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ABSTRACT
Objective: To investigate the effects of HIV infection
in children on heart electrical conduction, particularly
to delineate the effects of HIV infection from treatment.
Methods: On a 12-lead ECG, available for 37
antiretroviral therapy (ART) naïve, 42 ART-exposed
vertically-acquired HIV-infected and 50 healthy children in
Jakarta, Indonesia, we measured cardiac conduction
parameters: PR, QRS, and QTc (corrected using Bazett’s
formula) intervals. The associations between HIV infection/
treatment status and ECG intervals were evaluated using
general linear modelling with further adjustment for
potential confounders or intermediary variables. Findings
are presented as (adjusted) mean differences between
each of the two HIV groups and healthy children.
Results: Although not exceeding the clinical threshold
for long QT (QTc >460 ms for girls and >440 ms for
boys) compared to healthy children, mean QTc intervals
were longer in ART-naïve (difference 18.2 ms, 95% CI
7.0 to 29.3) and, to greater extent, in ART-exposed
HIV-infected children (difference 28.9 ms, 19.3 to 38.5).
Following adjustment for RR interval, age and height,
prolongation of PR interval was seen only in ART-naïve
HIV-infected children (difference 12.9 ms, 2.4 to 23.3).
Cardiac mass/function, high-sensitive C reactive protein,
cholesterol and glycated haemoglobin levels, systolic and
diastolic blood pressures, or postnatal parental smoking
exposure did not affect these associations. No difference
in the QRS interval was observed between groups.
Conclusions: Prolongation of the QTc interval occurs in
ART-naïve HIV-infected children and, to a greater extent,
in the ART-exposed children, whereas a longer PR
interval appears to be seen only among ART-naïve HIV-
infected children.

INTRODUCTION
Vertically acquired HIV infection is a devas-
tating disease in childhood which may affect
any organs, including the cardiovascular
system.1 Cardiac involvement may have
diverse manifestations from initial asymptom-
atic presentation to overt heart failure to
sudden death.2 With increased longevity of
HIV-infected children, this chronic non-
infectious complication becomes a confront-
ing clinical challenge.3 There is an urgent
need to better understand the impact of HIV
infection on the developing cardiovascular

system, including its underlying mechanisms,
which most likely represent a complex inter-
play between HIV, antiretroviral therapy
(ART), inflammation and co-infections.3

Among potential cardiovascular problems,
conduction abnormalities have been rarely
studied in HIV-infected children.4 5 Autopsy
showed that various pathologies may occur
throughout the conduction system, including
vasculitis, myocarditis or fragmentation of
the His bundle with fibrosis.6 In adults, HIV
infection is associated with a 20% prevalence
of prolonged QTc interval,7 which potentially
induces fatal ventricular arrhythmia, particu-
larly torsade de pointes.8 A prolonged QTc
interval also predicts mortality both in the
healthy9 and high-risk populations, including
those with previous myocardial infarction,
diabetes mellitus10 or pulmonary hyperten-
sion.11 The development of QTc prolonga-
tion in HIV-infected adults may be associated
with hyperlipidaemia, cardiac conditions,
age, female sex, ethnicity, diabetes mellitus
and perhaps ART, particularly the protease
inhibitors.12

KEY QUESTIONS

What is already known about this patient?
▸ Autopsy has shown various pathologies in the

cardiac conduction system of HIV-infected
patients and ECG interval changes have been
observed in adults. Paediatric data are very
limited with no clear delineation between the
effects of HIV infection and antiretroviral therapy
(ART).

What does this study add?
▸ We showed that ART-naïve HIV infection is par-

ticularly associated with atrioventricular conduc-
tion (PR interval) prolongation, whereas ART
exposure prolongs the QTc interval.

