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Introduction 
Sleep-Disordered Breathing (SDB) represent a group of breathing 

disorders characterized by an increase in resistance, or even an 
alteration, in the airflow through the upper respiratory tract during 
sleep [1]. The clinical presentation varies from primary snoring to 
complete and intermittent obstructions of the upper respiratory tract, 
of which Obstructive Sleep Apnea Syndrome (OSAS) is the most severe 
form. High blood pressure is observed in children with OSAS [2], but 
this diagnostic criterion is different from that observed in adults [1]. 

The prevalence of SDB in children reaches 3% [3,4], and is more 
common among boys than girls [5], with most children presenting 
between 3 and eight years of age, when there is a larger disproportion 
between the growth of the pharyngeal lymphatic tissue (palatine tonsils 
and adenoids) and that of the face [6,7], thus, the hypertrophy of the 
tonsils narrows the still small upper airway. However, just as in the adult 
population, obese children have an increased risk of presenting with 
SDB. The prevalence of OSAS in obese children is 36 to 60% [8,9].

SDB is associated with several systemic repercussions. Among 
children, the correlation between OSAS and metabolic alterations has 
been the target of recent but controversial studies. There is currently 
increasing interest in establishing if OSAS could cause metabolic 
alterations in children that would also affect their health as adults. 

The distribution of body fat, as measured by the area of visceral 
adipose tissue at L4 (vertebra used as reference), is a strong predictor 
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Abstract
Introduction: Sleep Disordered Breathing (SDB) in adults have been associated to an increase in cardiovascular risks for inducing changes in the metabolism. 
Current literature has scarce and conflicting data concerning the changes in the metabolic profile found in children with SDB. 

Objective: The objectives were to evaluate the metabolic profile in obese children with SDB and the to analyze repercussions on their quality of life. 

Methods: A total of 73 children were included and grouped according to their body mass index and the presence or absence of respiratory symptoms. Each child 
answered an OSA-18 questionnaire for quality-of-life evaluation, and fasting serum levels of metabolic profile markers were analyzed. The results were compared 
between Group I - obese children with SDB, Group II - obese children without SDB and Group III (Control) - non-obese children without SDB. 

Results: In the analysis (Group I vs. Group II vs. Group III), the amount of insulin, the glucose/insulin ratio and the HOMA showed significant metabolic changes 
in both obese groups (Group I and Group II) when compared to those of the control group (Group III), without showing the influence of SDB. The obese group 
without SDB (Group II) presented higher TGL values. The OSA-18 questionnaire showed that SDB jeopardizes the quality of life of children with respect to sleep 
disturbances, physical suffering and parents’ concern. 

Conclusion: SDB jeopardizes the quality of life of children without changing their metabolic profile. Obesity seems to be the most significant risk factor in 
developing insulin resistance in the studied population. 

of obstructive sleep apnea and possibly contributes to the relationship 
between obesity and OSAS in children [10].

In depth investigations about childhood obesity should be 
performed because it has been considered a global epidemic, reaching 
7 to 22% of the child population in occidental countries [11,12]. 
Increasing obesity indexes in the child population has been associated 
with an increase in the risk of apnea, which puts SDB in a prominent 
position as a relevant public health issue [11-13]. 

Increased insulin and adiposity values in childhood are predictors 
of obesity, hypertension and dyslipidemia in adulthood and contribute 
to a later increase in cardiovascular risk [14].

There are few studies that analyze the metabolic profile of children 
with sleep-related breathing disorders. We have suggested the 
hypothesis that children exposed to two metabolic dysfunction risk 
factors, SDB and obesity, suffer exacerbated changes in their metabolic 
profile. Thus, considering the known systemic repercussions of SDB, 
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we investigated the metabolic profile of obese children to study any 
positive correlation between the alterations.

Objective
The objective of this study was to evaluate the repercussions of SDB 

on the metabolic profile and quality of life by applying the OSA-18 
questionnaire to obese children with and without SDB. 

Methods
This study was approved by the Ethics Committee (record number 

3589/2010). The parents or legal guardians of all the children were 
instructed about participation in and the objectives of the study and 
signed an informed consent form.

Participants

The children included in the study were of both sexes, obese, and 
aged between 3 and 11.  

