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A B S T R A C T

Obstructive sleep apnea (OSA) in children is associated with cardiovascular risk, but its impact on sleep blood 
pressure (BP) remains incompletely understood.
Objective: To assess the association between the severity of OSA, stratified by the obstructive apnea-hypopnea 
index (OAHI), and altered sleep BP patterns, specifically the non-dipping pattern (NDP), using ambulatory 24-
h BP monitoring (ABPM).
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Methods: The Kids-Trial is a multicenter observational trial (NCT03696654) conducted in Spain, including 
children with suspected OSA that underwent polysomnography for its diagnosis. To estimate the impact of OAHI 
on the risk of NDP, a multivariable logistic regression model was constructed and odds ratio (OR) was calculated. 
Results: A total of 267 children were included (median age of 6 years and 42.7 % girls). When BP was assessed 
through z-score, significant positive trends were observed according to OSA severity in 24-h mean BP, 24-h 
systolic BP, sleep mean BP, sleep systolic BP, sleep diastolic BP, and NDP. A negative trend was observed for 
the drop in sleep mean BP. The adjusted model showed that severe OSA was independently associated with a 
reduced drop in mean BP (− 3.68 (− 6.9; − 0.47); p = 0.026). Adjusted multivariable analysis of NDP showed an 
increased but not significant risk of NDP in severe OSA vs. non-OSA (OR = 2.76 (0.92, 8.30)).
Conclusion: Severe pediatric OSA was independently associated with disrupted nocturnal BP regulation, including 
a reduced BP dipping. These findings underscore the importance of ABPM in pediatric sleep evaluations. 
Clinical trial registration: clinicaltrials.gov NCT03696654.

1. Introduction

Obstructive sleep apnea (OSA) is characterized by repetitive episodes 
of upper airway obstruction during sleep which are associated with 
blood pressure (BP) rises due to enhanced sympathetic activation [1,2]. 
Pediatric OSA offers important advantages for study, as children are 
generally free of cardiovascular (CV) risk factors and its consequences 
may be reversible. Moreover, adenotonsillectomy is the most effective 
treatment for pediatric OSA, with efficacy that does not depend on pa-
tient adherence [3].

The CV risk associated with OSA in children has been extensively 
studied [4] with the strongest evidence associating OSA with BP rises. 
Persistent OSA in children is associated with an increased risk of future 
hypertension [5–7] and future coronary heart disease in adulthood [8]. 
Increases in both systolic (SBP) and diastolic (DBP) BP and BP variability 
have been reported [9] and tend to persist at follow-up [10,11]. 
Nighttime BP levels and non-dipping pattern (NDP) are considered CV 
risk factors, as they both were independently associated with the total 
future CV event rate [12]. Nevertheless, it is still controversial whether 
reduced nocturnal dipping occurs in children with OSA [13–17]. A few 

studies have been conducted with 24-h ambulatory BP monitoring 
(ABPM) [18–20], losing relevant information of circadian BP patterns. 
Despite the importance of the nocturnal pattern, few studies have 
examined the influence of the NDP in pediatric patients with OSA as a 
marker of future CV risk [13,19,21]. Therefore, CV health requires 
maintaining circadian BP regulation (including 24-h control, adequate 
circadian rhythm, and appropriate BP variability), rather than focusing 
solely on BP values [22].

The American Heart Association (AHA) advocates for the increased 
utilization of ABPM in pediatric populations, with an emphasis on those 
exhibiting elevated CV risk, including OSA [23]. Despite the high 
prevalence of OSA in preschool children, most clinical studies have 
focused on children older than five years, resulting in a paucity of 
research on younger children. In this context, the present study provides 
novel evidence addressing a key gap in the literature, contributing to a 
better understanding of early CV consequences, and helping to address 
the management of OSA in this vulnerable population.

For these reasons, accurate studies to evaluate BP fluctuation in 
pediatric patients with OSA are needed to understand the impact of the 
sleep disorder on BP profile and overall CV risk. We hypothesized that 
children with OSA would show a higher risk of a NDP and that this risk 
would increase in proportion to OSA severity. The aim was to assess 
whether the severity of OSA, stratified by the obstructive apnea-
hypopnea index (OAHI), is associated with altered nocturnal BP pat-
terns, specifically the NDP, using 24-h ABPM.

2. Materials and methods

The Kids Trial study (NCT03696654) is a multicenter, longitudinal, 
prospective study described previously [24]. Data were accrued be-
tween January 30, 2018, and August 28, 2023. Children aged 4 to 18

years who were referred to the sleep unit with suspected OSA based on 
parental report of habitual snoring and/or witnessed apnea were 
consecutively enrolled. Exclusion criteria were: 1) cardiovascular, ce-
rebrovascular, or unstable severe or worsening respiratory disease, 2) 
genetic disease, 3) chronic insomnia and/or depressive syndrome, 4) 
previous upper airway surgery and/or continuous positive airway 
pressure (CPAP) treatment, and 5) contraindication to ABPM, including 
arrhythmias, latex allergy, or coagulation disorders.

