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Abstract

The 24-h heart rate variability and QT-interval adaptation was investigated in perinatally HIV-infected preschool children classi-
fied according to immunological status in order to assess autonomic function at early stages of infection. Thirty-five perinatally 
HIV-infected and clinically stable children (4.8 ± 0.3 years) were enrolled after approval of the study by the University Hospital 
Pedro Ernesto Ethics Committee and written informed parental consent was obtained. The children were classified according to 
peripheral CD4+ count (cells/µL) as follows: group 1, N = 11 (≥1000); group 2, N = 7 (≥500 and <1000); group 3, N = 17 (<500). 
Left ventricular ejection fraction (>55%), 24-h RR interval variability (RRV) indexes (NN, SDANN, SDNN index, r-MSSD) and 24-h 
QT and Bazett-corrected QT (QTc) were determined, and groups were matched for age, body surface area, and left ventricular 
ejection fraction, reducing biases in RRV. The peak differences (∆) between the highest and lowest RRV and QT indexes were 
extracted from nocturnal (1 am-6 am) and daytime (1 pm-6 pm) hourly assessed segments, respectively. Pearson’s correlation 
(r) and Kruskal-Wallis ANOVA were used to compare groups. CD4+ count correlated positively with ∆NN (r = 0.45; P = 0.003). 
There were no significant differences in daytime NN among groups. Nighttime SDNN index (P = 0.01), nighttime r-MSSD (P 
= 0.003), ∆NN (P = 0.01), ∆SDNN index (P = 0.03) and ∆r-MSSD (P = 0.004) were significantly lower in group 3 than in the 
other groups. Expected nighttime QTc-interval lengthening was not observed in all groups. In perinatally HIV-infected preschool 
children with preserved left ventricular systolic function, parasympathetic-mediated autonomic dysfunction parallels immune 
status, impairing both RRV and circadian QTc interval adaptation. 
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Cardiac structural and functional abnormalities are 
frequently observed in children infected with human im-
munodeficiency virus (HIV) (1-3), although their clinical 
presentation may be irrelevant and symptoms are often 
attributed to diverse organic systems (4-6). Nevertheless, 
amongst cardiac abnormalities detected in children with 
acquired immune deficiency syndrome, mild systolic and 
diastolic impairments, autonomic nervous system distur-
bances, cardiac arrhythmias and sudden death have been 
noteworthy (7-13). On the other hand, some echocardio-
graphic abnormality has been detected in 1 of 4 HIV-positive 

children and data regarding cardiac autonomic function in 
the pediatric population are lacking (14-16). Furthermore, 
the interaction between the immune and the autonomic 
nervous systems has been extensively explored both in 
vitro and in vivo, indicating the presence of a causal inter-
relationship between the two systems (17,18). In particular, 
the development and proliferation of CD4+ cells, a class of 
immune cells particularly important in host defense against 
HIV, seems to be influenced by a direct sympathetic effect 
on β2 adrenergic surface receptors and further intracellular 
messengers and, indirectly, by parasympathetic influence 
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on adrenergic organs, potentially having a relevant impact 
on the HIV population.

The aim of present study was to investigate cardiac 
autonomic function in perinatally HIV-infected children 
using 24-h ambulatory ECG RR interval and QT interval 
variability indexes and to correlate these data with current 
immune status.

Material and Methods

In a cross-sectional study, a cohort of 35 perinatally HIV-
infected preschool children was enrolled for assessment of 
cardiac autonomic function. HIV infection was diagnosed 
by history of maternal HIV serum positivity and confirma-
tion in children by both immune-enzymatic (ELISA) and 
Western blot assays since birth. Data were collected in a 
prospective manner and, on admission, children were (mean 
± SEM) 4.7 ± 0.3 years old, 16 were males, body surface 
area was 0.69 ± 0.02 m2, and all were in regular outpatient 
clinic follow-up at 3- to 6-month intervals in the Pediatric 
and Infective Diseases Department of University Hospital 
Pedro Ernesto (State University of Rio de Janeiro, Brazil) 
with the same team of physicians since birth. All children 
received highly active antiretroviral therapy according to 
clinical stage and CD4+ count, as part of the program of 
the Brazilian Health Ministry. Compliance with antiretroviral 
drug therapy, defined as percent children under regular 
medication treatment, was assessed with parents or legal 
representatives by means of a simplified questionnaire. 
Blood sample analyses were carried out in all children for 
viral load, CD4+ count, CD8+ count and hemoglobin tests 
at enrollment. The University Hospital Pedro Ernesto Ethics 
Committee under registration number 503/2000 approved 
the study protocol and the parents or legal representatives 
gave written informed consent. The study protocol followed 
the principles of the Declaration of Helsinki.