We considered children with SDB to be children who presented 
with snoring three or more days in the week and with breathing pauses 
with or without associated frequent awakening or restless sleep. We 
considered children without SDB to be children who did not present 
snoring or breathing pauses, mouth breathing or restless sleep on any 
day of the week.

The children were divided into three groups:

• Group I: obese children with SDB

• Group II: obese children without SDB 

• Group III (control): children eutrophic, without any respiratory 
complaints.

In total, 120 children were invited, through their parents or 
guardians, to participate in the study. After applying the inclusion and 
exclusion criteria, 73 children completed the study.

Inclusion and exclusion criteria

They came from the breathing disorders ambulatory of the 
discipline of otorhinolaryngology of the child obesity ambulatory of 
the pediatric department and from the pediatric surgery infirmary of 
the same institution.

Children with neurological disorders, known heart conditions, 
genetic syndromes with muscular tonus alterations or craniofacial 
growth alterations were excluded. Children taking medication that 
affected metabolic function were also excluded.

Measures and procedures
Evaluation for obesity: All the children underwent an evaluation 

of their weight and height. Their body mass index (BMI), calculated 
according to the mass/ (height × height) formula, was used to determine 
inclusion in the study. The following were defined as obese: children 
with BMI plus 3 standard deviation (SD) scores above average for the 
age for children up to 5 years old and BMI plus 2 standard deviations 
above average for children over 5 years old. We used the AnthroPlus, a 
freeware developed by the World Health Organization (WHO, http://
www.who.int/childgrowth/en). 

Metabolic markers of blood samples: Fasting blood samples 
of the patients were collected to analyze the metabolic profile 

including glycemia, insulin, lipid profile (HDL, LDL, VLDL, TGL), 
Thyroid Stimulating Hormone (TSH), and Thyroxine (T4) levels. The 
Homeostatic Model Assessment (HOMA) was used to quantify insulin 
resistance and the glucose/insulin ratio was calculated to measure 
insulin sensitivity. The HOMA index was calculated according to the 
following formula:

Glucose×insulinHOMA
22.5

=

Quality of life and sleep: The parents or guardians answered the 
OSA-18 questionnaire adapted to the Portuguese of Brazil [15] to assess 
the quality of life of the patients through evaluation of respiratory 
complaints during sleep. The questionnaire is composed of a quality-
of-life Visual Analog Scale (VAS) (from zero to ten) and of 18 questions 
grouped into five domains (sleep disturbances, physical suffering, 
emotional suffering, day problems and parent/guardian concerns) 
with a score from 1 to 7 attributed to each question. The minimum 
total score of the questionnaire is 18 and the maximum is 126, with the 
higher the score indicating the parents' negative perception of the sleep 
quality of their children.

Statistical analyses

The results were presented as the mean ± Standard Deviation 
(SD). The comparison between the groups was calculated through the 
analysis of variance (ANOVA), with a classification factor followed by 
Turkey’s multiple comparison test for the quantitative variables. A 5% 
significance level was used for all the tests. The analyses were made 
using SAS for Windows®. Version 9.12. 

Results
In all, 73 children completed the study and were distributed as 

follows:

• Group I: 48 obese children with SDB 

• Group II: 15 obese children without SDB

• Group III (control): 10 eutrophic children without SDB 

The age of the children in Group I was similar to that of the other 
groups, but the age of Group II was higher than the age of the control 
group. There was no difference in BMI between the two groups of obese 
children. There were no differences among the groups in the glycemia 
analysis. Group I and Group II presented increased insulin and HOMA 
values compared to those of Group III but had no differences when 
compared to each other. Group I and Group II presented decreased 
glycemia and insulinemia values when compared to those of Group III 
but had no differences when compared to each other, as shown in Table 
1.

No differences between total cholesterol, LDL, and VLDL were 
observed between the three groups. Group III presented higher HDL 
values and lower TGL values than those of Group II. The values of TSH 
and Free T4 did not show any differences between the three groups, as 
shown in Table 2.