2.1. Sleep study

In hospital full polysomnography (PSG) was performed and scored 
according to the guidelines of the American Academy of Sleep Medicine 
(AASM) 2017 [25] including electroencephalogram, electrooculogram, 
electromyogram and respiratory signals. Respiratory events were scored 
according to the pediatric scoring rules: apnea was defined as a flow 

decrease >90 % in two respiratory cycles for obstructive apnea and >20 
s or two respiratory cycles accompanied by a 3 % oxygen desaturation or 
arousal in central apnea. Hypopnea was defined as a 90–30 % flow 

decrease in two respiratory cycles with a 3 % desaturation or micro-
arousal. The PSG was valid if it had >300 min of study and >180 min of 
sleep. Apnea-hypopnea index (AHI) was established as the number of 
apneas plus hypopneas per hour of sleep. The OAHI was defined as the 
summatory of the number of obstructive apneas, obstructive hypopneas 
and mixed apneas divided by the total hours of sleep recorded during the 
PSG study. Subjects with OAHI greater than 1 per hour of sleep were 
classified as having OSA, as suggested by the European Respiratory 
Society (ERS) statement on pediatric OSA [26]. An OAHI <1/h was 
considered non-pathological. Severity of OSA was classified as mild 
when OAHI was from 1 to 4.9/h, moderate when OAHI was from 5 to 
9.9/h and severe when OAHI was greater than 10/h. Other variables 
recorded included sleep efficiency, sleep latency, % of N1, N2, and N3, 
rapid eye movement (REM), arousal index, average peripheral oxygen 
saturation (SpO 2 ), nadir SpO 2 , max end-tidal CO 2 (Et CO 2 ), average Et 
CO 2 , and hypoventilation (%).

2.2. Blood pressure study

Within a month from the PSG, office BP was measured at the clinic 
with a pediatric sphygmomanometer (SVM-7160 Nihon Kohden) vali-
dated for pediatric age and was used in the non-dominant arm. The 
patient needed to be seated for at least 5 min before the BP measures and 
to remain seated with uncrossed legs and an empty bladder in a quiet 
environment. Three BP measurements were taken every 3 min, dis-
carding the first one and averaging the last two.

The same day as the office BP (to be used for calibration of the 
ABPM), all children underwent ABPM (Spacelabs OnTrak) according to 
European guidelines [27]. All ABPM recordings in our study were 
analyzed centrally by a single core laboratory, using standardized pro-
cedures and predefined quality criteria. The monitors were transported 
in pouches positioned laterally to the patient using straps and/or belts.
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Validated paediatric ABPM devices and cuffs were applied to the 
non-dominant arm. BP measurements were measured every 20 min until 
10 p.m. and every 30 min during the night. The test was considered valid 
when at least one reading per hour was available, with 40 valid readings 
and 65 % of the programmed readings being required for its successful 
completion. Daytime and nighttime periods were established based on 
the parents-reported wake up and bedtimes. Monitor-recorded BP data 
were then downloaded for analysis by the central core lab. BP indices 
were calculated for both SBP and DBP, including 24-h BP, sleep BP, and 
wake BP. The dipping status was determined by calculating the per-
centage decline in mean arterial pressure (MAP) from wake to sleep 
values. A NDP was defined when the sleep BP reduction was less than 
10% [27]. To account for age- and sex-related changes in ABPM during 
childhood, we calculated standardized deviation scores (SDS; equivalent 
to z-scores) for 24-h, wake, and sleep SBP, DBP, and MAP. SDS were 
derived using the sex-specific LMS reference values published by Wühl 
et al. for pediatric ABPM [28].

2.3. Demographic and clinical characteristics

Demographic data including sex and age were recorded. For clini-
cally relevant characteristic assessment, parents completed the Paedi-
atric Sleep Questionnaire (PSQ) [29]. The PSQ score was calculated by 
summing all “yes” [1] responses and dividing by the number of “yes” 
and “no” (0) responses, excluding non-answered questions. A cutoff 
score of 0.33 was established to be considered positive. Physical ex-
amination including anthropometric measurements (body mass 
index-BMI, neck, waist, and hip circumference), in office BP (SBP and 
DBP), and otorhinolaryngology examination (Mallampati, tonsil size, 
palate and mandible classification) were systematically performed in all 
patients. Data of micro-retrognathia (Yes/No), Mallampati (I, II, III, 
III/IV), tonsillar hypertrophy (I, II, III/IV), adenoid hypertrophy 
(Yes/No), ogival palate (Yes/No), and bite (III/II/open/asymmetric) 
were taken. Body mass index (BMI) was calculated as weight (kg) 
divided by height squared (m 2 ). BMI-for-age z-scores were computed 
using World Health Organization (WHO) growth references, applying 
the WHO Child Growth Standards for children <5 years and the WHO 
2007 reference for ages 5–19 years, using sex and age in months [30,31]. 

The study was conducted in accordance with the Declaration of 
Helsinki and approved by the Ethics and Clinical Trials Committee of the 
Hospital Universitario de Guadalajara (P02/18) and the parents/chil-
dren signed an informed consent form.

2.4. Statistical analysis

Data correspond to a secondary cross-sectional analysis of baseline 
assessments from the Kids Trial (NCT03696654) [24]; therefore, the 
original trial sample size calculation was not based on the objectives of 
the present study. No imputation of missing data was performed. Ana-
lyses were conducted in all eligible participants with valid PSG-derived 
OAHI data and valid ABPM measurements permitting calculation of 
day–night MAP decline; participants were not excluded based on dip-
ping status. Missingness for other variables was reported when present, 
and multivariable models were fitted in the subset with complete data 
for all model covariates (no further case loss within models). 