How might this impact on clinical practice?
▸ Since both QTc and PR interval changes may

progress and become a substrate for fatal
arrhythmia, routine ECG surveillance may be
required for HIV-infected children.
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Delineating the effects of HIV infection per se from
ART on childhood cardiac conduction is difficult and
has never been thoroughly studied. A US-based birth
cohort4 revealed QTc prolongation in treated and
untreated HIV-infected children compared with
HIV-exposed uninfected children; however, there was no
clear disentanglement of the effects of HIV infection
from ART, which is important from an aetiological point
of view, as well as from a clinical perspective, as it may
guide initial ART choices and ongoing follow-up as
HIV-infected children transition to adulthood.
Therefore, we aimed to investigate the effect of
ART-naïve and ART-exposed HIV infection on cardiac
electrical conduction in children.

PATIENTS AND METHODS
Study design and population
This was a cross-sectional analysis involving 114 vertically
acquired HIV-infected (56 ART-naïve and 58
ART-exposed) children and 51 healthy children enrolled
in an ongoing cohort to evaluate cardiovascular compli-
cations of HIV infection in children. Between June 2013
and September 2014, HIV-infected children were
recruited from the paediatric HIV clinics of Cipto
Mangunkusumo National General Hospital, Koja District
General Hospital and the Indonesian Planned Parenthood
Association (IPPA), Jakarta, Indonesia. Healthy children
of the same age range were enrolled from the same geo-
graphical area. We invited healthy children by directly
approaching parents and community leaders and provid-
ing leaflets about the purpose and study procedures. Of
the total of 55 children approached, 3 refused to partici-
pate and 1 was excluded due to suspected Down syn-
drome. We also excluded children with conditions
suggestive of non-vertically acquired HIV (HIV-negative
parents and a history of blood transfusion) as well as
those with congenital or rheumatic heart diseases.

Of all included children, ECGs were available for 129
children, of whom 37 were ART-naïve, 42 ART-exposed,
and 50 healthy children. Among the ART-naïve children,
five once received ART for <3 months but had been off
treatment for at least 5 years prior to enrolment. Two of
42 ART-treated children had started treatment in our
hospital for <6 months after being previously managed
in another hospital with a potential compliance issue.
Of 36 children who did not have the ECG measure-
ments, 9 died (of whom 5 were ART-naïve HIV-infected
children), 2 had a poor-quality recording, 3 moved out
of town and, of those remaining, the children refused
the examination (figure 1).
Ethical approval was obtained from the Ethics

Committee, Faculty of Medicine University of Indonesia
and University of Melbourne. Informed consent was
obtained from all participating families.

Exposure measurement
We established the diagnosis of HIV infection on the
basis of the WHO criteria.13 Briefly, in children aged
<18 months, diagnosis was made by a positive HIV DNA
or RNA PCR, whereas for those aged >18 months, diag-
nosis was confirmed by positive HIV serology. To
measure disease severity, we further classified children
on the basis of the WHO clinical and immunological
staging. For clinical staging, we applied the criteria using
patients’ actual condition at the time of ECG measure-
ment. The CD4 cell percentage, used to define immuno-
logical staging, was obtained from routine clinical data
within 3 months of ECG measurement. Viral load exam-
ination was not routinely performed in our clinical
setting due to financial constraints and is only per-
formed as indicated by treating physicians.

ECG measurement
We performed 12-lead ECG examinations on children in
the supine position with the speed set at 25 mm/s and

Figure 1 Flow chart of study participant. ART, antiretroviral therapy.
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the gain at 10 mm/mV. The ECG was interpreted manu-
ally using a calibrated ruler by a single investigator (NSI)
blinded to HIV infection or treatment status. Twenty ran-
domly selected recordings were separately measured by
paediatric cardiologists (MMHC, MMD). Conduction
(depolarisation and repolarisation) parameters, includ-
ing PR, QRS and QT intervals, were measured as an
average of three beats in lead II in most patients and in
lead V5 in five patients due to low-voltage lead II. The
PR interval, reflecting atrial and atrioventricular (AV)
nodal depolarisation, was defined as the distance from
the beginning of the P wave to the beginning of the first
deflection of the QRS complex, and was measured in
the shortest RR interval. The QT intervals, representing
total depolarisation–repolarisation time, were measured
after the shortest RR interval. The QT interval was
defined as starting at the beginning of the first deflec-
tion of the QRS complex and lasting until the end of
the T wave (QT). To determine the end of the QT inter-
val, we applied the tangential method as described previ-
ously.14 The QT interval was corrected for heart rate
using Bazett’s formula (QTc=QT/√RR), while the PR
interval was corrected for the RR interval in the statis-
tical model. All interval measurements are presented in
milliseconds.
Of the 129 ECGs available, 124 and 123 were analys-

