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Aim. It is known that children and adolescents with obesity are more prone to obstructive sleep apnea syndrome (OSAS) and that
their lung function may show some disturbance. Literature is scarce about potential associations; therefore, we aimed to study the
relationship between OSAS, lung function, and adiposity in a population of children suspected of OSAS. Material and Methods.
We performed home respiratory polygraphy and spirometry in all subjects. The relationships between body mass index z-score
(zBMI), polygraphy, and spirometry data were analyzed. Results. We recruited 81 subjects aged between 5 and 16 years, 63%
being obese. 43.2% of subjects were diagnosed with OSAS (32.1% mild, 4.9% moderate, and 6.2% severe). We found no
correlation between respiratory polygraphy and the zBMI. The mean spirometric value FEV,, FVC, and FEV,/FVC ratio z’s
were normal in all subjects, whereas FVC z’s and FEV,/FVC ratio z’s were significantly positively related for obesity and
negatively for normal weight (p < 0.05). FEV,z’s was inversely correlated to the percentage of analyzed time passed below 90%
of SpO, (r=-0.224, p=0.044). All subjects with FEV, (n=8) and/or FVC (n=9) z’s below the lower limit for normal (LLN)
had an AHI>1 (FEV,;: p=0.001; FVC: p <0.001), especially subjects with normal weight (FEV,: p=0.003; FVC: p=0.010).
Conclusion. When comparing normal-weight children and adolescents with obesity, the prevalence of OSAS but not
spirometric values was strongly related to BMI z-score, probably because obesity engenders advanced puberty and an
accelerated growth spurt. FEV, was more frequently <LLN in normal-weight children, while obese subjects presented low
FEV,/FVC ratio z’s and FEF,; _,;,2’s. Moreover, all subjects with abnormal spirometric values were suffering from at least mild
OSAS, again more frequently in normal-weight subjects.

1. Introduction most frequent, symptoms (nocturnal enuresis; behavioral,

learning, and integrational problems; and hyperactivity),
Features of obstructive sleep-disordered breathing (SDB)  and treatment (medical or surgical ears, nose, and throat
observed in children and adolescents stand out from adults (ENT) interventions) [1]. Upper airway dysfunctions mani-
in terms of etiology, adenotonsillar hypertrophy being the  fest with snoring and/or augmented respiratory effort, due to
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increased resistance in the upper airways and/or pharyngeal
collapse during sleep. SDB is frequently divided into 4 clin-
ical entities: primary snoring, upper airway resistance syn-
drome, obstructive hypoventilation, and obstructive sleep
apnea-hypopnea syndrome (OSAS) [1]. OSAS is defined as
obstructive sleep apnea associated with daytime symptoms.
Therefore, OSAS is suspected in the presence of symptoms
such as frequent snoring, witnessed respiratory pauses dur-
ing sleep, fatigue during daytime, and, typically in children,
hyperactivity. Severe OSAS might be suspected if a child
sleeps in a seated position or with hyperextension of the
neck or in the presence of enuresis. OSAS is frequent in
overweight or underweight children, and typical clinical
signs are adenotonsillar hypertrophy and facial abnormali-
ties. Prevalence of habitual snoring in children is reported
as 7.5% and OSAS between 1 and 4% [2], but this last can
reach 13% in unselected obese children and as much as
59% in those with symptoms suggestive of sleep-disordered
breathing, depending on different definitions and cut-offs
used to define obesity and to diagnose OSAS [3].

Concerning lung function, some studies found that lung
volumes might be lower in children with obesity due to func-
tional restrictive syndrome [4], but other studies report
opposite results [5, 6]. Values monitoring lower airway
obstruction, such as FEV,/FVC ratio and FEF,; .5, are not
influenced by obesity [7-9]. However, whether there is a
relationship between spirometric values and body mass
index (BMI) is not properly established. Moreover, studies
evaluating a relationship between pulmonary function tests
and polysomnography or polygraphy in children with OSAS
are scarce in the literature and show conflicting results
[10-12]. Also, home respiratory polygraphy (HRP) is
increasingly recognized as a reliable exam to detect OSAS
in children [13, 14].

The first aim of this cross-sectional study was to com-
pare home-based polygraphic and spirometric measure-
ments between obese and normal-weight children and
adolescents. The second aim was to evaluate the relationship
between HRP and spirometric results and weight in this
population of children and adolescents with signs and symp-
toms suspect for OSAS.

Indeed, if we could demonstrate a relationship between
OSAS and abnormal lung function in children with obesity,
we should consider investigating systematically this popula-
tion with lung function testing.