Continuous variables are summarized as median (P25–P75), and 
categorical variables as counts and percentages. OSA severity was 
analyzed using prespecified ordered categories of OAHI (<1, 1 to <5, 5 
to <10, and ≥10 events/h), based on clinically used pediatric OSA 
severity thresholds. For the trend analyses, these OAHI categories were 
treated as an ordinal variable to assess whether BP outcomes changed 
progressively across increasing OSA severity, rather than to model the 
effect of OAHI as a continuous predictor. Trends across ordered OAHI 
categories were assessed using: (i) Spearman rank correlation test for 
continuous variables; (ii) Cochran–Armitage test for trend for dichoto-
mous variables; and (iii) Mantel–Haenszel linear-by-linear association

test for ordinal categorical variables.
The association between OAHI severity and a NDP was examined 

using multivariable logistic regression adjusting for sex, age, and BMI-
for-age z-score. In addition, multivariable linear regression was used 
to model nocturnal MAP decline (percentage) and the standardized 
day–night MAP difference, using the same covariate set. Logistic 
regression results are reported as odds ratios (OR) with 95% confidence 
intervals (CI) based on Wald standard errors; linear regression results 
are reported as regression coefficients with 95% Wald CIs. All tests were 
two-sided, with a significance level of 0.05. Analyses were performed in 
R (R Foundation for Statistical Computing, Vienna, Austria).

3. Results

3.1. Patient characteristics

Of the 286 children in total included in the Kids Trial study, 267 were 
selected as evaluable for the present analysis. Children were excluded 
due to missing data from PSG and/or because they did not meet the 
established quality criteria for ABPM. The children presented a median 
(25th and 75th percentile) age of 6 [5,8] years, of whom 118 (42.7%) 
were girls. The anthropometric characteristics showed a BMI z-score of 
0.5 (− 0.3, 1.8). The PSQ was positive in 61% of children. In terms of 
symptoms, 59% of the participants snored more than half of the time, 
45% had breathing problems, 55.3% had witnessed apneas, 29.3% had 
enuresis, and 7.77% had growth retardation.

The mean office SBP was 101.5 (94.8, 108.8) mmHg, and the mean 
office DBP was 65.0 (60.0, 70.5) mmHg. The most common otorhino-
laryngology physical finding was tonsillar hypertrophy, with 46.6% of 
patients having a score of 3/4. The rest of the examination (palate, 
mandible, and bite) was normal in most patients (Table 1).

3.2. Polysomnographic variables and OSA severity groups

The median AHI was 6.2/h (3.3, 11.1) events per hour. Children with 
OSA were classified according to OAHI in four severity groups: non-OSA: 
20 (7.49%), mild OSA: 111 (41.57%), moderate OSA: 75 (28.09%) and 
severe OSA: 61 (22.85%). Additional PSG variables, and their charac-
teristics related to OSA severity are presented in Table 2.

3.3. 24-H ambulatory blood pressure parameters

Wake and sleep MAP, SBP and DBP parameters from ABPM are 
shown in Table 3.

Significant positive trends were observed in 24-h MAP, 24-h SBP, 
sleep SBP, sleep DBP and sleep MAP. A negative trend was observed in 
the drop in sleep MAP. A more frequent presence of NDP across OSA 
severity groups was noticed. No statistically significant trends were 
observed for wake BP values (Table 3 and Fig. 1). To account for age-
and sex-related changes in ABPM, the same results were found when BP 
was assessed through SDS (z-score) (Table 3).

Multivariable linear regression model adjusted for sex, age and BMI 
showed that the presence of OSA was independently associated with a 
reduced drop in sleep MAP, with an adjusted coefficient of − 3.68 (95% 

confidence interval [CI]: − 6.9; − 0.47, p = 0.026). Age was also inde-
pendently associated with the outcome (0.42 (0.118; 0.722), p = 0.007) 
(Fig. 2A). A similar trend for a reduced drop in MAP SDS was observed. 
Multivariable logistic regression analysis adjusted for sex, age, and BMI, 
showed a non-significant increase in the odds of NDP for OAHI ≥10/h 
compared with OAHI <1/h (OR 2.76, 95% CI (0.916; 8.3)) (Fig. 2B).

4. Discussion

This secondary analysis of the Kids Trial study is among the first to 
systematically demonstrate that severe pediatric OSA is independently 
associated with reduced drop in sleep MAP using PSG and ABPM in a
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large, multicenter cohort. The major impact of OSA in BP was seen for 
sleep BP parameters only whilst wake BP did not show significant as-
sociations. This study also showed a trend in increased risk of NDP 
related to severe OSA compared with non-OSA, although it was non-
significant.