able for QT and PR intervals, respectively. Five ECGs
were not analysable for QT interval due to the right
bundle branch block and non-specific ST/T wave
changes, whereas six ECGs were not analysable for PR
interval measurement due to the low-voltage P wave.

Measurement of potential confounders and intermediary
variables
We a priori included age and body mass index (BMI) as
potential confounders in the association between HIV
infection status and cardiac conduction. In addition to
their association with HIV infection status, both variables
are most likely related to cardiac conduction time, to
which some associations have been reported previ-
ously.15 Since cardiac conditions (mass and function)16

as well as inflammation may mediate the effect of
ART-naïve or ART-exposed HIV infection on heart con-
duction parameters, we considered left ventricular (LV)
mass, ejection fraction and high-sensitive C reactive
protein (hs-CRP) level as possible intermediary variables.
LV mass index and ejection fraction were measured by
echocardiographic M-mode and Biplane Simpson’s
methods, respectively, using standard techniques.17 In
addition, since dyslipidaemia, diabetes, blood pressure
and smoking exposure have been reported to be asso-
ciated with ECG intervals, including in HIV-infected
populations,18 we also explored the possible intermedi-
ary roles of these variables on the associations between
ART-naïve or ART-exposed HIV infection in children
and cardiac conduction.
Data on age and smoking exposure were obtained

using a standard questionnaire filled by parents or

caregivers, whereas BMI was calculated from weight and
height obtained by standard measurements. Laboratory
values, including lipid, glycated haemoglobin (HbA1c)
and hs-CRP levels, were analysed at Cipto
Mangunkusumo Clinical Pathology Laboratory, Jakarta.
Since some medications have been implicated in the
ECG interval abnormalities,19 we also recorded medica-
tion use at the time of assessment. On the basis of previ-
ous literature, we considered macrolides, trimethoprim,
azole antifungals, antihistamine19 and protease inhibi-
tors20 to potentially prolong the QTc interval.

Data analysis
We described baseline characteristics as mean, median
or proportion, as appropriate, based on child HIV
status. The distributions of categorical and numerical
variables across the HIV status groups were statistically
evaluated using the χ2 and one-way analysis of variance
(ANOVA), or Kruskal-Wallis tests, respectively.
To investigate the effects of HIV infection on heart

conduction, we performed univariable and multivariable
general linear modelling with HIV status as a fixed
factor and ECG interval parameters (PR, QRS and QTc
intervals) as separate dependent variables. The same
models were used for adjustment for age and BMI as
potential confounders. For the PR interval, we initially
adjusted for the RR interval before adjusting for poten-
tial confounders. To explore the role of various potential
intermediary variables, we made graphical presentations
of the effects of adding each of these variables into the
confounder-adjusted model. A graphical presentation
was also made to explore the influence of a particular
type of drugs on the QTc interval in ART-exposed chil-
dren as well as ART-naïve HIV-infected children. We also
performed a sensitivity analysis by excluding five
ART-naïve HIV-infected children who once received a
brief period of ART in the past.
Findings are presented as crude and adjusted mean

differences with 95% CIs and corresponding p values. A
95% CI not including zero, corresponding to a p value
of <0.05, was considered statistically significant. All statis-
tical analyses were performed using SPSS V.19 and
RStudio 0.98.507 for Mac.

