N

N
N

HAL

open science

Dramatic impact of morbid obesity on child lung
development

A. Hochart, Veronique Neve, Elodie Drumez, Marie Pigeyre, A. Mallart, C.

Monaca, Olivier Le Rouzic, I. Gueorguieva, Regis Matran

» To cite this version:

A. Hochart, Veronique Neve, Elodie Drumez, Marie Pigeyre, A. Mallart, et al.. Dramatic impact
Archives de Pédiatrie, 2021, Archives de pediatrie
organe officiel de la Societe francaise de pediatrie, 28 (3), pp.186-190. 10.1016/j.arcped.2021.02.016 .

of morbid obesity on child lung development.

hal-03759479

HAL Id: hal-03759479
https://hal.univ-lille.fr /hal-03759479
Submitted on 24 Apr 2023

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.

Distributed under a Creative Commons Attribution - NonCommercial 4.0 International License


https://hal.univ-lille.fr/hal-03759479
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
https://hal.archives-ouvertes.fr

Version of Record: https://www.sciencedirect.com/science/article/pii/S0929693X21000336
Manuscript_2e27{30a2b2¢9194cf314586808072b8
Dramatic impact of morbid obesity on child lung development

Short title: Impact of morbid obesity on child lung development

A. Hochart'", V. Néve?, E. Drumez®, M. Pigeyre*, A. Mallart’, C. Monaca®, O. Le Rouzic’, I.

Gueorguieva®, R. Matran?

'CHU Lille, Pediatric Department, F-59000 Lille
2 Univ. Lille, CHU Lille, EA4483, Pulmonary Function Test Unit, F-59000 Lille, France

3 Univ. Lille, CHU Lille, EA 2694 - Santé publique: épidémiologie et qualité des soins,
Department of Biostatistics, F-59000 Lille, France

4 Univ. Lille, CHU Lille, Department of Nutrition, Centre Intégré d’Obésité — F-59000 Lille,
France

> CHU Lille, Pulmonology Department, F-59000 Lille, France
® Univ. Lille, CHU Lille, Neurophysiology Department, F-59000 Lille, France
7Univ. Lille, CHU Lille, Pneumology Department, F-59000 Lille, France

8 CHU Lille, Pediatric Department, Centre Intégré d’Obésité, F-59000 Lille, France

*Corresponding author: Audrey Hochart, Institut Ceeur-Poumon, Bd du Professeur Jules

Leclercq, 59000 Lille, France
Email: audrey.hochart@gmail.com Phone: +33320444842 fax: +33320446850
Conlflicts of interest: none

Funding: None

© 2021 published by Elsevier. This manuscript is made available under the CC BY NC user license
https://creativecommons.org/licenses/by-nc/4.0/


https://www.elsevier.com/open-access/userlicense/1.0/
https://www.sciencedirect.com/science/article/pii/S0929693X21000336
https://creativecommons.org/licenses/by-nc/4.0/
https://www.sciencedirect.com/science/article/pii/S0929693X21000336

Preliminary Communications: This work was presented in part during:

- European Childhood Obesity Group ECOG Congress as a commented poster, Rome,

2017
- European Respiratory Society ERS Congress as a commented poster, London, 2016

- Société Francaise de Pédiatrie congress as an oral communication, Lille, 2016

ABSTRACT

Objective: To assess the respiratory function and sleep characteristics of obese adults and

children.

Methods: All patients with non-syndromic, severe obesity (BMI > 3 z-scores for children and
> 40.00 kg/m? for adults), referred for pulmonary function tests at Lille University Hospital,

were retrospectively included.

Results: A total of 69 children (mean +SD BMI 36.8 +6.7 and mean BMI z-score 4.7 +1.0)
and 70 adults were included (mean BMI 45.7 £6.2). Metabolic syndrome was diagnosed in 13

children (26%) and 40 adults (80%). Reduced lung volumes were observed in 34 children
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(50.0%) and 16 adults (24.0%) and both the mean functional residual capacity (FRC) and the
mean residual volume (RV) were lower in children than in adults (FRC: -1.7 +2.1 z-score in
children vs. -1.0 £1.1 in adults, p=0.026; and RV: -0.8 +£1.2 z-score in children vs. -0.1 £1.1 in
adults, p=0.002). The prevalence of severe obstructive sleep apnea syndrome was greater in
adults (40.7% vs. 18.8%, p=0.007). Children had a higher average oxygen saturation (median

of 96.0% [91.0-98.0] vs. 93.0% [76.0-97.0] in adults, p<0.0001).

