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Abstract
AIM: To evaluate the prevalence of hypertension and/or 
left ventricular hypertrophy (LVH) in children with a diag-
nosis of obstructive sleep apnea (OSA).

METHODS: A cross-sectional case series of consecutive, 
otherwise healthy children aged > 4 years, with poly-
somnography-proven OSA [apnea hypopnea index (AHI) 
> 1.5/h] is described. Echocardiography was performed 
on all subjects and left ventricular mass was calculated. 
Study subjects underwent additional investigation with 
24-h ambulatory blood pressure (BP) monitoring. 

RESULTS: Thirty children (21 males) were studied. 

Mean age was 8.9 years. Mean body mass index was 
19.87 kg/cm2. Mean AHI was 14.3/h. 10/30 (33%) of 
the study population met criteria for pre-hypertension (n  
= 3) or masked hypertension (n  = 7) based on standard 
ambulatory monitoring criteria. All 10 children had sys-
tolic hypertension throughout the night with 5 of these 
also having elevated daytime systolic readings. There 
was a relationship between AHI and BP showing an in-
crease of 1.162 percentile units in mean diastolic night 
BP (age, gender and height specific) per unit increase in 
AHI (P  = 0.018). There were no subjects with LVH and/
or right ventricular hypertrophy.

CONCLUSION: In our population of otherwise healthy 
Caucasian children, there was a high prevalence of hy-
pertension that would not have been identified using 
standard office/clinic protocols. 
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INTRODUCTION
It has been well established that obstructive sleep apnea 
(OSA) causes increased mortality and significant cardio-
vascular complications such as pulmonary hypertension, 
systemic hypertension, and cerebral and coronary artery 
disease in adults[1,2]. Importantly, Davies et al[3] reported a 
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significant decrease in nocturnal systolic blood pressure 
(SBP) following treatment of  OSA with nasal continuous 
positive airway pressure in a group of  adults with hyper-
tension compared to untreated matched control subjects. 
These associations have not yet been fully studied in the 
pediatric population but there are several earlier reports 
describing pulmonary hypertension, cardiorespiratory 
failure, coma, and even sudden death associated with 
adenotonsillar hypertrophy and upper airway obstruc-
tion in children[4-6]. More recently, Marcus et al[7] reported 
elevated diastolic BP during both wakefulness and sleep 
in a group of  41 children with OSA compared to a con-
trol group of  26 with primary snoring. The degree of  BP 
elevation was related to the severity of  OSA. Subsequent 
pediatric studies have reported variable effects of  OSA 
on BP in children, including elevation in either diastolic 
or systolic pressure alone, in part due to the variability in 
methodology and patient population studied[2,8,9]. Recently, 
O'Driscoll et al[10] described minute to minute increases in 
both heart rate and BP occurring with individual apneic 
events in children undergoing polysomnography (PSG). 
Finger photoplethysmography, a surrogate measure of  
BP, revealed that obstructive events during non-rapid eye 
movement sleep were associated with the largest increase 
in mean arterial pressure, particularly when associated 
with an arousal. 

In adults, left ventricular mass (LVM), a surrogate 
measure of  left ventricular hypertrophy (LVH), is a sensi-
tive and specific predictor of  clinical events attributed to 
cardiovascular diseases and it can be accurately measured 
by echocardiography[11,12]. Recently, Amin et al[8] reported 
that OSA in children is associated with structural changes 
of  the heart, including increased LVM. They studied 28 
children with OSA and identified abnormalities of  LVM 
in 39% (vs 15% in snoring controls). They concluded that 
the increased LVM was not related to systemic hyperten-
sion, as few subjects had evidence of  the latter condition. 
However, only a single BP measurement was obtained 
on all subjects, and it was recorded during wakefulness[8]. 
Subsequent papers by the same investigator have reported 
elevated SBP as measured by ambulatory monitoring as 
well as some evidence of  diastolic dysfunction, both of  
which were associated with the severity of  OSA[2,13]. Only 
one group to date has reported BP changes consistent 
with a diagnosis of  pediatric hypertension related to OSA 
in children[9]. Our aim was to confirm a relationship be-
tween OSA and hypertension in children and to evaluate 
the effect of  increasing severity of  OSA on BP. Our paper 
adds to the current body of  knowledge by confirming a 
high prevalence of  hypertension in otherwise healthy chil-
dren with PSG-proven OSA that appears to be related to 
the severity of  OSA. 