On admission, children were staged according to periph-
eral blood CD4+ count based on the 1994 revision criteria 
of the classification of the Centers for Disease Control and 
Prevention (Atlanta, USA) for HIV infection. They were di-
vided into three groups: group 1, 11 children with a CD4+ 
count ≥1000 cells/µL (1225 ± 109); group 2, 7 children with 
a CD4+ count <1000 and ≥500 cells/µL (778 ± 199), and 
group 3, 17 children with a CD4+ count <500 cells/µL (391 
± 96; P < 0.001). All groups were matched for age, body 
surface area (age-corrected Mosteller’s monogram formula) 
(19), and global left ventricular systolic function in order to 
reduce potential interference with autonomic function as-
sessment. All children were clinically stable. 

Exclusion criteria were: clinical and laboratory evidence 
of active infection, congenital heart disease, intraventricular 

conduction disturbances, diabetes mellitus, and thyroid or 
hepatic dysfunction.

1-D/2-D echocardiogram
Echocardiographic evaluations were carried out with 

the patient in left lateral decubitus, at 25°C in a half-light 
environment, using ATL APOGEE CX200 (Interspec-ATL, 
USA) and 2.5 to 2.75 MHz transducers. Echocardiographic 
images were obtained simultaneously with ECG monitoring 
according to the recommendations of both the American 
Society of Echocardiography (20) and the Brazilian Society 
of Echocardiography (21). Final left ventricular diastolic 
diameter and final left ventricular systolic diameter were 
determined, left ventricular ejection fraction was estimated 
by the method of Teichholz (22), and left ventricular mass 
by the formula of Devereux (23). An echocardiogram was 
obtained for each child within one month after admission.

Twenty-four-hour ambulatory electrocardiogram and 
RR interval variability

Twenty-four-hour ambulatory ECG was acquired using 
a two-channel Dynacord model 420 recorder (DMS-Diag-
nostic Monitoring System, USA) and analyzed with an Altair 
PC Holter System version 6.00 software (USA) at a 200 Hz/
channel sampling rate. Careful reviews of the 24-h ambula-
tory ECG records were carried out by a trained observer 
blind to the children’s clinical conditions within 1 month after 
admission and using software interactive editing facilities in 
order to exclude arrhythmia and ECG artifacts. 

Twenty-four-hour ambulatory ECG records were then 
separated into 24 non-overlapping 1-h segments for the 
analysis of RR interval variability (RRV) in the time domain 
using a protocol described elsewhere (24). Each 1-h seg-
ment was previously divided into 5-min non-overlapping 
epochs, from which consecutive normal RR intervals (mean 
± SD) were extracted. The following conventional variables 
were extracted from 24-h ambulatory ECG: NN (hourly 
mean of normal RR intervals), SDANN (hourly standard 
deviation of the mean of normal RR intervals), SDNN in-
dex (hourly mean of the standard deviation of normal RR 
intervals), and r-MSSD (hourly mean of root mean square 
successive difference of normal RR intervals). A significant 
correlation was observed between SDNN index and r-MSSD 
throughout the 24-h period within all groups (group 1: 0.96, 
P < 0.001; group 2: 0.94, P < 0.001; group 3: 0.87, P < 
0.001). Maximal night-to-day cycle [circadian variation, 
(∆)] was quantitatively determined over a 24-h period by 
extracting RRV variables from 1-h segment, respectively, 
corresponding to the highest and the lowest NN estimates. 
Hourly SDANN, SDNN index, and r-MSSD estimates were 
arbitrarily extracted from segments corresponding to the 
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respective zenith and nadir points of NN estimates in a 24-h 
cycle. The rationale for this approach was based on the 
fact that RRV indexes are strongly dependent on average 
NN estimates (24), thereby making uniform the period of 
the day when variables are extracted for analysis. Thus, 
larger NN estimates were expected to be associated with 
larger estimates of each RRV variable analyzed. In fact, a 
positive correlation between RRV indexes and average RR 
intervals assessed during 1-h periods was observed for all 
groups (overall average Pearsons’ correlation coefficient 
0.57 ± 0.01; P < 0.001).