Conclusion: Obesity has consequences for lung volumes in children; however, a longitudinal

study is needed to determine the impact on pulmonary expansion and growth.

Keywords: obesity; lung function; polysomnography; metabolic syndrome; sleep disorders

breathings



1. Introduction

The World Health Organization (WHO) defines obesity as an excess in fat mass great enough
to increase the risk of morbidity, to alter physical, psychological, or social well-being, and/or
mortality, and is described as “the most-ignored public health problem” [1]. The prevalence of
childhood obesity has increased substantially and rapidly worldwide in less than a generation
and childhood obesity is associated with an increased rate of premature death from
endogenous causes [2,3]. Indeed, in addition to the known complications of obesity including
cardiovascular and metabolic diseases (high blood pressure, dyslipidemia, and impaired
glycemia), obesity has also been linked to a number of respiratory disorders [4-7]. Today,
sleep-related breathing disorders as complications of obesity are well documented in adults
but remain poorly documented in children [8]. To the best of our knowledge, no study to date
has investigated nocturnal and diurnal respiratory function, comparing morbidly obese
children and adults. The aim of this study was to assess the respiratory function and sleep

characteristics of obese adults and children.

2. Methods
2.1 Inclusion criteria

We retrospectively included all patients with non-syndromic, severe obesity, referred to our
hospital for pulmonary function tests from December 2010 to July 2014. Obesity in children
and in adolescents was defined as body mass index (BMI) > 3 z-scores and severe obesity as
BMI > 4 z-scores [9]. In adults, we used the WHO International Classification of adult

overweight and included obese class III, those having a BMI > 40.00 kg/m? [1].



2.2 Demographic data
The demographic data collected were gender, age, obesity onset (in children), systolic and
diastolic blood pressure, waist circumference, weight, height, and BMI. BMI values were

converted into z- scores.

2.3 Pulmonary function tests

Spirometry and lung volume measurements were performed following the American Thoracic
Society and European Respiratory Society (ATS/ERS) recommendations [10,11] by body
plethysmography (Masterscreen, Jaeger, Carefusion, San Diego, CA). Pulmonary function
data were collected including slow vital capacity (SVC), plethysmographic functional residual
capacity (FRC), residual volume (RV), total lung capacity (TLC), RV/TLC ratio, forced
expiratory volume in one second (FEV)), forced vital capacity (FVC), FEV/FVC ratio, and
forced expiratory flow between 25 and 75% of FVC (FEF2s.75). Reference values for
spirometry [12] and lung volume in children [13] and adults [14] were previously described

and abnormal values defined as z- score < -1.645.

2.4 Polysomnography

In our obesity management center, polysomnography is performed systematically even in the
absence of any clinical symptoms. Polysomnographic studies were performed overnight in a
quiet and dark room using Brainnet for adults (Medatec-Medical Data, Brussels, Belgium)
and the Embletta sleep system for children (Embla, Inc., Broomfield, CO). Data were
recorded on a digital acquisition system (Embla, ResMed, Inc., San Diego, CA) for adults and

Medatec (Medatec-Medical Data, Brussels, Belgium) for children. This acquisition system
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continuously measured and recorded data, including: electroencephalography (C4-Al and C3-
A2), electro-oculography, chest and abdominal wall motion, oronasal air flow,
electrocardiography, microphone sounds at the suprasternal notch, chin and anterior tibial

muscles electromyography. Pulse oximetry was recorded using a Nonin 8000 oxymeter.

Apnea was defined as absence of airflow at the nose for >10 s in adults and two breaths
during baseline breathing in children. Hypopnea was defined as a 10-s or longer event (two
breaths during baseline breathing in children) characterized by either a clear decrease (>50%)
of oronasal airflow, or a clear amplitude reduction (<50%) associated with >3% oxygen
desaturation or an arousal [15]. Respiratory effort was measured by respiratory inductance
plethysmography and oxygen saturation by a finger probe connected to a pulse oxymeter. A
snoring event was defined as a breathing sound with a sound pressure level greater than 60
dB. Sleep efficiency was defined as the total sleep time divided by the total recording time.
Respiratory events were scored according to the American Academy of Sleep Medicine

guidelines [15].

