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 Introduction: The World Health Organization (WHO) has recommended the 9-month 

all-oral regimen for multidrug-resistant tuberculosis (MDR-TB) treatment. This regimen 

is expected to increase the treatment success rate. Bedaquiline, levofloxacin, and 

clofazimine are QT-prolonging drugs included in the 9-month all-oral regimen. 

Bedaquiline and clofazimine are given at the same dose for all patients, while 

levofloxacine dose is given in 750 mg and 1,000 mg based on the body weight. This 

study analyzed the correlation between different levofloxacin doses and certain factors 

on QTc interval prolongation. 

Methods: This observational retrospective study used the medical records of MDR-TB 

patients who underwent the 9-month all-oral regimen. Electrocardiography (ECG) for 

QTc interval measurement was recorded at the baseline before and 2 weeks after 

treatment. The measured variables included patient demographic data, body mass index 

(BMI), electrolyte levels, and comorbidities.  

Results: Thirty MDR-TB patients were included in this study. Gender, diabetes 

mellitus (DM), and levofloxacin dose did not correlate with QTc interval prolongation 

at 2 weeks after drug administration (p-values of 0.558, 0.197, and 0.134, respectively). 

Age, potassium level, magnesium level, calcium level, and baseline QTc interval also 

did not correlate with QTc interval prolongation at 2 weeks after drug administration (p-

values of 0.433, 0.479, 0.705, 0.746, and 0.333, respectively). Multivariate analysis 

showed that the risk factor associated with QTc interval prolongation at 2 weeks after 

drug administration was a BMI of 0.013. 

Conclusion: Different levofloxacin doses did not correlate with QTc interval 

prolongation in MDR-TB patients treated with the 9-month all-oral regimen. The 

incidence of QTc interval prolongation was significantly associated with the lower BMI 

level. 
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INTRODUCTION 

 

Tuberculosis (TB) caused by Mycobacterium 

tuberculosis (MTB) is a global health problem and has 

caused 10.6 million cases and 1.3 million deaths of TB.1 

The emergence of resistance to anti-TB drugs (ATDs) 

has become a barrier to global TB elimination efforts.2,3 

Multidrug‑resistant TB (MDR-TB) caused by MTB that 

is resistant to isoniazid (INH) and rifampicin (RIF) (the 

two most effective first-line ATDs) requires treatment 

with second-line drugs. Globally, an estimated 410,000 

people developed MDR-TB in 2022, with treatment 
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success rates for patients with MDR-TB are 63%. Of an 

estimated 31,000 MDR-TB cases in Indonesia in 2022, 

the treatment success rate was 52%.1 The treatment of 

MDR-TB is challenging as its long duration using 

different combinations of 2nd-line ATDs has higher cost, 

more adverse reactions, and more lost-to-follow-up 

cases.4,5 It is essential to find a shorter regimen that is 

more effective and with lower costs for DR-TB 

treatments.5  

Many studies have been conducted to find 

regimens with good efficacy and safety profiles. In 

2022, the World Health Organization (WHO) started 

recommending the 9-month all-oral regimen for MDR-

TB treatment.6 This 9-month all-oral regimen consists of 

bedaquiline, levofloxacin, ethionamide, ethambutol, 

INH, pyrazinamide, and clofazimine and is expected to 

increase the success rate of MDR-TB treatment. 

However, bedaquiline, levofloxacin, and clofazimine are 

QT-prolonging drugs. Bedaquiline and clofazimine are 

given at the same dose, while levofloxacin is given in 

750 mg and 1,000 mg based on body weight.5,6 The 

different levofloxacin doses raise concern about its 

adverse effect on QT interval prolongation, especially in 

MDR-TB patients with higher doses of levofloxacin.  

Levofloxacin is a second-generation 

fluoroquinolone antibiotic with beneficial properties, 

including high bioavailability and broad-spectrum 

activity. However, it may also adversely prolong the 

QTc interval.7,8 Interval QT prolongation is a serious 

adverse effect that increases the risk for cardiac 

arrhythmias such as Torsade de Pointes (TdP) and leads 

to sudden cardiac death. The adverse impact of QT 

interval prolongation may cause treatment interruption, 

reduce treatment adherence, and be associated with 

morbidity and mortality.5,9,10 The European Society of 

Cardiology (ESC) classified a QT interval >500 ms as 

the mark for the diagnosis of long QT syndrome (LQTS) 

