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Objective: To investigate the influence of obstructive sleep apnea (OSA) severity and weight on blood pressure (BP) during nighttime 
sleep in children.
Methods: Habitually snoring children who were 3–14 years old and from Beijing Children’s Hospital between 1 January 2018 and 31 
December 2020 were recruited. All participants completed polysomnography (PSG) and BP monitoring during different sleep stages 
using pulse transit time analysis. Subjects were divided into three groups based on the obstructive apnea–hypopnea index (OAHI), ie, 
primary snoring (PS), mild-to-moderate OSA, and severe OSA group.
Results: Totally, 284 habitually snoring children were enrolled, including 85 with PS, 152 with mild-to-moderate OSA, and 47 with 
severe OSA. The differences of age and sex ratio among groups were not statistically significant (all P>0.05). For the normal weight 
group, compared with those in the PS group, children in the severe OSA group had higher BP, mainly in N2 and R stages, and children in 
the mild-to-moderate OSA group had lower BP in all sleep and wake stages (all P<0.01). For the overweight/obese group, compared with 
the PS group, children in the severe OSA group had higher BP in all sleep and wake stages, and children in the mild-to-moderate group 
had higher BP mainly in sleep stages (all P<0.01). Compared with normal weight children, those who were overweight/obese and had 
OSA had higher BP in all sleep and wake stages (all P<0.01). There was a synergistic effect of OSA and weight status on BP (P<0.01).
Conclusion: The influence of OSA on both systolic and diastolic pediatric BP differs between children with normal weight and 
overweight/obese status. Overweight/obese status synergistically worsens nocturnal blood pressure in children with OSA. Early 
diagnosis and risk stratification are more important in overweight/obese children with OSA to achieve timely initiation of treatment.
Keywords: sleep apnea, obstructive, child, blood pressure, obesity

Introduction
Obstructive sleep apnea (OSA) is a disorder of breathing during sleep, which is mainly characterized by repeated 
complete or partial obstruction of the upper airway during nighttime, leading to disruption of normal sleep patterns and 
ventilation during sleep.1 The prevalence of pediatric OSA was 1.2–5.7%. Without effective intervention, OSA can lead 
to a series of serious complications, such as neurocognitive, behavioral, cardiovascular, and metabolic dysfunctions.1 

Cardiovascular complications of OSA include systemic hypertension, endothelial dysfunction, autonomic dysfunction, 
ventricular remodeling, biventricular dysfunction, and accelerated atherogenesis.2

Various investigations were used to monitor blood pressure (BP) in patients with OSA, including in-office BP 
measurement, 24-h BP monitoring and continuous BP recordings from polysomnography (PSG).3–6 Children with 
OSA are at risk of developing high BP levels during both wakefulness and sleep. Many studies in children, including 
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those who are overweight and/or obese, have found that OSA had significant effects on the cardiovascular system, 
including increased BP, heart rate, and impaired autonomic cardiovascular control.7 Obesity is one of the most important 
risk factors for disease severity in children with obstructive sleep apnea,8 and children with both disorders are at a greater 
risk of adverse outcomes across all organ systems. For instance, Walter et al reported that children with both overweight/ 
obesity and OSA are more likely to have arterial stiffness than normal-weight children with OSA and children who do 
not snore.9 Another two studies found that OSA and obesity affect BP independently and synergistically.10,11

Children with hypertension are more likely to develop a range of cardiometabolic risks,12 and childhood blood 
pressure is a good predictor of adult blood pressure.13,14 Previous studies have shown that OSA-related variables 
improved and blood pressure levels decreased in children with OSA after adenotonsillectomy.15–17 Therefore, timely 
diagnosis and interventions targeting risk factors for adverse cardiovascular outcomes in childhood can prevent more 
severe cardiovascular complications and reduce medical burdens in adulthood.

However, the influence of OSA severity and weight status on nighttime BP in children has not been fully elucidated. 
Therefore, we hypothesized that the severity of OSA and overweight/obese status independently affect BP; and OSA and 
overweight/obese status have a synergistic effect on BP.

