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Abstract

Obstructive Sleep Apnea (OSA) is a common respiratory disorder characterized by
recurrent nocturnal episodes of breathing interruption due to the total or partial collapse
of upper airway, and affects 1.2-5.7% of children. Hypoxia and hypercapnia episodes play
a role at the OSA physiopathology and correlate with autonomic impairment. Heart rate
variability is a non-invasive method to evaluate autonomic nervous system regulation
and it’s a promising marker for health and disease, such as cardiovascular and respiratory
diseases. This study aimed to review whether the heart rate variability was altered in
children with obstructive sleep apnea. We searched in five databases, including BIREME,
Cochrane, Scholar Google, MEDLINE/PubMed and Periodicos CAPES. Reference lists
were also analyzed. Only cross-sectional studies comparing the heart rate variability of
OSA children with controls were included. Six studies (945 participants) met the inclusion
criteria. All studies had some shortcomings which could compromise the results, such as
sample size, unsatisfatory comparison of each group, statistical analysis and assessment of
the outcomes. In general, OSA children had lower HRV than control group, reflecting an
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Introduction

Obstructive Sleep Apnea (OSA) is a common respiratory disorder
characterized by recurrent nocturnal episodes of breathing interruption
due to the total or partial collapse of upper airway' and affects 1.2-
5.7% of children.? The peak of incidence occurs at 2-8 years and
the most common cause of OSA in children is enlarged tonsils and
adenoids.>* Moreover, OSA is associated with morbidity that involves
central nervous system (CNS), cardiovascular and metabolic systems.*
The recurrent hypoxia is suggested as the main cause of altered
autonomic nervous system (ANS) in those patients.>® The obstructive
episodes lead not only to hypoxia, but also intermittent hypercapnia,
which can modulate the autonomic nervous system of OSA patients.
Main consequences of hypoxia and hypercapnia include increased
of sympathetic tone and sympathetic responsiveness as well as
sympathetic-parasympathetic imbalance.* There is also evidence that
OSA alters heart rate response and systemic blood pressure, which
can contribute to cardiovascular morbidities when adults.’ To evaluate
the integrity of ANS is commonly used a non-invasive method named
heart rate variability (HRV). HRV represents the oscilations of heart
rate (HR) and it’s considered a measure of neurocardiac function
that reflects ANS dynamics.” Some pathologies, such as respiratory
and cardiovascular diseases, shows lower HRV pattern, which is
consistent with and abnormal adaptability of ANS, whereas healthy
individuals exhibit higher HRV indices meaning an ANS adaptable
and dynamically responsive to change.® To address this issue, the aim
of this study was to review whether heart rate variability was altered
in children with obstructive sleep apnea.

Methods

This systematic review was performed according to the PRISMA®
statement to identify studies featuring children with obstructive
sleep apnea and measures of HRV. This review was also registered at
PROSPERO under CRD42019091540.

Criteria for considering studies for this review

Types of studies: only case-control studies that compared heart
rate variability of children with obstructive sleep apnea and healthy
controls at rest, either awake or sleeping.

Types of participants: children with obstructive sleep apnea, without
clinical history of cardiovascular, respiratory and metabolic diseases,
and without any cirurgical intervention for obstructive sleep apnea.

Types of interventions: there were no interventions, only
observational studies were accepted at this review.

Types of outcomes measures: cardiac measures containing evaluation
of heart rate variability.

1) Primary outcomes: altered linear and non-linear parameters
of heart rate variability indicating autonomic dysfunction/
dysautonomia.

2) Secondary outcomes: altered respiratory measures, such as
respiratory frequency.