2. Materials and Methods

2.1. Study Design and Subjects. This cross-sectional study
was carried out at the University Children’s Hospitals of
Geneva, Switzerland. At the outpatient clinics of pulmonary,
obesity and ENT patients aged 5 to 16 years with suspected
obstructive sleep apnea-hypopnea syndrome (OSAS) were
screened for inclusion. Exclusion criteria were (1) chronic
pulmonary diseases (cystic fibrosis, interstitial lung disease,
asthma, congenital pulmonary malformation, bronchiecta-
sis, primary ciliary dysfunction, and bronchopulmonary
dysplasia); (2) acute asthma exacerbation or uncontrolled
asthma; (3) history of mechanical ventilation for lung dis-
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eases, tracheotomy, or pneumonia during the previous year;
(4) neuromuscular diseases; (5) severe scoliosis; (6) syn-
dromes with midface and ENT involvement; and (7) medi-
cations influencing sleep, blood pressure, or breathing
patterns.

We categorized subjects according to their BMI z-score
(zBMI): normal weight was defined as a zBMI < 1 SD, over-
weight as a zBMI between 1 and 2 SD, and obesity as a
zBMI > 2 SD, based on the World Health Organization stan-
dards [15]. As there were no differences between overweight
and obese subjects, we separated our subjects into 2 groups
according to BMI: the “obese” group included those children
who were overweight or obese; the “normal weight” group
included the remaining subjects.

The study was approved by the Cantonal Ethics Com-
mittee (CER 12-221), and parental and child written
informed consent was obtained.

2.2. Measurements

2.2.1. Anthropometrics. We assessed body weight (kg) in
light clothes (panties and tee-shirt) and height (cm) without
shoes. Body mass index (BMI) was calculated as weight/
height squared (kg-m'z), and z-scores (zBMI) were derived
from the World Health Organization standards [15].

2.2.2. Home Respiratory Polygraphy. Home respiratory poly-
graphy (HRP) was performed using the Embla® Embletta®
GOLD portable sleep system. The detailed method descrip-
tion can be found in our previous publication [16].

Apnea was defined, according to pediatric scoring rules
of the American Academy of Sleep Medicine 2012 [17], as
a drop in the peak signal excursion of the nasal flow trace
or belt sum trace (sum of thoracic and abdominal belts’
traces) by >90% of the preevent baseline for at least the time
equivalent to two respiratory cycles. When respiratory
efforts were maintained, it was scored as obstructive apnea.
When inspiratory efforts were absent and associated with
>3% oxygen desaturation, it was scored as central apnea.
Hypopnea was defined as a decrease of >30% in the ampli-
tude of nasal flow trace or belt sum trace during the time
equivalent to two respiratory cycles, associated with a drop
in oxygen saturation of >3%.

The apnea-hypopnea index (AHI) and the obstructive
apnea index (0AHI) were defined as the total number of
respiratory events (apnea plus hypopnea) and the number
of obstructive events, respectively, divided by the total ana-
lyzed study time in hours. The mean oxygen saturation was
recorded, and the number of oxygen desaturations>3%
divided by the total analyzed study time in hours was defined
as the oxygen desaturation index (ODI). We also calculated
the time passed with partial oxygen saturation below 90%,
in the percentage of analyzed time (%time < 90%Sp0O,).

HRP tests were considered uninterpretable if, for techni-
cal reasons, the key signal (oxygen saturation) was absent or
there were no reliable airflow and belt sum trace signals or if
the analyzed time was less than 300 minutes.

OSAS was diagnosed if sleep-disordered breathing
symptoms were present and the AHI (obstructive and
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central events) was >1/h [1]. We also used the following cut-
offs to categorize OSAS severity: AHI < 1/h: no OSAS, 1<
AHI < 5: mild OSAS, 5< AHI < 10: moderate OSAS, and
AHI > 10: severe OSAS [18].

2.2.3. Spirometry. All subjects performed spirometry,
without bronchodilator testing, using a handheld spirometer
(MicroLoop from Micro Medical, Rochester, England, com-
plying with 2005 American Thoracic Society/European
Respiratory Society (ATS/ERS) standards). Spirometry was
considered interpretable if fulfilling the ATS/ERS criteria
[19]. We measured forced expiratory volume in 1 second
(FEV),), forced vital capacity (FVC), and forced expiratory
flow at 25-75% of forced vital capacity (FEF,5 ,s,,). We used
prediction equations from the Global Lung Function Initia-
tive (GLI 2012) [20] to calculate z-sores and percent pre-
dicted values for FEV,, FVC, FEV,/FVC ratio, and FEF,
250, The GLI 2012 predicted values have been validated for
multiethnic children [21] and Caucasian Australasians [22].

The ATS and ERS recommend an age-specific lower
limit of normal (LLN) to be set at the 5% percentile, corre-
sponding to a z’s of -1.64 [23-25]. In contrast to % pre-
dicted, z’s are unbiased regarding age, height, sex, and
ethnicity.