Previous cross-sectional studies focusing on the contributing effects 
of OSA on BP outcomes in children have demonstrated similar results. 
Kwok et al. [32] showed that pediatric OSA was associated with BP 
dysregulation, but not with other CV co-morbidities. A meta-analysis 
published in 2022 [9] summarized the current evidence and 
concluded that OSA was associated with elevated daytime and nighttime 
SBP. The findings of our study confirm and in part extend the results of 
this meta-analysis in that BP was affected exclusively at night, without 
differences in daytime values. Furthermore, this nocturnal alteration 
occurred not only for SBP but also affected DBP. These aspects enhance 
the concept that OSA can influence circadian BP regulation in the 
absence of other confounding CV risk factors. As adverse CV outcomes 
have been strongly associated with circadian BP patterns disruption 
[33], OSA may increase CV risk even at an early age. This greater impact 
on nocturnal BP reinforces the biological plausibility of the influence of 
OSA on the alterations. Respiratory events cause autonomic instability 
that increases nocturnal sympathetic activity determining BP and heart 
rate rises during sleep [21].

In agreement to our results, a recent study reported BP differences 
between previously diagnosed OSA children (n = 102) and controls (n = 

117) [21]. Children with moderate to severe OSA had changes in 
circadian BP patterns, measured by earlier BP peaks and nadirs and time 
arrived at peak BP velocity than controls. Performing a sleep study was 
an inclusion criterion, but this was not standardized as it was not part of

the study protocol, where only actigraphy was performed. Furthermore, 
BP was evaluated through BP timing of peak systolic and diastolic BP 
velocities. Accordingly, Amin et al., 2004 [13] showed a significant 
linear trend for the difference in MAP across severity groups. However, 
Horne et al., 2013 [16] described that nocturnal dipping was preserved 
in children with OSA regardless of its severity. Leung et al., 2006 [19] 
found a similar proportion of NDP in children with OSA and controls. In 
contrast to previous studies, our study adds novel evidence by showing 
that OSA severity is related with higher nocturnal BP levels, both sys-
tolic and diastolic, together with a higher frequency of NDP. These 
findings are particularly relevant because the assessment was performed 
using two gold-standard and clinically applicable tools: in-hospital PSG 
for OSA diagnosis and 24-h ABPM for BP evaluation.

Our results suggest that elevated OAHI may be associated with a 
higher prevalence of NDP, particularly in the severe group, as we 
observed a non-significant trend toward a higher prevalence of NDP 
across increasing OAHI categories. If confirmed in future studies, this 
would support the hypothesis that more severe OSA is associated with 
impaired BP regulation.

It has been suggested that the lack of BP dipping and increased BP 
values during childhood could be associated with high BP and increased 
CV risk in early adulthood [5,10,34]. Therefore, its detection would be 
crucial for preventing long-term complications. Supporting this future 
risk, Ai et al., 2022 [9], showed that moderate-to-severe childhood OSA 
presented a significantly higher SBP in late adolescence or young 
adulthood, but such differences were not found in those with mild OSA. 
More recently, in a secondary analysis of the Kids Trial study, higher 
hypoxic burden, area under the desaturation curve of each respiratory 
event, was independently associated with elevated nocturnal BP and a

Table 1
Patient characteristics.

Total
N = 267

OAHI <1/h 
N = 20

1 ≤ OAHI <5/h 
N = 111

5 ≤ OAHI <10/h 
N = 75

OAHI ≥10/h 
N = 61

p value

Demographic characteristics ​
Age [years] 6 (5,8) 6 (6,8) 6 (5,8) 6 (5,9) 6 (4,8) 0.757
Sex [female] 114 (42.7%) 9 (45.0%) 52 (46.8%) 27 (36.0%) 26 (42.6%) 0.449
Anthropometric characteristics ​ ​ ​ ​
Weight [kg] 23.5 (19.3,34.5) 24.7 (20.3,36.3) 22.5 (19.2,29.7) 24.4 (20.1,35.0) 23.8 (18.7,35.6) 0.686
BMI z-score 0.5 (− 0.3, 1.8) 0.7 (− 0.3, 1.3) 0.3 (− 0.5, 1.8) 0.7 (− 0.3, 1.9) 0.9 (− 0.2, 1.8) 0.225
Neck circumference [cm] 27.0 (25.5,29.0) 27.0 (26.4,28.5) 26.5 (25.5,28.5) 27.0 (26.0,30.0) 27.0 (25.0,30.0) 0.701
Waist circumference [cm] 58.0 (53.0,66.0) 57.3 (53.0,65.3) 57.0 (53.3,65.0) 58.5 (55.0,67.5) 58.0 (52.8,69.5) 0.692
Hip circumference [cm] 64.0 (59.0,75.0) 64.8 (59.4,76.5) 63.5 (58.3,70.0) 66.0 (60.5,77.0) 63.0 (58.5,78.5) 0.736
Office SBP [mmHg] 101.5 (94.8108.8) 100.3 (93.4109.0) 101.5 (94.8106.8) 100.0 (93.5110.3) 102.5 (97.5110.0) 0.160
Office DBP [mmHg] 65.0 (60.0,70.5) 62.3 (58.8,67.9) 65.5 (60.3,69.8) 64.5 (58.3,71.3) 66.5 (61.0,71.5) 0.270
PSQ positive (abnormal) 163 (61.0%) 11 (55.0%) 67 (60.4%) 45 (60.0%) 40 (65.6%) 0.413
Otorhinolaryngology physical examination ​
Mallampati classification ​ ​ ​ ​ 0.838
Class 1 61 (23.6%) 5 (26.3%) 23 (21.3%) 17 (23.3%) 16 (27.6%) ​
Class 2 139 (53.9%) 12 (63.2%) 59 (54.6%) 38 (52.1%) 30 (51.7%) ​
Class 3 58 (22.5%) 2 (10.5%) 26 (24.1%) 18 (24.7%) 12 (20.7%) ​
Class 4 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) ​
Missing 9 1 3 2 3 ​
Tonsil size ​ ​ ​ ​ ​ 0.075
Grade 1 (0–25 %) 10 (3.8%) 0 (0.0%) 4 (3.7%) 6 (8.1%) 0 (0.0%) ​
Grade 2 (26–50 %) 61 (23.1%) 6 (30.0%) 29 (26.6%) 16 (21.6%) 10 (16.4%) ​
Grade 3 (51–75 %) 123 (46.6%) 8 (40.0%) 53 (48.6%) 32 (43.2%) 30 (49.2%) ​
Grade 4 (76–100 %) 70 (26.5%) 6 (30.0%) 23 (21.1%) 20 (27.0%) 21 (34.4%) ​
Missing 3 0 2 1 0 ​
Palate (ogival) 85 (32.4%) 4 (20.0%) 41 (38.0%) 23 (31.1%) 17 (28.3%) 0.618
​ 5 0 3 1 1 ​
Mandible (abnormal) 48 (18.1%) 6 (30.0%) 25 (22.7%) 9 (12.0%) 8 (13.3%) 0.026 *
Missing 2 0 1 0 1 ​
Bite ​ ​ ​ ​ ​ 0.595
Class 3 17 (20.2%) 2 (28.6%) 9 (21.4%) 4 (18.2%) 2 (15.4%) ​
Class 2 53 (63.1%) 4 (57.1%) 22 (52.4%) 17 (77.3%) 10 (76.9%) ​
Open 14 (16.7%) 1 (14.3%) 11 (26.2%) 1 (4.5%) 1 (7.7%) ​
Asymmetric 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) ​
Missing 183 13 69 53 48 ​

