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Abstract

Introduction. Azithromycin is a macrolide antibiotic widely used to treat various infectious diseases, such
as respiratory infections. Several studies have reported an association between azithromycin and QT interval
prolongation. QTc prolongation is one of the causes of the life-threatening arrhythmia torsade de pointes
(TdP). Torsade de pointes has been reported in approximately 1 % of patients with QT interval prolongation
after exposure to azithromycin.

Aim. This study aims to determine the effect of macrolide and non-macrolide regimen therapy on the
prolongation of the QTc interval in cardiac patients with community-acquired pneumonia.

Materials and Methods. This is a retrospective cohort study of 33 cardiac patients with community-
acquired pneumonia who received macrolide and non-macrolide therapy during hospitalization. Serial
electrocardiograms were performed on days 1, 3, 5, and pre-discharge to evaluate the QTc interval.

Outcomes. In the group of heart disease patients with community-acquired pneumonia who received
macrolides, there was a significant prolongation of the QTc interval (p<0.05) in the independent T-test, Mann-
Whitney test, and Friedman test. Risk factors of age, female gender, history of hypertension, and diabetes
mellitus had a significant effect (p<0.05) in the Friedman test.

Conclusions. This study shows that macrolide therapy in heart disease patients with community-acquired
pneumonia significantly and consistently prolongs the QTc interval throughout the treatment period compared
with non-macrolide therapy. Risk factors include age, female gender, history of hypertension, and diabetes

mellitus.

Keywords: antibiotics, heart disease, cardiotoxicity, Electrocardiographic changes, drug safety

Introduction. The macrolide class of antibiotics is
widely utilized in clinical settings for a broad range of
bacterial infections. Macrolide have been associated with
prolongation of the QT interval and development of the
polymorphic ventricular tachycardia such as torsades
de pointes (TdP) [1]. In a 2020 scientific statement, the
American Heart Association (AHA) classified azithromy-
cin, clarithromycin, and erythromycin as QT-prolonging
drugs. The mechanism of this risk has been delineated
to involve macrolide binding to, and blockade of, delayed

© 2025 The Authors. National M. M. Amosov Institute of
Cardiovascular Surgery NAMS of Ukraine. This is an open access
article under the CC BY-SA license.
(https://creativecommons.org/licenses/by-sa/4.0/).

rectifier potassium channels that conduct the rapid po-
tassium current Ikr during repolarization, leading to pro-
longed repolarization and subsequent QT prolongation
[2].

Analysis of case reports in which azithromycin has
been associated with QT interval prolongation suggests
that this occurs in the presence of specific risk factors [3].
Despite these concerns, azithromycin remains recom-
mended due to its high efficacy in controlling infections
and its relatively low incidence of other adverse effects.

Community-acquired pneumonia (CAP) refers to in-
fectious inflammation of the lung parenchyma. CAP has a
high mortality and morbidity rate worldwide, especially
among elderly patients. The increasing burden of CAP
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is due to antibiotic resistance, the growth of the elderly
population, and underlying comorbidities in older adults
[4]. For severe CAP, the Australian Therapeutic Guide-
lines suggest that azithromycin is recommended [5].

While the relationship between macrolide antibiotics
such as azithromycin and QT interval prolongation has
been demonstrated to be statistically significant, recent
studies have yielded conflicting results. Even though the
effects of QT prolongation have been milder in the gener-
al population, it may increase the risk of mortality in pa-
tients with pre-existing cardiac abnormalities. Patients
with diabetes were reported to have a higher prevalence
of QTc prolongation. Although the association of QTc pro-
longation with various risk factors and diabetic compli-
cations has been reported in many studies, the findings
have been inconsistent. These newer observations sug-
gest that the risk of QT interval prolongation may not be
elevated in all patients but may be confined to specific
risk groups [5].

Based on these observations, we hypothesized that
administration of macrolides could lead to QTc inter-
val prolongation in cardiac patients with community-
acquired pneumonia treated at our Integrated Cardiac
Center. Therefore, this study aimed to determine the ef-
fect of administering macrolides (e.g., azithromycin) and
non-macrolides on QTc interval prolongation in cardiac
patients with community-acquired pneumonia.

Materials and Methods

Study design and patient characteristics

This study employed an observational retrospec-
tive cohort design. Data were collected retrospectively
from cardiac patients hospitalized at the Integrated Car-
diac Center of Dr. Wahidin Sudirohusodo General Hospi-
tal in Makassar. Sampling commenced in April 2024 and
continued until the desired sample size was achieved.

The study included cardiac patients aged 18 years
or older who were diagnosed with community-acquired
pneumonia and received either macrolide or non-mac-
rolide antibiotic regimens. Patients were excluded if they
had a history of QT interval prolongation or a baseline
ECG showing a QTc interval greater than 450 ms. Addi-
tionally, patients receiving medications known to affect
the QT interval, such as moxifloxacin, delamanid, digoxin,
amiodarone, or azole antifungals, were excluded from
the study. Patients with a history of significant cardio-
vascular arrhythmias, including second- or third-degree
atrioventricular block or other clinically significant ar-
rhythmias, were also excluded.