RESULTS
Baseline characteristics of study patients are described in
table 1. Children with HIV infection, both naïve or
exposed to ART, came from a lower socioeconomic
status and were more heavily exposed to both prenatal
and postnatal parental smoking. ART-naïve HIV-infected
patients were younger and had a smaller body size and
the lowest LV mass. Despite similar BMI with healthy
children, the ART-exposed HIV-infected group had the
highest LV mass. With respect to cardiac function,
HIV-infected children, both ART-naïve and
ART-exposed, tended to have a lower LV ejection frac-
tion than the healthy ones.
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ART-exposed HIV-infected children had the highest
low-density lipoprotein (LDL) cholesterol and lower
high-density lipoprotein levels compared with healthy
children; however, no statistically significant difference
in HbA1c level was observed between the groups. With
regard to disease severity, ART-naïve HIV-infected chil-
dren were in more severe clinical and immune deficient
stages than the ART-exposed children. The median dur-
ation of treatment in the ART-exposed group was 2.4
(0.3–9.9) years. Only five ART-exposed HIV-infected chil-
dren received a regimen containing protease inhibitor
drugs. At the time of ECG measurement, around
one-third of ART-naïve and ART-exposed HIV-infected
children took medications known to potentially affect
the QTc interval.
Although the mean QTc and PR intervals of

ART-naïve and ART-exposed HIV-infected children
(table 1) were not beyond the clinically acceptable

thresholds for the long QT syndrome and first-degree AV
block,21 respectively, there was an increase towards
abnormality compared with the normal control. Table 2
summarises the effects of ART-naïve or ART-exposed
HIV infection on these cardiac electrical conduction
parameters. Compared to healthy children, QTc inter-
vals were longer in ART-naïve and, to greater extent, in
ART-exposed HIV-infected children as shown in the
crude (mean difference 14.0 (p≤0.001) and 26.2 ms
(p<0.001), respectively) as well as final adjusted analysis
(difference 18.3 (p≤0.001) and 28.9 ms (p<0.001),
respectively). These associations could not be explained
by cardiac mass/function, hs-CRP level, lipid and HbA1c
levels, systolic and diastolic blood pressures, nor by post-
natal parental smoking exposure (figure 2). There were
six children (1 ART-naïve and 5 ART-exposed) who had
QTc intervals of >470 ms. In terms of the PR interval,
prolongation was seen only in ART-naïve HIV-infected

Table 1 Baseline characteristics of study participants

Characteristics ART-naïve HIV n=37 ART-exposed HIV n=42 Non-HIV n=50 p Value

Age (years)*, median (range) 4.8 (0.4–12.5) 6.1 (1.3–12.2) 6.4 (2.4–14.0) 0.22

Male gender, n (%) 15 (41) 21 (50) 23 (46) 0.70

Low socioeconomic, n (%) 16 (44) 25 (60) 10 (20) 0.001

Parental smoking after birth, n (%)

Mother 3 (9) 5 (12) 0 (0) 0.05

Father/other household member 30 (81) 35 (83) 33 (66) 0.11

Parental smoking in pregnancy, n (%)

Mother 6 (18)† 7 (18) 1 (2.0) 0.03

Father/other household member 29 (78) 34 (81) 34 (68) 0.31

Body weight (kg) 14.7 (8.2) 18.8 (5.4) 22.4 (9.6) <0.001

Body height (cm) 99.2 (21.9) 109.1 (14.0) 116.3 (17.8) <0.001

Body mass index (kg/m2) 14.2 (2.2) 15.5 (1.9) 15.9 (2.8) 0.01

Systolic BP (mm Hg) 101.6 (10.7) 99.6 (9.7) 102.4 (9.7) 0.41

Diastolic BP (mm Hg) 63.1 (9.7) 60.4 (7.5) 61.3 (7.4) 0.37

Total cholesterol (mmol/L) 3.3 (0.9) 4.5 (0.9) 4.4 (0.7) <0.001

LDL cholesterol (mmol/L) 1.9 (0.7) 2.6 (0.7) 2.6 (0.6) <0.001

HbA1c level 0.05 (0.04–0.06) 0.05 (0.04–0.07) 0.06 (0.04–0.07) 0.30

hs-CRP, median (range), nmol/L 36 (0–2759) 47 (3.7–1227) 4.7 (0–155) <0.001‡

HIV clinical stage 3 or 4 30 (85.7)§ 18 (47.4) <0.001

CD4 absolute level (n=56) 258 (8–2716) 1183 (4–2301) – <0.001

CD4% (n=52) 10 (1–41) 30 (4–39) – 0.001

Viral load (n=19) 5840 (220–2.0×105) 185 (0–2.1×106)