Frequencies and percentages have been obtained for the categorical variables and median (P25 and P75 percentiles) for the continuous variables. Obstructive apnea-
hypopnea index (OAHI), Body mass index (BMI), Systolic blood pressure (SBP), Diastolic blood pressure (DBP), Pediatric Sleep Questionnaire (PSQ).
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higher risk of NDP—findings from our group that align with and 
contextualize the nocturnal BP dysregulation [35]. Early OSA detection 
and treatment may promote CV health in children and future adulthood. 
Fortunately, and considering that OSA is very prevalent at very early 
ages, identifying the presence of NDP does not require reference values 
(only available in >5 years old) and can be identified by assessing the 
drop (<10 %) in BP between day and night in the same patient.

Age was independently associated with drop in MAP and NDP.

Previous studies established the prevalence of OSA peaks between 2 and
8 years of age, corresponding to a peak prevalence of adenotonsillar 
hypertrophy [36,37], whilst others correlated obesity as a persistent risk 
factor for OSA in middle childhood and late adolescence [38]. There are 
other pathophysiologic mechanisms proposed to explain the presence of 
OSA in children such as the upper airway (dependent on craniofacial 
and soft tissue structures), increases in upper airway resistance, retro 
positioning of the mandible, micrognathia, high arched palate,

Table 2
Polysomnographic variables.

Total
N = 267

OAHI <1/h 
N = 20

1 ≤ OAHI <5/h 
N = 111

5 ≤ OAHI <10/h 
N = 75

OAHI ≥10/h 
N = 61

p value

Polysomnographic variables 
TST [min] 430.5 (399.5, 463.9) 410.2 (394.4, 432.1) 431.8 (401.4, 459.6) 430.5 (401.7, 470.3) 433.0 (395.0, 481.5) 0.138 
Sleep efficiency [% TST] 91.1 (85.6, 95.4) 89.1 (82.4, 94.6) 91.7 (86.5, 95.8) 90.5 (84.2, 94.2) 90.9 (86.2, 96.6) 0.706 
NREM latency [min] 9.8 (3.6, 19.8) 9.8 (5.5, 14.8) 8.6 (2.8, 19.1) 10.3 (5.4, 22.5) 10.0 (1.8, 20.0) 0.663 
REM latency [min] 106.5 (71.8, 149.8) 129.5 (90.3, 178.0) 98.0 (69.3, 137.8) 103.5 (71.0, 143.0) 109.2 (75.0, 154.8) 0.822 
WASO [min] 27.0 (13.0, 48.1) 37.0 (15.4, 60.8) 24.8 (12.1, 44.8) 32.6 (17.6, 52.5) 22.5 (10.0, 42.0) 0.504 
N1 [% TST] 2.4 (0.5, 5.5) 2.4 (0.8, 5.1) 2.0 (0.4, 5.4) 2.8 (1.0, 5.9) 2.0 (0.2, 5.4) 0.763 
N2 [% TST] 33.4 (20.3, 42.2) 36.3 (20.5, 38.8) 31.4 (16.8, 41.4) 32.5 (22.7, 44.4) 33.6 (25.3, 41.0) 0.397 
N3 [% TST] 43.3 (33.6, 54.6) 44.5 (35.7, 56.3) 44.6 (34.6, 58.8) 43.7 (31.8, 53.2) 42.2 (33.8, 47.8) 0.108 
REM [% TST] 21.1 (16.4, 25.0) 19.1 (12.6, 24.3) 21.6 (17.0, 25.1) 20.4 (16.2, 25.0) 21.1 (16.5, 25.2) 0.660 
Total arousal index 12.6 (8.8, 19.4) 8.3 (5.8, 12.4) 11.6 (8.9, 15.9) 12.9 (8.6, 21.1) 17.3 (10.6, 22.9) <0.001* 
Respiratory arousal index 2.0 (0.8, 4.8) 0.2 (0.1, 0.4) 1.5 (0.7, 2.6) 3.1 (1.2, 6.1) 5.7 (2.9, 12.6) <0.001* 
Spontaneous arousal index 5.2 (3.2, 8.9) 4.1 (3.2, 6.1) 5.5 (3.9, 8.3) 5.5 (2.2, 9.3) 4.9 (3.0, 9.8) 0.951 
Arousal index by PLM 3.2 (1.6, 4.9) 3.1 (2.2, 4.9) 3.6 (2.1, 5.1) 3.0 (1.6, 4.6) 2.3 (1.3, 4.3) 0.052 
AHI [events/h] 6.2 (3.3, 11.1) 1.4 (0.9, 2.1) 3.5 (2.6, 4.7) 8.0 (7.0, 9.4) 18.9 (13.2, 27.7) <0.001* 
Supine AHI [events/h] 6.8 (3.5, 13.1) 1.1 (0.1, 2.0) 4.2 (2.9, 6.1) 8.6 (6.9, 11.7) 25.7 (15.3, 39.5) <0.001* 
Missing 10 2 2 3 3 ​ 

