
CLINICAL RESEARCH ARTICLE

Blood pressure variability in children with obesity and sleep-
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Obese youth with sleep-disordered breathing are treated with positive airway pressure to improve sleep and cardiovascular status.
While improvements in sleep parameters have been confirmed, a study by Katz et al. showed no major improvement in ambulatory
blood pressure. The aim of this ancillary study was to analyze short-term blood pressure variability, following positive airway
pressure treatment, as a more sensitive marker of cardiovascular health. We analyzed 24-h blood pressure variability data in 17
children, taken at baseline and after 12 months of treatment. These data were derived from an already published prospective,
multicenter cohort study conducted in 27 youth (8–16 years) with obesity who were prescribed 1-year of positive airway pressure
for moderate–severe sleep-disordered breathing. Significant decreases were found in 24 h systolic blood pressure (p= 0.040) and
nighttime diastolic blood pressure (p= 0.041) average real variability, and diastolic blood pressure (p= 0.035) weighted standard
deviation. Significant decreases were noted in nighttime diastolic blood pressure time rate variability (p= 0.007). Positive airway
pressure treatment resulted in a significant decrease in blood pressure variability, suggesting a clinically significant improvement of
sympathetic nerve activity in youth with obesity and sleep-disordered breathing.

Pediatric Research (2022) 92:810–815; https://doi.org/10.1038/s41390-021-01841-8
IMPACT:

● Cardiovascular variability, as measured by blood pressure variability, is improved in children following positive airway pressure
treatment.

● Our novel findings of improved blood pressure time rate variability are the first described in the pediatric literature.
● Future studies aimed at analyzing target organ damage in this patient population will allow for a better understanding as to

whether alterations in blood pressure variability translate to decreasing target organ damage in children, as seen in adults.

INTRODUCTION
Children and adolescents with obesity and sleep-disordered breath-
ing (SDB) have increased activity of the sympathetic nervous system
(SNS).1 Clinical manifestations of SNS activation include nighttime
hypertension and absence of nocturnal blood pressure (BP) dip with
eventual development of daytime or 24-h hypertension.2 It is known
that positive airway pressure (PAP) treatment can improve SDB, with
an expected effect on cardiovascular risk. Improvement in metabolic
disturbances with PAP treatment have been demonstrated by Katz
et al.;3 however, the only clinically significant effect on BP was a
decrease in the systolic BP (SBP) load after 12 months of PAP
treatment.

More sensitive markers of SNS activity include elevated BP
variability (BPV) and altered heart rate variability (HRV).4–6 HRV was
recently analyzed by Kirk et al.,7 who evaluated the effect of PAP
treatment on adolescents with obesity and SDB using electro-
cardiogram tracings obtained during polysomnography. Measure-
ments of HRV included the standard deviation of the N–N interval,
the low frequency (LF) and high frequency (HF) power, and the LF/
HF ratio, which are conventional measures of HRV.7 A reduction in
HR and an improvement in HR variability to arousal events were
observed in these children with obesity following 12 months of
PAP treatment. Kirk et al. analyzed beat-to-beat variability, which
is considered very short-term variability.
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Increased BPV is observed in patients with SDB.2 BPV assessment
methods include average real variability,4 standard deviation,8

weighted SD, and time rate variability.9 In contrast to beat-to-beat
variability assessing very short-term variability, methods analyzing
short-term variability can be obtained from ambulatory 24-h BP
monitoring (ABPM). ABPM is relatively easy to perform and is part of
routine assessment of hypertensive children with obesity and SDB. It
also allows for a longer recording period (24 h for ABPM versus ~8 h
of cardiovascular recordings during polysomnography).
The objective of our study was to determine if children with

obesity and SDB showed clinically meaningful improvements in
short-term BPV 12 months following prescribed PAP treatment, as
surrogates of decreasing SNS and cardiovascular risk. Additionally,
we assessed HRV using non-conventional methods (i.e., ABPM) as
an exploratory analysis. Lastly, we evaluated correlations between
BPV, exploratory HRV, and sleep parameters.