Furthermore, individuals with significant electro-
lyte disturbances identified through laboratory exami-
nations, those unwilling to participate in the research
procedures, or those lost to follow-up were not included
in the study.

Patients were monitored, and ECG data were col-
lected on days 1, 3, 5, and at predischarge. Sampling was
consecutive and included all patients meeting the inclu-
sion and exclusion criteria until the required sample size
was reached.

The research protocol was submitted for approval to
the Biomedical Research Ethics Committee of the Faculty
of Medicine, Hasanuddin University, and the Integrated
Heart Center at Dr. Wahidin Sudirohusodo General Hos-
pital. All procedures were conducted in accordance with
ethical standards.

Outcome measure

QT interval prolongation was defined as a QTc inter-
val exceeding 450 ms in men and 470 ms in women, cor-
rected for heart rate on the ECG spectrum. The severity of
QTc prolongation was classified into four grades:

e Grade 1: QTc >480 ms and <500 ms with a change
from baseline >0 ms and <30 ms, or QTc <480 ms with
a change from baseline >30 ms and <60 ms.

e Grade 2: QTc >480 ms and <500 ms with a change
from baseline >30 ms and <60 ms, or QTc <480 ms
with a change from baseline >60 ms.

e Grade 3: QTc >500 ms, or QTc >480 ms with a change
from baseline >60 ms.

e Grade 4: Torsade de pointes or other life-threatening
ventricular arrhythmias.

Statistical analysis

Data were analyzed using SPSS Statistics version 29.0.
Categorical variables were expressed as percentages (%),
while numerical data were presented as mean # standard
deviation (SD) for normally distributed data or median
(minimum-maximum) for non-normally distributed
data, along with 95 % confidence intervals. Normality of
data distribution was assessed using the Chi-Square test.
For non-normally distributed QTc interval data, serial
measurements were analyzed using the Friedman test
and the Mann-Whitney U test. Post-hoc multiple com-
parisons were conducted with Bonferroni correction,
considering p <0.05 as statistically significant.

Comparisons between treatment groups at each time
point were performed with the Friedman test. Risk fac-
tor analyses, including gender, age, hypertension, diabe-
tes mellitus, smoking status, and body mass index (BMI),
utilized both the Mann-Whitney U test and the Friedman
test as appropriate.

Data visualization included line graphs illustrating
trends in QTc interval changes over time, accompanied
by 95 % confidence intervals to indicate measurement
variability. All statistical analyses accounted for type I er-
ror control through appropriate corrections.

Results. The study included 33 patients who met the
inclusion criteria. As detailed in Table 1, the majority
of respondents were male (63.6 %), aged over 60 years
(66.7 %), and had a normal body mass index (72.7 %).
Additionally, 63.6 % had a history of smoking, 48.5 % had
hypertension, and 27.3 % had diabetes mellitus. Statisti-
cal analysis revealed no significant associations between
these demographic and clinical characteristics - such
as gender, age, BMI, smoking history, hypertension, and
diabetes mellitus - and QTc interval prolongation, as all
p-values exceeded 0.05. This suggests that these factors
did not independently influence the risk of QTc prolonga-
tion in the study population.
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Significant findings emerged regarding macrolide an-
tibiotic use. Most patients (72.7 %) received macrolides,
and among the 17 patients who experienced QTc prolon-
gation, 16 (94.1 %) were macrolide users. Conversely,
among the 16 patients without QTc prolongation, only
half (50 %) used macrolides. This relationship was sta-
tistically significant (p=0.004), indicating a strong asso-
ciation between macrolide use and QTc interval prolon-
gation.

Table 2 presents the changes in QTc intervals dur-
ing treatment. The mean QTc interval increased from
420.33 ms at baseline (D-1) to 454.06 ms on day 3 (D-3),
then decreased slightly to 435.68 ms on day 5 (D-5), fol-
lowed by a marked decrease to 222.19 ms prior to dis-

Table 1
Baseline Patient Characteristics
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charge. The overall difference across these time points
was statistically significant (p=0.004). Post-hoc analy-
sis (Table 3) demonstrated significant differences be-
tween baseline and subsequent measurements on days 3
(p=0.002), 5 (p=0.043), and predischarge (p=0.001). Sig-
nificant differences were also observed between days 3
and predischarge (p=0.000) and days 5 and predischarge
(p=0.001), while no significant difference was found be-
tween days 3 and 5 (p=0.349).