The following data were collected: Epworth score [16], presence of snoring, sleep efficiency,
apnea hypopnea index (AHI), average oxygen saturation, minimum oxygen saturation,
percentage of total sleep time with an oxygen saturation < 90%, and, in adults, awakening
partial arterial pressures of carbon dioxide (P.CO>) or, in children, awakening partial venous
pressures of carbon dioxide (PyCO2). Abnormal values were defined as an Epworth score >11,
presence of snoring, an average oxygen saturation <95%, any time spent with SpO2 <90% and
a PCO; >50 mmHg. Severe obstructive sleep apnea syndrome (OSAS) was defined as an AHI

>10 in children and >30 in adults [15-18].



The data from patients were retrospectively collected. These tests are part of the clinical
management of severely obese patients and in this context, and according to our institutional

guidelines, no institutional review board approval was required for our study.

2.5 Laboratory data and metabolic syndrome

The following laboratory data were collected: fasting insulinemia, glycemia, triglycerides,
high-density lipoprotein (HDL) cholesterol, and total cholesterol.

In children, abdominal obesity was defined as a waist circumference of >90" percentile (or
adult cut-off if lower). If BMI was >30 kg/m?, a positive waist circumference criterion was
assumed. In adults, abdominal obesity was defined as a waist circumference of >94 cm for

men and >80 cm for women [19,20].

Abnormal values were elevated triglycerides >1.7 mmol/L (>150 mg/dL), low HDL
cholesterol <1.03 mmol/L in males and children (<40 mg/dL) or <1.29 (50 mg/dL) in females
or specific treatment for these lipid abnormalities, increased plasma glucose >5.6 mmol/L
(100 mg/dL) or previously diagnosed type 2 diabetes, high systolic (>130 mmHg) or diastolic

(>85 mmHg) blood pressure or treatment of previously diagnosed hypertension [19,20].

Metabolic syndrome was defined as abdominal obesity and the presence of two or more other
clinical features (i.e., elevated triglycerides, low HDL cholesterol, high systolic or diastolic

blood pressure, and increased plasma glucose) [20].

2.6 Statistical analysis
Qualitative variables are expressed as frequency (percentage) and quantitative variables as

mean tstandard deviation (SD), or median (range) in the case of non-Gaussian distribution.
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Normality of distribution was checked graphically and by using the Shapiro—Wilk test.
Comparisons between the two groups were made using the chi-square test (or Fisher’s exact
test when expected cell frequency was <5) for qualitative variables and Student’s ¢ test or the
Mann—Whitney U test according to normality for quantitative variables. Correlations between
the two quantitative variables were assessed using Spearman’s coefficient correlation.
Statistical testing was done at the two-tailed a level of 0.05. Data were analyzed using the
SAS software package, release 9.4 (SAS Institute, Cary, NC). Given the exploratory nature of

the present study, we did not adjust for multiple comparisons.

3. Results

3.1 Demographic characteristics of study participants

We included 69 children (32 boys [46.4%], age range 7.2—-17.9 years). Among them, 18
(26.0%) presented with mild obesity and 51 (74.0%) with severe obesity. Mean BMI was 36.8
+6.7 kg/m?. In our population of children, obesity started at a median age of 4 years (range
0.08-9.0), median obesity duration was 10.2 years (range 4.91-15.39), 27 children (39.1%)
presented with asthma, 13 (18.8%) had undergone adenoidectomy and 19 (27.5%)
tonsillectomy (Table 1).

A total of 70 adults (21 men [30.0%], age range 18.2-76.1 years) were enrolled and 59
(84.3%) underwent polysomnography. Mean BMI was 45.7+6.2 kg/m?. Among the adults,
nine (12.8%) presented with asthma and one (1.4%) presented with chronic obstructive

pulmonary disease.

3.2 Pulmonary function tests in the two groups



Abnormally low FRC (observed in 50% [34/68] of children) and RV (in 22.1% [15/68]) was
more prevalent in children (p=0.02 and p=0.03, respectively, Table 2) whereas abnormally
low FEV and FVC were more prevalent in adults (p=0.007 and p<0.0001, respectively). In
agreement with this, children had lower mean z-scores for FRC and RV than adults but higher
mean z-scores for FEV; and FVC (Table 3). An obstructive ventilatory defect (FEV1/FVC
ratio < lower limit of normal [LLN]) was observed in 11 adults and 11 children (six children
suffering from asthma). An isolated decrease in FVC<LLN together with an FEV/FVC ratio
> LLN suggestive of a restrictive ventilatory defect was observed in 10 adults (a reduced TLC
indicating true restriction was observed in one adult) and four children (a reduced TLC

indicating true restriction was observed in three children).

