ml) 62.78 ± 132.64 23.14 ± 35.25 0.040* 
IL-6 (pg/ml) 166.44 ± 308.99 49.98 ± 37.34 0.477 
QTc interval (ms) 417.28 ± 31.22 455.94 ± 16.64 <0.001** 

Note: BMI = Body mass index; TNF-α = Tumor necrosis factor alpha; IL-1β =
interleukin-1β; IL-6 = interleukin 6; *significant p < 0.05; **significant p <
0.001. 

Table 2 
Correlation of inflammatory cytokines on prolonging QTc intervals in RR-TB 
patients.  

QTc Interval Intensive phase Continuation phase 

r p r P 

TNF-α (pg/mL) 0.207 0.281 0.046 0.865 
IL-1β (pg/mL) 0.128 0.509 − 0.223 0.406 
IL-6 (pg/mL) − 0.028 0.886 − 0.147 0.586 
K (mmol/l) − 0.142 0.461 0.323 0.223 
Ca (mg/dl) 0.127 0.510 0.312 0.239 

Note: TNF-α = Tumor necrosis factor alpha; IL-1β = interleukin-1β; IL-6 =
interleukin 6; K = Potassium; Ca = Calcium; *significant p < 0.05; **significant 
p < 0.001. 
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because RR-TB patients with low potassium and calcium levels have 
been excluded in this study. This exclusion intends to minimize the in-
fluence of other variables on the QTc interval. A previous study stated 
that inflammatory cytokines (TNF-α, IL-1, IL-6) were considered to 
correlate with QTc prolongation. Cytokines induced profound changes 
in potassium and calcium channels resulting in prolongation of car-
diomyocyte action potential duration (APD) and increased susceptibility 
to re-entrant ventricular arrhythmias. TNF-α prolongs APD by reducing 
potassium currents (the transient outward [Ito], and the rapid [Ikr], and 
slow [Ikr], components of the delayed rectifier currents), while IL-1 and 
IL-6 by enhancing the L-type calcium current (ICaL) [8]. TNF-α system 
was found to influence calcium and potassium channels affecting QT 
time [9]. Inflammatory activation profoundly impacts the electrophys-
iological properties of cardiomyocytes via multiple effects, resulting in a 
prolongation of APD, and thereby of the QTc on ECG. The key mediators 
seem to be inflammatory cytokines (particularly TNF-α, IL-6, IL-1β), 
which may affect the myocardium either directly, by modulating spe-
cific ion channels critically involved in APD, and indirectly, by 
increasing central nervous system sympathetic drive on the heart [7,8]. 

Inflammation plays a central role in many cardiovascular diseases, 
including heart failure, myocardial infarction, arrhythmias, pericarditis, 
myocarditis, and sepsis-induced cardiomyopathy [23]. A cohort study of 

112 RA patients reported a significant correlation between inflamma-
tory cytokines (TNF-α, IL-1β, IL-6) and QTc interval [6]. Patients with 
connective tissue diseases, positive anti-RO/SSA, and long QTc intervals 
were found to have significantly higher levels of IL-1β [24]. Increased 
proinflammatory interleukin-6 (IL-6) levels are associated with acquired 
long QT syndrome (LQTS) in patients with systemic inflammation. A 
previous study demonstrated that IL-6 inhibition of IKr and the resulting 
prolongation of APD has mediated via IL-6R and Janus kinase (JAK) 
pathway activation and forms the basis for the observed clinical QT 
interval prolongation [25]. 

The distribution of cytokines (TNF-α, IL-1β, and IL-6) and QTc in-
tervals prolonging were no correlation. Cytokine levels decreased in the 
continuation phase (although only IL-1β indicates significance). 
Conversely, the QTc interval increased significantly in the continuation 
phase. These results suggested that inflammatory cytokines did not play 
any role on QTc intervals in RR-TB patients. This was different from a 
cohort study in the UK, which suggested a lower inflammatory burden 
may protect against QTc prolongation in patients with rheumatoid 
arthritis (RA) [6]. Another study also reported the possible contribution 
of IL-1β in modulating susceptibility to QTc prolongation after cardiac 
surgery [26]. 

Other factors such as medication possibly contribute to QTc interval 

Fig. 1. Scatter plot of inflammatory cytokines (TNF-α, IL-1β, and IL-6) and QTc interval in RR-TB patients.  
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in our study. RR-TB in continuous phase patients taking moxifloxacin is 
suspected of having a prolonged QTc interval. Serums of QT-prolonging 
drugs may accumulate more and longer in the continuation phase could 
increase QTc interval. A study of the linear pharmacokinetic- 
pharmacodynamic model reported a 1.5 ms increase in QTc was 
observed for every 1 μM increase in free systemic exposure of moxi-
floxacin [27]. Another study stated that QT prolongation correlates with 
increases in TNF-α, IL-1β, and IL-6. Pro-inflammatory cytokines cause 
QT prolongation by acting through stimulation of reactive oxygen spe-
cies (ROS), and then ceramides, while QT-prolonging agents were 
considered to bypass the initial steps of this pathway and directly affect 
ceramides [28]. 

Tuberculosis is a very common problem in developing countries, and 
treatment-related complications are common and sometimes underrated 
and this study will aid the physicians to be aware of common and un-
common but life-threatening side effects of anti-tuberculosis treatment 
So well written and nicely organized. 

5. Conclusion 

Our study suggested that inflammatory cytokines (TNF-α, IL-1β, and 
IL-6) do not correlate with QTc intervals, and could not be used to 
identify QTc prolongation in RR-TB patients who received shorter reg-
imens. Other markers other than TNF-α, IL-1β, and IL-6 may need to be 
explored for early detection of the risk of QTc prolongation in RR-TB 
patients. 
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