Comparisons of QTc intervals between macrolide and
non-macrolide groups are shown in Table 4. At baseline,
median QTc intervals were similar (415 ms for macrolide
users and 423 ms for non-users). However, by day 3, the
macrolide group’s median QTc increased to 450 ms com-

Prolonged QTc interval

Variables Total (n=33) Yes (n=17) No (n=16) p-value
Gender 0.3922
Male 21 (63.6 %) 12 (70.6 %) 9 (56.3 %)

Female 12 (36.4 %) 5(29.4 %) 7 (43.8 %)

Age (years) 60,09 £17,51 58,44 + 20,41 61,65 14,76 0.787°
260 years 22 (66.7 %) 13 (76.5 %) 9 (56.3 %)

<60 years 11 (33.3 %) 4 (23.5 %) 7 (43.8 %) 0.2182
BMI

Underweight 3(9.1 %) 1 (5.9 %) 2 (12.5 %) 0107
Normal 24(72.7 %) 15 (88.2 %) 9 (56.3 %) )
Overweight 6 (18.2 %) 1 (5.9 %) 5(31.3 %)

Macrolide therapy

Yes 24 (72.7 %) 16 (94.1 %) 8 (50 %) 0.004°
No 9 (27.3 %) 1 (5.9 %) 8 (50 %)

Smoking

Yes 21 (63.6 %) 12 (70.6 %) 9 (56.3 %) 0.3922
No 12 (36.4 %) 5 (29.4 %) 7 (43.8 %)

Hypertension

Yes 16 (48.5 %) 7 (41.2 %) 9 (56.3 %) 0.387¢2
No 17 (51.5 %) 10 (58.8 %) 7 (43.8 %)

Diabetes Mellitus

Yes 9 (27.3 %) 5(29.4 %) 4 (25 %) 0.776%
No 24 (72.7 %) 12 (70.6 %) 12 (75 %)

Notes: *Chi - square test, "Mann - Whitney test
Table 2

Changes in QTc interval during treatment

Mean % SD

Time Median (min-max) Mean rank X2 p-value®
Qtc interval D-1 (ms) :1250(33?());—5?5283) 2.36

Qtc interval D-3 (ms) 41311;?46;96_3'67666) 2.95

43568 * 89.66 13.304 0.004

Qtc interval D-5 (ms) 438 '(300 - 5'38) 2.76

Qtc interval Predischarged (ms) 222.19 % 235.53 192

Notes: *Friedman test

220 (220 - 518.5)
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pared with 438 ms in the non-macrolide group. On day 5,
this difference widened further (460.45 ms vs. 413 ms).
At predischarge, the median QTc was 300 ms in the mac-
rolide group and 342 ms in the non-macrolide group.
Statistical testing revealed no significant difference at
baseline (p=0.943), but significant differences on days 3
(p=0.032) and 5 (p=0.002). No significant difference was
observed at predischarge (p=0.647). The Friedman test
indicated significant QTc changes over time in the mac-
rolide group (p=0.011) but not in the non-macrolide
group (p=0.129).

Further analyses examined QTc prolongation by risk
factors, including gender, age, diabetes mellitus, hyperten-
sion, smoking, and BMI. Table 5 compares QTc intervals by
gender. Among 21 males and 12 females, median QTc val-
ues at baseline were 423 ms and 415 ms, respectively. On
day 3, females had a slightly higher mean QTc (458.75 ms)
than males (451.38 ms), while on day 5, males had a
higher mean QTc (448.38 ms) compared with females
(413.46 ms). The most pronounced difference occurred
at predischarge, with males averaging 284.07 ms and fe-
males 113.92 ms. However, no statistically significant dif-
ferences were found between genders at any time point
(all p>0.05). Within-group analysis showed no significant
QTc changes over time in males (p=0.299), whereas sig-
nificant changes were observed in females (p=0.005).

Table 6 shows QTc interval changes by age group,
comparing 22 patients aged 260 years and 11 patients
aged <60 years. Median QTc intervals at baseline were

Table 3
Post-hoc analysis comparing QTc interval based on timeline

419 ms and 415 ms, respectively. Both groups showed in-
creases at day 3 (442.5 ms vs. 440 ms). At day 5 and pre-
discharge, the 260 years group had medians of 447 ms
and 0 ms, while the <60 years group had 424 ms and
391 ms. No significant differences between age groups
were found at any time point (all p>0.05). However, with-
in-group analysis revealed significant QTc changes over
time in the older group (p=0.047) but not in the younger
group (p=0.064).

QTc interval changes by BMI category are detailed
in Table 7. At baseline, median QTc was highest in the
underweight group (423 ms) compared to the normal
(415 ms) and overweight (401 ms) groups. Similar fluc-
tuations were observed at subsequent time points. No
significant differences in QTc intervals were found be-
tween BMI groups at any measurement (all p>0.05), nor
were significant changes observed within BMI groups
over time (underweight p=0.134; normal p=0.058; over-
weight p=0.149).