Materials and Methods
Subjects
Habitually snoring children who were 3–14 years old and from Beijing Children’s Hospital sleep center between 1 
January 2018 and 31 December 2020 were included. Children with diseases such as heart disease, kidney disease that can 
cause high BP, a history of upper airway surgery, craniofacial malformations, neuromuscular disorders, and various 
syndromes were excluded. Children who took medications that affect sleep, breathing and BP were also excluded.

Body Measurements
Height was measured with a wall-mounted measuring instrument, and the result was accurate to 0.1cm. Weight was 
measured with a digital scale, and the result is accurate to 0.1 kg. Body mass index (BMI) is defined as weight divided by 
height squared. According to the growth curve of Chinese children adjusted for age and sex, BMI >85th and 95th 
percentiles were considered overweight and obese, respectively.18

Polysomnography (PSG)
The PSG examinations were performed using the SOMNO screen Plus PSG+ V5 system (SOMNO medics GmbH, 
Germany). The PSG recorded electroencephalogram, electrooculogram, electromyogram, electrocardiogram, pressure 
and thermal nasal airflow, chest and abdominal motion and oxygen saturation. Sleep stages and respiratory events were 
scored according to the American Academy of Sleep Medicine manual.19 The obstructive apnea–hypopnea index (OAHI) 
meant the number of apnea (obstructive and mixed) and hypopnea per hour. Oxygen desaturation index (ODI) and 
arousal index (ArI) referred to the number of oxygen desaturation≥3% and the number of arousal per hour, respectively. 
T90 meant the proportion of total sleep time spent with oxygen saturation <90%. The OAHI cut-off value for mild, 
moderate, and moderate OSA were 1, 5, and 10, respectively. Children with OAHI ≤1 were classified as having primary 
snoring.1

BP Measurement by Pulse Transit Time Analysis
BP was measured by pulse transit time (PTT) analysis built-into PSG. An electrocardiography was used to monitor the 
electrical activity of the heart and a fingertip pulse oximeter was used to monitor changes in pulse waves. PTT is defined 
as the time required to transmit the pulse pressure wave from the left ventricle, ie, the peak of the electrocardiogram R 
wave, to the predetermined peripheral site, ie, the peak of the pulse wave. As the distance from the left ventricle to the 
fingertip is positively correlated with body height, BP values related to pulse can be derived and calculated according to 
PTT and body height. BP value can be obtained for each beat.20 Since the sleep stage score is based on 30 seconds, BP 
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values are obtained every 30 seconds in this study, which is the average of the time, to monitor the BP changes in each 
sleep stage.

Statistical Analysis
We performed the statistical analysis by using SPSS 23.0 (IBM, Armonk, NY, USA). The normality of data distribution 
was determined using the Kolmogorov–Smirnov test. Continuous variables were represented by mean ± standard 
deviation if they conformed to normal distribution, and by median (25th percentile, 75th percentile) if they did not 
conform to skewness distribution. Differences among groups were tested using Wilcoxon signed-rank test for skewed 
distributed continuous data, and one-way analysis of variance with least significant difference post hoc testing for 
normally distributed continuous data. Categorical variables were expressed in terms of number of cases and percentage, 
and chi-square test was used for comparison between groups. Student t test was used to analyze blood pressure 
differences between normal weight group and overweight/obese group. Multivariate analysis of variance was used to 
analyze the main and interactive effects of OSA severity and body weight status on BP. Double-tailed P<0.05 was 
considered statistically significant.

Results
Demographic and Clinical Information
A total of 351 children with habitual snoring were included. Fifty-eight patients were not eligible because of incomplete 
BP data. Among the 293 eligible patients, four with total sleep time <300 min and five with sleep efficiency <60% were 
excluded. In total, 284 children were analyzed. According to clinical experience, we removed data points with systolic 
BP <60 mmHg and diastolic BP <30 mmHg; in total 325,157 systolic BP data points and 325,603 diastolic BP data 
points were analyzed (Figure 1).

The demographic and clinical information of all children are shown in Table 1. There were 85 children in the PS 
group, 152 in the mild-to-moderate OSA group, and 47 in the severe OSA group. One hundred and eighty-four (64.8%) 
were boys and 109 (38.4%) were overweight/obese. The mean age was 7.7±2.3 years. The median OAHI and BMI was 
2.3 events/h and 15.9kg/m2, respectively. The differences of age and sex ratio among the three groups were not 
statistically significant (all P>0.05). There were significant expected differences in PSG outcomes in the OSA group 
compared to the PS group, including higher respiratory event index, worse oxygen saturation, and higher arousal index.

