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What do we know about the subject matter of this study? What does this study contribute to what is already known?
Sleep-disordered breathing (SDB) is related to overnutrition, espe- This study proposes the detection of SDB through a cost-effective
cially to body mass index (BMI), and is associated with poor school questionnaire that shows the disorder prevalence. Locally, it was de-
performance in schoolchildren. termined that SDB is related to the bicipital and tricipital skinfolds,
but not to BMI.
Abstract Keywords:
Sleep Apnea Syndro-
Overnutrition in childhood constitutes a global epidemic and has been associated with multiple di- ~ mes; Obesity; School

seases and complications. Among them, sleep-disordered breathing (SDB) stands out, a spectrum  Health; Child Health;
of diseases that have emerged as a relevant health problem. Objective: To evaluate the association =~ Surveys and question-
between nutritional status and SDB in schoolchildren. Subjects and Method: Cross-sectional analyti- ~ naires

cal study of 127 schoolchildren randomly selected from five public schools in Valdivia, Chile. After

the informed assent and informed consent process of the child and parents/guardian respectively,

the students were incorporated into the study. Anthropometric measurements were performed and

the presence of SDB was determined through the Pediatric Sleep Questionnaire (PSQ). For the data

analysis, the t-test and y? test were used to determine the association of variables with SDB. Re-

sults: There was a high prevalence of overnutrition (71.7%) and obesity reached 39.4%. Regarding

the prevalence of SDB, it was 32.3%. There was a higher proportion of children with SDB in severely

obese schoolchildren (56.3%), as well as, a significantly higher mean of biceps and triceps skinfold

thickness in children with SDB (14.6 mm * 7.3 vs. 12.0 mm * 6.6, p = 0.002, and 19.8 + 6.7 mm vs.

16.2 mm * 6.0, p = 0.04, respectively). Conclusions: There is high prevalence of overnutrition and

SDB. Out of the anthropometric measurements, the presence of SDB was associated with greater

thickness of the biceps and triceps skinfolds.

Correspondence:
R. Mauricio Barria
rbarria@uach.cl

How to cite this article: Rev Chil Pediatr. 2020;91(2):239-245. DOI: 10.32641/rchped.v91i2.1282

ebitoriaL_qiku 239



ORIGINAL ARTICLE

240

Introduction

Sleep-disordered breathing (SDB) in children is
a group of disorders with a wide spectrum of clini-
cal presentation and severity, ranging from primary
snoring to obstructive sleep apnea, with variable con-
sequences such as daytime sleepiness or hyperactive
behavior, or others such as learning difficulties and
poor school performance which have a significant
impact'.

Studies on SDB have demonstrated the difficul-
ties in its diagnosis due to different methodological
problems, most of them imply heterogeneity in diag-
nostic accuracy. Frequencies of parent-reported SDB
are described based on symptoms ranging from 4 to
11%?. There is a varying prevalence of SDB symp-
toms across countries, with high prevalence in Nige-
ria® (34%) and Brazil* (27.6%) and lower prevalence
in Malaysia® (14.9%) and Germany® (10.1%). In the
Chilean child population, the prevalence of habitual
snoring is 18%, representing initial symptoms of the
SDB spectrum’.

The gold standard for SDB diagnosis is polysom-
nography (PSG)8, a study that provides information
on neurophysiological and cardiorespiratory para-
meters. This high-cost test needs to be carried out in
sleep laboratories, which complicate the access to it.
Therefore, to facilitate the SDB detection, low-cost
and easy-to-do pediatric questionnaires have been
developed. One of them is the Pediatric Sleep Ques-
tionnaire (PSQ), which includes 22 questions about
the symptoms of SDB and is answered by parents or
caregivers’.

There is different evidence on the relationship bet-
ween obesity, apneas and sleep architecture in school
children, however, most of the results focus on the de-
velopment of metabolic dysfunctions and associated
morbidity™.

