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Study Objectives: Obstructive sleep apnea (OSA) and poor sleep quality are highly prevalent in children with obesity, but their individual associations with
health-related quality of life (HRQOL) are unknown in this population. The primary objective was to describe the independent association of OSA and sleep quality
with HRQOL in children with obesity.
Methods: This was a cross-sectional study of children with obesity at 2 tertiary care centers. Sleep quality and HRQOL were measured with the Pittsburgh Sleep
Quality Index and Pediatric Quality of Life Inventory questionnaires, respectively. Multivariable regression models were created to evaluate associations between
OSA and sleep quality with HRQOL.
Results: There were 98 children (median age 15.0 years, median body mass index z-score 3.8, 44% females). Among the study population, 49/98 (50%) children
reported poor sleep quality, 41/98 (42%) children had OSA, and 52/98 (53%) children reported impaired HRQOL. Self-reported poor sleep quality was
independently associated with reduced HRQOL, whereas the presence of OSA was not. Children with poor sleep quality had a reduced Pediatric Quality of Life
Inventory score by 8.8 compared to children with good sleep quality (95% confidence interval, 2.6–14.9; P = .006), when adjusting for age, sex, body mass index
z-score, attention-deficit/hyperactivity disorder, mood/anxiety disorder, and study site.
Conclusions: In the current study of children with obesity, we found that HRQOL was more strongly associated with the self-reported experience of sleep than
the presence of OSA. Clinicians should assess and optimize sleep quality as part of the evaluation for OSA in children with obesity.
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BRIEF SUMMARY
Current Knowledge/Study Rationale: Obstructive sleep apnea and poor sleep quality are highly prevalent in children with obesity, but their independent
associations with health-related quality of life are unknown in this population. The primary objective was to describe the independent association of
obstructive sleep apnea and sleep quality with health-related quality of life in children with obesity.
Study Impact: In the current study of children with obesity we found that health-related quality of life was more strongly related to the self-reported
experience of sleep than the presence of obstructive sleep apnea. Clinicians should assess and optimize sleep quality as part of the evaluation for
obstructive sleep apnea in children with obesity.

INTRODUCTION

Obstructive sleep apnea (OSA) is characterized by recurrent,
partial or complete obstruction of the upper airway, predispos-
ing to intermittent hypoxia and chronic sleep deprivation. Sleep
quality is a multidimensional clinical construct including, but
not limited to, sleep disturbance, difficulties falling asleep or
maintaining sleep, and sleep duration. It is affected by many
different factors, including sleep-disordered breathing symp-
toms, both of which are associated with the social determinants
of health.1,2 While poor sleep quality is a defining feature of
insomnia, it is a broader construct than insomnia severity.3

Poor sleep quality and OSA are highly prevalent in children,4,5

with OSA occurring in up to 60% of children with obesity6 and
poor sleep quality, specifically insomnia symptoms, in 37% of
healthy children.7–11 Both poor sleep quality and OSA are associ-
ated with reduced health-related quality of life (HRQOL), physi-
cal functioning, and psychosocial functioning.12–14 Children with
obesity are expected to have increased rates of sleep-disordered
breathing and poor sleep quality because obesity is a risk factor
for OSA6 and may be related to poor sleep quality or insom-
nia.10,15–20 This is a population of interest because almost 1 in 7
children and adolescents in Canada are obese21 and increasingly
large numbers are referred to pediatric sleep clinics for evaluation
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of sleep disorders. Furthermore, children with obesity report low
HRQOL scores on average,22,23 with further impairments with
comorbid OSA.13

Although both OSA and poor sleep quality have been associ-
ated with reduced HRQOL in children, the relative magnitude
of associations for each condition with HRQOL has not been
the focus of previous investigations. Elucidating the indepen-
dent impact of each condition on HRQOL is vital to inform
treatment approaches for sleep disorders in children with obe-
sity. The objective of this study was therefore to describe the
association between self-reported sleep quality and OSA with
HRQOL in a clinical population of children with obesity. We
hypothesized that self-reported sleep quality would have a
stronger association with HRQOL compared to OSA.