In adults, a reduction in FEV/FVC was observed in 17.6% of smokers (n=6) and 15.2% of
nonsmokers (n=5; p=0.78). In children, a reduction in FEV{/FVC was observed in 23.1%

(n=6) of patients with asthma and 11.6% (n=5) of patients without asthma (p=0.31).

BMI z-scores were not correlated with FRC, neither in children (r= -0.17; p=0.16) nor in

adults (r=-0.05, p=0.68).

The prevalence of abnormal FRC was not different between children with and without
metabolic syndrome (46.2% vs. 47.2%, respectively, p=0.95) or in adults with and without

metabolic syndrome (30.6% vs. 10.0%, respectively, p=0.25).

3.3 Sleep disorders in the two groups

In comparison with adults (Table 2), sleep-related respiratory disorders were observed less
frequently in children. Snoring was more common in adults (37/42 [88.1%] vs. 14/47
[29.8%], p<0.0001). The prevalence of severe OSAS was higher in adults: 24/59 adults
(40.7%) vs. 13/69 children (18.8%) (p=0.007). Mean average saturation was higher in
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children than in adults (96.0% [91.0-98.0] vs. 93.0% [76.0-97.0], p<0.0001) (Table 3). Mean
Epworth score was higher in adults (9.7+5.1 vs. 6.0+4.6, p=0.002). The median oxygen
desaturation index was 4.5 in children (0.2—40.1). None of the children (0/55) had SpO>

<90% vs. 16/54 adults (29.6%) (p<0.0001).

BMI z-scores were not correlated with AHI, neither in children (r =0.12, p=0.33) nor in adults
(r =0.08, p=0.52). Abnormal average SpO; prevalence was similar between children with and
without metabolic syndrome (observed in 2 [15.4%] vs. 10 [27.8%], respectively, p=0.47).

AHI was not associated with the presence of metabolic syndrome in children (p=0.63).

3.4 Metabolic syndrome

Metabolic syndrome was diagnosed in 13 (26%) children with available data compared with
40 adults (80.0%) (Table 2). The prevalence of abdominal obesity and abnormal laboratory

and clinical features is presented in Table 2.

Mean (+SD) BMI z-score was not significantly higher in individuals with metabolic
syndrome as compared with those without metabolic syndrome, neither in children (4.77
+1.30 vs. 4.58 +0.74, respectively, p=0.63) nor in adults (4.32 +0.67 vs. 4.17 +0.95,

respectively, p=0.56).

4. Discussion

In our cohort, we found significant differences in pulmonary function tests and

polysomnography indices between children and adults. Abnormal lung volumes were more
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frequent in morbidly obese children than in morbidly obese adults, whereas OSAS was less

frequent in children than in adults.

Childhood-onset obesity frequently persists into adulthood and is associated with increased
long-term morbidity and mortality. In 2010, Franck et al. studied a large cohort of 4857
Indian American children without diabetes (mean age 11.3 years) and showed, at the end of
follow-up, that 559 of the 4857 participants (11.5%) died before they reached 55 years of age
[2]. The rate of death from endogenous causes in the highest quartile of childhood BMI was

more than double that in the lowest quartile [2].

Concerning metabolic syndrome, Cook et al. reported an overall prevalence of 4.2% among a
general population of 2430 adolescents aged 12—-19 years, whereas in obese adolescents of
their cohort, metabolic syndrome was present in 28.7% — a prevalence that is similar to our

results (26% in our obese children) [21].