MATERIALS AND METHODS
A cross-sectional case series of  consecutive, otherwise 
healthy children aged > 4 years with PSG-proven OSA is 
described. Children with cardiac or renal disease and those 

with known risk factors for hypertension were excluded. 
Eligible subjects were identified by the principal inves-
tigator (VK) following confirmation of  OSA by PSG. 
Families were invited to participate when PSG results 
were discussed with them via telephone. Those indicating 
an interest in the study were then contacted by one of  the 
study coordinators (AA, PR) and consent was obtained 
at that time from parents of  subjects < 8 years. Both pa-
rental and subject consent was obtained in those aged 12 
years and older. Assent was obtained in all children aged 8 
to 12 years. Echocardiography was performed on all sub-
jects, as per our routine clinical care. Study subjects un-
derwent additional investigation with 24-h ambulatory BP 
monitoring (see below). Medical charts were reviewed for 
demographic and medical information in order to confirm 
that subjects met inclusion criteria. Ethics approval was 
obtained by the University of  Calgary prior to enrollment 
of  the first subject. 

Laboratory PSG
Computerized laboratory PSG (Sandman® NT), (Nellcor 
Puritan Bennett, Ottawa, ON) was performed according 
to American Thoracic Society guidelines at the Alberta 
Children’s Hospital sleep laboratory[14]. Monitoring in-
cluded electroencephalogram (C4-A1, C3-A2, O1-A2, 
O2-A1), electrooculogram, submental electromyogram, 
electrocardiogram, oxygen saturation monitoring, chest, 
abdominal wall, and sum channel movements using respi-
ratory inductance plethysmography, bilateral tibial electro-
myograms, nasal/oral airflow using a thermistor device, 
nasal pressure, end-tidal carbon dioxide monitoring, and 
transcutaneous carbon dioxide monitoring. Sleep architec-
ture was determined using standard criteria[15]. A registered 
sleep technologist scored sleep architecture and respira-
tory events using standard scoring criteria. Obstructive 
apnea was defined as a reduction in airflow of  > 80% as-
sociated with continued abdominal and chest wall motion 
lasting 2-3 breaths in duration, obstructive hypopnea was 
defined as a reduction in airflow of  > 50% but < 80% 
associated with continued abdominal and chest wall mo-
tion associated with EEG arousal and/or > 3% drop in 
oxygen saturation, and central apnea was defined as a re-
duction in airflow of  > 80% associated with no evidence 
of  abdominal or chest wall motion lasting 20 s in dura-
tion, or shorter, if  associated with > 3% drop in oxygen 
saturation. Central apneas occurring in association with 
body movements or sighs were not included in the overall 
apnea hypopnea index (AHI). Mixed apnea, consisting 
of  both central and obstructive components, was scored 
using the same criteria as obstructive apneas. OSA was 
defined as an overall apnea hypopnea index of  > 1.5/h of  
total sleep time[14,16-19].

Echocardiography 
2D mode echocardiography was used to assess the LVM 
using the methodology of  Devereux et al[20]. Measure-
ments were made with the subject in a supine, resting state 
for at least 5 min in a quiet, darkened examination room. 
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All studies were interpreted by a blinded study cardiologist 
(MG). As per the de Simone et al[21] protocol, a LVM index 
was calculated. This calculation takes into consideration 
the impact of  body size on heart size and improves the 
accuracy of  the measurements. LVM index was calculated 
by dividing the measured LVM by subject height raised to 
the power 2.7. 