METHODS

Study design and setting
This was a cross-sectional study of children with obesity from the
Canadian Sleep and Circadian Network cohort who were referred
to a tertiary sleep clinic for evaluation of suspected OSA. Chil-
dren were prospectively recruited from 2015 to 2021 across
2 Canadian centers, The Hospital for Sick Children and Chil-
dren’s Hospital of Eastern Ontario. Research ethics approval was
obtained at both sites prior to study commencement and written
consent was obtained from caregivers along with consent and/or
assent from participants.

Study population
The inclusion criteria were children aged 8–17 years with obe-
sity (defined as a body mass index [BMI] greater than the 95th
percentile for age and sex) who were referred for evaluation of
suspected sleep-disordered breathing. The participants included
in this study underwent investigation for OSA with a baseline
diagnostic polysomnogram (PSG), but not all participants met
diagnostic criteria for OSA (obstructive apnea-hypopnea index
[OAHI] < 5 events/h). The age range of 8–17 years reflects the
obesity-related OSA phenotype. The exclusion criteria were (1)
children with known chronic illness or underlying comorbidity
associated with a higher risk for OSA (eg, Down syndrome), (2)
obesity related to other diseases and syndromes (eg, Prader–Willi
syndrome), or (3) children referred for an adenotonsillectomy or
previously established on positive airway pressure therapy.

Measurements

HRQOL

The primary outcome was assessed using a self-reported pediat-
ric HRQOL scale, the Pediatric Quality of Life Inventory
(PedsQL generic version), which has previously been validated
in children with chronic diseases.24 The PedsQL generates a
total score as well as subscale scores for physical functioning
and psychosocial functioning which is composed of emotional,
social, and school functioning. The total and subscale scores
range from 0 to 100, with lower scores corresponding to a lower
HRQOL. A score below 69.7 is 1 standard deviation below the

population mean and considered to be a meaningful threshold
to identify individuals with impaired HRQOL.24

Sleep quality

Sleep quality was assessed using the self-reported Pittsburgh
Sleep Quality Index (PSQI), a questionnaire with evidence of
validity in an adolescent population25 to measure sleep dys-
function.26 The PSQI score ranges from 0 to 21, with greater
values indicating poorer sleep quality.27,28 Children were clas-
sified as having poor sleep quality when the PSQI total score
was greater than 5, as this is considered to be a meaningful
threshold to identify individuals with sleep dysfunction includ-
ing reduced sleep quality, duration, efficiency, prolonged sleep
latency, sleep disturbance, daytime dysfunction, and use of
sleeping medication.27,28 Questionnaires were administered at
the same time as the baseline PSG, prior to treatment for sleep-
disordered breathing.

Sleep studies

In-laboratory, attended PSGs were performed and scored accord-
ing to American Academy of SleepMedicine international guide-
lines.29 Baseline diagnostic PSGs on room air were analyzed.
The PSG montage includes a 6-lead electroencephalogram,
electrooculogram leads, submental and tibial electromyograms,
an electrocardiogram lead, pulse oximetry, transcutaneous and
end-tidal carbon dioxide, respiratory inductance plethysmogra-
phy, and nasal pressure and thermal airflow signals. An obstruc-
tive apnea event was defined as a reduction in airflow more than
90% from baseline with chest and/or abdominal movement
throughout the entire event. Hypopneas were defined as a
decrease in airflow of at least 30% from baseline associated with
a minimum 3% desaturation, arousal or awakening.29 A threshold
OAHI of 5 events/h or greater was used as a cut-off point to

Figure 1—Flow of participants in the study of the
association of comorbid insomnia and sleep apnea with
health-related quality of life in children with obesity.

PedsQL = Pediatric Quality of Life Inventory, PSQI = Pittsburgh Sleep
Quality Index.
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determine OSA because this is considered to be the treatment
threshold for OSA in children.30

Covariates

Age, sex, height, and weight were determined at baseline. BMI
z-scores (BMIz) were calculated based on World Health Organi-
zation 2007 references.31,32 Participant study site was recorded.
Medical history and current medication usage were extracted
from medical records. A diagnosis of attention-deficit/hyperac-
tivity disorder (ADHD) along with the use of ADHDmedications
was used to define ADHD in this study. A diagnosis of a
mood/anxiety disorder along with the use of psychiatric medica-
tions was used to define a mood/anxiety disorder in this study.