Ventricular repolarization analysis
Ventricular repolarization duration was assessed hourly 

in all children. The QT interval was estimated by the aver-
age of the QT interval of three consecutive normal cardiac 
beats (MQT). Beats for QT interval measurements were 
selected so that the variation of the preceding RR interval 
duration was within 5% of the respective 1-h segment NN. 
To assess maximal circadian variation of ventricular repo-
larization duration, heartbeats were extracted from hourly 
segments corresponding to the respective maximum and 
minimum NN in the 24-h ambulatory ECG. 

QT interval measurements. The onset (Q-wave onset) 
and offset (T-wave offset) of QT intervals on selected beats 
were detected by visual inspection using digital calipers 
and the beat-editing facilities of the analyzing software by 
a trained observer blind to the children’s clinical conditions. 
Both onset and offset marks were assessed at the point 
where the Cartesian curvature at the junction between the 
baseline and, respectively, the inscription of the Q-wave and 
the end of the T-wave were locally maximal. The Cartesian 
curvature describes how sharply (or smoothly) a function 
changes direction at a particular point. In a continuous and 
low-noise ECG tracing, starting from a flat baseline point 
(i.e., P-R or T-P segments) and progressing toward the 
waveform undulation (i.e., QRS complex or T-wave), the 
Cartesian curvature progressively increases to the point 
where the curve maximally bends (maximal curvature point) 
onto itself and then smoothes out, thus indicating the mark 
with the sharpest contour. The baseline either before the 
onset mark or after the offset mark was stable for at least 
2 ms. QT intervals were heart rate corrected according 
to Bazett’s formula (25) to assess average corrected QT 
interval (MQTc).

Statistical analyses
Numerical and categorical variables are reported as 

means ± SEM or as rates or percent, as appropriate. 
Numerical variable analyses were carried out for the inter-
immunological groups by Kruskal-Wallis ANOVA and the 

least squared difference contrast test. Categorical vari-
able analyses were carried out by the Yates-corrected 
chi-square test or the Fisher exact test, when appropriate. 
The Pearson coefficient was used to assess the correlation 
between variables, and the Student t-test was applied to 
correlation analysis. 

In all 24-h ambulatory ECG records, hourly NN were 
correlated with SDANN, SDNN index, and r‑MSSD within 
immunological groups. SDNN index and r-MSSD were as-
sessed as parasympathetic modulation indexes, whereas 
SDANN was assessed as a sympathetic autonomic modu-
lation index. 

The level of significance was set at 0.05. Statistical 
analyses were carried out using MS-Excel 2000 (Microsoft 
Corporation, USA), Stratigraphics Plus version 5.1 (Statisti-
cal Graphics Corporation, USA) and Epi-Info 6.04b (Centers 
for Disease Control and Prevention, USA). 

Results

Adhesion to antiretroviral drug therapy was higher in 
groups 1 (82%) and 2 (100%) compared to group 3 (41%; 
P = 0.01). 

Age (group 1: 4.2 ± 0.5 years; group 2: 4.8 ± 0.7 years; 
group 3: 5.0 ± 0.4 years), gender (female/male: group 1: 
7/4; group 2: 5/2; group 3: 7/10), body surface area (group 
1: 0.72 ± 0.03; group 2: 0.75 ± 0.05; group 3: 0.68 ± 0.04 
m2; P = 0.31), and left ventricular function (group 1: 68 ± 
2; group 2: 71 ± 3; group 3: 66 ± 2%) parameters did not 
differ significantly among groups. Peripheral CD8+ count 
was also not significantly different among groups (group 
1: 1645 ± 184; group 2: 1308 ± 158; group 3: 1770 ± 525 
cells/µL). Viral load (group 1: 108 ± 50; group 2: 33 ± 33; 
group 3: 244 ± 101 x 103 copies/µL) and peripheral blood 
hemoglobin concentration (group 1: 10.8 ± 0.3; group 2: 
11.2 ±; group 3: 10.2 ± 0.2 g/dL) did not differ significantly 
among study groups. 