Figure 1 The flow diagram of the study participants. 
Abbreviation: BP, blood pressure.
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The effects of sleep-disordered breathing (SDB) severity on nighttime BP in different weight status are shown in 
Table 2. For the normal weight status group, compared with those in the PS group, children in the severe OSA group had 
higher systolic BP in the N2 and R stages and lower systolic BP in the N1, N3, and wake stages; children in the mild-to- 
moderate OSA group had lower systolic BP in all sleep stages and the wake stage (all P<0.05). In terms of diastolic BP, 
compared with the PS group, children in the severe OSA group had higher diastolic BP in the N1, N2, and R stages and 
lower diastolic BP in the N3 and wake stages; children in the mild-to-moderate OSA group had lower diastolic BP in all 
sleep stages and in the wake stage (all P<0.01). For the overweight or obese status group, compared with the PS group, 
children in the severe OSA group had higher systolic and diastolic BP in all sleep stages and in the wake stage (all 
P<0.01); children in the mild-to-moderate group had higher systolic BP in all sleep stages and higher diastolic BP in the 
N2, N3, and R stage, with lower diastolic BP in the wake stage (all P<0.01).

The effects of weight status on nighttime BP in different severity of SDB group are shown in Table 3. Compared with 
normal weight status children, those who were overweight/obese and had OSA had higher systolic BP and diastolic BP 
for all sleep stages and the wake stage; those who were overweight/obese and had PS had higher systolic BP in the N1 
and wake stages; lower systolic BP in the N2, N3, and R stages; higher diastolic BP in the N1 and wake stages; and lower 
diastolic BP in the N3 and R stages (all P<0.01).

Figure 2 shows the trends in systolic and diastolic BP throughout the night in normal weight and overweight/obese 
children. Figure 3 shows the results of multivariate analysis of variance and there was a synergistic effect of OSA and 
weight status on BP (P<0.01).

Discussion
This study found that the influence of OSA on both systolic and diastolic pediatric BP, is different between children with 
normal weight and those with overweight/obese status. There was a synergistic effect of OSA and weight status on BP.

In the current study, we found that for children with normal weight, only those in the severe OSA group had higher 
BP than those in the PS group, which occurred mainly in the N2 and R stages, suggesting that abnormal BP caused by 
OSA appeared early during sleep, especially in the N2 and R stages. This may be because N2 and R stages are 
characterized by more respiratory events accompanied by more intermittent hypoxia and pathophysiological changes in 

Table 1 Differences of Demographic and Polysomnographic Parameters Among the Three Groups

PS Mild-to-Moderate OSA Severe OSA Z/F/χ2 P value

N 85 152 47
Age, y 8.0±2.3 7.5±2.3 7.7±2.1 1.133 0.324

Male, n(%) 49(57.7) 100(65.8) 35(74.5) 3.950 0.139

BMI, kg/m2 15.1(14.2,18.2) 15.9(14.2,19.5) 18.6(15.2,23.0)**## 13.411 0.001
Overweight or obese, n(%) 22(25.9) 58(38.2) 29(61.7)**## 16.352 <0.001

Total sleep time, min 467.6±48.3 473.4±46.7 461.6±57.4 1.145 0.320

Sleep efficiency, % 86.7±8.8 85.8±7.5 84.1±9.6 1.479 0.230
N1% 7.3±3.4 8.4±4.2 10.6±5.0**## 9.533 <0.001

N2% 46.9±7.0 47.1±6.8 47.9±8.7 0.319 0.727
N3% 26.5±6.2 25.9±5.5 24.6±7.5 1.469 0.232

R% 19.3±3.8 18.7±3.9 16.9±3.9**## 5.894 0.003

OAHI, h−1 0.4(0.2,0.7) 3.0(1.8,5.3)** 20.2(13.7,28.7) **## 230.843 <0.001
ODI, h−1 0.7(0.4,1.4) 2.6(1.4,4.7)** 18.7(11.6,27.9) **## 70.117 <0.001