Baseline measures

Annual household income and highest household education were
collected through proxy- or self-reported questionnaires. Complex
chronic conditions were defined according to Feudtner et al as
“any medical condition that can be reasonably expected to last at
least 12months (unless death intervenes) and to involve either
several different organ systems or 1 organ system severely

enough to require specialty pediatric care probably some period
of hospitalization in a tertiary care center.”33 Pubertal staging was
assessed by pubic hair development reported on the self-reported
Tanner stage questionnaire, a picture-based questionnaire based
on 5 stages.34

Statistical analysis
Descriptive statistics were used to summarize the baseline
demographic variables. Nonnormally distributed data were
described with medians and interquartile ranges (IQR) and nor-
mally distributed data were described with means and standard
deviations or 95% confidence intervals (CIs). Categorical vari-
ables were presented as frequency (percentage). To assess for
demographic differences between children with poor sleep
quality and children with good sleep quality, continuous vari-
ables were analyzed using Wilcoxon rank-sum tests and cate-
gorical variables were analyzed using Fisher’s exact tests.

Univariate linear regression was used to assess the associa-
tion between HRQOL and baseline demographics as well as
sleep parameters. A multivariable linear regression model was
created to evaluate the association between HRQOL and OSA

Table 1—Baseline demographics of children with obesity referred for evaluation of sleep-disordered breathing.

Total Sample
(n = 98)

Poor Sleep Quality
(n = 49)

Good Sleep Quality
(n = 49) P

Age (years), median (IQR) 15.0 (13.0–16.0) 15.0 (13.0–16.0) 14.0 (12.0–16.0) .17

Female sex, n (%) 43 (43.9) 29 (59.2) 14 (28.6) .002

BMI z-score, median (IQR) 3.8 (3.1–4.6) 3.8 (3.0–4.5) 3.7 (3.3–4.6) .71

ADHD, n (%) 14 (14.3) 8 (16.3) 6 (12.2) .77

Mood/anxiety disorder, n (%) 10 (10.2) 8 (16.3) 2 (4.1) .091

Complex chronic conditions, n (%)a 14 (14.3) 4 (8.2) 10 (20.4) .15

Annual household income, n (%)b

≥$68,700 34 (34.7) 15 (41.7) 19 (50) .49

Missing 24 (24.5) 13 (26.5) 11 (22.4)

Highest household education, n (%)c

Low education 4 (4.1) 3 (7.5) 1 (2.7) .74

Medium education 27 (27.6) 13 (32.5) 14 (37.8)

High education 46 (46.9) 24 (60.0) 22 (59.5)

Missing 21 (21.4) 9 (18.4) 12 (24.5)

Tanner stage, n (%)

Early (1, 2) 27 (27.6) 13 (29.6) 14 (32.6) .82

Late (3, 4, 5) 60 (61.2) 31 (70.5) 29 (67.4)

Missing 11 (11.2) 5 (10.2) 6 (12.2)

OAHI (events/h), median (IQR) 3.7 (0.6–10.1) 2.4 (0.5–7.7) 6.4 (1.2–20.1) .002

Arousal index (events/h), median (IQR) 11.7 (8.0–16.4) 9.8 (7.4–14.5) 13.0 (8.5–22.4) .060

Desaturation index (events/h), median (IQR) 3.9 (1.6–11.3) 3.6 (1.5–7.7) 6.2 (2.1–12.3) .064

The study population included children aged 8–17 years with obesity who were referred for evaluation of suspected sleep-disordered breathing. Not all
participants met diagnostic criteria for obstructive sleep apnea. aPresence of 1 or more complex chronic conditions. bAnnual household income dichotomized
into the lowest 3 quintiles and highest 2 quintiles. cSelf-reported household education based on the International Standard Classification of Education (ISCED)
2011 criteria. Levels of education were aggregated into low education (ISCED levels 0–2), medium education (ISCED levels 3–4), and high education (ISCED
levels 5–8). ADHD = attention-deficit/hyperactivity disorder, BMI = body mass index, IQR = interquartile range, MV = missing value, OAHI = obstructive apnea-
hypopnea index.
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as well as sleep quality, with adjustment for covariates deter-
mined a priori including age, sex, BMIz, ADHD, mood/anxiety
disorder, and study site to adjust for potential correlation. The
same model was repeated for psychosocial and physical func-
tioning subscale scores.