Search methods for identification of studies

Five electronic databases were searched (last search date: January
19, 2018) including BIREME, MEDLINE, Periodicos CAPES, The
Cochrane Library and Scholar Google. To ensure that all potential
articles were included, an extensive set of search terms was used to
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describe the heart rate variability measure (eg, electrocardiography,
arterial pulse, heart rate, heart rate variability, hrv, autonomic nervous
system, parasympathetic nervous system, sympathetic nervous
system, vagus nerve, cardio-autonomic) combined with obstructive
sleep apnea terms (eg, apnea, obstructive sleep, osahs, obstructive
sleep apnea, sleep apnea syndrome, sleep apnea hypopnea syndrome,
sleep apnea syndrome, obstructive syndrome, sleep apnea obstructive
syndrome, upper airway resistance sleep apnea, upper airway
resistance sleep apnea syndrome). There were no considerations
for date of publication, but the limitation for language was English,
Spanish and Portuguese because of lack available resources for
translation. The search outputs were managed using EndNote Web.

Data collection and analysis

Selection of studies

Two authors examined the reference lists of identified articles and
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selected independently the potentially relevant studies for full text
reading. At the full text reading phase, the reviewers also independently
evaluate the studies based on elegibility criteria of the population,
study design and outcomes. There was no disagrement between the
two authors at inclusion or exclusion of studies. Any disagrement
would be solved by a third reviewer. To be included in this review, the
studies had to evaluate HRV in children with obstructive sleep apnea
and compare them with healthy controls. The exclusion criteria were:

a. Cardiac measures without heart rate variability;

b. Performed research onunconscious participants (eg, anesthetized
children);

c. Recruited children had other pathological condition beyond
OSA; and

d. HRV measures were performed after an intervention. A flowchart
of the selection process is included as Figure 1.

Records excluded

Full-text articles excluded
due to absence of full text
avaiable and exclusion

criteria (n= 3)

Figure | Flowchart of study selection.

n, number.

Data extraction and managament

Publications reporting survey data at the same location and period
were carefully examined to avoid duplicate information. Data was
independently extracted from each article. The variables extracted
were: (a) country where the study was performed; (b) inclusion criteria
for OSA; (c) sample characteristics; (d) HRV measurement data. Data
extracted from the studies were presented at Tables 1&2. The first one
shows the variables extracted from the participants and the last one
demonstrates the type of HRV measurement and respective results.
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Assessment of risk of bias in included studies

The Newcastle-Ottawa Quality Assessment Scale for Cross-
sectional studies'® was used for bias assessment. This scale includes
three domains: selection, comparability and exposure. The assessment
strategy of cross-sectional studies relies on the number of stars at
each topic, so that selection can obtain 5(five) stars at maximum;
comparability, 2(two) stars; and outcome, 3(three) stars.
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Table | Evidence table for the included studies

Study Country Inclusion criteria Obstructive sleep apnea Controls
Number Age Gender Number Age Gender
Aljadeff . . . 4.5+2.2 47+19
et all USA Children with PSG findings of OSA 7 years 29,58 7 years 59,28
Children who underwent PSG for
Bahat;zav Israel suspected OSA due to adenoidal/ 10 >3 (3-8) 49, 63 10 35 (5-14) 69, 43
etal. . years years
tonsillar hypertrophy
RDI>2
Chaidas Children with snoring who underwent 7.5+3
et al.'z-l— Greece PSG H“ NA 139,31 < a years 55, 67
AHI of >| episode/hr
Kwok et China Children who underwent PSG for 40 10.15+3.63 NR 5| 9.59+2.96 NR
al.” suspected OSA years years
Liao et Children at previous cohort study IOSQ, 110+21
al.'®¥ UsA who underwent PSG 209 NA |046\ 450 months 234Q' 21 68
AHI of >| episode/hr
Nisbet . Children who underwent PSG AHI of 4.3+0.1
etal.' Australia >| episode/hr 68 NA 532, 153 38 years 319, )

Data are reported as mean+SD (range)
-I-Recruited patients allocated in two groups: OSA with moderate-to-severe hypoxemia (n=20; age 6.5+3.9; gender 6%, 14J) and OSA with mild hypoxemia
(n=24, age 7+2.8; gender 72, 173)

¥Recruited patients allocated in three groups: Mild SDB (n=159; age |12+19 months; gender 762, 83), Moderate SDB (n=7;age | 17+17 months; gender 62,
I2) and clinically diagnosed SDB (n=43; age 106+26 months; gender 239, 20)

-H-Recruited patients allocated in three groups, but at this review was only considered two groups: Mild OSA (n=39; age 4.6+0.1; gender 299, 10) and OSA
moderate-to-severe (n=29; age 4.2+0.2; gender 242, 57).The other group was excluded because the children had primary snoring.