Average SpO2, % 98(97,98) 98(97,98) 97(96,98)**## 19.789 <0.001

SpO2 nadir, % 93(91,94) 91(89,92)** 84(79,88)**## 99.059 <0.001
T90, % 0(0,0) 0(0,0) 0.2(0,1.7)**## 117.523 <0.001

ArI, h−1 5.9(4.5,7.5) 7.5(5.7,9.3)** 12.2(7.8,15.0)**## 59.191 <0.001

Notes: Compared with PS, **P<0.01. Compared with mild to moderate OSA, ##P<0.01. 
Abbreviations: BMI, body mass index; N1%, N2%, N3%, and R%, percentage of non-REM sleep stage 1, 2, 3 and REM sleep stage of total sleep time, respectively; OAHI, 
obstructive apnea–hypopnea index; ODI, oxygen desaturation index; SpO2, oxygen saturation; T90, proportion of total sleep time with oxygen saturation <90%; ArI, arousal 
index.
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Table 2 Differences of Nighttime BP Value Among SDB Children in Different Weight Status

Normal Weight F P value Overweight/Obese F P value

PS Mild-to- 
Moderate OSA

Severe OSA PS Mild-to- 
Moderate OSA

Severe OSA

Systolic BP, mmHg
N1 94.0±14.2 92.6±10.6** 93.2±11.3* 19.515 <0.001 95.9±14.1 97.1±13.6** 100.7±12.6**## 77.559 <0.001

N2 91.6±13.8 89.5±11.1** 92.3±13.2**## 312.144 <0.001 90.0±13.6 92.4±12.7** 96.3±13.4**## 631.681 <0.001

N3 92.6±13.2 89.3±11.0** 89.3±9.1** 366.583 <0.001 89.8±13.0 92.0±12.3** 94.7±12.5**## 240.464 <0.001
R 94.3±13.9 92.7±11.3** 95.3±10.9**## 86.247 <0.001 91.4±13.0 96.8±12.5** 102.4±14.3**## 716.867 <0.001

W 98.1±13.4 96.0±11.7** 94.9±11.7**## 154.465 <0.001 99.4±13.6 99.6±13.6 104.1±10.6**## 369.248 <0.001

Diastolic BP, mmHg
N1 61.8±11.6 60.4±9.6** 62.9±10.0**## 57.249 <0.001 63.1±13.3 63.7±9.7 67.6±10.0**## 127.771 <0.001

N2 58.5±11.0 56.9±10.1** 62.0±11.6**## 849.562 <0.001 58.7±12.5 60.0±9.7** 62.7±10.0**## 432.104 <0.001

N3 58.9±11.1 56.1±10.0** 57.7±8.1**## 345.447 <0.001 57.5±11.3 59.5±9.4** 61.1±9.6**## 198.551 <0.001
R 61.0±11.1 59.6±10.4** 63.9±10.2**## 194.922 <0.001 59.1±11.7 63.3±9.1** 67.1±10.4**## 653.618 <0.001

W 65.0±10.7 63.3±9.8** 64.6±9.8## 115.493 <0.001 66.3±10.6 65.3±10.4** 68.4±8.7**## 248.892 <0.001

Notes: Compared with PS, *P<0.05, **P<0.01. Compared with mild-to-moderate OSA, ##P<0.01. 
Abbreviations: N1, N2, N3, and R, non-REM sleep stage 1, 2, 3 and REM sleep stage; W, wake stage.

N
ature and Science of Sleep 2022:14                                                                                               

https://doi.org/10.2147/N
SS.S370334                                                                                                                                                                                                                       

D
o

v
e

P
r
e

s
s
                                                                                                                       

1265

D
o

v
e

p
r
e

s
s
                                                                                                                                                              

W
u et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Table 3 Differences of Nighttime BP Value Between Normal Weight and Overweight/Obese Group in SDB Children

PS t P value Mild-to-Moderate OSA t P value Severe OSA t P value

Normal 
Weight

Overweight/ 
Obese

Normal 
Weight

Overweight/ 
Obese

Normal 
Weight

Overweight/ 
Obese

Systolic BP, mmHg

N1 94.0±14.2 95.9±14.1 4.448 <0.001 92.6±10.6 97.1±13.6 20.216 <0.001 93.2±11.3 100.7±12.6 20.861 <0.001

N2 91.6±13.8 90.0±13.6 −9.157 <0.001 89.5±11.1 92.4±12.7 30.105 <0.001 92.3±13.2 96.3±13.4 21.520 <0.001
N3 92.6±13.2 89.8±13.0 −13.640 <0.001 89.3±11.0 92.0±12.3 21.624 <0.001 89.3±9.1 94.7±12.5 22.668 <0.001