METHODS
This study was an ancillary, sub-analysis of a larger, recently published
multicentre, prospective cohort study, which aimed to evaluate the effects of
PAP treatment on BP and metabolic markers of obesity-related disease in
children with obesity and SDB.3 The data from the original study were
reanalyzed, focusing on ABPM measurements to derive variability measures.
Methodology for this larger study has been previously reported.3

Briefly, youth aged 8–16 years, with obesity and moderate–severe SDB
(obstructive sleep apnea or obesity hypoventilation, diagnosed on
polysomnography), and who had been prescribed PAP, were recruited
from four tertiary centers in Canada. Most children had not undergone
adenotonsillectomy. This study was undertaken between June 2011 and
July 2014. Youth in this study were followed for 1 year. For the purposes of
our study, we evaluated outcomes at two time points: baseline and 12-
month follow-up. Exclusion criteria included craniofacial abnormalities,
central nervous system lesions; neuromuscular, neurological, or genetic
syndromes; congenital cardiac disease or ventricular dysfunction; chronic
respiratory conditions (aside from asthma); use of corticosteroids within
the past 3 months; regular compliant use of PAP; use of sleep medications;
and/or known diabetes (either type 1 or 2).
SDB, including OSA and/or obesity hypoventilation, was confirmed in

this patient population prior to study enrollment using overnight
laboratory diagnostic polysomnograms which were performed and scored
by sleep technologists, according to the American Academy of Sleep
Medicine guidelines.10 SDB was classified as moderate (apnea–hypopnea
index (AHI) of 5–9.9 events/h) or severe (AHI of ≥10 events/h).3 These
criteria were decided on by a consensus group comprising pan-Canadian
pediatric sleep medicine experts. Obesity hypoventilation was defined as
CO2 > 50mmHg for >25% of total sleep time events/h. Because some
patients had obesity hypoventilation, not all had elevated obstructive
apnea–hypopnea index (OAHI). Height and weight were collected on the
night of the polysomnography. Following SDB diagnosis, children were
prescribed PAP therapy by their treating physician.
Within 3 months of the polysomnography, all participants underwent

24-h ABPM monitoring. For this study, we focused exclusively on the
analysis of short-term BPV and the exploratory analysis of HRV, using
unique methods deriving variability measures from ABPM. ABPM
measurements were recorded on a portable electronic device (Spacelabs
monitor Model # 90207- IQ, Spacelabs Healthcare, Issaquah, Washington,
United States) worn by participants. BP measurements were obtained from
the right arm, using an appropriate-sized cuff, every 15min until midnight,
every 30min from midnight until 6:00 am and then every 15min
thereafter, over a 24-h sampling period. All ABPM recordings were
converted into.csv files (raw data) for further analysis. All recorded BP and
HR readings were analyzed for three separate intervals: 24-h, daytime, and
nighttime periods separately. In addition, as per ABPM guidelines, the
interval from 8.00 AM to 8.00 PM was considered daytime, and the interval
from midnight to 6.00 AM was considered nighttime.11 The time interval
between 8.00 PM and midnight was not included in the daytime or
nighttime analysis; however, when analyzing the 24-h component, all BP
readings at all time intervals were included. This is an accepted, published
protocol for assessment of ABPM. HR is expressed in beats per minute
(bpm) and BP is expressed in millimeters of mercury (mmHg).
Adherence to PAP treatment was regularly assessed by participants’ PAP

usage diaries, self-reporting at clinic visits, and corroborated with downloaded

information from PAP machines’ internal data-loggers. PAP adherence was
defined as use of PAP therapy for an average of ≥ 4 h/night and >50% of
nights. In line with our previous study,3 adherence status was determined at
the 6-month mark. While we categorized some youth as non-adherent if they
did not meet these stringent criteria, we opted to include all youth in our
analysis as all of the patients reported some use of PAP.
At the 1-year follow-up visit, children underwent polysomnography and

ABPM recording again for comparison to baseline. This was done on two
separate nights as ABPM recording may interrupt the participant’s sleep,
and thus affect polysomnography indices. Children wore PAP during the
follow-up polysomnography and ABPM recordings; however, PAP was not
worn during the baseline polysomnography or ABPM assessment.