All analyses were performed using SAS OnDemand (SAS
Institute Inc., Cary, North Carolina). Statistical significance was
defined as P < .05, and 2-sided tests were performed throughout.

RESULTS

Baseline demographics
There was a total of 98 children in the analysis (Figure 1),
including 43/98 (44%) females. The median (IQR) age at the
time of the PSG was 15.0 (13.0–16.0) years and the median
(IQR) BMIz was elevated at 3.8 (3.1–4.6) (Table 1). Among
the study population, 49/98 (50%) children reported poor sleep
quality and 41/98 (42%) children had OSA diagnosed on a
baseline PSG (OAHI ≥ 5 events/h).

There was a significantly higher proportion of females
reporting poor sleep quality than good sleep quality (59% in the
poor sleep quality group vs 29% in the good sleep quality
group; P = .002). There was also a significantly lower OAHI in
the poor sleep quality group (median 2.4 events/h; IQR 0.5–7.7
events/h) than in the good sleep quality group (median 6.4
events/h; IQR 1.2–20.1 events/h; P = .002) (Table 1).

HRQOL
The mean PedsQL score for the sample was 67.5 (standard
deviation, 16.2). There were 52/98 (53%) children who reported
impaired HRQOL.

The mean PedsQL score was 61.9 (standard deviation, 13.7)
among children with poor sleep quality and 73.1 (standard
deviation, 16.8) among children with good sleep quality
(Figure 2). Poor sleep quality was independently associated
with total PedsQL score and psychosocial functioning when
adjusting for age, sex, OSA, ADHD, mood/anxiety disorder,
and study site (Table 2). Poor sleep quality was associated
with a decrease in total PedsQL score by 8.8 (95% CI,
2.6–14.9; P = .006) and psychosocial functioning score by
10.4 (95% CI, 3.9–16.9; P = .002). In contrast, the presence of
OSA was not associated with total PedsQL score, psychosocial
functioning, or physical functioning.

On univariate analysis, an increase in BMIz was associated
with reduced physical functioning scores and this association
remained significant with adjustment for age, sex, OSA, sleep
quality, ADHD, mood/anxiety disorder, and study site. On mul-
tivariable analysis, a 1-point increase in BMIz was associated
with a 3.2-point decrease on physical functioning scores (95%
CI, 0.2–6.3; P = .040) (Table 2).

The presence of ADHD was associated with a reduced total
PedsQL score on univariate and multivariable analyses,
whereby there was a 9.5-point decrease in total PedsQL scores
with the presence of ADHD (95% CI, 0.7–18.5; P = .035).
Mood/anxiety disorders were associated with reduced total
PedsQL scores on univariate analysis, and this relationship
approached statistical significance on multivariable analysis.
The presence of a mood/anxiety disorder was associated with a
10.6-point change in total PedsQL score (95% CI,221.5 to 0.3;
P = .057). On univariate and multivariable analyses, ADHD
was associated with reduced psychosocial functioning, whereas
mood/anxiety disorders were associated with reduced physical
functioning.

Figure 2—Health-related quality of life score by sleep quality.

The means and 95% confidence intervals are denoted by the horizontal bars. PedsQL = Pediatric Quality of Life Inventory.
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DISCUSSION

In our study focused on children with obesity referred for
evaluation of sleep-disordered breathing we observed that
self-reported sleep quality was independently associated with
HRQOL, whereas the presence of OSA was not associated with
HRQOL. These findings suggest that HRQOL is more strongly
associated with self-reported sleep quality as compared to
OSA. Whether the treatment of poor sleep quality results in
improved HRQOL in children remains to be elucidated.