Table 8 reports QTc changes by smoking status. Medi-
an baseline QTc was slightly higher in smokers (423 ms)
than in non-smokers (415 ms). On day 3, smokers had
a median QTc of 438 ms, while the median QTc in non-
smokers increased to 454 ms. On day 5, smokers had a
median QTc of 438 ms compared with 442.5 ms in non-
smokers. At predischarge, the median QTc was 402 ms in
smokers and 300 ms in non-smokers. No significant dif-
ferences between smokers and non-smokers were found
at any time point (all p>0.05). Within-group analysis

Qtc interval Predischarged

Time Qtc interval D-3 (ms) Otc interval D-5 (ms) (ms)

Qtc interval D-1 (ms) 0.002* 0.043" 0.001*
Qtc interval D-3 (ms) 0.349 0.000*
Qtc interval D-5 (ms) 0.001*

Notes: *Wilcoxon test

Table 4

Changes in QTc interval based on macrolide and non-macrolide groups during treatment

Macrolide (n=24)
Median (min-max)

Non-macrolide (n=9)
Median (min-max)

Time Mean % SD Mean % SD p-value

. ] 415 (309 - 568) 423 (357 - 474) ]
Qtc interval D-1 (ms) 420.74 %5826 419.22 + 40.70 0.943

. ] 450 (342.9 - 666) 438 (391 - 447) .
Qtc interval D-3 (ms) 463.95 + 71.67 427.67 % 2049 0.052

. ] 460.45 (210 - 538) 413 (342 - 438) .
Qe interval D-5 (ms) 446.14 * 102,49 407.78 * 27.45 0.002
Qtc interval Predischarged 300 (220 - 518,5) 342 (220 - 461) 0.647°
(ms) 220.31 * 246,26 22722+ 21798 :
P value 0.011¢ 0.129¢

Notes: *independent t-test, "Mann-Whitney test, ‘Friedman test
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Table 5

Changes in QTc interval based on gender during macrolide and non-macrolide treatment
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Male (n=21) Female (n=12)
Median (min-max) Median (min-max)
Time Mean £ SD Mean £ SD p-value
Qtc interval D-1 (ms) 423 (309 - 568) 415 (309 - 464.8) 0.413°
426.19 £ 58.43 410.07 £ 43.76
Qtc interval D-3 (ms) 438 (342.9 - 666) 454 (369 - 588) 0.536°
451.38 = 67,47 458.75 £ 59.25
Qtc interval D-5 (ms) 438 (342 - 538) 442.5 (300 - 508) 0.896°
448.38 £ 50.11 413.46 = 134.07
Qtc interval Predischarged (ms) 402 (300 - 518.5) 350 (300 - 491) 0.051°
284.07 £ 232.92 113.92 £ 206.49
P value 0.299¢ 0.005¢
Notes: *independent t-test, "Mann-Whitney test, ‘Friedman test
Table 6
Changes in QTc Interval Based on Age During Treatment Period
260 years (n=22) <60 years (n=11)
Median (min-max) Median (min-max)
Time Mean £ SD Mean £ SD p-value
. i 419 (309 - 568) 415 (309 - 491) )
Qtcinterval D-1 (ms) 425.76 + 55.23 409.45 + 50.33 0.417
. ] 4475 (342.9 - 666) 440 (402 - 574) .
Qtc interval D-3 (ms) 45218 + 69.88 457.82 +52.26 0.759
. i 447 (342 - 538) 424 (300 - 496) b
Qtc interval D-5 (ms) 452.56 + 47.94 401.91 * 37.90 0.181
. . 300 (220 - 518,5) 391 (300 - 514)
Qtc interval Predischarged (ms) 211.75 + 240.49 243.09 + 235.25 0.951°
P value 0.047¢ 0.064¢

Notes: *independent t-test, "Mann-Whitney test, ‘Friedman test

Table 7
Changes in QTc interval based on BMI during treatment
Underweight (n=3) Normal (n=24) Overweight (n=6)
Median (min-max) Median (min-max) Median (min-max)
Time Mean = SD Mean = SD Mean £ SD p-value
. ) 423 (415 - 433) 415 (309 - 568) 401 (309 - 452) a
Qtcinterval D-1 (ms) 42367 +9.01 425.95 + 56.06 396.17 + 54.02 0.486
. ] 438 (433 - 491) 447 (342.9 - 666) 408,5 (369 - 465) ,
Qtcinterval D-3 (ms) 454%32.14 464.25 + 69.06 41333+ 34.27 0.118
. ] 413 (413 - 514) 453 (402 - 538) 431 (220 - 452) .
Qte interval D-5 (ms) 446.67 * 58.31 455.98 * 42.32 349 + 175.46 0-250
Otc interval Predischarged 300(220 - 413) 396.50 (300 - 518.5) 300 (220 - 438) 0.283b
(ms) 137.67 * 238.45 255.81 + 242.68 130 + 203.67 )
P value 0.134¢ 0.058¢ 0.149¢

Notes: *One way Anova, "Kruskal Wallis, ‘Friedman test

showed no significant QTc changes over time in smokers
(p=0.229), but significant changes were observed in non-
smokers (p=0.005).