Outcome measures
For assessment of BPV and HRV, we used four different methods, derived
from data obtained solely from ABPM:

1. Average real variability (ARV): average of absolute changes between
consecutive HR or BP readings.4

2. Standard deviation (SD): standard deviation of HR or BP readings.
3. Weighted SD (wSD): mean of day and night SD values for HR or BP

readings, corrected for the number of hours included in each of
these subperiods.8

4. Time rate variability (TRV): Given a number of recordings N, of BP,
across a 24-h window (unless subdivided into daytime or nighttime),
we calculated the N−1 values for the rate of BP change at N−1 time
points. Thereafter, using an algorithm published by Zakopoulos
et al.,9 we described the magnitude of BP increases/decreases with a
time component. We used the mean of the absolute rate of BP
change during the whole 24-h period, and we therefore refer to the
24-h rate of BP change in mmHg/min.9

While ARV and weighted SD are well established markers of short-term
BPV, TRV is a relatively new and under-investigated marker. ARV estimates
the variability by analyzing the difference between consecutive readings
irrespective of time, whereas TRV adds in the time factor. High BP TRV is
considered an independent risk factor for cardiovascular disease in adults;9

however, to the best of our knowledge, TRV has not been assessed in
children.
Conventional measures12 of HRV allow for a variety of assessments,

including the fast-changing component (HF, 0.15–0.4 Hz), which reflects
parasympathetic activity. Contrast this to the slow-changing component
(LF, 0.04–0.15 Hz), which represents both the sympathetic and parasympa-
thetic activities. When combined into a ratio, the LF/HF, it represents the
sympatho-vagal balance. When using our non-conventional methods, we
are not able to differentiate these components, which means at this time,
they are non-comparable to conventional methods. Conventional methods
of HRV analysis were not employed in this study.

Statistical analysis
All variables were tested for normal distribution using Shapiro–Wilk normality
testing. As some parameters were not normally distributed, we opted to
present all data as medians (ranges) for better comparability. Differences in
BPV and HRV parameters before and after PAP treatment were analyzed using
paired Wilcoxon tests. Additionally, relationships between changes in HRV/BPV
and sleep parameters (including AHI, OAHI), lowest O2 saturation, sleep
efficiency, arousal index, and obstructive apnea, and obstructive hypopnea
events were assessed using correlation analysis.
In addition to null hypothesis significance testing, we used estimation

statistics. These analyses focused on the magnitude of the effect size, and its
precision. We used permutation testing with 1000 resampling events, and
bootstrapping with bias-corrected accelerated confidence intervals.13, 14 Effect
size of the difference between variables was assessed using bias-corrected
accelerated Cohen d, allowing us to compare effect sizes of all the variables
regardless of their distribution.13 Thresholds for Cohen d effect size include 0.2
(small effect), 0.5 (medium effect). and 0.8 (large effect). All statistical analyses
were done with R version 1.1.456, Python version 3.8.3, and the Dabest
package version 0.3.1.13 P values <0.05 were considered statistically significant.

RESULTS
Of the 27 children enrolled in this study,3 17 had ABPM done at
baseline and after 1 year of treatment with PAP. Two out of 17
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children did not have a complete nighttime ABPM record, and
therefore their nighttime period could not be analyzed. Demo-
graphics are shown in Table 1.
The median age was 13.9 (8.0–17.0) at baseline and 15.6

(9.2–18.3) years at follow-up. Median baseline BMI was 37.3 kg/m2

(median Z-score 2.6 (1.9–3.0)) and increased to 40.2 kg/m2

(median Z-score 2.7 (1.5–3.1)) after 1 year. Twelve out of the 17

patients had an increase in BMI over the 1-year period. Sleep
parameters are also outlined in Table 1. We noted a decrease in
the arousal index, the AHI, and the OAHI (all in events/h), while
there was an increase in the lowest O2 saturation (%). Sleep
efficiency (%) was unchanged following PAP treatment. Five out of
17 children were non-adherent to PAP treatment according to our
stringent cut-offs; however, according to the self-reported
measures and PAP downloads, “non-adherent” participants
reported some usage on 10, 80, 97.5, and 100% of nights. Most
children would report inability to wear PAP for the full night,
necessitating removal before reaching 4 h.
The HR, BP, and variability results are shown in Tables 2 and 3.