2.3. Statistical Analysis. Statistical analyses were performed
using the SPSS software 25.0 (Chicago, IL). Descriptive anal-
yses were performed using frequency distributions for the
qualitative variables and mean and standard deviation (SD)
for the quantitative variables. Statistical differences between
normal weight and obese subjects were analyzed using inde-
pendent Student’s t-test and chi® when appropriate. We
evaluated the relationship between variables using Pearson
coefficient correlation and regression analyses.

The sample size was calculated for the relationship
between zBMI and FEV z’s, FEV/FVC z’s, and FVC z’s.
Prior data indicate that the standard deviation of zZBMI is
1, and the standard deviation of the regression errors will
be 0.3. If the true slope of the line obtained by regressing
the independent variable against zZBMI is 0.1, we would need
to study 73 subjects to be able to reject the null hypothesis
that this slope equals zero with probability (power) 0.8.
The Type I error probability associated with this test of this
null hypothesis is 0.05.

Differences were considered significant if p < 0.05.

3. Results

3.1. Patient Characteristics. Out of the 91 subjects recruited,
81 had complete data for both home polygraphy and spi-
rometry: 3 had to be excluded due to uninterpretable HRP
and 7 due to uninterpretable pulmonary function tests.
Therefore, we present the results of the 81 subjects. Our
study population was only composed of Caucasians.

The obese group (n = 51) included 13 overweight and 38
obese subjects. There were 30 normal-weight children
(zBMI < 1 SD). Characteristics of the subjects are presented
according to their weight status in Table 1.

As expected, anthropometric characteristics between
both groups differed significantly for weight and zBMI. Fur-
thermore, in the obese group, children were older and taller
(p<0.001).

3.2. Home Respiratory Polygraphy. Based on the HRP
recordings obtained, thirty-five (43.2%) out of the 81 sub-
jects were diagnosed with at least mild OSAS (AHI>1),
32.1% (26/81) had mild OSAS, 4.9% (4/81) had moderate
OSAS, and 6.2% (5/81) had severe OSAS.

Despite the fact that an AHI>1 seemed to be more
frequent in children with obesity, the difference was not sig-
nificant (obese: 47% vs. normal weight: 37%, p = 0.362), and
there was no correlation between zBMI and AHI, oAHI,
mean oxygen saturation, %time <90%SpO,, or ODI
(p>0.05 for all).

3.3. Spirometry. Spirometry parameters for both groups are
presented in Table 1. All mean values were within the nor-
mal range. However, some individuals presented spirometric
values below the LLN (z's<-1.64), mainly in normal-
weight children (Table 1). Eight subjects had abnormal mea-
sures compatible with airway obstruction (FEV,/FVC ratio
Zs<LLN and/or FEF,; ..z's<LLN), 7 of which were in
the obese group. Only one young boy (8.3 years old) with
a very high zBMI of 4.5 cumulated both abnormal measures.

When comparing the two groups for FEV,, FVC, and
FEV,/FVC ratio z’s, we found higher FEV, and FVC z’s
and lower FEV,/FVC ratio z’s in the obese group. Indeed,
several spirometric z data were correlated to zBMI (FEV,z
st r=0.270,p=0.015; FVC z’s: r=0.373,p=0.001; and
FEV,/FVC ratio z’s: r =—-0.332, p = 0.003; Graph 1). FEF,,_
75,2 s did not differ between the 2 groups, nor was it corre-
lated to zBMI (p = 0.220).

The obese and normal-weight groups differed also in age
and height, which led us to compare spirometric values. We
did not find any correlation between spirometric z parameters
and age, but we found a correlation between the FVC z’s and
FEV,/FVC ratio z’s versus height (r =0.239, p=0.033; r = —
0.245,p = 0.028, respectively). Therefore, we adjusted our
results for those parameters (age and height) and found that
both FVC and FEV,/FVC ratio z’s remained related to zBMI
(all p <0.05). This was not the case for FEV,2Z’s (p > 0.05).

3.4. Correlation between HRP and Spirometry Values. All
subjects with FEV, (n=8) and/or FVC (n=9) z’s below
the LLN had AHI>1 (FEV,: p=0.001; FVC: p<0.001).
All presented with mild OSAS (1 <AHI<5) except for
one, who had severe OSAS (Graphs 2 and 3). There were
more normal-weight subjects than obese subjects with AHI
>1 and FEV,z’s or FVC 2’s below the LLN (FEV,Z’s: 6 vs.
2; p=0.003; FVC 2’s: 6 vs. 3; p = 0.010).

Among the three individuals with FEV,/FVC ratio z's
< LLN, only one had normal AHI indices (p =0.743), and
among the five with abnormal FEF,; ,c,z’s, two had an
AHI>1 (p=0.881). There was no difference between
normal-weight and obese subjects for those parameters.

