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ADDICTION
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ABSTRACT
Objective: This study investigated QTc interval among opioid dependent patients on MMT in comparison with opioid naive 

individuals. 
Design: This was a cross-sectional observational study conducted at the Clinical Trial Unit (CTU), Hospital USM, Kota 

Bharu, Kelantan, Malaysia. 
Materials and Methods: Patients were on the national MMT programme at the MMT clinics in Kelantan, Malaysia. Control 

subjects were comprised of opioid naive individuals. All participants underwent 12-lead electrocardiogram (ECG). 
Results: Of the 145 patients who had satisfactory ECG recordings, 29 (20%) had QTc interval prolongation > 450 millisec-

onds. Four (2.8%) opioid naive individuals had a prolonged QTc interval. No participant had QTc interval > 500 milliseconds. 
Patients had significantly longer QT and QTc interval compared to opioid naive individuals (p < 0.001). Number of patients with 
QTc interval prolongation > 450 milliseconds was significantly higher compared to opioid naive individuals (p < 0.001). 

Conclusion: The results demonstrate clinical evidence of significant longer QTc interval in opioid dependent patients on 
MMT compared to opioid naive individuals. QTc interval prolongations also occurred in a significant proportion of patients. 
Methadone therapy may cause QTc interval prolongations and appropriate clinical management measures should be considered 
to address this challenge.
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INTRODUCTION

Methadone is a synthetic analgesic drug for pain therapy and it is a 
cornerstone drug for the pharmacological treatment of opioid depen-
dence. Methadone maintenance therapy (MMT) is one of the 'Harm 
Reduction' program to prevent blood-borne viral infections (HIV, 
Hepatitis C, Hepatitis B) due to needles sharing among illicit opioid 
users. MMT is effective in retaining patients in treatment and reducing 
illicit drug use1). In Malaysia, number of opioid dependent patients par-
ticipating in the national MMT program at the psychiatric clinic and 
other MMT clinics was about 10,730 patients by the end of 20092). A 
retrospective study based on the records of injecting drug users (IDUs) 

involved in the MMT program, registered at the Psychiatric Clinic of 
Hospital Raja Perempuan Zainab II, Kota Bharu, Kelantan, Malaysia 
supported the evidence that MMT program is effective in treating heroin 
and opiate dependence3). A 2-year prospective study at the MMT clinic 
of Tengku Ampuan Afzan Hospital (HTAA), Kuantan, Pahang, Malaysia 
provided further evidence that the methadone program yields positive 
outcomes with respect to the quality of life (QOL)4). 

A recent large retrospective pharmacoepidemiological study has 
found 390 (2.6%) corrected QT (QTc) interval prolongation and torsade 
de pointes (TdP) cases involving methadone5). Methadone blocks the 
subunit of the voltage-gated potassium channels (found predominantly 
in the myocardium) encoded by the human ether-a-go-go-related gene 
(hERG). These potassium channels conduct the rapid component of the 
delayed-rectifier potassium ion current, IKr, which cause repolarization. 

   C   2019 Japan Health Sciences University
             & Japan International Cultural Exchange Foundation



Zahari Z. et al 97

A reduction in hERG currents can lead to action potential prolongation 
that are expressed as lengthening of the QT interval on the surface elec-
trocardiogram (ECG)6,7). QTc interval prolongation may result in TdP, a 
potentially lethal ventricular arrhythmia8).

Previously, QTc interval prolongation and TdP cases have also been 
described among opioid dependent patients receiving MMT9-19). 
However, the prevalence of QTc interval prolongation among subjects 
in opioid maintenance treatment varied between studies. Maremmani et 
al. (2005)14) reported that 83% of the former heroin addicts on long-term 
successful MMT for at least 6 months in Italy had a baseline QTc inter-
val that exceeded the population-expected value based on age and sex; 2 
patients had a QTc interval that exceeded 500 milliseconds. In contrast, 
an analysis of 91 opioid dependent HIV-infected patients on MMT at a 
drug abuse outpatient center in Barcelona, Spain noted that 36.3% 
patients had a prolonged QTc interval (> 450 milliseconds, 3.2% had 
QTc > 500 milliseconds (a 'clinically significant' risk for TdP))10). 
Prospective studies found an increase in the QTc interval11,12,20). 