Ambulatory BP monitoring
Ambulatory cuff  BP was measured using the QuietTrack®  
instrument (manufacturer Welch Allyn). Measurements 
were obtained using the right arm and the appropriate 
cuff  size, based on standard criteria[22]. Calibration was 
performed prior to recording of  BP values. Measure-
ments were obtained every 20 min during the day (start at 
usual wake time) and every 30 min during the night (start 
at usual bedtime). All subjects were asked to maintain 
their usual activity but to remain still during daytime mea-
surements. Using the software provided by Welch Allyn, 
average systolic and diastolic BP and BP load (percentage 
of  BP measurements > 95th percentile) were calculated 
for each subject and compared to standard normative data 
for ambulatory BP monitoring (ABPM) in children ad-
justed for age, gender and height percentiles[22]. Nocturnal, 
daytime, systolic and diastolic hypertension were defined 
using standard age, gender and height criteria for chil-
dren[22]. Briefly, children with a SBP load greater than 25% 
met criteria for hypertension. If  associated with a normal 
mean SBP but high clinic BP, they were classified as pre-
hypertensive. If  the mean ambulatory SBP was greater 
than the 95th percentile, they were classified as having ei-
ther masked hypertension (normal clinic BP) or hyperten-
sion (clinic BP also greater than the 95th percentile)[18]. BP 
data was also analyzed by converting mean daytime and 
night-time measurements to body mass index (BMI) and 
height specific percentiles according to published stan-
dards[23,24]. All ambulatory monitoring data were analyzed 
by the study nephrologist (JM).

Statistical analysis
A convenience sample size of  30 children with OSA was 
studied. Based on previous reports[8], we anticipated a 
prevalence of  LVH in children with OSA of  approxi-
mately 5%. Based on these predictions, 2 study subjects 
with evidence of  LVH were needed to provide an exact 
binomial confidence interval of  0.8% to 22.1%.

To describe the relationship between hypertension and 
apnea AHI, apnea arousal index (AAI), BMI, and BMI 
percentile, logistic regression coefficients were estimated 
for the slopes and intercept to examine whether there 
was a relationship between the variables. The relationship 
between BP as a numerical value (age, gender and height 
specific percentiles) and simultaneous polysomnographic 
data (AHI, AAI, and hypoxemia index) were examined 
via multiple linear regression. Multiple regression was 
used to examine each of  the responses separately (mean 
systolic day/night BP, mean diastolic day/night BP as age 
and gender percentiles) vs AHI, AAI and BMI percentiles, 

hence a conservative significance level of  0.0125 (Bonfer-
roni correction) for the slopes should be considered when 
interpreting their significance. All BP parameters were 
analyzed separately for day and night results.

RESULTS
A total of  43 children met inclusion criteria between April 1, 
2004 and January 31, 2006. Of  these, 30 (21 males) agreed 
to participate. Children were aged on average 8.9 years 
(range 4 years and 1 mo to 15 years and 1 mo). The mean 
BMI was 19.87 kg/cm2 (range 13.6-44.1 kg/cm2). Nine of  
30 (26%) subjects were obese based on a BMI percentile 
> 95. The mean AHI value for the group was 14.3/h 
(range 1.5-125.2/h). The mean hypoxemia index (percent 
of  total sleep time with oxygen saturation < 90%) was 
1.3% (range 0%-19.9%). 

10/30 (33%) of  the subjects had systolic hyperten-
sion (> 25% measurements > 95th percentile for age and 
height percentiles) with the vast majority (90%) of  high 
measurements occurring during the night. Four of  the 10 
also had elevated daytime systolic readings and 2 of  the 
10 had elevated diastolic readings in the night. As per our 
current protocol, manual BP with ABPM was not done 
at the same time as clinic baseline BP measurements. Of  
the polysomnographic variables, there were no significant 
relationships between the AHI, hypoxemia index or AAI 
variables and BP status overall (Table 1). A logistic regres-
sion of  hypertension status on AAI, BMI and AHI was 
performed. All showed a coefficient of  positive numerical 
value, which suggests an indication of  positive relationship 
with hypertension, but none reached statistical significance. 

The relationship between AHI and hypertension 
was also analyzed as categorical; that is, for each of  the 
day/night BPs using the variable “percentage of  time 
with systolic (diastolic) BP greater the 95th percentile for 
day (night)”. Abnormal was defined as > 25%. Although 
inspection of  the dot plots suggested a trend towards 
higher AHI in those with nocturnal systemic hyperten-
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Table 1  Demographic and polysomnographic data on subjects 
with (n = 10) and without (n = 20) any form of hypertension

Hypertension, 
OSA 

(n  = 10)

OSA, no 
hypertension 
(n  = 20)