Table 9 presents QTc changes by diabetes mellitus
status. Median QTc at baseline was identical (415 ms)
in both groups. At day 3 and day 5, the diabetes group

had slightly higher median QTc values (453 ms and
452 ms) than the non-diabetes group (440 ms and
438 ms). At predischarge, both groups had a median
QTc of 300 ms. No significant differences were ob-
served between groups at any time point (all p>0.05).
However, QTc changes over time were significant in
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Table 8

Changes in QTc interval based on smoking history during treatment

Smoking (n=21)

Median (min-max)

No smoking (n=12)
Median (min-max)

Time Mean £ SD Mean £ SD p-value
. ] 423 (309 - 568) 415 (309 - 464.8) ,
Qte interval D-1 (ms) 426.19 * 58.43 410.07 * 43.76 0413
. _ 438 (342,9 - 666) 454 (369 - 588) ,
Qtc interval D-3 (ms) 45138 + 67.48 458.75 % 59.25 0.536
. _ 438 (342 - 538) 442.5 (220 - 508) \
Qtc interval D-5 (ms) 448.38 5011 413.46 + 134.07 0.896
. . 402 (300 - 518.5) 300 (220 - 491) ,
Qtc interval Predischarged (ms) 28407 %3297 113.92 * 206.49 0.051
P value 0.229¢ 0.005¢
Notes: *One way Anova, "Kruskal Wallis, ‘Friedman test
Table 9
Changes in QTc interval based on history of diabetes mellitus during treatment
DM (n=9) Non DM (n=24)
Median (min-max) Median (min-max)
Time Mean = SD Mean = SD p-value
. ) 415 (361 - 464.8) 415 (309 - 568) a
Qte interval D-1 (ms) 41864 * 40.12 42033 * 53.43 0514
. _ 453 (369 - 588) 440 (342.9 - 666) .
Qtc interval D-3 (ms) 446.78 * 63.24 454,06 * 63.76 0.871
. 452 (342 - 518 438 (300 - 538
Qtc interval D-5 (ms) 5455757 b o8 2 8966 0.573°
QOtc interval Predischarged (ms) 300 (220 - 518) 300 (220 - 518,5) 0.338°

150.11 + 230.10

222.19 £ 235.53

P value 0.020¢

Notes: “independent t-test, "Mann-Whitney test, ‘Friedman test

the diabetes group (p=0.020) but not in the non-dia-
betes group (p=0.083).

Table 10 compares QTc intervals by hypertension sta-
tus. At baseline, the hypertension group had a median
QTc of 415 ms, slightly lower than the non-hypertension
group (423 ms). At day 3, medians were 426.5 ms and
440 ms, respectively. At day 5, medians were 442.5 ms
(hypertension) and 438 ms (non-hypertension). Predis-
charge medians were 300 ms for the hypertension group
and 413 ms for the non-hypertension group. No signifi-
cant differences were found between groups at any time
point (all p>0.05). Within-group analysis revealed signif-
icant QTc changes during treatment in the hypertension
group (p=0.004) but not in the non-hypertension group
(p=0.216).

Discussion. The etiology of CAP is diverse, involving
bacteria, viruses, fungi, and protozoa, with gram-positive
bacteria commonly implicated. In a more recent system-
atic review of CAP in adults, the most common causative
pathogens were reported to be Streptococcus pneumoni-
ae (pneumococcus) and Haemophilus influenzae.

A global burden of disease study on lower respira-
tory tract infections (LRTIs) indicated that in 2016, a to-

0.083¢

tal of 2,377,697 (2,145,584-2,512,809) deaths occurred
from LRTIs in people of all ages, with 1,080,958 deaths
(943,749-1,170,638) in adults over 70 years of age.
Streptococcus pneumoniae was the leading cause of LRTI
morbidity and mortality globally, causing more deaths
than all other etiologies combined in 2016 (Haemophilus
influenzae type B, influenza virus, and respiratory syncy-
tial virus). Although progress has been made in reduc-
ing the burden of LRTIs, it has not been uniform across
regions, and greater efforts are needed, particularly for
elderly populations [6].

Early studies suggested that incident cardiac events
in patients with CAP were common and associated with
increased short-term mortality, especially in older adults,
nursing home residents, patients with pre-existing cardi-
ovascular disease, and those with severe pneumonia [6].

This research showed that demographic and clinical
risk factors, including gender, age, BMI, diabetes, hyper-
tension, and smoking history, did not significantly contrib-
ute to QTc interval prolongation in this cohort. This finding
contrasts with previous reports that identified advanced
age, female gender, electrolyte disturbances, and concomi-
tant medications as risk factors for QT prolongation [7].

YKpaiHCbKMI XXypHan cepLeBo-cyaMHHoI xipyprii = Tom 33,N2 4 = 2025



Dwi Akbarina Yahya / Effect of Macrolide and Non-Macrolide Therapy on QTc Interval Prolongation...