Although it is now a well-known fact that methadone use can result 
in prolonged QTc interval among opioid dependent patients receiving 
MMT in other countries, data on QTc interval in patients on MMT are 
largely unavailable in Malaysia. Variances between human populations 
may affect the incidence of arrhythmia, response to treatment, and 
adverse event. Care should be taken when extrapolating data from pre-
vious studies to Asian populations because of differences in risk factors 
for QT prolongation include genetic polymorphisms in rythmonome and 
cytochrome P450 enzymes that may affect arrhythmia phenotype and 
treatment response21,22). A previous prospective study examined the pat-
tern of QTc prolongation in 46 MMT patients receiving different metha-
done dosages18). 

Recently, we have published our data on sleep quality and pain sen-
sitivity23,24). The findings confirmed the poorer sleep quality and hyperal-
gesia among opioid dependent patients on MMT in Malaysia23,24). To fill 
the current gaps in the literature, we felt that it is necessary to report our 
findings on the ECG parameters in opioid dependent patients on MMT 
and opioid naive individuals. As the research on the substance use disor-
ders has grown, so have the protocols and guidelines related to sub-
stance use, practicing nurses and nursing scientists are increasingly 

expected to understand and incorporate knowledge into practices within 
a nursing framework. We believed that the knowledge of QTc interval 
prolongation is of particular importance because many patients on MMT 
may present with other risk factors for QT prolongation, and may 
require appropriate measures to address this challenge. Thus, in the 
present paper, our aim was to compare the QTc interval among this 
patient population in comparison with the general population, to test the 
hypothesis that there is a significant difference in QTc interval between 
these groups. The results of this study has not only added to the growing 
evidence of QTc interval prolongation among opioid dependent patients 
on MMT but also had provide the clinical evidence of different in QTc 
interval of patients on MMT in comparison with the data from sample 
of opioid naive individuals which had not been characterized in the pre-
vious studies on prolonged QTc interval among opioid dependent 
patients receiving MMT.

MATERIALS AND METHODS

This was a cross-sectional observational study. This study was con-
ducted at the Clinical Trial Unit (CTU), Hospital USM, Kota Bharu, 
Kelantan, Malaysia. The protocols for the study were approved by the 
Human Research Ethics Committee (HREC), Universiti Sains Malaysia 
(USM) in Kelantan, Malaysia (Reference number: USMKK/PPP/JEPeM 
(253.3 [14]) and the Medical Research & Ethics Committee (MREC), at 
the Ministry of Health (MOH), Malaysia (Reference number: NMRR-
13-524-16614). 

Participants

This study investigated opioid dependent patients and opioid naive 
individuals as controls. It is a part of a larger clinical study to evaluate 
the application of personalised methadone therapy among patients on 
methadone maintenance therapy23,24).

All opioid dependent patients receiving MMT at the Psychiatric 
Clinic, Hospital USM during the study period were offered to partici-

Table 1. Demographic and clinical characteristics of opioid naive individuals (N = 143) and opioid dependent patients (N = 145)
Variable Opioid naive  Opioid dependent  Mean difference t-statistic (df) p-value*
  (N = 143) (N = 145) (95% CI)