Furthermore, left ventricular mass (group 1: 37 ± 3; group 
2: 39 ± 5; group 3: 44 ± 3 g), left ventricular end diastolic 
diameter (group 1: 3.5 ± 0.1; group 2: 3.5 ± 0.1; group 3: 
3.7 ± 0.1 cm) and left ventricular end systolic diameter 
(group 1: 2.2 ± 0.1; group 2: 2.1 ± 0.1; group 3: 2.4 ± 0.1 
cm) showed similar distributions among groups. 

All 24-h ambulatory ECG tapes were successfully ana-
lyzed and the overall 24-h artifact incidence corresponded 
to 1.9 ± 0.8% of the period analyzed. The average overall 
incidence of both supraventricular and ventricular ectopic 
beats was 0.7 ± 0.4/h from 8 am to 8 pm and 0.4 ± 0.4/h 
from 8 pm to 8 am. 

RRV parameters showed significant circadian variation 
in all groups. As expected, the RR interval decreased dur-
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ing the night in a similar fashion in all groups. 
However, some time domain variability indexes 
showed remarkably different patterns (Figure 1). 
Hourly averaged NN, SDANN and r-MSSD, and 
SDNN index graphs for groups 1, 2, and 3 are 
presented in Figure 1 and Table 1. 

After adjustment for daytime NN, the modula-
tion of the parasympathetic system as reported 
by the SDNN index and r-MSSD was evident in 
group 1 and remarkably attenuated in group 3 
(Table 1). No significant differences in SDANN 
were detected among the groups.

Peripheral blood CD4+ count correlated 
positively and viral load correlated negatively 
with ∆NN (r = 0.45 and r = -0.35, respectively; 
Figure 2). CD8+ count showed no significant 
correlation with night-to-day NN variation (r = 
-0.13). CD4+, CD8+ and viral load were poorly 
correlated to ΔMQT (r = 0.17, r = -0.18, r = -0.14, 
respectively) and ΔMQTc (r = -0.19, r = -0.14, r 
= 0.11, respectively).

For adjusted daytime average NN in 1-h seg-
ment (MNN), circadian ∆MNN, ∆SDNN index, 
∆r-MSSD and ∆MQT interval showed statistically 
significant differences across groups (Table 1). 
However, SDANN did not show significant differ-
ences across groups, when analyzed in daytime 

Figure 1. Circadian variation of hourly NN (A), SDANN (B), SDNN index (C), and r-MSSD (D) graphs of group 1 (CD4+ count ≥1000 
cells/µL; diamonds), group 2 (CD4+ count <1000 and ≥500 cells/µL; squares), and group 3 (CD4+ count <500 cells/µL; triangles). The 
horizontal bars on top of the graphs indicate nighttime (1 to 6 am) and daytime (1 to 6 pm) periods. SDANN = hourly standard deviation 
of the mean of normal RR intervals. See Table 1 for all other abbreviations.

Table 1. Twenty-four-hour RR-interval variability, and 24-h QT interval pa-
rameters of the pediatric patients studied.

RR interval variability and    Group 1 Group 2 Group 3 P*
QT interval variables (N = 11) (N = 7) (N = 17)

Daytime MNN (ms) 535.8 ± 25.9 528.7 ± 22.8 555.3 ± 10.8
Daytime SDNN index (ms) 51.0 ± 6.6 42.4 ± 7.7 41.7 ± 3.7
Daytime r-MSSD (ms) 39.5 ± 2.21 29.2 ± 1.72 30.7 ± 1.61,2 0.009
Daytime MQT (ms) 316.2 ± 12.2 316.9 ± 4.9 320.7 ± 5.6
Daytime MQTc (ms) 433.0 ± 14.3 435.8 ± 5.9 430.9 ± 4.4
Nighttime MNN (ms) 762.1 ± 33.8 711.7 ± 35.6 692.3 ± 20.0
Nighttime SDNN index (ms) 94.0 ± 11.01 90.7 ± 18.7 61.2 ± 6.41 0.03
Nighttime r-MSSD (ms) 93.0 ± 4.11 73.7 ± 3.22 63.7 ± 5.91,2 0.003
Nighttime MQT (ms) 374.9 ± 12.6 365.7 ± 8.0 352.7 ± 8.3
Nighttime MQTc (ms) 429.7 ± 7.3 435.3 ± 10.9 424.2 ± 6.2
ΔMNN (ms) 226.3 ± 24.31 183.0 ± 24.9 137.1 ± 26.31 0.01
ΔSDNN index (ms) 43.0 ± 8.41 48.3 ± 15.52 19.5 ± 4.11,2 0.03
Δr-MSSD (ms) 19.5 ± 4.61 11.9 ± 3.82 -2.0 ± 1.21,2 0.004
ΔMQT (ms) 58.7 ± 6.51 48.8 ± 11.9 32.0 ± 7.51 0.04
ΔMQTc (ms) -3.2 ± 10.7 -0.5 ± 14.7 -6.8 ± 7.4