Non-supine AHI [events/h] 4.9 (2.1, 9.6) 1.6 (0.9, 2.3) 2.9 (1.5, 4.8) 6.4 (4.8, 8.6) 14.8 (9.6, 24.2) <0.001* 
Missing 8 1 2 4 1 ​ 

Central AHI [events/h] 0.7 (0.3, 1.4) 0.7 (0.5, 1.4) 0.6 (0.2, 1.4) 0.8 (0.4, 1.3) 0.9 (0.4, 1.8) <0.001* 
Obstructive AHI [events/h] 5.1 (2.5, 9.4) 0.5 (0.3, 0.7) 2.9 (1.8, 3.8) 6.8 (6.0, 8.4) 18.5 (12.2, 26.2) <0.001* 
Baseline PaCO 2 [mmHg] 36.0 (33.3, 39.0) 34.2 (31.3, 36.5) 35.6 (33.4, 38.1) 37.6 (34.5, 41.0) 36.8 (34.0, 39.5) 0.004 * 
Maximum PaCO 2 [mmHg] 45.0 (41.0, 49.0) 43.0 (38.5, 44.8) 45.0 (41.4, 47.2) 45.0 (40.8, 49.0) 46.7 (42.8, 51.0) 0.010 * 
PaCO 2 > 50 mmHg [%] 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 2.0) 0.001 * 
Minimum SaO 2 [%] 89.0 (86.0, 91.0) 91.0 (89.0, 92.0) 90.0 (88.0, 92.0) 89.0 (86.5, 91.0) 86.0 (81.0, 89.0) <0.001* 
Mean SaO 2 [%] 96.0 (95.0, 97.0) 96.0 (95.0, 97.0) 96.0 (95.0, 97.0) 96.0 (95.0, 97.0) 95.0 (95.0, 96.0) 0.020 * 
Desaturation index 3.6 (1.7, 8.1) 2.7 (0.9, 3.8) 2.7 (1.3, 4.7) 3.6 (1.6, 8.0) 15.0 (4.2, 20.2) <0.001*

Frequencies and percentages have been obtained for the categorical variables and median (P25 and P75 percentiles) for the continuous variables. 1 Spearman rank 
correlation (trend) was performed. Obstructive apnea-hypopnea index (OAHI), Total sleep time (TST), Non-rapid eye movement (NREM), Rapid eye movement (REM), 
Wake after sleep onset (WASO), Periodic leg movement (PLM), apnea-hypopnea index (AHI), Partial pressure of carbon dioxide (PaCO 2) , Oxygen saturation (SaO 2 ).

Table 3
24-hour ambulatory blood pressure parameters by obstructive sleep apnea severity groups.