Regarding the BP Z-scores, we observed no significant change in
daytime or nighttime systolic or diastolic BP Z-scores between
baseline and 12 months, as previously reported.3 We however did
observe decreases in 24 h SBP ARV following PAP treatment
(paired mean difference=−1.43 (95% CI=−2.48, −0.39); Wil-
coxon p= 0.04; permutation p= 0.02; Cohen d= 0.85). No
difference in 24 h DBP ARV was detected; however, the DBP
weighted SD improved (Table 2). Daytime SBP ARV showed a
decrease (Table 2) with medium-to-large effect size (Cohen d=
0.65). There were no notable differences in nighttime ARV, except
for nighttime DBP ARV (Table 2). In contrast, the nighttime DBP
TRV decreased by a paired mean difference of −0.17 (95% CI
−0.27, −0.07) (Wilcoxon p= 0.007; permutation p= 0.007; Cohen
d= 0.80) (Table 3); only 3 of 15 children had increases in nighttime
DBP TRV (Fig. 1). Here again, these three children were reportedly
adherent to PAP treatment.

Table 1. Characteristics of the cohort at baseline and follow-up (N=
17).

Baseline median
(range)

Follow-up,
median (range)

Age (years) 13.9 (8.0–17.0) 15.6 (9.2–18.3)

Height (cm) 165.2 (143.0–182.9) 171.0 (151.4–190.0)

Weight (kg) 114.2 (53.1–151.3) 117.0 (62.2–167.1)

BMI (kg/m2) 37.3 (26.0–61.2) 40.2 (27.1–56.9)

BMI Z-score 2.6 (1.9–3.0) 2.7 (1.5–3.1)

Apnea–Hypopnea Indexa 17 (5–158) 2.0 (0.5–9)

Obstructive
Apnea–Hypopnea Indexa

17 (0–158) 0.5 (0–9)

Lowest O2 saturation (%) 84 (50–94) 90 (84–94)

Sleep efficiency (%) 86 (60–97) 89 (76–98)

Arousal Indexa 19 (5–38) 8 (4–26)
aApnea–Hypopnea Index, obstructive apnea/hypopnea index, and arousal
index in events/hour.

Table 2. Absolute heart rate, and blood pressure, and variability before and after positive airway pressure treatment.