Q, female; 7, male; AHI, apnea-hypopnea index; NA, not applicable; NR, not reported; OSA, obstructive sleep apnea; PSG, polysomnography; RDI, respiratory
disturbance index; SDB, sleep-disordered breathing

Table 2 Methods of HRV measurement and obstructive sleep apnea findings

Condition of

recording and Secondary

Study Derived HRVY measures outcomes (other HRYV and OSA findings
data length for . g
. measures) findings
analysis
Poincaré plots of children with OSA show
Aliadeff ECG during reduced next-interval variation following short and
et]al N sleep (time not Poincaré Plot NA intermediate R-R intervals but significantly enhanced
’ specified) variation following long intervals compared to
control group
260 seconds for . .
Baharav  each sleep stage  LF (0.02 -0.15 Hz), HF (0.2-0.5 Hz),  ABI and RDI were ;']'Z Iovr‘]’::o'lc’“r’zz'”;::noiﬁ j:“f’;:k";’z;‘:jsw'th
etal? (REMand non-  LF/HETF, LF/T, HF/T,ABI positively correlated group during P :
whereas the LF/T is higher
REM) and awake
. ECG during Poincare EIOt width Poincaré plot width is reduced in children with OSA
Chaidas ) . . was negatively related . ) )
1 sleep (time not Poincaré plot > and MS hypoxemia or mild hypoxemia than control
etal. A to respiratory arousal .
specified) ) subjects
index
Ln-transformed morning urine norepinephrine-to-creatinine ratio were higher in
children with OSA and moderate-to-severe hypoxemia than controls
SDNN, SDANN, RMSSD, pNN50,
Kwok et 60-min supine VLF (0.004-0.04 Hz), LF (0.04 -0.15 NA Mean pNN50 was lower in OSA group than non-
al.'s ECG awake Hz), HF (0.15-0.4 Hz), LF/HF, HF/T, OSA group

LF/TTF
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Table continue
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Condition of
recording and

Secondary

Study Derived HRV measures outcomes (other HRYV and OSA findings
data length for . g
. measures) findings
analysis
Liao et ECG during RMSSD, SDNN, Log-HF, Log-LF, LF/ NA SDB group had significantly lower HF, RMSSD, SDNN,
al.'s sleep (9 hours) HF and significantly higher LF/HF
HF and total power were higher in the MS OSA
group compared to the control group while LF/
HF were higher during all sleep stages. LF was not
Nisbet et ECG du.r'lng SDNN, RMSSD, LF (0.04 -0.15 Hz), Urinary cthecoIamlnes different betheen t.he groups at any sleep stage.
al 4 sleep (time not HF (0.15-0.4 Hz), Total power, LF/HF were not different SDNN was higher in the MS OSA group compared
’ specified) T ’ P ’ between groups to controls during REM sleep, while RMSSD was

higher MS OSA group compared to control during
NREM 1/2 and REM sleep. No group differences
between mean NN

ABI, autonomic balance sleep index; ECG, electrocardiography; HRYV, heart rate variability; HF, high frequency; HF/T, normalized value of high frequency; LF
low frequency; LF/HF, ratio of low frequency and high frequency; LF/T, normalized value of low frequency; MS, moderate to severe; NA, not applicable; OSA,
obstructive sleep apnea; RDI, respiratory disturbance index; REM, rapid eye movement; SDB, sleep-disordered breathing; TF, total frequency; VLF, very low

frequency

Table 3 Methodological quality of included studies determined using New-
Castle Ottawa scale

Study Selection Comparability Outcomes Total
Aljadeff et al." 2 | - 3
Baharav et al.”® 4 | - 5
Chaidas et al."? 2 2 - 4
Kwok et al.'® 5 | 2 8
Liao et al.' 4 2 - 6
Nisbet et al."* 5 2 - 7