We did not find any correlation between spirometric data
and other polygraphic parameters, such as oAHI, ODI, or
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Normal weight Obese
N=30 N=51 P

Gender: female: n (%) 15 (50.0) 20 (39.2) 0.344
Age (years) 74+24 10.7+3.5 <0.001*
Anthropometrics
Weight (kg) 23.9+8.2 61.0+27.8 <0.001*
Height (cm) 123.4+16.0 146.4 £ 19.8 <0.001*
BMI z-score -0.4£0.9 2.8+1.1 <0.001*
Spirometric measurements
FEV, (z-score) —-0.55+0.93 0.10+1.14 0.010*
FVC (z-score) —-0.80 £ 0.99 0.06 + 1.06 0.001*
FEV,/FVC (z-score) 0.62+0.93 —0.04 £0.96 0.003*
FEF,5 754, (z-score) 0.18 +1.00 -0.15+0.99 0.153
FEV, (% of predicted) 93.2+11.8 98.7+17.1 0.120
FVC (% of predicted) 90.0+12.6 99.0+17.2 0.015*
FEF, 50, (% of predicted) 74.7£47.0 66.1 £42.5 0.401
Below the LLN values

FEV,Z’s n (%) 6 (20%) 2 (4%) 0.019*

FVC 2’s n (%) 6 (20%) 3 (6%) 0.055

FEV,/FVC z’s n (%) 0 3 (6%) 0.171

FEF, c0,2’s 1 (%) 1 (3%) 4 (8%) 0.415
Home respiratory polygraphy parameters
Mean oxygen saturation (%) 96.9+0.8 96.7+1.2 0.233
%time < 90%SpO, 0.26+£0.8 0.43+1.5 0.576
ODI (events/h) 2.9+6.2 4.1+8.2 0.499
0oAHI (events/h) 0.5+1.5 0.2+0.6 0.373
AHI (events/h) 2.4+5.6 2.1+4.5 0.766
AHI > 1: n (%) 11 (36.7) 24 (47.1) 0.362
AHI>5:n (%) 4 (13.3) 5(9.8) 0.625
OSAS severity 0.613

No OSAS (AHI < 1): n (%) 19 (63.3) 27 (52.9)

Mild OSAS (AHL: 1-4): n (%) 7 (23.3) 19 (37.3)

Moderate OSAS (AHI: 5-9): n (%) 2 (6.7) 2 (3.9)

Severe OSAS (AHI: >10): n (%) 2 (6.7) 3 (5.9)

Abbreviations: BMI: body mass index; FEV: forced expiratory volume in 1 second; FVC: forced vital capacity; FEF,;_s,,: forced expiratory flow at 25-75% of
forced vital capacity; LLN: lower limit of normal; ODI: oxygen desaturation index; oAHI: obstructive index; %time < 90%SpO,: percentage of analyzed time
under 90% of partial oxygen saturation (%); AHI: apnea-hypopnea index. Spirometric measurement z-score and % predicted values calculated using GLI 2012

equations. Data are presented as the mean + SD. *p < 0.05.

mean oxygen saturation, except for FEV,z’s which were
inversely correlated to %time < 90%SpO, (r=-0.224,p =
0.044). However, %time < 90%SpO, was not significantly dif-
ferent between individuals with normal or abnormal FEV,
(FEV,2’s below the LLN) (0.28 + 1.1vs.1.11 + 2.3 ; p = 0.344).

4. Discussion
The first aim of our study was to compare HRP and spiro-

metric values between normal-weight children and adoles-
cents with obesity.

In our study, the proportion of subjects diagnosed with
OSAS based on HRP recordings seemed surprisingly low
considering that all who were included were suspected of
OSAS based on reported snoring, apnea, or diurnal fatigue.
On the other hand, the fact that more subjects in the obese
group seemed to be affected by OSAS compared with their
normal-weight counterparts, despite no difference in HRP
recordings between both groups, could be explained by
the fact that all subjects were recruited because of sus-
pected OSAS.

The proportion of OSAS in our selected population was
also quite low compared to the literature, where it ranges
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from 46% to 59% [10, 26]. In the general population, obesity
has shown to be a significant risk factor for OSAS, associated
with a 4.5-fold increased risk [27]. In school-age children
with obesity, a prevalence of 44.6% compared with 9.1% in
their normal-weight counterparts has been reported, with a
relative risk of 4.9 [28].

Regarding our spirometric findings, we found differ-
ences between both groups, with higher FVC and lower
FEV,/FVC ratio z’s in children with obesity. FEV,Z’s also
seemed higher in the obese group, but the difference disap-
peared after adjustment for height. Those 3 measurements
were strongly correlated to the zBMI (positively for FEV,
and FVC and negatively for FEV,/FVC ratio z’s). It must
be highlighted that the spirometric values were within the
normal limits in the majority of the children, which was
not surprising as we excluded symptomatic asthmatic
patients from our study. However, 16% (13/81) of our pop-
ulation had at least one parameter below the LLN, with
11% (9/81) with decreased FVC. Normal-weight children
more often had abnormal FEV, and FVC z’s, whereas chil-
dren with obesity seemed to be more affected by low FEV,/
FVC z’s and FEF,; ;c0,2’s.