 Mean SD Mean SD   

Age (years) 27.98 10.19 36.74 5.98 -8.77 (-10.71, -6.82) -8.89 (229) < 0.001
BMI (kg/m2) 24.92 5.42 22.16 3.60 2.76 (1.69, 3.83) 5.09 (247) < 0.001
Haemodynamic data       
SBP (mmHg)a 120.57 12.20 118.08 11.98 2.49 (-0.32, 5.30) 1.74 (285) 0.082
DBP (mmHg)a 74.74 9.18 73.88 8.60 0.87 (-1.20, 2.93) 0.82 (285) 0.410
Pulse rate (beats/min)a 81.57 13.63 81.67 13.00 -0.10 (-3.20, 2.99) -0.06 (285) 0.949
SPO2 (%)b 97.90 1.81 98.08 1.54 -0.18 (-0.58, 0.22) -0.90 (270) 0.366

SD = standard deviation; CI = confidence interval; df = degree of freedom; BMI = body mass index; SBP = systolic blood pressure; DBP = diastolic blood pressure; SPO2 = blood 

oxygen saturation.
aData were available for 143 and 144 of opioid naive individuals and opioid dependent patients, respectively; bData were available for 134 and 138 of opioid naive individuals and 

opioid dependent patients, respectively; * P values were obtained using an independent t-test. Significant P-values are in bold.

Table 2. Comparison of electrocardiogram (ECG) parameters between opioid naive individuals (N = 143) and opioid 
dependent patients (N = 145)

Variable Opioid naive   Opioid dependent  t-statistic (df) p-value*
 (N = 143)  (N = 145)

 Mean  SD Mean  SD  

PR interval (milliseconds)a 156.78 20.61 155.13 22.07 0.65 (284) 0.514
QRS interval (milliseconds) 95.09 11.45 93.21 11.60 1.38 (286) 0.168
QT interval  (milliseconds) 370.95 30.01 394.63 31.62 -6.52 (286) < 0.001
QTc interval  (milliseconds) 410.55 21.14 430.79 24.57 -7.49 (286) < 0.001

SD = standard deviation; PR interval = time from the onset of the P wave to the start of the QRS complex; QRS interval = time from the start of the Q wave to the end 

of the S wave; QT interval = time from the start of the Q wave to the end of the T wave; QTc = corrected QT interval
aData were available for 141 and 145 of opioid naive individuals and opioid dependent patients, respectively; *P-values were obtained using an independent t-test. 

Significant P-values are in bold.
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pate in this study. Recruitment at the Psychiatric Clinic, Hospital Raja 
Perempuan Zainab II (HRPZ II), Kota Bharu and eight other govern-
ment MMT clinics in Kelantan were also carried out in order to achieve 
the required sample size. Opioid dependent patients on MMT pro-
gramme at non-governmental organisation (NGO), SAHABAT were 
also offered to participate in this study. 

Selected patients were reassessed by a physician who assisted the 
author in this study to confirm the diagnosis of opioid dependence 
according to the Diagnostic and Statistical Manual of Mental Disorders, 
Fourth Edition (DSM-IV) criteria25). Only patients who fulfilled the 
DSM-IV diagnosis of opioid dependence were included and proceeded 
for further assessment. All were stabilized in treatment, defined as hav-
ing been enrolled in the programme for more than one month with no 
change of methadone dosage over the past one month. The enrolment 
was continued until 148 patients fulfilled inclusion and exclusion crite-
ria and gave informed consent. 

Control subjects comprised of opioid naive individuals, defined as 
individuals who have not taken any opioids including morphine and 
methadone to their best knowledge and are presumed so after two con-
secutive negative urine screenings for drugs. They were recruited from 
the local and university communities. The selection was continued until 
152 subjects fulfilled the criteria and gave informed consent.

Inclusion criteria were: 1) Malay male aged more than 18 years; 2) 
Free of acute medical, surgical and psychiatric illness; 3) Free of chron-
ic medical, surgical, and psychiatric illness that requires concurrent 
medical, surgical, or psychiatric therapy; 4) Free of regular use of alco-
hol; and 5) Free of intoxication. We selected only Malay males because 
drug abusers in Malaysia are predominantly males, thus this reflects our 
patient population2). 