ABPM variable [mmHg] Total
N = 267

OAHI <1/h 
N = 20

1 ≤ OAHI <5/h 
N = 111

5 ≤ OAHI <10/h 
N = 75

OAHI ≥10/h 
N = 61

p value

24-h SBP 98.0 (93.0, 105.0) 97.5 (91.5, 102.5) 98.0 (93.0, 103.0) 97.0 (93.5, 107.5) 100.0 (95.0,108.0) 0.012 *
SDS (z-score) 24-h SBP − 1.05 (− 2.02, − 0.29) − 1.51 (− 2.26, 0.64) − 1.05 (− 2.16, − 0.48) − 1.20 (− 2.10, − 0.12) − 0.84 (− 1.43, 0.01) 0.013*
24-h DBP 64.0 (61.0, 67.0) 63.5 (59.8, 67.0) 63.0 (60.5, 67.0) 64.0 (59.0, 68.0) 64.0 (62.0, 69.0) 0.073
SDS (z-score) 24-h DBP − 0.49 (− 1.07, 0.28) − 0.56 (− 1.25, 0.03) − 0.53 (− 1.08, 0.13) − 0.44 (− 1.41, 0.36) − 0.36 (− 0.76, 0.51) 0.057
24-h MAP 75.0 (71.0, 79.0) 74.0 (70.0, 77.3) 74.0 (71.0, 78.0) 75.0 (71.0, 80.0) 76.0 (73.0, 81.0) 0.006 *
SDS (z-score) 24-h MAP − 0.63 (− 1.29, 0.00) − 0.91 (− 1.54, 0.41) − 0.70 (− 1.30, − 0.14) − 0.75 (− 1.39, 0.08) − 0.35 (− 0.86, 0.33) 0.003*
Wake SBP 102.0 (97.0, 109.0) 101.5 (97.3, 104.5) 102.0 (96.5, 107.0) 102.0 (97.0, 110.0) 103.0 (98.0,111.0) 0.080
SDS (z-score) Wake SBP − 1.15 (− 2.04, − 0.42) − 1.61 (− 1.99, 0.65) − 1.15 (− 2.13, − 0.55) − 1.37 (− 2.24, − 0.29) − 0.97 (− 1.68, 0.09) 0.073
Wake DBP 68.0 (63.0, 71.0) 68.5 (64.3, 70.3) 67.0 (63.0, 71.0) 67.0 (63.0, 71.0) 68.0 (64.0, 72.0) 0.454
SDS (z-score) Wake DBP − 0.77 (− 1.49, − 0.17) − 0.71 (− 1.39, 0.32) − 0.88 (− 1.50, − 0.26) − 0.82 (− 1.60, − 0.22) − 0.77 (− 1.45, 0.00) 0.412
Wake MAP 78.0 (74.0, 82.0) 77.0 (75.8, 80.3) 78.0 (74.0, 81.0) 78.0 (74.0, 82.5) 79.0 (75.0, 85.0) 0.093
SDS (z-score) Wake MAP − 0.91 (− 1.60, − 0.36) − 1.14 (− 1.48, 0.57) − 0.93 (− 1.67, − 0.51) − 0.98 (− 1.71, − 0.29) − 0.71 (− 1.53, 0.05) 0.069
Sleep SBP 92.0 (86.0, 99.4) 87.0 (83.0, 95.5) 91.0 (85.0, 95.5) 91.0 (86.0, 102.0) 96.0 (91.0,102.0) <0.001*
SDS (z-score) Sleep SBP − 0.60 (− 1.60, 0.22) − 1.50 (− 2.02, 0.20) − 0.72 (− 1.63, − 0.05) − 0.82 (− 1.72, 0.49) − 0.19 (− 0.75, 0.66) 0.002*
Sleep DBP 57.0 (53.0, 61.0) 53.5 (52.0, 57.3) 56.0 (53.5, 60.0) 57.0 (52.0, 61.0) 59.0 (56.0, 63.0) 0.003 *
SDS (z-score) Sleep DBP 0.33 (− 0.42, 0.82) − 0.34 (− 0.70, 0.23) 0.19 (− 0.35, 0.75) 0.28 (− 0.65, 0.98) 0.61 (− 0.06, 1.00) 0.003*
Sleep MAP 69.0 (65.0, 73.0) 66.0 (63.0, 70.0) 68.0 (65.0, 71.0) 69.0 (64.5, 74.0) 72.0 (68.0, 75.0) <0.001*
SDS (z-score) Sleep MAP 0.06 (− 0.62, 0.72) − 0.44 (− 0.99, 0.07) 0.02 (− 0.59, 0.55) − 0.03 (− 0.72, 0.68) 0.55 (− 0.16, 1.03) <0.001*
Drop in sleep MAP 11.3 (7.6, 15.6) 15.1 (8.9, 17.7) 11.4 (8.4, 15.6) 11.5 (7.0, 15.4) 9.4 (6.3, 14.1) 0.013 *
Difference Wake - Sleep PAM in SDS − 1.08 (− 1.62, − 0.44) − 0.59 (− 1.33, 0.27) − 1.04 (− 1.47, − 0.47) − 1.04 (− 1.70, − 0.32) − 1.20 (− 1.85, 0.53) 0.076
Non-dipping pattern 114 (42.7%) 6 (30.0%) 42 (37.8%) 32 (42.7%) 34 (55.7%) 0.012*

Frequencies and percentages have been obtained for the categorical variables and median (P25 and P75 percentiles) for the continuous variables. Ambulatory blood 
pressure monitoring (ABPM), Obstructive apnea-hypopnea index (OAHI), Systolic blood pressure (SBP), Standardized deviation scores (SDS), Diastolic blood pressure 
(DBP), Mean arterial pressure (MAP).
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neuromuscular activation, arousal threshold, and ventilatory control 
[36,39]. In our study, these results could be explained because the 
median age was 6 years, and consequently, this subpopulation is typi-
cally known for having more tendency for adenotonsillar hypertrophy 
and a less developed airway. Age is a critical factor influencing the 
maturation of the autonomic nervous system, which is responsible for 
regulating BP and CV responses during sleep. Younger children, whose 
autonomic function is still developing, may exhibit a more pronounced 
sympathetic response to intermittent hypoxia, leading to the disruption

of the normal nocturnal dipping pattern. Including age as an indepen-
dent factor accounts for the developmental changes in CV regulation and 
improves the understanding of how age interacts with OSA severity to 
influence BP patterns [40–44].