Parameter Before treatment After treatment P Perm. P Cohens d

Absolute

24 h HR 86 (64–103) 87 (64–99) 0.611 0.476 0.08

HR day 91 (68–104) 89 (69–102) 0.378 0.386 0.15

HR night 82 (53–96) 76 (52–98) 0.048 0.046 0.30

SBP day Z 0.25 (−1.91 to 2.02) 0.01 (−1.89 to 2.95) 0.638 0.533 0.10

SBP night Z 1.22 (−1.45 to 4.29) 1.06 (−0.97 to 4.65) 0.678 0.956 0.00

DBP day Z −1.16 (−2.87 to 0.97) −1.12 (2.10 to 1.28) 0.599 0.495 0.16

DBP night Z 0.23 (−1.92 to 1.59) −0.01 (1.74 to 1.93) 0.934 0.758 0.06

24 h ARV

SBP 11.1 (8.1–12.7) 9.6 (5.6–13.8) 0.040 0.022 0.85

DBP 10.7 (8.3–15.2) 10.0 (7.6–12.8) 0.064 0.098 0.48

HR 12.3 (5.7–17.1) 7.9 (4.8–14.6) 0.001 0.002 0.82

Daytime ARV

SBP 11.5 (6.3–11.3) 9.7 (5.7–18.6) 0.079 0.042 0.65

DBP 9.5 (7.3–23.7) 9.9 (5.9–16.7) 0.051 0.174 0.41

HR 10.0 (5.0–28.3) 7.7 (4.7–15.4) 0.045 0.025 0.68

Nighttime ARV

SBP 10.9 (4.5–24.0) 9.4 (3.3–14.8) 0.600 0.311 0.41

DBP 11.2 (5.3–27.4) 8.0 (4.5–18.4) 0.041 0.055 0.41

HR 10 (2.5–20.2) 6.9 (4.2–16.8) 0.640 0.400 0.28

Weighted SD

SBP 11.1 (8.4–17.4) 11.1 (5.1–14.1) 0.252 0.170 0.47

DBP 10.5 (8.3–18.9) 9.9 (6.2–12.2) 0.035 0.029 0.70

HR 11.1 (5.7–26.5) 10.2 (5.4–20.8) 0.389 0.277 0.37

Data are shown as median (range); before and after treatment comparisons were made using Wilcoxon paired tests.
Bold values indicate statistical significance p < 0.05.
HR in beats per minute, and SBP and DBP in mmHg. Perm.
p refers to permutation p value. Z refers to Z-score.
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The non-weighted SD did not show meaningful differences
(data not shown). None of the changes in HRV or BPV correlated
with change in BMI over time.
Differences in Cohen d effect sizes are summarized in Fig. 2.

Twenty-four-hour SBP and HR ARV were associated with a large
effect size (Cohen d > 0.8). Medium-to-large effect sizes were
noted for nighttime DBP TRV (0.8), nighttime SBP TRV (0.76),
nighttime HR TRV (0.70), DBP weighted SD (0.70), daytime HR ARV
(0.68), daytime SBP ARV (0.65), and 24 h HR TRV (0.57).
Clinically relevant sleep parameters at baseline and after 12 months

of PAP treatment are summarized in Table 1. Additionally, we
analyzed correlations between the change in variability (delta
variability) and the change in some sleep parameters (delta sleep
parameters). While some sleep variables seemed to correlate with BPV
on initial analysis, we noted the significant influence of outliers. The
only significant correlation was between arousal index at nighttime
and the change in SBP TRV (r= 0.76).

The HRV analysis was considered exploratory. Regarding the HR
and HRV, the median HR did not change significantly between
baseline and 12 months after PAP treatment (Table 2). However, the
median nighttime HR did decrease significantly (p= 0.048; permuta-
tion p= 0.046; Cohen d= 0.30) (Table 2). Furthermore, the 24 h HR
ARV also decreased following PAP treatment (paired mean difference
=−2.38 (95% CI=−4.07, −1.26); Wilcoxon p= 0.001; permutation p
= 0.002; Cohen d= 0.82). Two of 17 children, both reportedly
adherent to PAP treatment, had increases in 24 h HR ARV after 1
year. Daytime HR ARV showed a decrease (Table 2), with medium-to-
large effect size (Cohen d= 0.68). Nighttime HR TRV decreased
(paired mean difference −0.15 (95% CI −0.24, −0.05); Wilcoxon p=
0.03; permutation p= 0.01; Cohen d= 0.70) (Table 3).

DISCUSSION
We observed improvements in short-term BPV parameters over
24-h, day, and night periods, 1 year after PAP treatment in children
with obesity and SDB. This was most notable in 24-h SBP ARV and
nighttime DBP TRV. Our results suggest a decrease in sympathetic
activity with PAP treatment, despite an increase in BMI in 12 of 17
children. An exploratory analysis of HRV using non-conventional
techniques revealed a notable, but clinically unclear difference in
24-h HR ARV and nighttime HR TRV following the 12 months of
PAP treatment.
Data on the effect of PAP on short-term BPV are limited in children.

