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ABSTRACT

Objective: The aim of this study was to assess the diaphragm kinetics, respiratory
function, and serum dosage of leptin and inflammatory cytokines (IL-6 and TNF-a)
in three clinical groups: obese, asthmatic, and healthy. Methods: This is a clinical
exploratory study performed on 73 youths (12-24 years of age, 42.5% male) allocated
into three groups: obesity (OG, n=33), body mass index (BMlz-score) > +2, asthmatic
(AG, n=26) controlled mild asthmatics, classified by GINA, and Healthy Control Group
(CG, n=14). The participants were subjected to diaphragmatic ultrasound, spirometry,
maximal respiratory pressure, serum leptin levels, and IL-6 and TNF-a whole blood
cell culture levels. Results: Diaphragm thickness was higher in OG in comparison to
AG and CG (2.0+£0.4 vs 1.7+0.5 and 1.6+0.2, both with p<0.05). Maximal voluntary
ventilation (MVV) was significantly lower in OG and AG in relation to the CG (82.8+21.4
and 72.5+21.2 vs 102.8+27.3, both with p<0.05). OG has the highest leptin rate among
the groups (with the other two groups had p<0.05). All groups had similar TNF-a and
IL-6 levels. Conclusion: The muscular hypertrophy found in the diaphragm of the obese
individuals can be justified by the increase in respiratory work imposed by the chronic
condition of the disease. Such increase in thickness did not occur in controlled mild
asthmatics. The IL-6 and TNF-a markers detected no evidence of muscle inflammation,
even though leptin was expected to be altered in obese individuals. Both obese and
asthmatic patients had lower pulmonary resistance than the healthy ones.

Keywords: Obesity; Asthma; Diaphragm excursion; Diaphragm thickness; Adipokines.

1. Programa de Pos-Graduacao em
Crianca e Salide do Adolescente,
Universidade Federal de Pernambuco,
Recife (PE), Brasil.

2. Departamento de Fisioterapia,
Universidade Federal de Pernambuco,
Recife (PE), Brasil.

3. Departamento de Imunologia, Centro
de Pesquisas Aggeu Magalhaes,
Fundagao Oswaldo Cruz, Recife, Brasil.

4. Departamento Materno-Infantil,
Universidade Federal de Pernambuco,
Recife (PE), Brasil.

5. Centro de Pesquisa em Alergia e
Imunologia, Universidade Federal de
Pernambuco, Recife (PE), Brasil.

6. Departamento de Medicina Clinica,
Universidade Federal de Pernambuco,
Recife (PE), Brasil.

7. Pos-graduacao em Hebiatria e Educacao
Fisica, Universidade de Pernambuco,
Recife (PE), Brasil.

Submitted: 23 April 2021.
Accepted: 28 July 2021.

Study carried out in the Universidade
Federal de Pernambuco, Recife (PE),
Brasil.

INTRODUCTION

Over the past decade, it has been reported that childhood
obesity and asthma can lead to immunometabolic
mechanisms that cause negative impact on the respiratory
system.® Although it is well-known that obesity and
asthma may alter chest mechanics, reduce lung volumes
and capacities and increase airway resistance, changes
in the diaphragmatic excursion and thickness in this
specific population are yet to be studied®* Adipokines
(serum leptin, IL-6) and other inflammatory cytokines
can modify the function of the diaphragm in obseve

obese individuals throughout life, as well as in inter-crisis
periods of asthmatics.(®® Our hypothesis is that obese or
asthmatic youngsters may have their diaphragms impaired
and adipokines altered, leading to negative impact on
pulmonary function and respiratory muscle strength or
resistance. This study aimed to assess the diaphragm
kinetics, respiratory function, and serum dosage of leptin
and inflammatory cytokines in blood cell culture (IL-6
and TNF-a) in the following three clinical groups: obese,
asthmatic, and healthy young individuals.

individuals throughout life.”)