153

Table 10
Changes in QTc interval based on history of hypertension during treatment
HT (n=16) Non HT (n=17)
Median (min-max) Median (min-max)
Time Mean £ SD Mean = SD p-value
. 415 (357 - 491 423 (309 - 568
Qte interval D-1 (ms) 422,62« 3104 418,16 + 65,16 0.957°
. 426.5 (369 - 574 440 (342.9 - 666
Qtc interval D-3 (ms) oy Are 5294 4onoh 7250 0213
. 442.5 (300 - 514 438 (330 - 538
Qtc interval D-5 (ms) 418.9(9 + 120.29) 451.(38 + 44.40) 0.815°
Qtc interval Predischarged (ms) 300 (220 - 491) 413 (220 - 518.5) 0.091°

161.19 £ 217.42

279.62 * 243.73

P value 0.004°

Notes: *Mann-Whitney test, "Friedman test

The QT interval represents ventricular depolarization and
repolarization, and its prolongation is a recognized marker
for increased risk of life-threatening arrhythmias such as
torsade de pointes (TdP). Macrolide antibiotics, includ-
ing azithromycin, are known to prolong the QT interval by
blocking the rapid component of the delayed rectifier po-
tassium current (IKr), encoded by the hERG gene, thereby
delaying ventricular repolarization [2].

Consistent with prior studies, this investigation found
that macrolide use was significantly associated with QTc
interval prolongation. The mean QTc interval increased
from baseline (420.33 ms) to day 3 (454.06 ms), followed
by a slight decrease on day 5 (435.68 ms) and a marked
reduction prior to discharge (222.19 ms), with statisti-
cally significant differences over time (p=0.004). These
findings align with Tanveer et al. [7], who reported a
higher risk of QT prolongation with azithromycin in men
and elderly patients, and with other studies showing that
the risk is particularly elevated in patients with cardio-
vascular disease or advanced age. However, some recent
studies have reported conflicting results regarding the
overall risk, suggesting that QT prolongation may not be
clinically significant in all patients but primarily in those
with predisposing factors [7,8].

The present study also examined QTc interval changes
stratified by risk factors. While no significant differences
were observed between groups based on gender, age, BMI,
smoking, diabetes, or hypertension, within-group analy-
ses revealed significant QTc changes over time in females,
older adults (260 years), patients with diabetes mellitus,
and those with hypertension. These findings suggest that
these subgroups may experience more pronounced QTc
variability during treatment, which may have clinical im-
plications. The gender differences observed may relate to
complex hormonal influences on cardiac repolarization,
as supported by Rowe et al. [9], who reported that testos-
terone modulates QTc in men, whereas progesterone and
estrogen ratios influence QTc in women.

Obesity, although recognized as an independent cardi-
ovascular risk factor and associated with QT prolongation

0.216°

in some studies [10], did not demonstrate a significant
effect on QTc intervals in this study. Similarly, smoking
history did not significantly influence QTc prolongation,
consistent with mixed findings in the literature [11]. The
lack of significant differences may be due to the relatively
small sample size or unmeasured confounders.

Diabetes mellitus was associated with significant QTc
changes over time, corroborating previous evidence that
diabetic patients have a higher prevalence of QTc pro-
longation and increased risk of sudden cardiac death,
likely due to hyperglycemia-induced myocardial changes
[5]- Hypertension was similarly linked to significant QTc
changes during treatment, consistent with studies show-
ing increased QT dispersion and elevated cardiovascular
risk in hypertensive patients [12].

This study’s findings underscore the importance of
vigilant cardiac monitoring in patients receiving mac-
rolide therapy, particularly among elderly patients and
those with comorbid diabetes or hypertension. Routine
ECG surveillance and risk stratification can help miti-
gate the risk of life-threatening arrhythmias. The study’s
strengths include real-time ECG monitoring during treat-
ment and a comprehensive assessment of multiple risk
factors. However, the relatively small sample size and
potential confounding factors limit the generalizabil-
ity of the results. Future multicenter studies with larger
cohorts and detailed electrophysiological analyses are
warranted to better elucidate the mechanisms underly-
ing QTc prolongation and to develop predictive risk al-
gorithms.

Conclusion. In conclusion, macrolide therapy in car-
diac patients with community-acquired pneumonia is
significantly associated with QTc interval prolongation
during the treatment period compared to non-macrolide
therapy, which does not significantly affect QTc dura-
tion. QTc prolongation demonstrated a progressive pat-
tern from treatment initiation, with severity tending to
increase over time. Although demographic factors such
as age, gender, hypertension, and diabetes mellitus in-
fluenced QTc changes within subgroups, they did not in-
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dependently predict QTc prolongation across the entire
cohort.

Final Statements

Prospects for Further Research. Further multicent-
er studies involving larger patient cohorts and detailed
electrophysiological analyses are required to better un-
derstand the mechanisms underlying QTc prolongation
and to develop predictive risk algorithms.