Data are reported as means ± SEM. Δ = maximal circadian variation; NN = 
hourly mean of normal RR intervals; MNN = average NN in 1-h segment; 
SDNN index = hourly mean of the standard deviation of normal RR intervals; 
r-MSSD = hourly mean of root mean square successive difference of normal 
RR intervals; MQT (MQTc) = average QT (corrected QT) interval in 1-h seg-
ment. *Kruskal-Wallis one-way ANOVA test except for gender comparison 
where chi-square test with Yates correction was employed. P values greater 
than 0.05 are not reported. 1,2Significant differences (P < 0.05) among groups 
assessed by the least squared difference contrast test.
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(group 1: 31.3 ± 7.3; group 2: 31.7 ± 9.7; group 3: 25.1 ± 3.7 
ms), in nighttime (group 1: 38.1 ± 4.4; group 2: 33.1 ± 4.9; 
group 3: 29.7 ± 3.5 m), or in night-to-daytime pattern (group 
1: 6.7 ± 7.4; group 2: 1.4 ± 9.7; group 3: 4.6 ± 3.8 ms). MNN 

and MQT were positively and significantly correlated (r = 
0.82; Figure 3A), as also were ΔMNN and ΔMQT (r = 0.53; 
Figure 3B), and Bazett-corrected QT interval suppressed 
the QT to RR interval correlation (r = -0.01 and r = 0.18, 

Figure 3. A, Hourly averaged QT intervals (MQT) vs averaged RR intervals (NN). B, Maximal circadian hourly averaged QT interval 
variation (∆MQT) vs maximal circadian RR interval variation (∆NN). Note the significant Pearson positive correlation. C, Hourly av-
eraged corrected-QT intervals (MQTc) vs averaged RR intervals (NN). D, Maximal circadian hourly averaged corrected QT interval 
variation (∆MQTc) vs maximal circadian RR interval variation (∆NN). Note in the graphs that, after correction, both MQTc and ∆MQTc 
became independent of NN and ∆NN, respectively.

Figure 2. A, Plot of CD4+ cell count in a peripheral blood sample vs maximal circadian hourly averaged RR interval variation (∆NN). 
Note the significant Pearson positive correlation indicating the association between current autonomic status and 24-h cardiac auto-
nomic modulation. B, Plot of viral load in a peripheral blood sample vs maximal circadian hourly averaged RR interval variation (∆NN). 
Note the significant Pearson negative correlation, indicating the association between amount of circulating virus and 24-h cardiac 
autonomic modulation.
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respectively; Figure 3C and D). No differences regarding 
daytime or nighttime MQTc interval were observed across 
groups, and ∆MQTc was not significantly different within 
groups for daytime, nighttime or circadian periods.

Discussion

In the present study, clinical, echocardiographic, 24-h 
RR interval variability and 24-h QT interval indexes were 
analyzed in perinatally HIV-infected children with preserved 
left ventricular systolic function in a cross-sectional study 
aiming at assessing cardiac autonomic function. The 
most relevant findings were: 1) maximal 24-h NN varia-
tion directly correlated to peripheral CD4+ count, and 2) 
cardiac autonomic dysfunction was related to the severity 
of immune system depression, and was expressed as both 
predominant parasympathetic dysfunction and repolariza-
tion adaptation impairment.