We believe our study is one of the first to show differences in ABPM-
derived BPV following PAP treatment and to the best of our
knowledge, this analysis represents the first time that TRV was
analyzed in children. We observed significant improvements related
to 24-h SBP ARV, daytime SBP ARV (based on Cohen’s d), and DBP
weighted SD. With respect to TRV, the benefits of PAP treatment were
most apparent for nighttime DBP (Fig. 1). Change in SBP TRV at night
was not statistically significant using Wilcoxon testing and was
borderline using permutation testing (p= 0.06) but had a near-large
effect size (Cohen’s d= 0.76), suggesting a possibly meaningful
difference not apparent using point-estimate significance testing. The
daytime SBP was also improved with PAP therapy (Table 2). Our
results therefore suggest a clinically significant, positive effect of PAP
treatment on sympathetic activity in children with obesity and SDB.
It is well described that OSA can lead to autonomic dysregula-

tion.15 The combination of apneas, hypoxia, and hypercapnia

Table 3. Blood pressure and heart rate time rate variability, before and after positive airway pressure treatment.

Time rate variability

Parameter Before treatment After treatment P Perm. p Cohens d

24 h

SBP 0.57 (0.29–1.14) 0.45 (0.22–1.3) 0.21 0.20 0.26

DBP 0.53 (0.26–0.82) 0.49 (0.20–1.20) 0.75 0.71 0.08

HR 0.49 (0.25–0.89) 0.44 (0.21–0.98) 0.07 0.07 0.57

Day

SBP 0.61 (0.30–0.86) 0.51 (0.26–1.81) 0.96 0.74 0.13

DBP 0.47 (0.23–0.95) 0.52 (0.28–1.65) 0.93 0.61 0.13

HR 0.52 (0.18–1.43) 0.41 (0.19–1.51) 0.35 0.17 0.38

Night

SBP 0.43 (0.06–0.82) 0.23 (0.05–0.67) 0.11 0.06 0.76

DBP 0.37 (0.15–0.99) 0.21 (0.07–0.75) 0.007 0.007 0.80

HR 0.37 (0.03–0.87) 0.19 (0.07–0.64) 0.03 0.01 0.70

Data are shown as median (range); before and after treatment comparisons were made using Wilcoxon paired tests.
Bold values indicate statistical significance p < 0.05.
HR in beats per minute, and SBP and DBP in mmHg. Perm.
p refers to permutation p value.
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leads to dysregulation of the autonomic system, favoring
increased sympathetic activity, and decreased parasympathetic
activity.16 Very short-term variability was analyzed by Shi et al.17

who observed an increase in nighttime systolic and 24-h diastolic
BPV in already hypertensive adults with OSA. This was also seen
for very short-term BPV, where increased variability was related to
the severity of OSA.18 Ke et al.19 showed that adults newly
diagnosed with OSA had higher 24-h SBP SD compared to those
without, and this was linked to an increased prevalence of
cardiovascular disease. Lastly, El Mokadem et al.20 reviewed 100
adults with controlled hypertension for markers of BPV, including
SD, ARV, and coefficient of variance. Those with evidence of target
organ damage (TOD) had increased markers of BPV. In pediatric
patients, a recent study by Wang et al.21 revealed that higher SD
or ARV of BP was independently associated with a higher
probability of high BP in a large Chinese pediatric cohort.
Of clinical interest, the results of our study may be in line with

the results seen in adult studies by Zakopoulos et al. looking
specifically at TOD and TRV. The absolute differences in 24 h SBP
and DBP TRV before and after PAP treatment in our cohort were
0.12 and 0.04 mmHg/min, respectively, which is very similar to the
adult studies discussed.9, 22, 23 Our observed differences in TRV of
this magnitude could have a significant impact on vascular
stiffness as documented by Zakopoulos et al.,9 who showed that a
0.1 mmHg/min increase in 24 h SBP TRV was associated with a
0.029mm increase in carotid intima-media thickness (CIMT).
Zakopoulos et al.23 also showed that an increase in daytime SBP
TRV was associated with a concomitant increase in the left
ventricular mass (LVM) by 7.087 g. Our results showed decreases
of daytime SBP and DBP TRV of 0.10 and 0.05 mmHg/min. We
therefore believe that our results are clinically significant, and
hypothesize that the decrease in TRV may have a positive impact
on LVM and CIMT in our patients and may lead to a decreased risk
of TOD, as seen in these adult studies.9, 22, 23