In comparison with the literature, we were also con-
fronted with the limitation of the Quanjer GLI 2012 equa-
tions that calculate the spirometric z’s. Indeed, they are
adjusted for age, height, gender, and ethnic group of the
subjects, but not for weight or BMI. The strong positive
relationship we found between higher FVC and BMI could
be due to a difference in puberty onset between the two
groups, as in obese children puberty is often more preco-
cious and associated with an earlier growth peak compared
with normal-weight children [29, 30]. The difference in
puberty development may also explain that at the same
age, lung volumes may also be higher in obese subjects.
Indeed, whereas child vital capacity increases proportion-
ally faster than FEV, these determinants are temporarily
reversed during the adolescent growth spurt. The question
therefore arises as to whether the applied correction from
Quanjer, which was developed for the general population,
is adapted for evaluating children with obesity, as they tend
to be taller and physically more mature than their normal-
weight counterparts.

Concerning the relationship between spirometric values
and weight status, some studies found similar results to ours
[5, 7]. Kochli et al. [31] found that in their unselected
cohort of 1246 children, FEV, and FVC were significantly
higher in obese children, and a decrease in the FEV,/FVC
ratio was associated with increased BMI, also due to a more
important increase in FVC compared to FEV,. In their
study investigating a population of 327 children and adoles-
cents aged 6-17, Davidson et al. [7] reported a positive lin-
ear relationship between FVC (percent predicted) and zBMI
and a negative linear relationship between absolute FEV,/
FVC ratio and zBMI. However, they could not demonstrate
a significant relationship between FEV, (percent predicted)
nor FEF, .. (percent predicted) and zBMI. Even if our
studied population was much smaller, our results compare
to others reported and might therefore be considered a rep-
resentative sample. The fact that known asthmatic patients

were excluded in our and Davidson’s studies reinforces the
importance of our finding a lower FEV,/FVC ratio in the
obese group, which was mainly due to a higher FVC.
Regarding the relationship between asthma and obesity, an
official ATS workshop report discussed their relationship
extensively [32] and mentioned that airflow obstruction
expressed by the FEV,/FVC ratio was not usually associated
with obesity [33].

Some further studies emphasize that in obese children,
FEV,/FVC is more reduced than in obese adults [6, 34].
One explanation might be dysanaptic lung growth, e.g.,
reduced growth of airways relative to lung size, as this seems
to be related to, and more common in, obesity. Dysanapsis
resulting in expiratory flow limitation could therefore explain
the loss of FEV,/FVC in children.

In contrast, other and smaller studies [8, 9, 35] did not
find any relationship between anthropometric data and spi-
rometric values.

These contrasting results also highlight the inherent
difficulty of comparing studies using different spirometric
reference values (expressed as absolute, percent predicted,
or 2’s) in different populations (ethnicity, adiposity, age,
and with or without respiratory complaints).

The secondary aim of our study was to evaluate the rela-
tionship between HRP and spirometric results and weight in
this population of children and adolescents with signs and
symptoms suspect for OSAS. We did not find any correla-
tion between FEV,, FVC, and FEV,/FVC ratio z’s and
AHI, oAHI, or ODI. However, the longer the subjects were
below 90% of SpO,, the lower their FEV,z’s, suggesting an
obstructive tendency of their airways leading to more pro-
nounced desaturations in case of obstructive respiratory
events. Furthermore, subjects with abnormal FEV, and/or
FVC z’s were all suffering from mild OSAS (AHI > 1) and
were mostly of normal weight. The association between
abnormal FEV,/FVC ratio or FEF,;,; and OSAS, or
between abnormal FEV,2’s and %time < 90%, was not so
clear, probably due to the small number of subjects con-
cerned. This limitation probably also prevented us from
detecting a difference between the groups, although obese
subjects did seem more represented.

When reviewing the literature, a recent pediatric study
by Van Eyck et al. [11], performed in a much larger popula-
tion of 185 children who were either overweight or obese
(mean z’s 2.4 in the range of 1.5-3.6), showed a significant
decrease of all measured lung function parameters in sub-
jects with moderate-to-severe OSAS compared to children
without OSAS. FEV, and FVC were inversely correlated
with the severity of OSAS, independent of the degree of adi-
posity for FEV,. However, no correlations were found for
the FEV,/FVC ratio after correction for zBMI. The authors
suggested that pulmonary function abnormalities could par-
ticipate in the pathology of OSAS and that improving lung
function might diminish the severity of OSAS. Although it
is difficult to compare studies because of differences in OSAS
definitions and type of pulmonary function tests realized
(body plethysmography or spirometry only), we could
explain the lack of relationship between spirometric and
polygraph values and weight in our study by the fact that



we had a much smaller study population compared to the
Van Eyck study and that the majority of our subjects suf-
fered from only mild OSAS. Indeed, in subjects with more
severe OSAS, such as in adult studies, the results are more
consistent, with a clear link between lung function and
OSAS severity [36-38]. The fact that our subjects with
abnormal spirometric results were all suffering from mild
OSAS may suggest that with a larger sample, we would also
have found a correlation between those 2 entities. To our
knowledge, no studies have explored this relationship in
children with normal weight before us. In subjects who suf-
fered from OSAS, anomalies in pulmonary function were
more frequent, which leads us to suggest that this group is
at greater risk of concomitant pulmonary involvement and
therefore should benefit from screening.