It is well known that obesity increases the mechanical work needed for breathing. Indeed,
abdominal and thoracic fat accumulation is likely to have effects on the downward movement
of the diaphragm and could decrease the functional residual capacity and total lung capacity
by limiting the space for lung expansion or inflation [6]. Abnormalities in lung volume
(decrease in FRC and RV) were more frequent in morbidly obese children than in morbidly
obese adults and we can hypothesize that early onset of obesity may impair lung growth.
Indeed, in those children experiencing early-onset obesity (at a median age of 4 years) and
long obesity duration (median obesity duration 10.2 years), a decrease in physical activity and
impairment in lung volume development may have occurred. This may be true if the obesity
in adult patients appeared strictly in adulthood. A prospective longitudinal study is needed to

confirm this hypothesis.
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In children, we found that the decrease in functional residual capacity was the most common
pulmonary abnormality (observed in half of children), whereas the decrease in forced
expiratory volume in one second (FEVi) was the most frequent abnormality among adults
(30%) and associated with a decrease in forced vital capacity (FVC) (21%). Obstructive
ventilator defect was observed in 16% of adults and may be related to the high rate of
smoking in the adult population (47%). On the other hand, asthma was present in more
children than adults. We can hypothesize that the children’s asthma was well controlled, or
that the reduction in FEV| in adults was due to the reduction in FVC as seen in advanced
pulmonary diseases [22]. However, there was no significant difference regarding obstructive
ventilator defect between smokers and nonsmokers, and no difference between children with

asthma and children without asthma. This result could be due to the small effect in each

group.

Reduction in plethysmographic functional residual capacity (FRC) is the most consistently
reported effect of obesity on lung function, particularly in morbidly obese children [4,23].
Correlations between BMI z-score and reduction of FRC are not unanimously consistent in
the literature. In our study, FRC was not correlated with BMI z-score, whereas Davidson et al.
reported a negative correlation between BMI z-score and FRC [4,5]. In their study of 327
children from a general population, the range of BMI z-score values was larger while in the
children of our study, BMI z-scores were homogeneously high (>3 z-scores), which could
partly explain the discrepancy between our studies. Another explanation could be differences
in the assessment and definition of obesity between studies. Indeed, in a study by Li et al.,
BMI was not correlated with FRC whereas they found a significant, negative correlation
between the degree of reduction in FRC and adiposity, as measured by dual-energy X-ray

absorptiometry [5].
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In a recent meta-analysis, Forno et al. demonstrated that reductions in the FEV{/FVC ratio
were more pronounced in obese children than in adults. This result was not replicated in our

study, but may be due to our relatively small population [24].

Different definitions for OSAS are used between children and adults [17]. Indeed, in adults,
OSAS is diagnosed when an AHI is >5, whereas in children, an AHI >1 together with another
polysomnography index abnormality are required for a diagnosis [25]. The lower prevalence
of severe OSAS in children vs. adults could be partly due to the previous adeno-tonsillectomy
in nearly half of the pediatric patients. However, given the high proportion of morbidly obese
children with severe obstructive sleep apnea in our study (AHI >10 in 18.8% of children),

polysomnography should be performed for all morbidly obese children.

While the major strength of our study is the novelty of comparing the impact of morbid
obesity on pulmonary function indices and polysomnography indices in children with those in
adults, our study has some inherent limitations. These include: the retrospective nature of the
study, without a control group; the cross-sectional assessment of lung function at a single time
point; the fact that reference values for lung volume indices were different in adults and
children, requiring PFT indices to be expressed as z-score values to enable comparison.
Another limitation is that chronic obstructive bronchopneumopathy in adults was not assessed

and that OSAS in adults is defined based on the respiratory events index rather than the AHI.

5. Conclusion

These results highlight that obesity has consequences on lung volume in children and stress

the importance of further developing the detection of lung function abnormalities in obese

13



children; however, a longitudinal study is needing to determine its impact on pulmonary

expansion and growth.
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Table 1: Population description

Children (n=69)

Age (years) 13.7 £2.6
Males, n (%) 32 (46.4%)
Weight (kg) 95.5 £24.3
BMI (kg/m?) 36.8 £6.7
BMI z-score 4.7 £0.97
Smoking 2 (2.9%)
Asthma 27 (39.1%)
Lung disease 0 (0%)

Adults (n=70)

44.9 £15.5

21 (30%)

126.6 £19.9

45.7 £6.2

4.3 £0.76

33 (47%)

9 (12.8%)

3(4.3%)

Values are presented as mean =+ standard deviation or a percentage.