Assessment strategy: selection (max. 5 stars), comparability (max. 2 stars) and
outcome (max. 3 stars); Range 0-10 stars

Results

Description of studies

First, the research identified a total of 2337 studies. Of this 2329,
272 studies were removed as duplicates and after the title and abstract
reading, 9 studies were selected, as shown at Figure 1. Then those 9
studies were critically evaluated and the final sample was 6 studies.
The reasons for exclusion were absence of full text and the absence
of control subjects.

Studies characteristics

From the literature research, six observational studies were
included, which represent a sample size of 378 children with
obstructive sleep apnea and 567 controls. Among the OSA children
and controls, the majority were male. The earliest study was from
1997" and the latest, 2014!> Table 1. Those studies were published
in different countries: Greece'?, Israel'®, Australia'¥, China'> and
USA.'"16 Of those selected studies, four'* !¢ analysed the heart rate
variability with linear methods (time and frequency) and two,'!
used a non-linear method (Poincaré Plot) of analysis Table 2. All
of them selected the eletrocardiogram for registered, but time of
recording varied: 260 seconds for each sleep stage, 60 minutes or not
determined. Five'121416 of them recorded HRV while the children

were asleep and one®® recorded also at supine position but they were
awake. Three studies'>* searched for secondary outcomes, such as
Ln-transformed morning urine norepinephrine-to-creatinine ratio for
nocturnal sympathetic output measurement and respiratory measures,
urinary catecolamines and respiratory disturbance index.

Heart rate variability parameters

HRV analysis comprehends linear and non-linear methods. The
linear methods are divided in two domains: time domain and frequency
domain. Variables of time domain provide information of time
distribution over R-R intervals and frequency domain about power
distribution.!” Non-linear methods of HRV analysis is less explored
than linear methods, but they can provide entropy information, which
is relevant in complex organisms. One study reported only frequency
domain measures, while three studies used both linear methods (time
and frequency). The last two studies used non-linear analysis.

Frequency domain variables

The most relevant frequency domain measures in our selected
studies were LF, HF and LF/HF ratio.

Low-frequency HRV

From the four selected studies,>'¢ that used the frequency
analysis, two reported the absolute and normalised values,'>!> one
reported only the absolute value' and the other showed Log values'®
Table 2. The results of normalised and absolute values show an
overall nonsignificant effect, neither in absolute value 635.3 (95%
CI-160.0 to 1430.3) or normalised value 0.0136 (95% CI-0.023 to
0.031)." For Log-values the results were the same: when adjusted
for other variables (sex, race, age, BMI percentile, porcentage of
REM sleep, snore status and sleep effiency), there was nonsignificant
effect comparing moderate SDB with no SDB or clinically diagnosed
SDB with no SDB.!¢ Corroborating for these results, Nisbet et al.,'*
demonstrate no diference between the groups during any sleep stage.
However, unlike the other studies, Baharav et al.,"* demonstrate an
enhanced variability in the LF absolute value and normalised value
observed in the OSA children in relation to controls subjects. Although
the LF power was higher in the OSA group compared with controls
for all states of measurement (sleep stages and awake), no statistical
results were shown.
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Figure 2 Summary of risk of bias assessment: author judgments of each item of New-Castle Ottawa scale for the included studies.

High-frequency HRV

Two studies'*" reported the absolute value and normalised value
Table 2. The results of both studies show an overall nonsignificant
effect between the groups, neither in absolute value 596.6 (95%
CI-107.7 to 1300.8) or normalised value 0.016 (95% CI-0.025 to
0.058),"° but one of them didn’t show numerical results."”* The only
significant result of HF power was observed in normalised values at
one study,'® where the HF/T were lower in the OSA group compared
with the control group during all sleep-wake states, but only if
compared during the awake state and REM sleep. When observed log-
values, Liao et al.,'® showed lower HF in moderate SDB (p=0.025)
and clinically diagnosed SDB (p=0.01) comparing to controls—while
Nisbet et al.,'* demonstrate higher HF and total power in the moderate
to severe OSA compared to control group.