4.1. Limitations. We studied only spirometry but measured
no further lung volumes, such as total lung capacity (TLC)
and functional residual capacity (FRC). Correlations
between these volumes have often been associated with obe-
sity in the literature. Furthermore, as already stated, ours
was a small study population where few subjects suffered
from OSAS and mostly in a mild form, thereby limiting
our capacity to draw stronger conclusions. Finally, the
cross-sectional nature of our analysis limits our interpreta-
tions, and further observational or interventional studies
are needed to clarify the relationships.

5. Conclusion

When comparing children and adolescents with normal
weight to subjects with obesity, the prevalence of OSAS
was similar, whereas spirometric values were strongly
related to zBMI, probably due to advanced puberty
coupled with an accelerated growth spurt in obese chil-
dren. FEV, was more frequently abnormal in normal-
weight subjects, while obese subjects presented low FEV,/
FVC and FEF,; ,5,2’s. Our result might also suggest that
children presenting an obstructive lung function may also
suffer from more pronounced desaturation during sleep.
Moreover, all subjects with abnormal spirometric values
were suffering from at least mild OSAS, which was again
more frequent in normal-weight subjects. Obesity and
OSAS may share the same pathophysiology, which could
be a manifestation of the general inflammation commonly
seen in obesity. However, contrary to what we expected,
normal-weight children seemed more at risk of presenting
pulmonary limitations when suffering from OSAS than
subjects with obesity. Much larger studies are needed to
confirm our results.

Data Availability

The data used to support the findings of this study are avail-
able from the corresponding author upon request.

Conflicts of Interest

The authors have no conflicts of interest to declare.

Pulmonary Medicine

Acknowledgments

We thank the subjects for volunteering for the study and
the staff of the Pediatric Research Platform for their assis-
tance. This study was supported financially by ResMed,
Migros, Ligue pulmonaire genevoise, and Fondation Privée
des HUG. The work was independent of the funding.

Supplementary Materials

Supplementary 1. Graph 1: linear regression between FEV,
FVC, FEV,/FVC ratio, and FEF,; ,5,z-scores versus BMI z
-score.

Supplementary 2. Graph 2: FEV,z-score values and their
relationship to OSAS severity. Dotted line: LLN (FVC z
-score<—1.64).

Supplementary 3. Graph 3: FVC z-score values and their
relationship to OSAS severity. Dotted line: LLN (FVC z
-score<—1.64).

References

[1] A. G. Kaditis, M. L. Alonso Alvarez, A. Boudewyns et al.,
“Obstructive sleep disordered breathing in 2- to 18-year-old
children: diagnosis and management,” The European Respira-
tory Journal, vol. 47, no. 1, pp. 69-94, 2016.

[2] J. C. Lumeng and R. D. Chervin, “Epidemiology of pediatric

obstructive sleep apnea,” Proceedings of the American Thoracic

Society, vol. 5, no. 2, pp. 242-252, 2008.

S. L. Verhulst, L. Van Gaal, W. De Backer, and K. Desager,

“The prevalence, anatomical correlates and treatment of

sleep-disordered breathing in obese children and adoles-

cents,” Sleep Medicine Reviews, vol. 12, no. 5, pp. 339-346,

2008.

[4] L. C. Melo, M. A. M. da Silva, and A. C. do Nascimento Calles,
“Obesity and lung function: a systematic review,” Einstein (Sdo
Paulo), vol. 12, no. 1, pp. 120-125, 2014.

[5] Y. Chen, D. Rennie, Y. Cormier, and J. A. Dosman, “Waist cir-
cumference associated with pulmonary function in children,”
Pediatric Pulmonology, vol. 44, no. 3, pp. 216-221, 2009.

[6] E.Forno,Y.-Y.Han,]. Mullen, and J. C. Celed6n, “Overweight,
obesity, and lung function in children and adults-a meta-anal-
ysis,” The Journal of Allergy and Clinical Immunology. In Prac-
tice, vol. 6, no. 2, pp. 570-581.e10, 2018.

[7] W.J. Davidson, K. A. Mackenzie-Rife, M. B. Witmans et al.,
“Obesity negatively impacts lung function in children and ado-
lescents,” Pediatric Pulmonology, vol. 49, no. 10, pp. 1003-
1010, 2014.