LV EF (%), median (range) 64.5 (24.8–80.5) 63.1 (39.3–82.4) 67.4 (58.6–80.9) 0.04

LV mass (g) 41.9 (16.6) 61.1 (18.6) 49.8 (17.3) 0.001

Use of QT prolonging drugs¶ 16 (43.2) 20 (34.5) 0 (0)

ART use in pregnancy, n (%) 0 (0) 0 (0) 0 (0)

Pulse rate (bpm) 124 (26) 119 (22) 115 (19) 0.14

QTc interval (milliseconds), n=124 402.9 (25.7) 415.0 (23.7) 388.9 (20.7) **

PR interval (milliseconds), n=123 131.0 (25.4) 126.1 (24.9) 122.7 (19.7) **

QRS interval (milliseconds), n=125 68.2 (17.3) 65.7 (10.5) 66.1 (11.4) **

†Percentage based on 34 ART-naïve HIV-infected patients.
‡Kruskal-Wallis test.
§Percentage based on 35 ART-naïve HIV-infected patients.
¶Macrolides, trimethoprim, azole antifungals, antihistamine and protease inhibitors.
*Otherwise stated, data is presented as mean (SD).
**See table 2 for statistical analysis.
ART, antiretroviral therapy; BP, blood pressure; EF, ejection fraction; HbA1c, glycated haemoglobin; hs-CRP, high-sensitive C reactive protein;
LDL, low-density lipoprotein; LV, left ventricular.
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children after adjustment for RR interval, age and
height (difference=12.9 ms, p=0.02). This finding was
not substantially explained by cardiac conditions,
hs-CRP, LDL cholesterol, or HbA1c levels, blood pres-
sures, or parental smoking exposure (figure 3). Analysis
restricted to 32 children who had never received any
ART did not substantially affect the results (table 2).
The influence of drugs known to be associated with

QT prolongation among HIV-infected children is shown
in figure 4. In the ART-exposed HIV-infected group,
children who used protease inhibitors tended to have
longer QTc intervals compared with those who did not,
whereas the use of other QT prolongation drugs seemed
to have little and inconsistent effect in the ART-exposed
and ART-naïve HIV-infected patients. No statistical asso-
ciation was explored due to the limited numbers of chil-
dren who used protease inhibitors or other QT
prolongation drugs.

DISCUSSION
We demonstrated that HIV infection in children is asso-
ciated with a longer QTc interval both in ART-naïve and,
to a greater extent, in ART-exposed children, compared
with uninfected controls. In ART-naïve HIV-infected chil-
dren only, there was a longer PR interval. However,
these prolongations in QTc and PR intervals were not
above the clinically acceptable thresholds for abnormal-
ity. Neither cardiac conditions, degree of inflammation,
lipid or HbA1c levels, blood pressure, nor parental
smoking exposures appeared to mediate these
associations.
To the best of our knowledge, this is the first study to

delineate the effects of ART-naïve from ART-exposed
paediatric HIV infection on cardiac electrical conduc-
tion. A previous larger study4 with 24 h Holter ECG

monitoring did not differentiate the possible effects of
ART despite showing similar results of QTc interval pro-
longation in HIV-infected children compared with
HIV-exposed uninfected children. Differentiating the
effects of HIV infection per se from treatment is import-
ant from aetiological and clinical perspectives as it may
have repercussions on treatment strategies. We demon-
strated differences in the effects of ART-treated and
ART-untreated HIV infection in children on heart con-
duction. Even though they shared common effects on
QTc prolongation, the magnitude differed. Despite the
novelty of this study, we were unable to obtain ECG mea-
surements for all children enrolled in this study. Of
these, almost one quarter was due to the death of the
patients, particularly in the ART-naïve HIV-infected
group. We may therefore have unavoidably missed the
effects of the most severe form of untreated HIV infec-
tion on the cardiac conduction, possibly resulting in an
underestimation of the findings in the total population.
In addition, with regard to our exploration for possible
intermediary factors in the association between HIV
infection and cardiac conduction, we did not have the
opportunity to measure serum electrolytes. We did not
perform a detailed assessment for the possibility of
familial long QT syndrome in our subjects, which we
believe to be exceedingly rare (1 in 2500).22