The Los Rios Region, where this study was ca-
rried out, is one of the regions with the highest rate of
obesity in Chile. According to data collected in 2015,
45% of eighth-grade schoolchildren had a body mass
index (BMI) that classified them as overweight (20%)
or obesity (25%), figures that are gradually increasing
over time''.

In addition, this context emphasizes the develo-
pment of this study in the school population since
the relationship between SDB and lower academic
performance has been demonstrated. Consequently,
this work aimed at evaluating the relationship bet-
ween body composition and the presence of SDB in
schoolchildren attending first to eighth grade in a pu-
blic school in Valdivia, Chile.
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Subjects and Method

Design

Analytical cross-sectional observational study ai-
med at establishing the relationship between nutritio-
nal status and the presence of SDB. The fieldwork was
carried out during December 2016. The Scientific Ethi-
cal Committee of the Health Service of Valdivia (Ord.
No. 449, November 29, 2016) evaluated and approved
this study and the parents and/or guardian authorized
the participation of each student by signing informed
consent and with the assent of them

Target and sampling population

The sample consisted of schoolchildren of both
sexes, attending first to eighth grade, from five public
schools in Valdivia, Chile, selected via simple random
sampling. Within the educational establishments, the
selection of school children was carried out through
stratified random sampling with proportional affixing.
Those children with neuromotor or respiratory disor-
ders were excluded, as confirmed by medical records
and parental reports (e.g., asthma).

From a total population of 2,660 schoolchildren
attending public schools in the city, we calculated a re-
presentative sample of 209 students considering a 95%
confidence interval, 5% of accuracy (estimation error)
and 18% of expected proportion of SDB in the popu-
lation. The nQuery Advisor® 7.0 software (Statistical
Solutions, Saugus, Mass., USA) was used for the sam-
ple size calculation.

However, only 191 parents or guardians approved
the participation, 51 potential participants did not at-
tend on the day of the evaluation, and 13 did not an-
swer the PSQ questionnaire, resulting in a sample of
127 schoolchildren.

Data collection technique and procedures

The assessments were conducted in each participa-
ting school. First, anthropometric measurements were
recorded and then the PSQ questionnaire was applied
to the child’s parents or guardian.

The anthropometric variables evaluated were
weight, height, biceps, triceps, supraspinale and subs-
capular skinfolds, as well as neck and waist circumfe-
rence. BMI was calculated using the formula = weight
(kg)/height (cm)?) and was classified as underweight,
normal weight, overweight and obesity/ severe obesity
according to the Standard for Nutritional Assessment
of the Ministry of Health of Chile'.

The skinfolds were measured with Slim Guide
Skinfold Caliper®. Body fat composition was determi-
ned using Lohman’s specific formula for children by
sex and age', for which Density (D) was previously
calculated using Brook’s equations for children up to
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11 years of age and Durnin and Womersley’s equations
for 12 years of age and older”.

In addition, the data collection included demo-
graphic information such as age, sex, and academic
information such as grade and academic performance
operationalized as overall grade point average (scale 1
to 7). It was not possible to collect data divided into
areas or subjects.

PSQ Questionnaire

We used the PSQ sleep-related breathing disorders
questionnaire (reduced version in Spanish), which is
an instrument used in Chile with good diagnostic ac-
curacy'®. It contains 22 questions divided into three
sections: A) Behavior during the night and while slee-
ping; B) Behavior during the day and other possible
problems; C) Symptoms of attention deficit/hyperac-
tivity disorder. The possible answers and scores for
each item in sections A and B are “Yes”= 1, “No” and
“Don’t know”= 0. For section “C”, to reduce to Yes/
No answers for the items with more possible answers,
“Never” and “Sometimes” were scored as “No”= 0,
and “Many times” and “Almost always” were scored
as “Yes”= 1. The PSQ score was calculated by adding
the total count of all “Yes”/total count of all “No” and
“Yes” responses. > 0.33 was considered a cut-off va-

lue'®.

Statistical analysis

The data were tabulated in a Microsoft Excel 2013
spreadsheet and analyzed using Stata software v.11.2
(StataCorp LP, College Station, Texas, USA, 2009),
and descriptive statistics were used to characterize the
schoolchildren.