[8] D. Rastogi, K. Bhalani, C. B. Hall, and C. R. Isasi, “Association
of pulmonary function with adiposity and metabolic abnor-
malities in urban minority adolescents,” Annals of the Ameri-
can Thoracic Society, vol. 11, no. 5, pp. 744-752, 2014.

[9] A. M. Li, D. Chan, E. Wong, J. Yin, E. Nelson, and T. F. Fok,
“The effects of obesity on pulmonary function,” Archives of
Disease in Childhood, vol. 88, no. 4, pp. 361-363, 2003.

[10] C. L. Marcus, S. Curtis, C. B. Koerner, A. Joffe, J. R. Serwint,
and G. M. Loughlin, “Evaluation of pulmonary function and
polysomnography in obese children and adolescents,” Pediat-
ric Pulmonology, vol. 21, no. 3, pp. 176-183, 1996.

(3

—_


https://downloads.hindawi.com/journals/pm/2023/1532443.f1.pdf
https://downloads.hindawi.com/journals/pm/2023/1532443.f2.pdf
https://downloads.hindawi.com/journals/pm/2023/1532443.f3.pdf

Pulmonary Medicine

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

[20]

(21]

(22]

(23]

(24]

A. Van Eyck, K. Van Hoorenbeeck, B. Y. De Winter, L. Van
Gaal, W. De Backer, and S. L. Verhulst, “Sleep-disordered
breathing and pulmonary function in obese children and
adolescents,” Sleep Medicine, vol. 15, no. 8, pp. 929-933,
2014.

I. E. Tapia, C. L. Marcus, J. M. McDonough et al., “Airway
resistance in children with obstructive sleep apnea syndrome,”
Sleep, vol. 39, no. 4, pp. 793-799, 2016.

M. L. Alonso-Alvarez, J. Teran-Santos, E. Ordax Carbajo et al.,
“Reliability of home respiratory polygraphy for the diagnosis
of sleep apnea in children,” Chest, vol. 147, no. 4, pp. 1020-
1028, 2015.

M. Michelet, S. Blanchon, S. Guinand et al., “Successful
home respiratory polygraphy to investigate sleep-disordered
breathing in children,” Sleep Medicine, vol. 68, pp. 146-152,
2020.

WHO Multicentre Growth Reference Study Group, “WHO
Child Growth Standards based on length/height, weight and
age,” Acta Paediatrica, vol. 95, pp. 76-85, 2007.

A. B. R. Maggio, M. Beghetti, H. Cao Van, C. Grasset Salomon,
C. Barazzone-Argiroffo, and R. Corbelli, “Home respiratory
polygraphy in obstructive sleep apnea syndrome in children:
comparison with a screening questionnaire,” International
Journal of Pediatric Otorhinolaryngology, vol. 143, article
110635, 2021.

R. B. Berry, R. Budhiraja, D. J. Gottlieb et al., “Rules for scoring
respiratory events in sleep: update of the 2007 AASM Manual
for the Scoring of Sleep and Associated Events. Deliberations
of the Sleep Apnea Definitions Task Force of the American
Academy of Sleep Medicine,” Journal of Clinical Sleep Medi-
cine, vol. 8, no. 5, pp. 597-619, 2012.

H.-L. Tan, D. Gozal, H. M. Ramirez, H. P. R. Bandla, and
L. Kheirandish-Gozal, “Overnight polysomnography versus
respiratory polygraphy in the diagnosis of pediatric obstructive
sleep apnea,” Sleep, vol. 37, no. 2, pp. 255-260, 2014.

M. R. Miller, J. Hankinson, V. Brusasco et al., “Standardisation
of spirometry,” The European Respiratory Journal, vol. 26,
no. 2, pp. 319-338, 2005.

P. H. Quanjer, S. Stanojevic, T. J. Cole et al., “Multi-ethnic ref-
erence values for spirometry for the 3-95-yr age range: the
global lung function 2012 equations,” The European Respira-
tory Journal, vol. 40, no. 6, pp. 1324-1343, 2012.

R. Bonner, S. Lum, J. Stocks, J. Kirkby, A. Wade, and
S. Sonnappa, “Applicability of the global lung function spi-
rometry equations in contemporary multiethnic children,”
American Journal of Respiratory and Critical Care Medicine,
vol. 188, no. 4, pp. 515-516, 2013.

G. L. Hall, B. R. Thompson, S. Stanojevic et al., “The Global
Lung Initiative 2012 reference values reflect contemporary
Australasian  spirometry,” Respirology, vol. 17, no. 7,
pp. 1150-1151, 2012.

P. H. Quanjer, G. J. Tammeling, J. E. Cotes, O. F. Pedersen,
R. Peslin, and J. C. Yernault, “Lung volumes and forced ven-
tilatory flows. Report Working Party Standardization of Lung
Function Tests, European Community for Steel and Coal.
Official Statement of the European Respiratory Society,” The
European Respiratory Journal. Supplement, vol. 16, pp. 5-40,
1993.