Conflicts of interest. The authors declare no conflict
of interest.

Compliance with Ethical Standards

All procedures performed in studies involving hu-
man participants were in accordance with the ethical
standards of the institutional and/or national research
committee and with the 1964 Helsinki declaration and
its later amendments or comparable ethical standards.
Informed consent was obtained from all individual par-
ticipants included in the study.

Use of Artificial Intelligence. The authors confirm
that no artificial intelligence (AI) tools or large language

models were used in the creation of the manuscript,
drafting of the text, or generation of figures.

Primary Data and Materials. The datasets generated
during and/or analyzed during the current study are avail-
able from the corresponding author on reasonable request.

Funding Information. None.

Acknowledgments. This study was supported by the
Department of Cardiology, Faculty of Medicine, Hasanud-
din University for their assistance in providing, assisting
and obtaining the text which form the basis for this manu-
script. DAY - Conceptualization, Methodology, Investiga-
tion, Writing- Original Draft preparation; PT - Conceptual-
ization, Methodology, Investigation, Resources, Validation,
Writing- Original Draft preparation, Writing - Review &
Editing, Supervision; KS - Conceptualization, Methodol-
ogy, Investigation, Resources, Validation, Writing- Original
Draft preparation, Writing - Review & Editing, Supervi-
sion; A - Validation, Writing - Review & Editing, Supervi-
sion; ID - Validation, Writing - Review & Editing, Super-
vision; AAZ - Methodology, Formal Analysis. All authors
read and approved the final version of the manuscript.

10.

11.

12.

CnvCcOK BUKOPUCTAHUX JKepeJl

References

Joglar JA, Chung MK, Armbruster AL, Benjamin EJ, Chyou ]Y, Cronin EM, et al. 2023 ACC/AHA/ACCP/HRS Guideline
for the Diagnosis and Management of Atrial Fibrillation: A Report of the American College of Cardiology/American
Heart Association Joint Committee on Clinical Practice Guidelines. Circulation 2024;149. https://doi.org/10.1161/
CIR.0000000000001193

Igbal E Derouen A, Ren R, Kaye AM, Ahmadzadeh S, Shekoohi S, et al. Macrolide Antibiotic Mediated Cardiac
Arrhythmias: Emerging Concepts and Clinical Implications. Biomedicines 2025;13:1478. https://doi.org/10.3390/
biomedicines13061478.

Liu Y, Zhang R, Hancox ]JC, Zhang H. In silico investigation of pro-arrhythmic effects of azithromycin on the human
ventricle. Biochem Biophys Rep 2021;27:101043. https://doi.org/10.1016/j.bbrep.2021.101043.

Shen L, Wang L, Liu C, Shi S, Takahashi T, Wang T. Community-acquired pneumonia: Trends in and research on drug
resistance and advances in new antibiotics. Biosci Trends 2021;15:266-75. https://doi.org/10.5582 /bst.2021.01342.
Aburisheh K, AlKheraiji MF, Alwalan SI, Isnani AC, Rafiullah M, Mujammami M, et al. Prevalence of QT prolongation and
its risk factors in patients with type 2 diabetes. BMC Endocr Disord 2023;23:50. https://doi.org/10.1186/s12902-022-
01235-9.

Anderson R, Feldman C. The Global Burden of Community-Acquired Pneumonia in Adults, Encompassing Invasive
Pneumococcal Disease and the Prevalence of Its Associated Cardiovascular Events, with a Focus on Pneumolysin
and Macrolide Antibiotics in Pathogenesis and Therapy. Int ] Mol Sci 2023;24:11038. https://doi.org/10.3390/
ijms241311038.

Tanveer H, Ashfaq M, Sharif MJH, Igbal MM, Igbal A, Khan Q, et al. Prevalence of the QT interval prolongation and its
risk factors in hospitalized geriatric patients: findings of a single center cross-sectional study in Pakistan. BMC Geriatr
2025;25:705. https://doi.org/10.1186/s12877-025-06418-2.

Dela Cruz M, Ershad M, Mostafa A. QTc interval prolongation associated with inpatient azithromycin therapy for
pneumonia. ] Osteopath Med 2021;121:5-9. https://doi.org/10.7556 /jaoa.2020.142.

Rowe EJ, Shugg T, Ly RC, Philips S, Rosenman MB, Callaghan JT, et al. Association of QT interval-prolonging drugs with
clinical trial eligibility in patients with advanced cancer. Front Cardiovasc Med 2022;9:894623. https://doi.org/10.3389/
fcvm.2022.894623.

Kumar T, Jha K, Sharan A, Sakshi P, Kumar S, Kumari A. Study of the effect of obesity on QT-interval among adults. ] Fam
Med Prim Care 2019;8:1626. https://doi.org/10.4103/jfmpc.jfmpc_168_19.