The OSA-18 questionnaire showed differences between the groups 
in sleep disturbances, physical suffering, and parents’ concern, with 
higher values in Group I than those in Group II. The VAS did not show 
any differences between Group I and Group II; however, the VAS of the 
former was lower than that of Group II, as shown in Table 3.

http://www.who.int/childgrowth/en
http://www.who.int/childgrowth/en
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GI - OBESE W/ SDB GII - OBESE W/O SDB G III-CONTROL p value
1 2 3 1 vs. 2 1 vs. 3 2 vs. 3

Sex (masc. / fem.) 17/2 5/10 10/0 ---- ---- ----
Age (years) 7.9 ± 2.9 9.5 ± 2.2 6.5 ± 2.7 NS NS 0.02

BMI (kg/m2) 27.8 ± 6.1 26.6 ± 3.2 18.4 ± 1.4 NS 0.0003 0.005
Glycemia (mg/dL) 83.8 ± 17.8 85.69 ± 8.90 78.6 ± 7.4 NS NS NS
Insulin (µUI/mL) 14.5 ± 9.3 19.68 ± 10.56 5.9 ± 2.8 NS 0.03 0.002

GLUC/INSUL 7.8 ± 5.6 5.76 ± 3.24 22.4 ± 21.7 NS 0.004 0.03
HOMA 4.5 ± 3.1 4.3 ± 2.6 1.1 ± 0.6 NS 0.0003 0.0004

Table 1. Comparison of sex, age, BMI and metabolic profile among the three groups

Results are expressed as the mean ± standard deviation; NS: Not Significant; OBESE W/ SDB: group of Obese patients with Sleep-Disordered Breathing; OBESE W/O SDB: group of 
Obese patients without Sleep-Disordered Breathing.

GI - OBESE W/ SDB GII - OBESE W/O SDB G III-CONTROL p value
1 2 3 1 vs. 2 1 vs. 3 2 vs. 3

TC (mg/dL) 165.6 ± 30.2 161.3 ± 35.1 151.7 ± 31.3 NS NS NS
HDL (mg/dL) 44.6 ± 12.0 41.0 ± 8.2 54.5 ± 11.6 NS NS 0.03
LDL (mg/dL) 102.0 ± 25.5 107.4 ± 28.6 85.9 ± 24.3 NS NS NS
TGL (mg/dL) 103.8 ± 47.4 114.9 ± 47.8 68.8 ± 19.4 NS NS 0.04

TSH (µUI/mL) 3.1 ± 1.5 3.7 ± 2.1 2.3 ± 1.2 NS NS NS
Free T4 (mg/dL) 1.3 ± 0.2 1.3 ± 0.1 1.3 ± 0.2 NS NS NS

Table 2. Comparison of metabolic profile among the three groups

Results are expressed as the mean ± standard deviations; NS: Not Significant; OBESE W/SDB: group of Obese patients with Sleep-Disordered Breathing; OBESE W/O SDB: group of 
Obese patients without Sleep-Disordered Breathing

GI - OBESE W/ SDB GII - OBESE W/O SDB G III-CONTROL p value
1 2 3 1 vs. 2 1 vs. 3 2 vs. 3

Sleep disorders 16.2 ± 7.7 7.2 ± 2.4 6.2 ± 2.3 < 0.001 0.002 NS
Physical suffering 13.3 ± 5.0 8.5 ± 4.1 8. 2 ± 3.8 0.03 0.01 NS

Emotional suffering 7.5 ± 4.2 7.6 ± 5.4 5.2 ± 3.9 NS NS NS
Daytime problems 7.0 ± 4.3 7.2 ± 3.6 5.2 ± 3.1 NS NS NS

Parent/guardian concerns 13.2 ± 6.9 8.8 ± 3.8 7.2 ± 2.8 0.04 0.02 NS
Total score 57.0 ± 19.9 39.3 ± 10.5 32.1 ± 10.3 NS NS NS

Visual analog scale 7.1 ± 2.2 8.3 ± 1.0 9.3 ± 1.0 NS 0.01 NS

Results are expressed as the mean ± standard deviations; NS: Not Significant; OBESE W/SDB: group of Obese patients with Sleep-Disordered Breathing. OBESE W/O SDB: group of 
Obese patients without Sleep-Disordered Breathing

Table 3. Comparison of OSA-18 Questionnaire among the three groups

Discussion
The study investigated if the co-existence of obesity and sleep 

disordered breathing would upregulate metabolic disturbances, as each 
disorder is considered an independent risk factor for these [12,13,16]. 
Obese children are considered to be at higher risk for SDB as they have 
diminished pharyngeal lumen due to fat deposits in the parapharyngeal 
spaces, but also have smaller lung volume, greater collapsibility of the 
airways and alterations in gas exchange [13,16]. 