In this study, we only performed standard ECG at a
single time point rather than Holter ambulatory record-
ings. Although ambulatory monitoring would be particu-
larly informative in capturing ECG interval variations
and relating it to pharmacokinetic data, this was beyond
the scope of our study. Moreover, in terms of conduction
abnormalities, a standard ECG recording remains the
cornerstone for diagnostic purposes and is the only prac-
tical option, especially in resource-limited settings.
Holter monitoring has many potential problems,

Figure 2 Influence of possible

intermediary variables on QTc

interval mean difference (95% CI)

between HIV-infected (ART-naïve

or ART-exposed) children and

healthy children. ART,

antiretroviral therapy; DBP,

diastolic blood pressure; EF,

ejection fraction; HbA1c, glycated

haemoglobin; hsCRP,

high-sensitive C reactive protein;

LDL, low-density lipoprotein; LV,

left ventricular; SBP, systolic

blood pressure.
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Table 2 Association between HIV infection and cardiac conduction parameters

QRS interval (milliseconds) QTc interval (milliseconds) PR interval (milliseconds)

Model

HIV/treatment

group

Mean

difference 95% CI p Value

Mean

difference 95% CI

Mean

difference 95% CI p Value

Crude Non-HIV Ref Ref Ref

ART-naïve HIV All 37 2.9 −2.6 to 8.3 0.31 14.0 3.8 to 2.3 <0.001 8.3 −2.1 to 18.6 0.12

32 Never

ART

2.5 −3.2 to 8.1 0.39 11.5 0.4 to 22.5 0.04 4.7 −6.1 to 15.5 0.39

ART-exposed

HIV

−0.4 −5.7 to 4.8 0.90 26.2 16.7 to 35.6 <0.001 3.4 −6.1 to 12.9 0.49

RR interval

adjustment

Non-HIV Ref*

ART-naïve HIV All 37 9.2 −1.1 to 19.6 0.08

32 Never

ART

6.7 −4.3 to 17.5 0.23

ART-exposed

HIV

4.1 −5.4 to 13.6 0.40

Model 1 Non-HIV Ref Ref Ref†

ART-naïve HIV All 37 4.6 −0.8 to 10.1 0.10 16.9 6.7 to 27.1 <0.001 10.5 −0.03 to 21.0 0.05

32 Never

ART

5.2 −0.7 to 11.0 0.09 15.7 4.5 to 27.0 <0.001 7.8 −3.6 to 19.2 0.18

ART-exposed

HIV

0.1 −5.0 to 5.2 0.97 27.1 17.8 to 36.3 <0.001 4.2 −5.3 to 13.9 0.42

Model 2 Non-HIV Ref Ref‡

ART-naïve HIV All 37 5.0 −1.0 to 11.0 0.10 18.2 7.0 to 29.3 <0.001 12.9 2.4 to 23.3 0.02

32 Never

ART

4.6 −2.0 to 11.1 0.17 17.0 4.7 to 29.3 <0.001 13.3 1.6 to 24.9 0.03

ART-exposed

HIV

0.2 −5.1 to 5.5 0.94 28.9 19.3 to 38.5 <0.001 4.3 −4.7 to 13.3 0.35

Model 1: adjusted for age; model 2: adjusted for age, BMI.
*Adjusted for RR interval.
†Model 1 + adjusted for RR interval.
‡Model 2 + adjusted for RR interval.
ART, antiretroviral therapy; BMI, body mass index.
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including changes in ECG morphology and multiple
artefacts due to postural variations or motion.23 In add-
ition, the added value of QT interval variability recorded
by ambulatory ECG in predicting significant ventricular
arrhythmia remains controversial.24