Limited information is available in the literature regarding 
24-h cardiac autonomic function in HIV-positive children. 
Previous studies (8,14-16) have shown a higher prevalence 
of both heart failure and structural abnormalities related 
to cardiac autonomic dysfunction in children in advanced 
stages of HIV infection. Nonetheless, HIV-infected sub-
jects have demonstrated a more pronounced autonomic 
dysfunction not associated with clinical evidence of heart 
disease (26,27). Evaluation of the autonomic status of 
children using the Valsalva maneuver has been carried 
out, demonstrating a significant autonomic dysfunction, 
mainly parasympathetic, with either mild or undetectable 
functional or structural cardiac involvement (8,14). In the 
present study, groups were matched for age, gender, body 
surface area and global left ventricular systolic function in 
order to reduce potential biases in RRV parameters. To 
the best of our knowledge, this is the first investigation to 
assess 24-h autonomic function in ambulatory perinatally 
HIV-infected preschool children.

Although initially unintended, but relevant to the un-
derstanding of the current findings, an important social 
observation from the present study was that compliance 
with drug therapy schemes was significantly altered in 
children with more pronounced immune status depres-
sion compared with children with more preserved immune 
status. Although in-depth reasoning is out of the scope of 
the present study, the psychological distress related to 
the disease-associated social burden seems to be one 
of the soundest explanations. In fact, social workers and 
psychological therapists have provided important support 
to parents and legally responsible persons regarding their 
special children’s care task. 

The autonomic nervous system physiologically adjusts 

normal inter-beat variation (or RRV) as a consequence of 
competitive interaction of the parasympathetic and sym-
pathetic stimulation on the sinus node, known as cardiac 
autonomic modulation (24,28,29). Thus, quantification of 
RRV can be regarded as a measurement of the autonomic-
mediated cardiovascular homeostasis, a marker of car-
diovascular prognosis (24,26,27). Accordingly, reduction 
in RRV-related indexes represents autonomic impairment 
and involves a poor prognosis (9,24,26,27). 

In normal children and teenagers, RRV increases with 
age, reflecting maturation of the autonomic nervous system 
(14,15). On the other hand, in healthy adults, RRV is nega-
tively correlated with age, reflecting a lifetime progressive 
loss of autonomic function, known as one of the aspects 
of aging (16,17,30,31). In the present study, circadian RRV 
variation was significantly affected by current immuno-
logical status, indicating a strong interaction between the 
autonomic and immune systems. Remarkably, average 
daytime NN was fairly constant across groups and ∆NN was 
significantly reduced in group 3 when compared to other 
groups. Thus, ∆NN, the maximal circadian (night-to-day) NN 
variation, was significantly reduced in children presenting 
a more depressed immune status after adjusting daytime 
NN. As a part of the strategy employed for analysis, the 
identification of the maximal night-to-day NN variation in 1-h 
segments during nighttime and daytime further guided the 
selection of RRV parameters. The application of the current 
approach was based on the assumption that average NN 
strongly affects all RRV parameters (24). In order to reduce 
a potential bias in determining maximal night-to-day RRV, 
RRV indexes were arbitrarily measured at the zenith and 
the nadir of average NN in 1-h segments, thus, reflecting 
the maximal individual circadian variation. 

In a recent study, Nunes (32) described the 24-h RRV 
behavior of healthy preschool children in Rio de Janeiro, 
Brazil, using an approach identical to that used in the current 
study. The author showed a progressive increase in 24-h 
variation of NN and RRV indexes with increasing age, thus 
confirming the concept of continuous autonomic maturation 
during the early years of life in the population under study. 
Comparison of the RRV data obtained in the present study 
with those of 24 age- and gender-matched control healthy 
preschool children from Nunes’ study (32) revealed that 
r-MSSD was significantly decreased in group 3. In fact, day-
time r-MSSD (Nunes’: 45.6 ± 7.6 ms vs present study group 
3: 30.7 ± 1.6 ms), nighttime r-MSSD (Nunes’: 80.9 ± 12.2 
ms vs present study group 3: 63.7 ± 5.9 ms), and night-to-
day r-MSSD (Nunes’: 35.3 ± 7.8 ms vs present study group 
3: -2.0 ± 1.2 ms) were reduced. No significant differences 
were observed regarding circadian SDANN and SDNN index 
variation when compared to Nunes’ study. These findings 
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indicate that in perinatally HIV-infected children, depressed 
immunity at early ages was related to parasympathetic 
autonomic system dysfunction. Furthermore, the finding 
that peripheral CD4+ count positively correlated and viral 
load negatively correlated with ∆NN indicates that current 
immune status and parasympathetic-mediated circadian 
autonomic modulation may be interdependent. However, 
it is not clear whether this association is the direct effect of 
immune dysfunction on the autonomic system or a more 
general systemic reaction to a state of decreased immunity. 
In a recent thorough review of the interaction between im-
munity and the autonomic systems, Nance and Sanders (17) 
suggested that the parasympathetic system modulates an 
anti-inflammatory response via a complex interaction with 
the adrenal medulla and the sympathetic nervous system 
(17,18). Furthermore, the authors stressed that CD4+ de-
velopment was affected by activation of the sympathetic 
nervous system, thus contributing to the reduction of beta 
receptor density on the cell surface. Although beyond the 
scope of the present study, it is possible to suggest that 
decreased parasympathetic activation may have exerted 
an indirect negative effect on immunity in the present popu-
lation. However, at present it is not possible to establish 
whether this effect was transient, and therefore could be 
reversed, or whether it was the cause or the consequence 
of a dwelling infectious state. Further studies are warranted 
to investigate both possibilities.