Low-frequency to high-frequency ratio heart rate
variability

Four studies reported LF/HF ratio Table 2, but the results were
discrepant. While one study showed nonsignificant effect between
the groups -0.13 (95% CI-0.71 to 0.45)," one study' evidenced that
HF/LF were lower in moderate-to-severe group (0.4+0.05) compared
to the control (0.3+£0.06) during NREM 3/4 sleep, but nonsignificant
effect between other sleep stages. Yet, two other studies evidenced
that sympathovagal balance higher in the OSA group relative to the
controls. Baharav et al.,'> show diference while awake (Welch’s two
tailed t-test, p=0.005), slow wave sleep (p=0.035), during REM sleep
(p=0.018), while Liao et al.,'® demonstrate statistically diferences
between moderate SDB (p<0.01) and clinically diagnosed SDB
(p<0.0001) comparing to control group.

Time domain variables

Three studies showed time domain of heart rate variability
measurement. RMSSD and pNN50 are variables that represent
parasympathetic activity, because they analyze the adjacent R-R
intervals while SDNN and SDANN can be obtained by long duration
registers and represent both activity of sympathetic and vagal inputs.'
Kwok et al.,'s showed nonsignificant results from SDNN 14.4 (95%

CI-5.6 to 34.5), SDANN 6.6 (95% CI-4.8 to 18.0) or RMSSD 14.7
(95% CI-1.7 to 31.1); however, mean pNN50 was lower in OSA
group than controls 8.6 (95% CI 1.0 to 16.1). Similarly, Liao et
al.,'s demonstrate that RMSSD and SDNN were lower in clinically
diagnosed SDB when compared with the control group (p=0.01 and
p=0.04, respectively), although there were no significant results
between moderate SDB group with controls. Surprisingly, another
study' reveals opposite results -SDNN was higher in the MS OSA
group compared to controls during REM sleep as RMSSD was also
higher during REM sleep and NREM 1/2. Nonsignificant results were
found between groups at mean NN.

Non-linear method: poincaré plot

The Poincaré Plot is a scattergram of the R-R interval variability
and represents the dynamic of HRV."*"® Two studies'!? used
Poincaré Plot for HRV analysis and showed discrepant results. One
study demonstrates that children with OSA and moderate-to-severe
hypoxemia (318.7+£139.3 ms) had significantly narrower plots than
control subjects (482.2+104.4 ms).!"? The other described that Poincaré
plots of children with OSA tended to show greater next-interval
dispersion following long R-R intervals (slow heart rates) than did
those of control children."

Secondary outcomes

Respiratory outcomes were expected because of the intrinsec
relationship between HRV measures and respiratory frequency.
HRV can be modulated by the respiratory cycle, a fenomenon called
as respiratory sinus arrhythmia—RSA." Nevertheless, RSA can be
demonstrated during obstructive sleep apnea episodes, which suggests
that respiration modulates HR not only in physiological conditions,
but also during obstructed breathing.”® Yet, a recent study also tried
to use HRV and RSA as a diagnostic tool in adult patients with
obstructive sleep apnea, but they couldn’t isolate the effect of sleep
apnea exclusively in RSA.?! At this review, two studies also reported
respiratory measures, still one only demonstrated the respiratory
disturbance index (RDI) as the other indicated the respiratory arousal
index. Baharav et al.,'”® presented a positive correlation between ABI
and RDI (Spearman rank correlation: r=0.8182, two tailed t-test:
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p=0.0058; with exclusion of the outlier, the correlation was: r=0.8333
and p=0.0083). Furthermore, Chaidas et al.,'”> showed as well a
negatively correlation between Poincaré plot and respiratory arousal
index (r=-0.29; P= 0.03).