In our analysis, including obese children with and without SDB, 
the values of insulin, the glycemia/insulin ratio and the HOMA 
showed insulin resistance in both obese populations when compared 
to the control group. The influence of SDB did not up-regulate the 
system insulin-glycemia showing mostly the effect of obesity in insulin 
resistance (Table 1). These findings are similar to those from a previous 
study which assessed 135 children and found that obesity was the most 
determinant factor in insulin resistance among children with SDB 
[17]. Relying more strongly on this possible correlation, a recent study 
verified improvement of the metabolic profile after adenotonsillectomy, 
which eliminated the obstructive factor of respiratory disturbance, 
but still noted a residual metabolic dysfunction related to underlying 
adiposity [18,19]. 

Several authors suggest that suggesting a pathogenic role for SDB 
in lipid homeostasis and in systemic inflammation, regardless of the 

level of obesity [20,21]. In this study, we observed significant higher 
triglyceride levels in obese children, independently of the presence of 
SDB, as well as higher cholesterol levels, LDL levels and lower HDL 
levels. HDL is a known protector of the cardiovascular system, showing 
the negative effect of obesity on the lipid profile, independent from 
SDB (Table 2). Again, we could not show an increase of dysregulation 
when children were exposed to both risk factors, SDB and obesity. In 
concordance to our data, in a study enrolling obese and non-obese 
children, Alexoupoulus et al showed that OSA severity had a negative 
association to HDL serum levels, the more severe OSA, the lower 
the HDL levels. However, that association was not observed in obese 
children, possibly due to the effect of adiposity on lipid serum levels 
[22].  

SDB is associated to a negative impact on quality of life which 
is investigated by OSA-18 [15]. In our population, the OSA-18 
questionnaire showed a higher negative impact on sleep disorders, 
physical suffering and parent’s concern on children with SDB (Table 3) 
when compared to the results for the groups without SDB. This finding 
is in agreement with the results of previous studies [23-25], enhancing 
the importance sleep for the perception of good quality of life and well-
being. Curiously, although obesity has a strong negative impact on 
health, neither the parents nor the children considered it as a negative 
factor.  
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As already proposed by the pioneer study by Vella &de la Eva [26], 
our study also shows the impact of SDB and obesity on metabolic 
profile and on quality of life. Knowing that SDB, from primary snoring 
up to obstructive sleep apnea, influences many physiological aspects, 
long-term follow-up of these children should be observed to strengthen 
this evidence. Pediatric SDB and OSA is related mostly to hypertrophy 
of the tonsils which has its peak at pre-school age. Possibly some 
systemic repercussions as metabolic ones depend on exposition time 
which in children is shorter in contrast to the longer exposure of the 
adult population. Nevertheless, there are emerging studies showing that 
SDB may be a substantial threat to cardiovascular health and stress and 
needs to be recognized in order to manage the comorbidities of obesity 
and their importance of understanding the pediatric origins of adult 
diseases. 

Our study could not classify the severity of SDB as we had no access 
to perform a full-night polysomnography, a complementary exam 
which confirms the diagnosis of Obstructive Sleep Apnea (OSA), the 
most severe form of SDB. However, the cardinal symptoms of SDB are 
snoring for more than three nights per week during the last month, 
observed apneas and restless sleep. Although this might be considered 
a bias of our study, we believe that the clinical investigation of any 
respiratory complaint made sure the presence or absence of SDB.  
Nevertheless, the lack of the polysomnographic classification of OSA 
severity and the small number of children enrolled did not allow a 
subgroup analysis for the repercussion of severe OSA and obesity. 

It is also important to observe that this study was performed in just 
one center, so our sample was limited. We suggest that the sample size 
should be expanded in future studies, considering the possibility of 
multicentric studies to confirm these dates.

Conclusions
This study observed that SDB had no direct influence on the 

metabolic profile of carbohydrates and lipids in children, even though 
they had a negative impact on the quality of life. An increase in insulin 
resistance was noted in the groups of obese children with and without 
SDB, which should alert pediatricians and otorhinolaryngologists to 
the possible repercussions in adulthood.
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