Excluded were: 1) Individuals who were currently taking illicit ben-
zodiazepines, cannabinoids and barbiturates; 2) Individuals on regular 
anticonvulsants, neuroleptics or analgesics; 3) Individuals with chronic 
or ongoing acute pain; 4) Individuals with a history of analgesics inges-
tion within three days before the study; and 5) Individuals with severe 
cognitive impairment which may prevent fully understanding of the 
study details and/or communication.

All participants had a normal physical examination, and were free 
of any history of cardiovascular disease. During the study, the partici-
pants were asked to refrain from excessive physical exercise, smoking, 
and alcohol intake and none were on any medication known to affect 
cardiac repolarisation. 

Sample size was calculated using the Cohen sample size table26). As 
we found that available patients receiving MMT and opioid naive indi-
viduals who meet all inclusion and exclusion criteria were limited, we 
took all eligible subjects during the study period.

Data collection

A brief explanation of the study was provided to the enrolled partic-
ipants. A written-informed consent was then taken from the participants. 
Participants were also informed that they could withdraw from the study 
at anytime. Urine drug screens were performed for both opioid depen-
dent and control group twice in one week prior to test day. Participants 
who had two consecutive negative urine tests proceeded to the Clinical 
Trial Unit (CTU), Hospital USM for further evaluation. Participants 
were instructed to avoid analgesics of any type within 72 hours prior to 
test day. Opioid dependent patients have been instructed not to ingest 
methadone from their MMT clinic on the test morning. 

The selected participants were interviewed by the researcher based 
on a standard proforma. Information recorded included socio-demo-

graphic variables and other relevant information. Blood oxygen satura-
tion (SPO2) and vital signs including blood pressure and heart rates were 
measured using Spot Vital Signs® Device (Welch Allyn Australia Pty 
Ltd., New South Wales, Australia). A standard 12-lead electrocardio-
gram (ECG) was also performed by a qualified trained assistant using 
Welch Allyn CP 50TM ECG (Electrocardiograph) (Welch Allyn Australia 
Pty Ltd., New South Wales, Australia). All ECGs were recorded by the 
same instrument and printed at a paper speed of 25 mm/s and voltage of 
10 mm/mV. QTc intervals (milliseconds) were calculated automatically 
by the ECG instrument and the automated QTc scores have been vali-
dated27,28). 

All opioid dependent patients were administered methadone syrup 
(5 mg/ml) and received their methadone dose at usual time. 

Statistical analysis

Frequency and percentages were computed for categorical vari-
ables, and for numerical variables, mean and standard deviation (SD) 
were also computed. Independent t-tests were used to compare demo-
graphic and clinical characteristics, and ECG parameters between 
patient and opioid naive groups. 

The QTc intervals were analysed from 288 participants (145 and 
143 of opioid dependent patients and opioid naive individuals, respec-
tively). A QTc interval greater than 450 milliseconds is considered pro-
longed QTc interval8,18). For the main objective, analysis of covariance 
(ANCOVA) was carried out to further elucidate the mean difference of 
the QTc intervals between patient and opioid naive groups taking other 
covariates such as age and BMI. Chi-square test was used for categori-
cal variables. Statistical analysis was carried out using SPSS/Win soft-
ware (Version 22, SPSS, Inc., Chicago, IL, USA). All confidence inter-
vals (CIs) were computed at the 95% level. A P-value < 0.05 was con-
sidered significant.

RESULTS

Characteristics of study participants

The mean age of opioid naive individuals was 27.98 years (standard 
deviation, SD = 10.19; range: 18-63 years). Their mean body mass 
index (BMI) was 24.92 kg/m2 (SD = 5.42; range: 15-45 kg/m2). Among 
opioid dependent patients, their age averaged 36.74 years (SD = 5.98; 
range: 25-55 years). Their mean BMI was 22.16 kg/m2 (SD = 3.60; 
range: 14.9-36.3 kg/m2). The mean age and BMI were significantly dif-
ferent between opioid naive individuals and opioid dependent patients 
groups (p < 0.001). Details are shown in Table 1.