in asymptomatic patients. Above this level, the risk of 

arrhythmia and TdP was higher.11 This interference with 

cardiac rhythm can be fatal, potentially leading to 

cardiac arrest, increased hospital length of stay, and 

mortality.12  

Acquired LQTS is more prevalent and especially 

caused by QT-prolonging drugs. Certain individual risk 

factors may also increase this risk.11 Drug-induced long 

QT is the most common and preventable cause of QT 

interval prolongation.13 Higher doses cause drug-

induced QT prolongation, which causes excessive drug 

concentration in the blood serum. However, the dose or 

drug concentration is not always the cause. Gender, 

older age, bradycardia, electrolyte disturbance, heart 

failure, and so on are risk factors.14 The evidence 

showed that drug-induced QTc interval prolongation 

occurred with at least one risk factor, and there were risk 

factors in 70% of cases.15  

QTc interval prolongation in MDR-TB patients 

on the 9-month all-oral regimen is rarely reported.4,16 

The concentration of quinolone (moxifloxacin) did not 

correlate with QTc interval in a previous study.9 A study 

about QTc interval prolongation in MDR-TB patients on 

the 9-month all-oral regimen is essential, especially in 

the concomitant administration of QT-prolonging drugs 

with different levofloxacin doses as the components in 

the 9-month all-oral regimen. This is important to 

prevent adverse effects of QTc interval prolongation, 

reduce the risk of drug interruption, reduce MDR-TB 

morbidity and mortality, and also increase the treatment 

success of MDR-TB. This study evaluated the 

correlation of different levofloxacin doses and certain 

factors on QTc interval prolongation in MDR-TB 

patients treated with the 9-month all-oral regimen. 

 

METHODS 

  

An observational retrospective study was 

conducted in Dr. Soetomo General Academic Hospital, a 

tertiary hospital in Indonesia, from January to December 

2022 using the data from the medical records. MDR-TB 

patients who received the 9-month all-oral regimen with 

complete medical records were included in this study. 

Patients who were under treatment with additional QT-

prolonging drugs and with unregulated DM were 

excluded from this study. The data from the medical 

records included patient demographic data (age, sex), 

body mass index/BMI (weight, height), electrolyte levels 

(potassium, magnesium, and calcium), and clinical 

characteristics (comorbidities). The 9-month all-oral 

regimen consists of bedaquiline (used for six months) in 

combination with levofloxacin, ethionamide, 

ethambutol, INH (high-dose), pyrazinamide, and 

clofazimine for four months, followed by five months of 

treatment with levofloxacin, clofazimine, ethambutol, 

and pyrazinamide. Levofloxacin doses were based on 

body weight: 750 mg for a body weight of 30-45 kg and 

1,000 mg for a body weight of over 46 kg.5,6  

Electrocardiography (ECG) for QTc interval 

measurement was recorded at the baseline before and 

two weeks after treatment. Collected data from medical 

records were entered and analyzed using the 

International Business Machines Corporation (IBM) 

Statistical Package for the Social Sciences (SPSS) for all 

statistical analysis. Statistical analysis with a p-value 

<0.05 was considered statistically significant. This study 

was approved by the ethics committee with ethical 

clearance number 1795/KEPK/I/2020.  
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RESULTS 

 

Of the 54 MDR-TB patients who underwent 

treatment with the 9-month all-oral regimen, 30 MDR-

TB patients with a mean age of 46.37 years old were 

included in this study according to the inclusion and 

exclusion criteria. These study subjects consisted of 

eight men and 22 women. Well-controlled diabetes 

mellitus (DM) was found in 13 (43.3%) patients. 

Levofloxacine dose, one of the components in the 9-

month all-oral regimen for MDR-TB treatment, was 

given in 750 mg and 1,000 mg based on body weight. In 

this study, six (20%) patients received levofloxacin 750 

mg, and 24 (80%) patients received levofloxacin 1000 

mg. This is presented in Table 1. 

 

Table 1. Characteristics of study subjects 

 Total (n = 30) 

Age (years old) 

Mean ± SD (min-max) 

 

46.37 ± 13.44 

(15-69) 
Gender 

     Men  

     Women 

 

8 (26.7%) 

22 (73.3%) 

Diabetes mellitus type 2  13 (43.3%) 
Hypertension 3 (10%) 

BMI level (kg/m2) 

Mean ± SD (min-max) 

 

24.64 ± 6.03 

(16.2-36.8) 
Potassium level 

Mean ± SD (min-max) 

 

4.1 ± 0.54 (3-5.2) 

Magnesium (Mg) 

Mean ± SD (min-max) 

 

1.987 ± 0.164 
(1.7-2.3) 

Calcium (Ca) 

Mean ± SD (min-max) 8.7 ± 0.428 (8-9.6) 