To date, no studies have compared our ABPM-derived variability
measures with conventional measures of variability, at least to the
best of our knowledge. While specifically discussing HRV, the
conventional measurements of analysis can be broken down into
the HF and LF components, as well as their ratio, LF/HF.12

Additionally, the time scales are of importance when looking at
conventional methods of HRV, specifically the short-term versus
long-term, where long-term looks at measures derived from 24-h
recordings and includes the SDNN (standard deviation of all R–R
intervals) and SDANN (mean of the standard deviations of all R–R

intervals for all 5-min segments).24 It is therefore clear that the
time scale is of significant importance when referring to
conventional measures of HRV. However, the time scale used for
our ABPM approach (minutes) is not comparable with the time
scale used for these conventional measurements (seconds). When
using non-conventional methods (ABPM), one is also unable to
separate the sympathetic from the parasympathetic components.
Regarding ABPM-derived HRV in the literature, in adults with type
2 diabetes, increased ABPM-derived HRV during sleep was
associated with increased cardiovascular disease risk.25 On the
contrary, pediatric literature showed that decreased HRV was
found in hypertensive patients compared to non-hypertensive
patients.26 It is therefore not clear in the literature how to compare
conventional methods of HRV analysis with ABPM-derived HRV.
The impact of PAP treatment on very short-term, conventional HRV

was investigated in our recent multicenter, prospective primary
study.7 An absolute decrease in HR was observed following PAP
treatment; however, using the parameters HF and LF, and their ratio,
there was no observed improvement in very short-term variability.
Our current analysis corroborated the finding of improved absolute
HR with PAP treatment and went on to show a change in the HRV
using non-conventional parameters (ABPM derived). The interpreta-
tion of these findings is challenging as there are no studies comparing
conventional methods of HRV analysis with our exploratory approach.
Importantly, Kirk et al.7 evaluated only very short-term variability
(conventional), limited to an 8-h observation during polysomnogra-
phy whereas we analyzed a 24-h time window. It is therefore possible
that using non-conventional, but more protracted testing using
ABPM, may allow for meaningful interpretation as it pertains to HRV;
however, given that we have no comparison to conventional
methods of HRV analysis, we are unable to draw conclusions at
this time.
Lastly, there were observed differences in sleep parameters

before and after PAP treatment. In this study, we confirmed that
only one change in variability (nighttime SBP TRV) correlated with
changes in arousal index, as outlined in the “Results” section. This
is not surprising, as arousal events are associated with SNS
activation in children,27 and this would account for an increasing
SBP TRV with increasing arousal events. As the focus of this
analysis was on BPV, we refer readers to the previously published
material3, 7 for full details on sleep parameter analyses.
Our study has several limitations. Specifically, having echocar-

diographic and CIMT data would have allowed us to draw a more
robust conclusion as to whether PAP treatment improved TOD.
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We are also aware that our study has a small number of enrolled
patients limiting generalizability; however, we confirmed our
results using both null hypothesis significance testing and
estimation statistics with bootstrapping. Approximately 30% of
the children enrolled reported non-adherence to our stringent
criteria, thus limiting our ability to assess the true effect of PAP
treatment; however, this is more in keeping with a real-world
scenario, where patients are not always adherent to treatment.
Also, because we used a binary measure of adherence, we were
unable to assess whether there was a continuous relationship
between hours of PAP use and changes in BPV and HRV. Lastly, we
are unable to account for the possible impact of PAP treatment on
the night of the second ABPM taken at the 12-month mark, in
addition to the expected positive effect of the preceding
12 months of treatment. Strengths of our study include analysis
of novel BPV, and exploratory HRV parameters from raw ABPM
recordings, and the use of estimation statistical analyses.
In conclusion, we observed significant improvements in BP

short-term variability with PAP treatment in children with SDB and
obesity. Our novel findings suggest PAP treatment can improve
BPV in obese children with SDB, despite an increase in BMI.
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