Other findings

Although a sympathetic measure as norepinephrine-to-creatinine
ratio wasn’t an expected outcome, to isolate the sympathetic effect
is an interesting resource when the intention is to evaluate the
modulation of the autonomic nervous system and its dysautonomia.
That said, one study'? for nocturnal sympathetic output measurement
collected a urine specimen in the morning for Ln-transformed
morning urine norepinephrine-to-creatinine ratio analysis. The
findings were that children with OSA had higher norepinephrine
concentrations than controls subjects. Mean Ln-transformed morning
urine norepinephrine-to-creatinine ratios were 4.5+0.6 in OSA with
moderate-to-severe hypoxemia, 4.2+0.6 in OSA with mild hypoxemia
and 3.8+0.4 in controls subjects. Yet, mean urine norepinephrine-to-
creatinine ratios were 106.9+84.7 in OSA with moderate-to-severe
hypoxemia, 80.9+48.3 in OSA with mild hypoxemia and 47.9+19.9
ng/mg in controls subjects. Another study also investigated the urinary
cathecolamines, but there was no difference between OSA and control
groups.'*

Discussion

This study goal was to investigate whether OSA children have
autonomic impairment evaluated by HRV analysis, including
linear and non-linear methods. In adults, OSA and cardiovascular
diseases have similar risk factors, but OSA is also associated with
cardiovascular morbidity and mortality, being a predisposing
factor for cardiovascular pathologies independently of individual’s
demographic characteristics or risk markers.® Yet, in children, there’s
no evidence of augmented for cardiovascular mortality, but OSA
diagnosis is also accompanied of cardiovascular comorbidities.>*
In our review, we evidence that children with OSA may also present
a diminished vagal tone and higher sympathetic responsiveness,
which represents a sympathetic-parasympathetic imbalance. Another
metanalysis using HRV spectral analysis tried to address this
question.® This metanalysis included four studies which represent a
sample size of 518 control children and 272 chidren with OSA, and
evidenced a possible dysautomia in those OSA children. An important
highlight is sympathetic predominance was present especially during
NREM stage 4 of sleep, but a diminished sympathetic activity was
evidenced in day time. Authors suggested that perhaps OSA in
children has a short-term effect, which differs from adult patients.®
Besides HRV assessment, a few studies also included a sympathetic
index based on urine samples from OSA children and controls.'>!
This measure helps to identify sympathetic component isolate from
parasympathetic influences, and can be used to assess sympathetic
predominance in children. Yet, another study involving children
with intermittent upper airway obstruction monitored morning urine
norepinephrine and epinephrine and reveals higher sympathetic tone
in those patients, which indicates that hypoxemia during sleep may
implicate in sympathetic responsiveness.?

The strengths of this systematic review include sample size
number, the use of strict methodological inclusion criteria, a quality
assessment of included studies and consistent results. Sample size
is an important element when minor participants are involved in
research due to difficulties in recruitment and also data collection.
Although a large sample size number, this review failed to unravel
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posible autonomic dysautomia or cardiovascular associated risk
in those children due to discrepant results. Moreover, these results
may be related to the age of children participants ranging of 3 to
13 years. Methodological discrepancies between studies are also a
limiting factor since data length and condition of recording. These
discrepancies can affect the accuracy of HRV analysis* and mainly,
the comparison of their results. Long 24-hour data collection includes
metabolism and circadian cycle effects over HRV assessment and it’s
considered a “golden standard”.” In summary, autonomic impairment
is evidenced in children with obstructive sleep apnea, which can be
associated with cardiovascular risk when adults. The mechanisms
underlying the sympathovagal imbalance remains unclear, although
hypoxia and hypercapnia derived from apnea episodes definitely play
a role in physiopathology of OSA. Cathecolamines investigation is
also a great measure to determine an increased sympathetic drive
and responsiveness, and contributes for autonomic findings. Due to
some discrepant results, more studies should be done to confirm this
hypothesis. The difficulty of children recruitment is an important
barrier for those studies, but autonomic tests involving respiratory
maneuvers could be used to evaluate such patients. Thus, HRV
analysis can be used as a risk marker or for therapeutic follow-up.
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