Baseline QTc interval (ms) 
Mean ± SD (min-max) 

 
410.93 ± 37.85 

(320-467) 

Levofloxacin dose 

   750 mg 
   1,000 mg 

 

6 (20%) 
24 (80%) 

QTc interval at 2 weeks after the drug was 

administered 

Mean ± SD (min-max) 

 

418 ± 37.8 (334-

472) 
BMI: body mass index, ms: mili seconds, SD: standard deviation 

 

The results of the correlation analysis in Table 2 

show that gender did not correlate with the QTc interval 

at two weeks after drug administration (p = 0.558). DM, 

hypertension, and levofloxacin dose also did not 

correlate with the QTc interval two weeks after drug 

administration (p-values of 0.197, 0.888, and 0.134, 

respectively). 

 

 

 

 

 

 

Table 2. Correlation of gender, diabetes mellitus, 

hypertension, and levofloxacin dose on QTc interval at two 
weeks after drug administration  

 QTc Interval at Two Weeks after 

Drug Administration (ms) 

p 

Gender*a 

     Men 

     Women  

 
416 (334-464) 

438 (358-472) 

0.558 

Diabetes 

mellitus**b 

     Yes  

     No  

 

428.31 ± 33.37 

410.12 ± 40.03 

0.197 

Hypertension**b 

     Yes  
     No 

 

415 ± 49.66 
418.33 ± 37.45 

0.888 

Levofloxacin 
dose**b 

     750 mg  

     1000 mg 

 
438.83 ± 29.05 

412.79 ± 38.43 

0.134 

*: Mann-Whitney test, **: t-test, a: median (min-max), b: mean ± 

standard deviation 

 

This study found that BMI level significantly 

correlated with QTc interval two weeks after drug 

administration (p = 0.021). Age, potassium level, 

magnesium level, calcium level, and baseline QTc 

interval did not correlate with QTc interval two weeks 

after the drug administration with p-values of 0.433, 

0.479, 0.705, 0.746, and 0.333, respectively. This is 

presented in Table 3. The baseline QTc interval for all 

patients was found to be within the normal range before 

the initiation of the 9-month all-oral regimen. 

 

Table 3. Correlation of age, body mass index, potassium, 

magnesium, calcium, and baseline QTc interval on QTc 

interval at two weeks after drug administration  

 QTc Interval at Two Weeks after Drug 

Administration 

r p 

Age* 0.149 0.433 

BMI level* -0.418 0.021 

Potassium level** -0.134 0.479 

Magnesium 
level** 

-0.072 0.705 

Calcium level** -0.062 0.746 

Baseline QTc 

interval* 

-0.183 0.333 

BMI: body mass index, r: correlation coefficient, p: sig. (2-tailed), *: 

Spearman test, **: Pearson test 

 

Multivariate analysis results show that the 

variable correlated with QTc interval two weeks after 

drug administration was BMI level p = 0.013. Analysis 

was performed using multiple linear regression 

(dependent  variable  was  normal  distribution) with  the  
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backward elimination method. The results indicated a 

negative coefficient of -2.819 (Table 4), which showed a 

negative relationship between BMI and QTc interval. 

This means the higher the BMI, the lower the QTc 

interval two weeks after drug administration, and vice 

versa. For example, if BMI increases by 1 unit, the QTc 

interval at two weeks after drug administration is 

expected to decrease by 2.819 units. The R Square value 

of 0.203 suggested that approximately 20.3% of the 

variability in the QTc interval can be explained by the 

BMI level in this model. The remaining 79.7% of the 

variability in the QTc interval may be explained by other 

variables not included in the model. 

 

Table 4. Multivariate of body mass index on QTc interval at 
two weeks after drug administration  

 Unstandardized 

Coefficients 

Sig R. 

Square 

 B   

BMI 

level 

-2.819 0.013 0.203 

BMI: body mass index, B: unstandardized coefficients, p: sig. (2-

tailed), R. Square: coefficient of determination 

 

DISCUSSION 

 