95% CI for 
difference

Age (yr)     8.61     9.01 -1.65, 2.46
Male, n (%) 8 (80) 13 (65) -54.93, 24.93
Body mass index (kg/cm2) 19.16 20.23 -2.89, 5.03
Desaturation index (%)     1.09     1.36 -2.68, 3.22
Oxygen saturation mean (%) 96.4 96.1 -1.30, 0.71
Oxygen saturation 
minimum (%)

87.3 85.6 -6.36, 3.02

Spontaneous arousal index 
(/h)

  3.5   3.7 -1.20, 1.67

Apnea arousal index (/h) 10.8   3.7 -24.52, 10.25
Apnea hypopnea index (/h) 21.5 10.6 -39.13, 17.25

Means shown for all numerical variables. Number and percentage for cat-
egorical. OSA: Obstructive sleep apnea.
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sion, they did not meet statistical significance. There were 
two outliers whose extreme AHI and AAI values set them 
clinically apart from the rest of  the data. We elected to 
exclude these and re-analyze in the event that they were 
affecting the results of  the others. The conclusions were 
unchanged. 

A regression analysis on this subset of  28 subjects, us-
ing mean BP values, revealed a linear relationship between 
AHI and mean daytime diastolic BP, as well as mean 
systolic night and mean diastolic night BP (Table 2). BMI 
percentile was identified as a confounder only. The effect 
of  AHI on BP was adjusted for this. As seen in Table 2, 
for every unit change in AHI, mean systolic night BP (as 
an age and gender specific percentile) increased by 1.964 
percentile points (P = 0.025). The interpretations of  the 
other coefficients shown were similar. This relationship is 
shown in graphical form in Figure 1.

LVM was within normal limits (less than the 95th per-
centile for age) in all subjects and there was no evidence 
of  LVH in any of  the children. Right ventricular pressures 
were less than one-third systemic pressures in all subjects, 
indicating absence of  right ventricular hypertrophy.

DISCUSSION
This study provides strong support that Caucasian chil-
dren with OSA have a significantly increased prevalence of  
hypertension. We were able to show a linear relationship 
between the AHI and both nocturnal systolic and diastolic 
mean BP as well as daytime mean diastolic BP in children 
with OSA (Table 2). This confirms the recent report of  Li 
et al[9] concluding that OSA in children is an independent 
risk factor for nocturnal hypertension. Although evidence 
of  target organ damage due to hypertension is most cor-
related with night time SBP in children[22], we did not iden-
tify evidence of  increased LVM in any of  our 30 subjects. 
This is not in keeping with previous reports and may be 
due to differences in demographics. Prior reports have 
included evaluation of  obese and non-Caucasian children. 
These factors were controlled for in the overall statistical 
analysis but perhaps they contributed something to the 
findings of  LVH in those populations[8,13]. We did not spe-
cifically study mitral valve inflow as part of  our protocol 

for this study but plan to study diastolic dysfunction in a 
prospective future analysis to verify the previous report 
by Amin et al[2,13] and to further describe the relationships 
between OSA, BP and cardiac function.

Our findings are in contrast to a recently published 
meta-analysis concluding there was no relationship be-
tween OSA in childhood and elevated BPs[25]. This analy-
sis included only 5 papers with the vast majority of  BP 
measurements performed during wakefulness. Addition-
ally, as noted above, the populations studied included a 
significant proportion of  obese (12%-29%) and/or Afri-
can American/Hispanic children (up to 51%). Race and 
obesity are independent risk factors for hypertension and 
may act as confounders when specific relationships be-
tween OSA and BP are being examined. 

Previous pediatric studies using ABPM also failed to 
show this relationship. Amin et al[26] evaluated 60 snoring 
children and did not find any evidence of  hypertension 
in the group. However, the normative references used for 
their analysis were not specific for ambulatory BP mea-
surements, which could have resulted in inappropriate 
interpretations. A subsequent and more recent publication 
by the same investigators[13] evaluating morning BP surge 
(nocturnal dip) and BP load by ABPM reported an inde-
pendent association between elevation of  all these param-
eters and increasing AHI (2).