Thomakos P, Liatis S, Kalopita S, Vlahodimitris I, Stathi C, Katsilambros N, et al. Cigarette Smoking Is Associated with
Prolongation of the QTc Interval Duration in Patients with Type 2 Diabetes Mellitus. Int ] Endocrinol 2013;2013:1-7.
https://doi.org/10.1155/2013/329189.

Janakiraman S, Arivazhagan RB, Chinnusamy M. Prevalence of QTc prolongation among hypertensive patients and its
association with other co-morbidities. Int ] Adv Med 2022;9:300. https://doi.org/10.18203/2349-3933.ijjam20220434.

YKpaiHCbKMI XXypHan cepLeBo-cyaMHHoI xipyprii = Tom 33,N2 4 = 2025



Dwi Akbarina Yahya / Effect of Macrolide and Non-Macrolide Therapy on QTc Interval Prolongation... 155

Bnnue MakponiaHoi Ta HeMakponiaHoi Tepanii Ha noaoBXeHHs iHTepBany QTc y nauieHTiB
3 CepueBUMM 3aXBOPIOBAHHAMM Ta NO3aNiKapHSHOK NHEBMOHIEID

Dwi Akbarina Yahya, Pendrik Tandean, Khalid Saleh, Almudai, [rawati Djaharuddin, Andi Alfian Zainuddin
Hasanuddin University, Makassar, South Sulawesi, Indonesia

Pesiome

Beryn. ASUTpPOMIIIMH — MaKpOJIAHUNA aHTUOIOTUK, AKUH LIMPOKO 3aCTOCOBYETHCS [Jisl JIIKyBaHHS pi3HUX iH-
dekniliHUX 3aXBOpIOBaHb, 30KpeMa pecrnipaTopHUX iHPeKIild. Y HU3Li J0C/IiPKeHb MOBiIOMJIANOCSA PO 3B’I30K
MiXK a3uTpoMinmHoM i nogoBkeHHAM iHTepBany QT. [TomorxeHHs QTc € o/{Hi€I0 3 TPUYMH HeGE3TEYHOT JIJISl XKUTTS
aputMii torsade de pointes (TdP). Torsade de pointes crioctepiraerbcs npu6au3Ho y 1 % nanieHTiB i3 mo0BxeH-
HAM iHTepBany QT nic/ig npuioMy a3UTPOMILIUHY.

MeTa. BusHauuTH BIJIMB Tepanii MakpoJiijlaMu Ta HeMaKpoJiiZlaMU Ha o/ioBxeHHd iHTepBay QTc y kapziosio-
riYHUX NaLi€HTIB i3 M03aJiKapHAHO THEBMOHIE.

Marepiasiu Ta MeTogM. lle peTpocneKTHBHE KOTOPTHe A0CaipkeHHs 33 Kap/lioJIoriYHUX MaLi€HTIB i3 mo3aJii-
KapHSHOI0 MHEBMOHIEIO, IKi OTpUMYBa/Id MaKpoJIiJHy Ta HEMaKpOJIiHY Tepamnito mif yac rocnitanisanii. CepiiiHi
eJIeKTpOKapAiorpaMu npoBoAuancs Ha 1-1, 3-i, 5-1 ieHb Ta nepej; BUNUCKOIO AJ1s OljiHKY iHTepBasy QTc.

PesyarsTaTu. Y rpyni KapAioJOoriYHUX NaLi€HTIB i3 N03a/JiKapHAHOIO THEBMOHIEIO, AKI OTPUMYBAJ/IM MaKpOJIiIH,
6yJI0 BUSIBJIEHO 3HA4YHe MofoBxeHHs iHTepBany QTc (p<0,05) 3a He3aneKHUM t-KpUTepieM, KpuTepieM MaHHa-
YiTHi Ta kpuTepieM Ppigmana. PakTopu pU3UKY, TaKi K BiK, )KiHOYa CTaTh, apTepiasbHa rinepTeHsisa B aHaMHe3i
Ta IyKPOBUH /iiabeT, Masiu 3Ha4HUU BIIKB (p<0,05) 3a kputepiem Opiamana.

BucHoBKM. lle fociifgxkeHHs1 MOKa3ye, 0 Tepalis MakKpoJiJjaM{ y MallieHTIB i3 cepl,eBUMU 3aXBOPIOBAHHS-
MU Ta N03aJiKapHSHOI MHEBMOHIEK 3HAYHO Ta NMOCAiL0BHO NoJAoBXKye iHTepBas QTc nmpoTsarom ycworo nepioay
JIIKyBaHH$ NOPIBHAHO 3 Tepamnielo 6e3 MakpoJiziB. PakTopH pU3KKY BKJIIOYAIOTh BiK, )KIHOUY CTaTh, rinepToHII0 B
aHaMHe3i Ta yKpOBUH JiabeT.

Kawouoei caoea: aHmubiomuku, cepyesi 3ax8oproeaHHs, kapdiomokcuuHicms, esekmpokapodioepadivuni 3miHu,
6e3neka JikapcobKux 3aco6ie
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