This study showed that gender, DM, and 

hypertension did not correlate with QTc interval two 

weeks after drug administration (p-values of 0.558, 

0.197, and 0.888, respectively). Previous studies 

reported different results. QT interval prolongation and 

TdP were more commonly found in women than 

men.14,17 Women are one of the risk factors for QTc 

interval prolongation.14,17 The factor that might 

contribute is a difference in sex hormones, which affects 

cardiac repolarization by regulating ion channels in heart 

cells. Testosterone in men can shorten the QTc interval, 

while estrogen is suspected to cause QTc 

prolongation.17,18  

In this study, DM was not correlated with QTc 

interval two weeks after drug administration. This was 

because all MDR-TB patients with DM were regulated 

by routine medication to control blood glucose levels. A 

previous study reported that DM was known to increase 

the risk of QTc interval prolongation, especially in 

patients with uncontrolled DM.19,20 In a previous study, 

QTc interval prolongation was higher in patients with 

DM, specifically caused by hyperglycemia and chronic 

changes in the myocardium.21  

This study found that levofloxacin dose did not 

correlate with QTc interval two weeks after drug 

administration (p = 0.134). A previous study also 

reported no correlation between levofloxacin and QTc 

interval prolongation.22 Other risk factors may play a 

role.22 Drug-induced QT interval prolongation typically 

occurred when there was at least one additional risk 

factor besides drug exposure.18  

This study found that BMI level was significantly 

correlated with QTc interval at two weeks after drug 

administration (p = 0.013) and indicated a negative 

relationship (B = -2.819). A low BMI level 

(underweight, BMI <18.5) can cause decreased left 

ventricular mass, cardiac chamber dimensions, cardiac 

conduction and repolarization changes, and arrhythmias. 

Malnourished patients may also experience  

QTc interval prolongation along with electrolyte 

disturbances.23,24 Cardiovascular disorders are often 

improved when dietary habits are corrected and 

nutritional status is restored.25  

In this study, the baseline QTc interval was not 

correlated with the QTc interval two weeks after drug 

administration (p = 0.333). The baseline QTc of all 

participants was within the normal limit. A previous 

study reported a different correlation between the 

baseline QTc interval and the start time of QTc 

prolongation.16,26 Patients with a longer baseline QTc 

will significantly likely develop into prolonged QTc. 

Some studies reported serum electrolyte disturbances as 

the risk factor for QTc interval prolongation.27,28 QT 

interval prolongation is often caused by a disturbance in 

the various cardiac ion channels, including the 

potassium, magnesium, and calcium channels.29–31  

This study found that potassium, magnesium, and 

calcium levels did not correlate with the QTc interval 

two weeks after drug administration, with p-values of 

0.479, 0.705, and 0.746, respectively. This was 

insignificant because participants had normal potassium, 

magnesium, and calcium levels. Other studies showed 

that QT prolongation is caused by electrolyte 

disturbances (hypokalemia, hypomagnesemia, and 

hypocalcemia).32 In conditions of hypokalemia 

(potassium levels become lower than 3.5 mmol/L), heart 

cells experience hyperpolarization with a decrease in 

muscle contractions, heart rate, and blood pressure.33 

Calcium has diverse roles in neuromuscular 

mechanisms. In the cardiovascular system, 

hypocalcemia is known to impair myocardial 

contractility and prolong the QT interval, predisposing 

to ventricular arrhythmias.31 It is important to monitor 

potassium, magnesium, and calcium concentrations in 

all patients receiving drugs that can prolong the QT 

interval. 

The QTc interval increases with age, and age-

related electrophysiological and structural changes may 

increase the risk of arrhythmia.34 Another study in DR-

TB patients reported that older age was correlated with 

QT interval prolongation.35 This study found that age 

did not correlate with QTc interval at two weeks after 

drug administration (p-value = 0.433) because the mean 
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age of this study subjects was 46.37 years old (<65 years 

old). A previous study reported that ventricular 

arrhythmias were found to be higher in the elderly (>65 

years old) with the use of QT-prolonging drugs.36  

The limitations of this study include measuring 

the QTc interval only at two weeks post-drug 

administration without evaluating the concentrations of 

all medications in the 9-month all-oral regimen. 

Additionally, after two weeks of treatment, electrolytes 

were not re-measured during the repeat ECG 

examination. The study also had a limited sample size, 

which may not represent the entire MDR-TB patient 

population and could affect the generalizability of the 

findings. 

 

CONCLUSION 

 

QTc interval prolongation after two weeks of 

treatment with a 9-month all-oral regimen did not reach 

the level that causes pathology or LQTS. Different 

levofloxacin doses did not correlate with QTc interval in 

MDR-TB patients treated with the 9-month all-oral 

regimen. Age, normal baseline QT, and participants with 

normal serum electrolytes (potassium, magnesium, and 

calcium) did not correlate with QT prolongation in this 

study. Although not pathological, the occurrence of QTc 

interval prolongation was significantly associated with 

lower BMI levels. Close monitoring of the QTc interval 

is necessary during treatment, especially in MDR-TB 

patients with lower BMI levels. 
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