R 94.3±13.9 91.4±13.0 −10.897 <0.001 92.7±11.3 96.8±12.5 27.172 <0.001 95.3±10.9 102.4±14.3 22.987 <0.001

W 98.1±13.4 99.4±13.6 5.948 <0.001 96.0±11.7 99.6±13.6 25.426 <0.001 94.9±11.7 104.1±10.6 41.713 <0.001
Diastolic BP, mmHg

N1 61.8±11.6 63.1±13.3 3.481 <0.001 60.4±9.6 63.7±9.7 18.271 <0.001 62.9±10.0 67.6±10.0 15.559 <0.001

N2 58.5±11.0 58.7±12.5 1.795 0.073 56.9±10.1 60.0±9.7 39.595 <0.001 62.0±11.6 62.7±10.0 4.530 <0.001
N3 58.9±11.1 57.5±11.3 −7.746 <0.001 56.1±10.0 59.5±9.4 32.334 <0.001 57.7±8.1 61.1±9.6 17.952 <0.001

R 61.0±11.1 59.1±11.7 −9.159 <0.001 59.6±10.4 63.3±9.1 28.768 <0.001 63.9±10.2 67.1±10.4 13.947 <0.001

W 65.0±10.7 66.3±10.6 7.641 <0.001 63.3±9.8 65.3±10.4 17.338 <0.001 64.6±9.8 68.4±8.7 20.233 <0.001
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sleep fragmentation than the N3 stage.21 For children with overweight/obese status, those in the mild-to-moderate OSA 
and severe OSA groups had higher BP in almost all sleep stages than those in the PS group. The main finding of our 
study was the synergistic effect of overweight/obese status on BP in children with OSA; this can also be seen from the 
BP trend chart for the whole night and confirmed using multivariate analysis of variance. Another noteworthy point is 
that when compared with children of normal weight status in the PS group, those with overweight/obese status in the PS 
group had higher BP in N1 and W stages and lower BP in relatively deep sleep, suggesting that abnormal BP caused by 
weight status mainly appeared during wakefulness.

A number of studies have explored the relationship between OSA and BP in children, however, conclusions from different 
studies are inconsistent. This study may provide some theoretical basis for the inconsistent results of previous studies. When 

Figure 2 Trends of blood pressure throughout the night in normal-weight and overweight/obese children. (A) Systolic blood pressure in normal-weight children; (B) 
Systolic blood pressure in overweight/obese children; (C) Diastolic blood pressure in normal-weight children; (D) Diastolic blood pressure in overweight/obese children.

Figure 3 Skeleton map for the effect of OSA and weight status on systolic blood pressure (A) and diastolic blood pressure (B).
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weight was not subdivided, Leung et al6 found that children with OSA (AHI >5) had higher 24-hour systolic and sleep 
diastolic blood pressure than the controls. Amin et al22 also showed that children with OSA had a significantly higher 24-h BP. 
However, there was no positive correlation between OAHI and BP after regression analysis.10,11,23,24 Many studies did not 
have very large samples, and we believe that this lack of correlation may be due to the counteracting of BP-related effects in 
children with mild-to-moderate OSA and severe OSA, giving an overall result of OAHI that is not significantly associated 
with BP in regression models. The association between OSA and BP could be found significantly when the sample size is 
sufficiently large and there is a sufficient proportion of participants with severe OSA and obesity. One study with a total of 550 
children reported that there was an independent correlation between AHI and systolic BP variability during night.25 In view of 
the inconsistent influence of OSA of varying severity on BP, subgroup analysis can also explain the relationship between OSA 
and BP more clearly. For example, Chuang et al11 reported that, when OSA was divided into severe and non-severe OSA and 
incorporated into the logistic model, the risk of hypertension in children with severe OSA was significantly higher than that in 
the non-severe OSA group. Malakasioti et al26 found that systolic hypertension could predict moderate-to-severe OSA, which 
is consistent with the findings of Chuang.