BMI: body mass index
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Table 2: Abnormalities in pulmonary function (z-score < -1.64) and polysomnography

indices and of metabolic syndrome in morbidly obese children and adults

Variable

Pulmonary function tests

Slow vital capacity
Functional residual capacity
Residual volume (RV)
Total lung capacity (TLC)
RV/TLC
FEV:

FVC
FEV//FVC ratio

FEF25.75

Polysomnography

Epworth score >11
Presence of snoring
Average oxygen saturation <95%
Severe OSAS

Time spent with SpO2 <90 %

Children (n=69)

7/68 (10.3%)
34/68 (50.0%)
15/68 (22.1%)
8/68 (11.8%)
2/68 (2.9%)
3/69 (4.4%)
4/69 (5.8%)
11/69 (15.9%)

13/69 (18.8%)

4/28 (14.3%)
14/47 (29.8%)
14/67 (20.9%)
13/69 (18.8%)

0/55 (0.0%)

Adults (r=70)

5/66 (7.6%)
16/66 (24.2%)
3/65 (4.6%)
2/65 (3.1%)
8/65 (12.3%)
21/70 (30.0%)
15/70 (21.4%)
11/70 (15.7%)

16/70 (22.9%)

17/51 (33.3%)
37/42 (88.1%)
42/58 (72.4%)
24/59 (40.7%)

16/54 (29.6%)

0.58

0.002

0.003

0.097

0.051

<0.0001

0.007

0.97

0.56

0.067

<0.0001

<0.0001

0.007

<0.0001
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Awakening PCO; > 50 mmHg

Metabolic syndrome

Abdominal obesity
High blood pressure
Elevated triglycerides
Low HDL cholesterol

Increased plasma glucose

1/51 (2.0%)

13/50 (26.0%)

68/69 (98.5%)
25/59 (42.4%)
5/49 (10.2%)
20/49 (40.8%)

0/59 (0.0%)

3/52 (5.8%)

40/50 (80.0%)

70/70 (100%)
42/66 (63.6%)
26/53 (49.1%)
40/50 (80.0%)

19/43 (44.2%)

<0.0001

Values are presented as number/total number (percentage). p-value calculated using a chi-
square test or Fisher’s exact test. FEV: Forced expiratory volume in one second; FVC: forced
vital capacity; PCOz: partial pressures of carbon dioxide; FEF25-75: forced expiratory flow
between 25-75% of FVC; AHI: apnea hypopnea index.
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Table 3: Comparison of pulmonary function and polysomnography indices between morbidly

obese children and adults

Variable

Pulmonary function tests (z-
score)

Slow vital capacity
Functional residual capacity
Residual volume (RV)

Total lung capacity (TLC)
RV/TLC

FEV1

FVC

FEV/FVC ratio

FEF>5.75

Polysomnography

Epworth score

Sleep efficiency (%)*

Apnea hypopnea index per hour?
Average oxygen saturation (% )"
Minimum oxygen saturation (%)*
% of time spent with Sp02<90%*

Awakening PCO; (mmHg)

Children (n=69)

1.2£2.6
-1.7£2.1
-0.8+1.2
0.0 £2.1
-0.1 £1.0
0.0+1.3
0.2+1.2
-0.3 +1.1

-0.3 £1.2

6.0 +4.6
88.0 (52.0t0 96.0)

4.4 (0.0 to 78.4)
96.0 (91.0 to 98.0)
79.0 (50.0 to 96.0)

0.5(0.0to 11.0)

42.2 3.7

Adults (r=70)

0.0+1.3
-1.0+1.1
-0.1 1.1
0.0 £0.7
-0.3£1.3
-1.1 1.3
-0.8 1.3
-0.6 £1.2

-0.7 £1.3

9.7+5.1
86.0 (41.0 t0 97.0)

23.6 (0.7t0 111.0)

93.0 (76.0 to 97.0)

79.0 (50.0 to 92.0)
6.5 (0.0 t0 99.5)

42.0 +4.9

p

0.002
0.026
0.002
0.820
0.370
<0.0001
<0.0001
0.230

0.069

0.002
0.950"

<0.0001%

<0.0001%
0.61*

<0.0001*

0.80

Values are mean + standard deviation or median (range). FEV: forced expiratory volume in
one second; FVC: forced vital capacity; PCOz: partial venous pressures of carbon dioxide;

FEF»s.75: forced expiratory flow between 25-75% of FVC.

20




#Student’s ¢ test or Mann—Whitney U test according to normality for quantitative variables.
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