We hypothesize that the lack of association between OSA
and HRQOL may be related to several factors. First, there may
be a disconnect between objective airway obstruction measured
on a PSG and symptoms of OSA that would be expected to
mediate the relationship between OSA and HRQOL. Although
sleep quality may be hypothesized to act as a mediator in the
pathway between OSA and HRQOL, we surprisingly found a
significantly higher median OAHI in the good-sleep-quality
group compared with the poor-sleep-quality group. Our data

suggest that OSA may not affect perceived sleep quality for
many individuals, and this is a similar finding to previous stud-
ies in adult populations that showed no association between
OSA and sleep quality.35,36 Similarly, children and adolescents
with OSA may not experience other symptoms of OSA, such as
daytime sleepiness, that would be expected to mediate the path-
way between OSA and HRQOL. Formal mediation analyses to
further elucidate these complex relationships may be of interest
in the future for children and adolescents. Second, the use of a
clinically referred population may limit detectable differences
between those with and without OSA. Finally, HRQOL is a
broad construct that is influenced by multiple factors. As such,
the magnitude of association between HRQOL and sleep, which
is one of many factors expected to be associated with HRQOL,
may be limited. Nonetheless, sleep quality was found to have a
significant relationship with HRQOL.

Sleep quality is a complex phenomenon that is difficult to
objectively define. Subsequently, recent sleep literature has
focused more specifically on insomnia, a disorder defined by

Table 2—Associations with health-related quality of life scores.

Pediatrics Quality of
Life Total Score Physical Score Psychosocial Score

Beta Coefficient
(95% CI) P

Beta Coefficient
(95% CI) P

Beta Coefficient
(95% CI) P

OSA

OSA present (unadjusted) 3.8 (22.9, 10.3) .26 3.1 (24.1, 10.4) .39 4.0 (22.9, 11.0) .25

OSA present (adjusted) 2.7 (24.1, 9.6) .43 2.7 (25.0, 10.3) .50 2.7 (24.6, 10.0) .46

Sleep quality

Poor sleep quality (unadjusted) 211.2 (217.3, 25.0) <.001 -9.1 (216.0, 22.2) .010 212.3 (218.7, 25.8) <.001

Poor sleep quality (adjusted) 28.8 (214.9, 22.6) .006 25.7 (212.5, 1.1) .10 210.4 (216.9, 23.9) .002

BMI z-score (per z-score)

Unadjusted 22.8 (25.9, 0.3) .078 23.9 (27.3, 20.5) .026 22.3 (25.6, 1.1) .18

Adjusted 23.2 (26.3, 20.2) .040 24.0 (27.4, 20.5) .024 22.8 (26.1, 0.4) .090

ADHD

Present (unadjusted) 214.0 (222.9, 25.1) .002 212.4 (222.3, 22.5) .015 214.9 (224.2, 25.5) .002

Present (adjusted) 29.5 (218.4, 20.7) .035 26.0 (215.9, 3.8) .23 211.4 (220.8, 22.0) .018

Mood/anxiety disorder

Present (unadjusted) 220.2 (230.2, 210.2) <.001 224.1 (234.9, 213.4) <.001 218.1 (228.9, 27.3) .001

Present (adjusted) 210.6 (221.5, 0.3) .057 218.0 (230.1, 25.9) .004 26.6 (218.1, 5.0) .26

Annual household income .66 .19 .92

<$68,700 (unadjusted) 1.0 (reference) 1.0 (reference) 1.0 (reference)

≥$68,700 (unadjusted) 1.7 (25.8, 9.2) 5.5 (22.8, 13.8) 20.4 (28.2, 7.4)

Highest household education

Low (unadjusted) 1.0 (reference) 1.0 (reference) 1.0 (reference)

Medium (unadjusted) 8.1 (28.9, 25.2) .34 10.1 (28.8, 29.0) .30 7.0 (210.9, 25.0) .43

High (unadjusted) 3.9 (212.7, 20.4) .64 6.9 (211.5, 25.3) .46 2.2 (215.3, 19.7) .80