Obesity is a risk factor for hypertension in children.12,27 We found that children in the overweight/obese group had a 
much higher BP than those in the normal weight group, which suggests that obesity can synergistically aggravate 
cardiovascular system damage in children with OSA. OSA is a chronic disease with long-term cumulative effects on 
health.28 The interplay between obesity and OSA could worsen disease itself or comorbidities over time.10 As a previous 
study suggested,28 our findings support the notion that early diagnosis and risk stratification are more important in 
overweight/obese children with OSA to achieve timely initiation of treatment.

The mechanisms of OSA leading to elevated BP mainly include oxidative stress, inflammation, sympathetic activa-
tion and endothelial dysfunction.29 Obesity, which is an independent risk factor for elevated blood pressure, could cause a 
biological pathway similar to obstructive sleep apnea.30 Clinical and animal studies have shown that repeated oxygen 
desaturation can induce oxidative stress and sympathetic hyperactivity, resulting in hemodynamic changes and dysfunc-
tion of vascular endothelial cells.28,31 Therefore, intermittent hypoxia and obesity may have more severe negative effects 
on blood pressure when they co-exist.

Adenotonsillectomy is the first line of treatment for OSA even in obese children. In addition, we think that weight control 
should be undertaken in overweight/obese children with OSA. Weight control cannot be overemphasized, because over-
weight/obese status can significantly worsen the cardiovascular outcomes of children with OSA. This is important because 
75% obese children turn out to be obese adults.32 Several studies have also explored changes in BP after treatment of OSA. 
One study concluded that children with hypertension experienced a significant reduction in blood pressure variability after 
adenotonsillectomy.33 A meta-analysis found that there were significant improvements in several factors after adenotonsil-
lectomy in children with OSA, including pulmonary hypertension and left ventricular diastolic function.34 Although it is 
unclear whether these improvements could predict better long-term cardiovascular outcomes, there is a reason to believe that 
early diagnosis of OSA would allow earlier treatment and prevent the long-term progression of cardiovascular disease. 
However, there are very few studies on the effectiveness of weight control alone or weight control combined with other 
treatments on the improvement of cardiovascular complications in children with OSA.

In addition to the abovementioned clinical significance, the BP measurement method used in this study is also worth 
pointing out. We used the PTT analysis built into the PSG to measure BP rather than 24-h ambulatory BP monitoring, 
which has become the most widely used BP monitoring method in recent years.35 PTT is the time it takes for a pulse 
pressure wave to travel from the left ventricle to a predetermined peripheral location. PTT is influenced by two factors, 
namely mean arterial blood pressure and the distance between the two sites.20 An important advantage of PTT is that it is 
a non-invasive and continuous technique that can collect multiple BP values and better reflect BP values during night.36 

In addition, the BP value collected by PTT method can correspond to the sleep stage in real time very well.
There are some limitations of this study. First, because of its cross-sectional design, we could not assess whether BP 

in these children improved after various treatments such as weight control, surgery, or non-invasive ventilation. More 
follow-up or cohort studies are needed, especially well-designed ones that examine the independent and synergistic 
effects of improving OSA and obesity. Second, our study lacked a healthy control group of children who did not snore. 
So, we do not know whether the BP of children with PS is higher than the controls. In the future, we plan to include the 
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healthy children in order to further explore the relationship between BP and sleep-disordered breathing. Third, the PSG 
conducted did not include CO2 pressure measurements, so that it is not possible to explore whether hypercapnia is 
associated with elevated BP. Fourth, even though PSG pulse transit time is used as an indirect measure of BP, there are 
very limited number of pediatric studies validating PTT against blood pressure measurements.

Conclusions
This study found that the influence of OSA on pediatric BP, including systolic and diastolic BP, is different depending on 
whether the child is normal weight or overweight/obese. Overweight/obese status synergistically worsens nocturnal 
blood pressure in children with OSA. Early diagnosis and risk stratification are more important in overweight/obese 
children with OSA to achieve timely initiation of treatment. Although adenotonsillectomy remains the first line of 
treatment for OSA even in obese children, weight control weight loss should not be ignored.
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