Initially, the goodness of fit for normality of the
quantitative variables was evaluated by analyzing their
graphic distribution (histogram) and using the Kol-
mogorov-Smirnov test. In this way, quantitative varia-
bles such as age, grade point average and the different
anthropometric measures are described as mean and
standard deviation. Qualitative variables such as sex
and grade are shown as absolute and relative frequen-
cy distributions. The Student’s t-test was used to eva-
luate possible associations between the SDB variable,
anthropometric ones, and academic performance. The
chi-squared test/y* was used to compare the presence
of SDB according to nutritional status. A p < 0.05 value
was considered statistically significant.

Results
The children studied were mostly male (68.5%)

with a mean age (£ SD) of 9.4 years (£ 2.3). The dis-
tribution by grade showed greater concentration in
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the second cycle (5* to 8" grade) of basic education
(51.2%). Regarding academic performance, a grade
point average of 6.01 £ 0.49 was observed, ranging
from 4.1 to 6.8 (table 1).

Out of the anthropometric variables (table 2), we
highlighted an average BMI of 21.1 £ 4.2 and based
on this variable it was determined that 71.7% presen-
ted overnutrition where obesity reached 39.4%. There
were no significant differences by sex both in BMI and
in distribution by nutritional status.

The SDB prevalence was 32.3% and affected 22.5%
of girls and 36.8% of boys, a difference that was not
significant, although it marks a trend (p = 0.152). The-
re was also no significant association with age, showing

Table 1. Demographic and academic characteristics

Variable
Age (years); mean + SD 9.4 2.3
Sex n, %
Female 40 31.5
Male 87 68.5
Grade
1 - 4 (first basic education level) 62 48.8
5 - 8 (second basic education level) 65 51.2
Grade point average; mean + SD 6.01 0.49
SD: standard deviation.
Table 2. Anthropometric measurements
Anthropometric measurements Mean SD Min. Max.
Neck circumference (cm) 30.5 3.3 23.5 40
Waist circumference (cm) 696 112 46 107
Supraspinal skinfold thickness (mm)  15.3 8.0 3 42
Bicipital skinfold thickness (mm) 12.8 6.9 2 35
Tricipital skinfold thickness (mm) 17.4 6.4 5 37
Subscapular skinfold thickness (mm) 13.6 7.2 3 35
Body mass index (kg/m2) 21.1 42 141 38.4
Body fat percentage (%) 24.2 7.6 2.9 40.6
n %
Nutritional Status
Underweight 1 0.8
Normal weight 35 27.5
Overweight 41 323
Obesity/severe obesity 50 39.4

SD: standard deviation; Min.: minimum value; Max.: maximum value.
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similar mean ages among children with and without
SDB (9.2 £ 2.4 vs. 9.5 £ 2.2, respectively; p = 0.4772).

The proportion of SDB by nutritional status ca-
tegories (table 3) showed no significant differen-
ces (p = 0.070). This showed that 51.2% of children
with SDB were obese/severely obese while in children
without SDB this proportion reached 33.7%.

In the evaluation of skinfolds according to SDB
condition, a significantly higher mean was observed
in schoolchildren with SDB in the bicep skinfold mea-
surement (14.6 £ 7.3 vs. 12.0 £ 6.6; p = 0.0029) and
the triceps one (19.8 + 6.7 vs. 16.2 £ 6.0; p = 0.0497)
(figure 1). The remaining skinfolds and circumference
measurements showed no difference according to SDB
condition.

Table 3. Distribution of SDB by Nutritional Status

Nutritional Status SDB (-) SDB (+)

n =86 n=41

n % n %

Underweight 0 0 1 2.4
Normal weight 25 29.1 10 24.4
Overweight 32 37.2 9 219
Obesity/severe obesity 29 33.7 21 51.2
Total 86 100 41 100

SDB: sleep-disordered breathing. p = 0.070 y? test.
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When comparing the percentage of fat per SDB
condition (Figure 2), there was a higher mean in chil-
dren with the disorder (23.3 vs. 26.0; p = 0.05).