Bold P values indicate statistical significance. The multivariable linear regression model includes the presence of obstructive sleep apnea (OSA), sleep quality,
age, sex, body mass index z-score, attention-deficit/hyperactivity disorder (ADHD), mood/anxiety disorder, and study site. The same model was repeated for
psychosocial and physical functioning subscale scores. BMI = body mass index, CI = confidence interval.
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both the Diagnostic and Statistical Manual of Mental Disor-
ders37 as well as the International Classification of Sleep
Disorders.38 While insomnia and OSA may occur indepen-
dently, there is also evidence for a bidirectional relationship
between these entities.39 Data from adult literature as well as
emerging data in pediatric literature40 show that OSA and
insomnia, commonly associated with poor sleep quality, may
coexist. This entity, referred to as comorbid insomnia and sleep
apnea,40 is highly prevalent in adult populations, occurring in
39–55% of those with OSA.41 The coexistence of these condi-
tions is associated with greater morbidity than either condition
alone, including reduced HRQOL and increased daytime func-
tional impairment.39 Furthermore, the treatment options for
insomnia and OSA differ, with emerging evidence that comor-
bid insomnia and sleep apnea is more difficult to treat compared
to either condition alone. Our research study highlights the
association between sleep quality and HRQOL in children with
obesity who were referred for evaluation of OSA. However, we
were unable to specifically assess for the presence of insomnia.
Therefore, future research exploring the relationship between
insomnia and OSA could have implications for targeted treat-
ment strategies for children with sleep disorders.

The impact of poor sleep quality on health outcomes in chil-
dren with obesity is a topic of interest. While the association
between short sleep duration and obesity is not consistent across
studies,42–45 insomnia disorder with short sleep duration has
been associated with a higher risk of hypertension,42,43 hyper-
glycemia,43 and hyperlipidemia43 in adult populations. It has
also been found that individuals with snoring and insomnia
have the highest risk for cardiovascular disease compared to
either condition alone.46 Given the high prevalence of insom-
nia, poor sleep quality, and OSA in children with obesity, their
impact on health outcomes, including metabolic syndrome, is
an important area of future research.

The current study is among the first to describe the relative
magnitude of association between self-reported sleep quality
and OSA with HRQOL. However, there are several limitations
that must be addressed. First, the study sample is limited to a
group of children with obesity referred to tertiary care academic
centers for the evaluation of sleep-disordered breathing and
may have more medical comorbidities than a community-based
sample. Additionally, there was a clinical concern for OSA in
all participants secondary to a combination of symptoms and
risk factors, which may have limited the detectable differences
between those with and without OSA. As such, this may limit
the generalizability of findings. Second, socioeconomic vari-
ables were not included in the multivariable regression model
due to a high rate of missing data and modest study sample size.
Reassuringly, socioeconomic variables were not associated with
PedsQL scores in the univariate analysis. The inclusion of socio-
economic variables as a covariate in multivariable models would
be important to consider in future research studies. Third, we
were limited by the assessment of sleep symptoms over a
1-month period using the PSQI, and therefore we could not
assess for chronic poor sleep quality over a longer period of time.
Nonetheless, the PSQI is a widely used questionnaire with evi-
dence of validity in children and adolescents. Finally, we were

limited by an overall small sample size due to our strict eligibility
criteria and the effect of the COVID-19 pandemic on recruitment.
Future larger studies would further support our findings.

CONCLUSIONS

In the current study of children with obesity we found that
HRQOL was more strongly associated with the self-reported
experience of sleep than the presence of OSA. Clinicians should
consider assessing and optimizing sleep quality when evaluat-
ing sleep-disordered breathing in children with obesity. Longi-
tudinal studies delineating the aspects of sleep quality that
influence HRQOL and health outcomes in children may inform
targeted management strategies for this population.

ABBREVIATIONS

ADHD, attention-deficit/hyperactivity disorder
BMIz, body mass index z-score
CI, confidence interval
HRQOL, health-related quality of life
IQR, interquartile range
OAHI, obstructive apnea-hypopnea index
OSA, obstructive sleep apnea
PedsQL, Pediatric Quality of Life Inventory
PSG, polysomnography
PSQI, Pittsburgh Sleep Quality Index
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