Some questions regarding the clinical management of these patients 
arise in view of these results. Firstly, if a BP study should be performed in 
pediatric patients with OSA. Considering the elevation of BP values, it 
can be posited that conducting an ABPM should be considered in chil-
dren with suspected or confirmed OSA, especially severe cases.

Fig. 1. Violin plots showing the distribution of systolic blood pressure (A), diastolic blood pressure (B) and mean arterial pressure (C) during wake and sleep ac-
cording to the severity groups of obstructive sleep apnea. Right column represents SDS values, during wake and sleep according to the severity groups of obstructive 
sleep apnea. Abbreviations: Obstructive apnea-hypopnea index (OAHI), Systolic blood pressure (SBP), Diastolic blood pressure (DBP), Mean blood pressure (MAP).

Fig. 2. Multivariable regression analyses for predictors of obstructive sleep apnea and blood pressure patterns. A: Multivariable linear regression model for drop in 
mean arterial pressure (day-night standardized deviation scores values). B: Multivariable linear regression model for drop in mean arterial pressure. C: Multivariable 
logistic regression analysis for non-dipping pattern. Abbreviations: Confidence interval (CI), body mass index (BMI), Obstructive apnea-hypopnea index (OAHI), 
Mean arterial blood pressure (MAP), standardized deviation scores (SDS).
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Secondly, related to the type of BP study it seems that office BP mea-
surements are clearly insufficient to detect nocturnal dysregulation and 
that such studies should be performed using ABPM. Thirdly, the rele-
vance of performing ABPM, which could have important therapeutic 
implications, including the presence of NDP in the therapeutic algo-
rithm, even in patients with lower OAHI. In this context, the NDP may 
serve as a practical, age-independent marker of CV risk.

Accordingly, the scientific update established by the AHA recognizes 
that there has been significant expansion of the evidence base for use of 
ABPM in the pediatric population, including new data linking ABPM 

levels with the development of BP–related target organ damage [23]. 
ABPM is a more powerful predictor of CV events, and much more 
reproducible than office BP [45].

At the same time, we fully agree with current guideline recommen-
dations [23,26,45], which endorse the broader use of ABPM in pediatric 
populations at risk, including children with suspected or confirmed OSA 
across the severity spectrum. Therefore, our conclusion is that ABPM is 
especially informative in children with more severe OSA, but it should 
not be limited exclusively to them. These results could help in estab-
lishing causal associations and developing new treatment strategies, 
contributing to clinical guidelines for OSA management in the paediatric 
population.

The strengths of the study comprise, firstly, the large number of 
participants in a well-designed clinical study. All participating centers 
performed study procedures adopting the same methodology with var-
iables collected systematically, thus reducing the bias. The sleep study 
was PSG, which is the gold standard for OSA diagnosis in children and 
ABPM was performed in all participants, identifying variability patterns 
undetectable by in-office measurements.

Some study limitations need to be commented on. As this was a 
multicenter study, a possible limitation could be the different criteria in 
the analysis of PSG studies. To minimize this potential bias, only sleep 
units with extensive experience in performing PSG in children were 
included in the study. Additionally, the use of the AASM 2017 guidelines 
was protocolized to standardize the definitions of the events when 
establishing the severity of OSA. Another limitation of our severity-
stratified analyses was the small number of the non-OSA group (OAHI 
<1/h). This study did not include a control group of non-snoring chil-
dren. This constrains statistical power for comparisons across OAHI 
strata and may affect the robustness of multivariable models, as re-
flected by wider confidence intervals.

Another limitation arises from the separation of the day of PSG 
recording from the ABPM performance. This was done to avoid any 
potential sleep disruptions caused by the ABPM device, as it may 
interfere with sleep patterns, and to account for possible inaccuracies in 
parental reports of bedtime and wake time. To further explore these 
findings, future longitudinal studies could investigate the reversibility of 
NDP and drop in MAP and explore other markers of preclinical organ 
damage after adenotonsillectomy. Previous studies suggest a potential 
impact of adenotonsillectomy on vascular health, including BP [46], 
endothelial function [47] and cardiac function and structure [48]. 
Further research could focus on identifying which patient characteris-
tics, such as nocturnal BP, may predict significant CV benefits from 

surgery. Finally, validate ABPM-based algorithms for pediatric OSA 
management. Finally, to address the potential variability between cen-
ters, a concordance analysis was conducted., Centre-level clustering was 
generally low (ICCs mostly <0.15, several close to zero), suggesting that 
between-center differences were limited and unlikely to materially 
affect our findings; nonetheless, estimates were imprecise due to the 
small number of centers and unbalanced site sizes.

5. Conclusions

In this multicenter cohort, severe pediatric OSA was independently 
associated with disrupted nocturnal BP regulation, including reduced 
MAP dipping and a trend of increased risk of NDP. These findings

underscore the importance of ABPM in pediatric sleep evaluations. 
Prospective studies are needed to determine whether treatment of OSA 
can normalize BP patterns and reduce long-term hypertension risk.
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