Lastly, when analyzing academic performance
(overall grade point average) no significant differen-
ces were detected when comparing children with and
without SDB (6.0 + 0.45 vs. 6.0 + 0.51; p = 0.74).

Discussion

This study has shown the high prevalence of SDB
and overnutrition, presenting a high proportion of
obesity among primary education students in public
schools in Valdivia.

The prevalence of SDB found (32.3%) exceeds that
previously reported in a Chilean study conducted in
different communes of the country, which showed
17.7% in overall prevalence'”. However, in that study,
we found prevalence as high as those recorded in our
work in southern communes such as Porvenir (33.3%)
and Puerto Natales (36.4%). Another national study
conducted in Concepcién, Chile, showed a high pre-
valence (24.6%).

There was a higher proportion of SDB in men than
in women, as reported in other national'” and interna-
tional studies®.

Among the children who presented SDB, a high
percentage of them was obese (51.2%), however, con-
sidering that there was a trend, no significant associa-
tion was found among these variables, unlike the study
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Figure 1. Bicipital and tricipital skinfold
thickness by SDB condition. SDB: sleep-
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by Sanchez et al. ' where the presence of severely obese
children in the SDB group was significant.

The available evidence suggests that obesity is a risk
factor for SDB in children due to physiopathological
mechanisms such as airway obstruction, a tendency
to collapse due to fat infiltration in the upper airway
structures, and impaired ventilation, which would
favor abnormalities in the ventilation response'. In
addition, obese children with SDB are more likely to
have a persistent or worsening condition over time,
presenting central fat distribution and increased visce-
ral fat in adolescence®.

The relationship between obesity and SDB also has
an impact on the quality of life in childhood, since it
has shown that obese children with SDB have a worse
quality of life compared with children presenting only
obesity or SDB or with healthy children?'.

There was a significant relationship between the
presence of SDB and anthropometric indicators such
as bicep and triceps skinfolds measurement, which
differs from what was found in a study conducted in
Malaysia where this relationship was not verified in the
bicep skinfold measurement, but there was a univaria-
te association with neck and waist circumference’.

Adiposity has been described as an important risk
factor for the development of SDB**%, especially the
increase in visceral fat which has increased the severity
of the condition*. The mechanism by which adipo-
sity predisposes to SDB is linked to alterations in the
structure and function of respiratory muscles, reduced
compliance of the chest wall, and deterioration of resi-

dual functional capacity®.

Regarding academic performance, this work failed
to demonstrate overall performance differences bet-
ween children with and without SDB, unlike previous
international and national studies that have determi-
ned a clear association between SDB and poorer school
performance as represented by different measures of
skills or learning domains'®*-2%, However, as mentio-
ned above, the performance measure was defined glo-
bally and not separated by subjects in which a specific
association could be expected. Also, the execution of
cognitive and academic functions was not analyzed in
a focused way with specific assessment batteries.

Some limitations of this work should be commen-
ted upon to cautiously assess these results. First, the
SDB detection was based on a questionnaire, which,
although widely used and highly reliable, is not the
gold standard for identifying SDB, as is PSG. Second,
the sample size was only 60.8% of that stipulated in
the study proposal, therefore, the lack of association
between variables found in other research may have
been due to a lack of statistical power. In the particular
case of academic performance, and although it was not
the focus of the study, the global measurement of this
variable through the global grade point average may
be masking a separate association by subjects or areas.

Finally, there were variables that we could not in-
clude in the analysis given the homogeneity of the sam-
ple since all participants attend public schools, such as
the socioeconomic level, which has also been a factor
related in other works to the development of SDB.
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Figure 2. Body fat percentage by SDB
condition. SDB: sleep-disordered breathing.
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In conclusion, this study has found a high preva-
lence of overnutrition and SDB. Regarding the anthro-
pometric measures, the presence of SDB was associated
with increased thickness of bicep and triceps skinfolds,
confirming that these are components that should be
considered in the evaluation of school children.
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