R. Pellegrino, G. Viegi, V. Brusasco et al., “Interpretative strat-

egies for lung function tests,” The European Respiratory Jour-
nal, vol. 26, no. 5, pp. 948-968, 2005.

(25]

[26]

(27]

(28]

(29]

(30]

(31]

(32]

(33]

(34]

(35]

(36]

(37]

(38]

“Lung function testing: selection of reference values and inter-
pretative strategies. American Thoracic Society,” The Ameri-
can Review of Respiratory Disease, vol. 144, no. 5, pp. 1202-
1218, 1991.

J. M. Silvestri, D. E. Weese-Mayer, M. T. Bass, A. S. Kenny,
S. A. Hauptman, and S. M. Pearsall, “Polysomnography in
obese children with a history of sleep-associated breathing dis-
orders,” Pediatric Pulmonology, vol. 16, no. 2, pp. 124-129,
1993.

A.M.1i, H.K. So, C. T. Au et al., “Epidemiology of obstructive
sleep apnoea syndrome in Chinese children: a two-phase com-
munity study,” Thorax, vol. 65, no. 11, pp. 991-997, 2010.

I. G. Andersen, J.-C. Holm, and P. Homge, “Obstructive sleep
apnea in children and adolescents with and without obesity,”
European Archives of Oto-Rhino-Laryngology, vol. 276, no. 3,
pp. 871-878, 2019.

S. D. Stovitz, E. W. Demerath, P. J. Hannan, L. A. Lytle, and
J. H. Himes, “Growing into obesity: patterns of height growth
in those who become normal weight, overweight, or obese as
young adults,” American Journal of Human Biology, vol. 23,
no. 5, pp. 635-641, 2011.

Q. He and J. Karlberg, “Bmi in childhood and its association
with height gain, timing of puberty, and final height,” Pediatric
Research, vol. 49, no. 2, pp. 244-251, 2001.

S. Kochli, K. Endes, T. Bartenstein et al., “Lung function, obe-
sity and physical fitness in young children: the EXAMIN
YOUTH study,” Respiratory Medicine, vol. 159, article
105813, 2019.

A. E. Dixon, F. Holguin, A. Sood et al., “An official American
Thoracic Society Workshop report: obesity and asthma,” Pro-
ceedings of the American Thoracic Society, vol. 7, no. 5,
pp. 325-335, 2010.

D.D. Sin, R. L. Jones, and S. F. P. Man, “Obesity is a risk factor
for dyspnea but not for airflow obstruction,” Archives of Inter-
nal Medicine, vol. 162, no. 13, pp. 1477-1481, 2002.

J. E. Lang, “Obesity and childhood asthma,” Current Opinion
in Pulmonary Medicine, vol. 25, no. 1, pp. 34-43, 2019.

M. S. Ferreira, R. T. Mendes, F. A. L. Marson et al., “Espirome-
tria e capnografia volumetrica na avaliagao da fungao pulmo-
nar de individuos obesos e eutroficos sem asma,” Jornal de
Pediatria, vol. 93, no. 4, pp. 398-405, 2017.

F. Zerah-Lancner, F. Lofaso, A. Coste, F. Ricolfi,
F. Goldenberg, and A. Harf, “Pulmonary function in obese
snorers with or without sleep apnea syndrome,” American
Journal of Respiratory and Critical Care Medicine, vol. 156,
no. 2, pp. 522-527, 1997.

L. Kunos, Z. Lazar, F. Martinovszky et al., “Overnight changes
in lung function of obese patients with obstructive sleep
apnoea,” Lung, vol. 195, pp. 127-133, 2017.

D. Clavellina-Gaytan, D. Veldzquez-Fernandez, E. Del-Villar
et al., “Evaluation of spirometric testing as a routine preopera-
tive assessment in patients undergoing bariatric surgery,” Obe-
sity Surgery, vol. 25, no. 3, pp- 530-536, 2015.



	Home Respiratory Polygraphy and Spirometry in Normal Weight and Children with Obesity Suspected for Obstructive Sleep Apnea Syndrome: Are There Any Associations?
	1. Introduction
	2. Materials and Methods
	2.1. Study Design and Subjects
	2.2. Measurements
	2.2.1. Anthropometrics
	2.2.2. Home Respiratory Polygraphy
	2.2.3. Spirometry

	2.3. Statistical Analysis

	3. Results
	3.1. Patient Characteristics
	3.2. Home Respiratory Polygraphy
	3.3. Spirometry
	3.4. Correlation between HRP and Spirometry Values

	4. Discussion
	4.1. Limitations

	5. Conclusion
	Data Availability
	Conflicts of Interest
	Acknowledgments
	Supplementary Materials