Among opioid dependent patients, their age of first illicit drug use 
averaged 19.17 years (SD = 4.22; range: 12-33 years). Their mean age 
of first opioid abuse was 22.23 years (SD = 4.94; range: 12-41 years). 
Their mean duration of opioid exposure was 14.51 years (SD = 6.92; 
range: 1-33 years). The mean age of entering MMT was 33.92 years 
(SD = 6.05; range: 22-52 years). The mean duration of participation in 
MMT was 2.79 years (SD = 2.02; range: 0.33-9 years). Their mean 
methadone dose was 72.66 mg (SD = 28.35; range: 20-160 mg).

Table 3. Comparison of electrocardiogram (ECG) parameters between opioid naive individuals (N = 143) and opi-
oid dependent patients (N = 145) controlling for potential confounders

Group Adj. meana (95% CI) Adj. mean diff. (95% CI)b F stat. (df) p-value*

QT interval  (milliseconds)    
Opioid naive (N = 143) 375.58 (370.16, 381.01) -14.48 (-22.74, -6.22) 11.91 (1, 284) 0.001
Opioid dependent (N = 145) 390.07 (384.68, 395.45)   
QTc interval  (milliseconds)    
Opioid naive (N = 143) 412.63 (408.58, 416.68) -16.12 (-22.28, -9.96) 26.53 (1, 284) < 0.001
Opioid dependent (N = 145) 428.75 (424.73, 432.76)   

CI = confidence interval; QT interval = time from the start of the Q wave to the end of the T wave; QTc = corrected QT interval
aAdjusted mean controlling for age and body mass index (BMI); bBonferroni adjustment for 95% confidence interval for difference; *P-values were obtained using 

an analysis of covariance. Significant P-values are in bold.



Zahari Z. et al 99

Comparison of electrocardiogram (ECG) parameters 
between opioid naive individuals and opioid dependent 
patients

Table 2 shows ECG data among opioid dependents patients as com-
pared to opioid naive individuals. Patients had significantly longer QT 
and QTc interval compared to opioid naive individuals (p < 0.001). No 
participant had QTc interval > 500 milliseconds. Among the 143 opioid 
naive individuals, four (2.8%) individuals had QTc interval prolongation 
> 450 milliseconds. Among the 145 opioid dependent patients, 29 (20%) 
had a prolonged QTc interval. Number of patients with QTc interval 
prolongation > 450 milliseconds was significantly higher compared to 
opioid naive individuals (X2 (df) = 21 (1), p < 0.001). 

The analysis of covariance (ANCOVA), controlling for age and 
BMI revealed that patients had significantly longer QTc interval com-
pared to opioid naive individuals (p < 0.001) (Table 3).

DISCUSSION

We found that the percentage of QTc interval prolongation among 
patients in methadone maintenance treatment was 20%, and the number 
of patients with QTc interval prolongation > 450 milliseconds was sig-
nificantly higher compared to opioid naive individuals. Moreover, a sig-
nificant QTc interval difference was observed between patients and opi-
oid naive individuals. 

Previously, Mohamad et al. (2013)18) compared the QTc interval 
between low and high dose methadone groups over an eight-week peri-
od among Malaysian opioid dependent patients. They found that the 
percentage of prolonged QTc interval from week 0 to Week 8 ranges 
from 26.1% to 54.3% among the 46 patients receiving MMT. Similar 
percentage of the QTc interval prolongation has been previously 
described in Norwegian patients receiving methadone treatment15). 
Among the 173 patients in the methadone group, 28.9% (N = 50) had a 
QTc interval > 450 milliseconds. They also found eight patients (4.6%) 
had a QTc interval > 500 milliseconds. 