QT interval adaptation is a measure of cardiac fiber re-
covery under a continuously changing autonomic demand, 
and is related to the underlying myocardial functional status. 
In damaged myocardium, the QT interval does not adapt 
appropriately to RR interval variation (33) and carries a pro-
spective risk for an adverse outcome. In the present study, 
both MQT and ΔMQT intervals correlated significantly to the 
NN and ΔNN intervals, respectively. These findings indicate 
that repolarization adaptation to heart rate was preserved. 
Saidi et al. (34) studied the Bazett‑corrected QT interval 
on resting surface ECG in perinatally HIV-infected children 
from birth to 10 years of age, and observed that average 
QTc interval showed a significant variation throughout the 
first decade of life. In the present study, all MQTc intervals 
were consistently comparable to those reported by Saidi et 
al. (34) for an equivalent age group. On the other hand, a 
physiological nighttime prolongation in QTc interval has been 
observed in healthy adults (35) and healthy children (36), 
a consequence of increased parasympathetic drive during 
this period. A direct parasympathetic-dependent modulation 
of ventricular repolarization has already been demonstrated 
both in vitro and in vivo (37,38). In the present study, al-
though MQT was a function of NN in a circadian fashion, 
no significant nighttime MQTc lengthening was observed 

in any group, and no significant changes in night-to-day 
ΔMQTc were observed across immune status-classified 
groups. The finding that HIV infection was associated with 
both 24-h parasympathetic-mediated RRV and nighttime 
impairment of QTc interval adaptation supported the view of 
early HIV infection-dependent parasympathetic dysfunction 
in this population.

Montague et al. (39) reported a reduced 24-h QTc adapta-
tion in sudden infant death syndrome, which the authors related 
to increased sympathetic drive. In the present study, no 
24-h sympathetic enhancement was observed in any group. 
Although it has been shown that antiretroviral drugs do not 
affect the QT or QTc intervals (40), as also found in the pres-
ent findings, further studies monitoring QT interval adaptation 
are warranted as new drugs appear on this scenario. 

In perinatally HIV-infected preschool children with pre-
served left ventricular systolic function, cardiac autonomic 
function parallels immunological status, and is characterized 
by both attenuation of parasympathetic-mediated circadian 
RR interval variability and impairment of nighttime QTc 
interval lengthening. 

Limitations of the study

The analysis of the effect of compliance with specific 
anti-retrovirus drug schemes on 24-h RRV was not the aim 
of present study. Although recovery of immune status may 
parallel RRV recovery in HIV-infected children, the effect of 
specific drug regimens on heart rate variability still needs 
assessment. 

Additionally, although antiretroviral drugs have been 
reported not to affect QT or QTc intervals, it was not the 
aim of the present study to assess the effect of antiviral 
therapy on circadian QTc interval adaptation. Further stud-
ies are needed to investigate the effect of antiviral drugs 
on circadian QT and QTc interval adaptation in perinatally 
HIV-infected children. 

A potential limitation of the present study was the lack of 
an age-matched healthy control group. The comparison of 
RRV indexes between HIV-infected children and a “normal” 
age-matched control group was based on a large historical 
cohort study previously carried out by Dr. Nunes (32) in a 
similar base population from greater Rio de Janeiro city.
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