The majority (70%) of  children with abnormal BP 
findings in our study met criteria for masked hyperten-
sion, defined as normal day time clinic BP but elevated 
ambulatory levels. The estimated prevalence of  masked 
hypertension in the general pediatric population is ap-
proximately 6%[27] and is associated with progression to 
sustained clinical hypertension and higher LVM[28]. In 
adults, masked hypertension has been associated with an 
increased cardiovascular risk[29] and with progression of  
chronic kidney disease[30]. The greatly increased prevalence 
of  masked hypertension in our study population is a re-
markable finding. Ten percent of  the children studied had 
pre-hypertension [elevated clinic BP and BP load (SBP > 
95th percentile for 25%-50% of  ABPM readings) with a 
normal mean ambulatory BP]. Pre-hypertension is an in-
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Figure 1  Graphical illustration showing the relationship between apnea 
hypopnea index and blood pressure. AHI: Apnea hypopnea index; BP: Blood 
pressure; BMI: Body mass index.

Table 2  Relationship between mean blood pressure (age and 
gender percentiles) and apnea hypopnea index in children 
with obstructive sleep apnea (adjusted for body mass index 
percentile)

BP (percentile) Severity of 
OSA 

Coefficient (increase of 
BP in percentual points) 

P  value

Diastolic day AHI increase 
of 1/h

1.211 0.046

Systolic night AHI increase 
of 1/h

1.964 0.025

Diastolic night AHI increase 
of 1/h

1.162 0.018

OSA: Obstructive sleep apnea; AHI: Apnea hypopnea index; BP: Blood 
pressure.
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dicator of  increased BP variability, which is also associated 
with target organ damage, at least in adults[31].

In summary, 30% of  otherwise healthy Caucasian chil-
dren with a new diagnosis of  OSA had evidence of  noctur-
nal systolic hypertension. This study adds further support 
to the hypothesis that hypertension due to OSA may begin 
at a much younger age than previously thought suggest-
ing a potentially powerful role in the prevention of  adult 
hypertension and cardiovascular disease. Currently, ABPM 
is not part of  the standard clinical evaluation of  children 
with OSA. Such measurements during a sleep study may, 
in fact, cause some sleep disruption and affect the overall 
PSG results. Further evaluation of  the effect of  ABPM 
on sleep architecture is warranted, and if  shown to not 
skew PSG results, consideration should be given for inclu-
sion of  BP monitoring during PSG in children as part of  
the standard testing regimen. Alternatively, surrogate mea-
sures of  BP, such as finger photoplethysmography, could 
be further studied to identify how the data obtained min-
ute to minute relates to overall BP status. In the interim, 
ABPM should be considered following PSG diagnosis of  
OSA in children as part of  the evaluation for end-organ 
involvement. 

COMMETNS
Background
Obstructive sleep apnea (OSA) is well established as a cause of hypertension 
and cardiovascular disease in adults. The pediatric literature related to these 
issues is preliminary and mixed. We were able to show that blood pressure (BP), 
but not ventricular geometry or function, is influenced by the severity of OSA in 
otherwise healthy, Caucasian children.
Research frontiers
Marcus et al reported elevated diastolic BP during both wakefulness and sleep 
in children that was related to the severity of OSA. Amin et al reported structural 
changes of the heart in children with OSA that did not appear to be BP, based 
on one measurement obtained while awake. Subsequent papers by the same 
investigator have reported elevated systolic BP, as measured by ambulatory 
monitoring, as well as some evidence of diastolic dysfunction, both of which 
were associated with the severity of OSA. Only one previous group to date has 
reported BP changes consistent with a diagnosis of pediatric hypertension related 
to OSA in children. 
Innovations and breakthroughs
More recent publications have included data related to both wake and sleeping 
BP measurements in homogeneous groups of children and may be more helpful 
in identifying true relationships. The inclusion of obese and/or mixed race 
children in study populations adds complexity to the interpretation of findings 
related to risk attributed to OSA on BP and cardiac geometry and function. 
Applications
The relationship between OSA and cardiovascular disease may begin at a very 
young age. Learning more about the specifics in children will potentially allow 
for prevention of a significant proportion of adult cardiovascular disease and/or 
hypertension and related morbidities.
Peer review
This article on the relation of sleep apnea to hypertension is of great interest. It is 
unfortunate that there were no subjects with left ventricular hypertrophy, but it is 
significant that there is a high prevalence of hypertension in the nighttime using 
24 h ambulatory BP monitoring.
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