Although several studies on the prevalence of the QTc interval pro-
longation in patients receiving MMT have been previously pub-
lished14-18), data on the QTc interval among opioid naive individuals were 
not reported in their studies. Our current study is important because it 
identify the QTc interval in patients on MMT in comparison with the 
data from sample of opioid naive individuals, which has largely been 
unstudied. In our study, we found a significantly longer QTc interval in 
patients compared to opioid naive individuals. It was also noted that 
patients had significantly higher prevalence of prolonged QTc compared 
to opioid naive individuals; 20% and 2.8%, respectively. Thus, the 
results of this study suggested that methadone may be associated with 
the QTc interval prolongation among opioid dependent patients on 
MMT, as manifested by their longer QTc interval. However, none of our 
patients had a marked QTc interval prolongation > 500 milliseconds (the 
threshold of increased danger or a 'clinically significant' risk for TdP)29). 
Exclusion of patients with risk factors that predispose them to QTc 
interval prolongation such as heart and liver disease, illicit drug use 
such as benzodiazepines and concomitant use of drugs known to pro-
long QTc in MMT patients may explain the absence of patients with 
QTc interval exceeded 500 milliseconds and TdP in our current study8,28). 
However, although known heart and liver disease, and illicit drug use 
was one of our exclusion criterions, no potential subjects were excluded 
for this criterion.

These findings have therapeutic implications. We believed that this 
information is valuable for physicians, nurses, pharmacists, psycholo-
gists and other staffs or caregivers who involve in MMT. Healthcare 
professionals should be vigilant and cognizant of methadone's possible 
effect on the QTc interval. Evidence of methadone-induced QTc prolon-
gation has been accumulating, unfortunately, it has remained unclear 
how to incorporate such information into clinical practice. The assess-
ment and monitoring of cardiac risk in patients receiving MMT is 
important for patient safety. Recently, guidelines recommended QTc 
interval screening for cardiac risk among patients on methadone treat-
ment8,30), however these guidelines have been questioned31-34), and in a 
recent Cochrane systematic review the authors noted the lack of scien-
tific evidence supporting ECG-based screening to prevent cardiac-relat-
ed morbidity and mortality in MMT35). Despite that, the potential risks 
and benefits of methadone therapy should be reassessed in patients with 
QTc interval prolongation > 450 milliseconds8). In the absence of other 
risk factors and as long as the cut-off point of 500 milliseconds has not 

been reached, they may be better continue with the methadone treat-
ment, while keeping monitoring and eliminating contributing factors, 
such as drugs that promote hypokalemia and comedication that contrib-
ute to their arrhythmia8,35). However, in our current study, separate analy-
sis of potassium blood levels obtained from 76 and 100 of opioid naive 
individuals and opioid dependent patients, respectively showed no sig-
nificant difference between the two groups [t (df) = 1.52 (174), p = 
0.131]. 

A limitation of this study is that, the decision to include only male 
subjects, because this reflects our patient population and we try to 
remove the gender effect on ECG parameters36). Therefore, the preva-
lence of QTc interval prolongation among female patients on MMT is 
remains unknown. However, Chang et al. (2012)36) found that men are 
more susceptible than women to low-dose methadone-associated QTc 
prolongation. Results of the longitudinal assessment of methadone's 
effects over a 6-month period showed no significant change in hero-
in-dependent females receiving a low-dose methadone treatment regi-
men (437.7 milliseconds versus 441.1 milliseconds, p = 0.468)36).

CONCLUSION

In conclusion, this study confirmed a longer QTc interval in opioid 
dependent patients on MMT compared to opioid naive individuals. QTc 
interval prolongations also occurred in a significant proportion of 
patients compared to opioid naive individuals. Data on the QTc interval 
among patients on MMT will hopefully provide important information 
and allow a better monitoring of this adverse drug reaction observed in 
each subject. 
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