We found QTc prolongation in ART-naïve children
and, to a greater degree, in ART-exposed HIV-infected
children. In the setting of a similar QRS interval with
healthy children, this indicates that HIV-infected chil-
dren may have prolonged repolarisation. On the basis of
these findings, we may infer that HIV infection per se,
independent of age and nutritional status, does have
some effects on QTc interval and ART or the interaction
between ART and the disease is likely to augment these
effects. Prolongation of the QTc interval has also been
reported in HIV-infected adults and is suggested to be
associated with HIV infection duration.25 However, since
our finding remained after adjusting for age, which in
children reflects the duration of vertically-acquired HIV
infection, the effects in children may be independent of
infection duration. Furthermore, since these associations
are not explained by cardiac conditions, inflammation,
plasma lipids, blood pressure or smoking exposure, HIV

infection or its treatment may have a direct effect on the
autonomic cardiac regulation or conduction pathway,
although the possibility of electrolyte abnormalities
should also be considered. A recent animal study
showed that an HIV-1 transactivator of transcription
(Tat, fragment 1–86) induced an increase in cytosolic
calcium concentration in cardiac-projecting parasympa-
thetic neurons of nucleus ambiguus, triggering pro-
longed bradycardia, which consequently may be
involved in the QT interval prolongation.26 The fact that
we also found greater prolongation of the QT interval in
ART-exposed HIV-infected children, despite a low rate
of use of protease inhibitors, warrants further explor-
ation of the effects of non-protease inhibitor drugs on
the cardiac conduction system, in interaction with HIV
infection.
We found that ART-naïve HIV-infected children had

longer PR intervals than healthy children, which has not
been reported previously. A longer PR interval may indi-
cate increased predisposition to first-degree AV block
and is associated with a 20–30% increased risk of atrial
fibrillation,27 despite controversies regarding its prognos-
tic significance in the healthy general population.28 In
our ART-naïve HIV-infected cohort, the occurrence of a
longer PR interval may be associated with underlying
cardiac pathology or pulmonary hypertension causing
heart atria dilation; unfortunately, we did not measure
atrial size in this study.
Although the mean values of QTc and PR intervals in

our HIV-infected study population are still below the
various cut-off values for congenital long QT syndrome
in children (QTc interval of 450–480 ms)21 or for first-
degree AV block, our findings may be of clinical import-
ance. First, some individual HIV-infected children in our
cohort reached these thresholds. Furthermore, in
HIV-infected children, the association between longer
QTc and PR intervals with clinical outcomes, such as
neurological manifestations, mortality or sudden death,
warrants further investigation. As demonstrated by ECG
findings in HIV-infected adults, our findings may reflect

Figure 3 Influence of possible

intermediary variables on PR

interval mean difference (95% CI)

between HIV-infected (ART-naïve

or ART-exposed) children and

healthy children. ART,

antiretroviral therapy; DBP,

diastolic blood pressure; EF,

ejection fraction; HbA1c, glycated

haemoglobin; hsCRP,

high-sensitive C reactive protein;

LDL, low-density lipoprotein; LV,

left ventricular; SBP, systolic

blood pressure.

Figure 4 QTc interval based on the use of QT-prolonging

drugs in HIV-infected children. ART, antiretroviral therapy.
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an initial pathological process that progresses as the dur-
ation of HIV infection and treatment increases, so that
routine ECG surveillance may be beneficial for
HIV-infected children.
In conclusion, both ART-naïve and, to a greater extent,

ART-exposed HIV infections in children are associated
with prolongation of the QTc interval, whereas a longer
PR interval only occurs in ART-naïve HIV-infected chil-
dren. These associations are unlikely to be mediated by
cardiac structural abnormality or systolic function, level
of inflammation, lipid or glucose metabolism, blood pres-
sures, nor by parental smoking exposures.
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