Ultrasound assessment of diaphragmatic kinetics can
contribute to the early identification of structural changes
induced by higher respiratory demand experienced by

METHODS

This is a clinical-exploratory study performed in the
Pulmonary Function Laboratory of the Pulmonology
Service at the Federal University of Pernambuco (UFPE)
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Clinical Hospital, in Recife, Pernambuco. Clinical Trial
Registration: (Obesity-asthma Endophenotype and
Diaphragm Mobility in Adolescence, NCT03029936).(:9)
All the participants and their guardians were informed
on the research procedures and signed terms of free
informed consent.

The study includes seventy-three youngsters, both
male and female, aged between 12 and 24 years,
allocated into three groups: Obesity Group (OG),
Asthmatic Group (AG), and Comparative Group (CG).
The obesity group includes thirty-three individuals
diagnosed with obesity (body mass index - BMIz-score
>+2).4Y The asthma group consists of twenty-six
individuals diagnosed with persistent mild controlled
asthma, according to the criteria of GINA,(!? with
a BMIz-score<+2. Finally, the Comparative Group
comprises 14 individuals without any respiratory
or neurological diseases. Figure 1 shows the study
design flowchart.

Considering the spontaneous demand of the service, we
selected all patients at the hospital pediatric outpatient
clinics, due to. The healthy group was composed of
the healthy family members of the patients and the
staff. The following exclusion criteria were applied:
individuals with congenital, neurological, or genetic

diseases and patients who could not respond to the
procedure commands.

Initially, we assessed the anthropometric and clinical
data of all participant patients. All measurements were
collected from the outpatient clinic in the morning by
observing a four-hour fasting at least (to assess adipokine
levels). Subsequently, a diaphragmatic ultrasound
was performed to assess excursion and thickness,
spirometry, and maximal respiratory pressures.

Body weight and height were measured using a digital
scale with 0.01 kg precision (Digital scale, Industrias
Fillizola S.A, Sdo Paulo, Sdo Paulo, Brazil) and a 2-m
portable 0.1-cm graduation stadiometer (Stadiometer,
Sanny®, Sado Bernardo do Campo, Sdo Paulo, Brazil),
respectively. The body mass index (BMI) calculation
followed the World Health Organization (WHO) AnthroPlus
program (AnthroPlus, WHO, Geneva, Switzerland) and
categorized according to the BMI z-score."

We assessed the body composition by measuring the
seven skin folds (subscapular, middle axillary, triceps
brachii, thigh, suprailiac, abdomen, and chest) using
a digital plicometer (Digital plicometer DGI, Prime
Med, Curitiba, Parand, Brazil). Three measurements
were performed anf followed by the calculation of the
arithmetic mean among them.®3

Enrollment Assessed for eligibility
(n=85)
Excluded (n=12)
« Did not meet inclusion criteria (n=6)
. « Refuse to participate (n=4)
 Other reasons (n=2)
Y
Allocation
v v v
Allocated to Obesity Allocated to Asthma Allocated to Comparative
group (n=33) group (n=26) group (n=14)
Follow-Up

Lost to follow-up in all
groups (n=0)

v

Analysis

v \

, v

Obesity group
analysed (n=33)

Asthma group
analysed (n=26)

Comparative group
analysed (n=14)

Figure 1. Study design flowchart.
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We measured the diaphragmatic excursion with
the individuals lying with their thorax supported on a
45° slope by performing an ultrasound (Sono Ace R3
ultrasound system, Samsung Company, Seoul, South
Korea) in M mode with a convex transducer (3.5MHz),
positioned at the right mid-axillary line.*4*> Participants
were instructed to breathe deeply and rapidly at the
level of total lung capacity (TLC), which was repeated
several times. The record of cranio-caudal diaphragmatic
excursions during resting breathing and respiration until
total lung capacity showed sinusoidal curves.(***> The
diaphragmatic excursion (Dexc) appeared in the trajectory
obtained between the baseline before the inspiration
onset and the plateau in the total lung capacity end.
We obtained the average of five measurements with
a difference below 10% between them.

We assessed the diaphragmatic thickness through
an ultrasound (Sono Ace R3 ultrasound system,
Samsung Company, Seoul, South Korea) in B mode. The
participant was positioned in the left lateral decubitus
position®1*1% and a high-resolution, low-penetration
linear transducer (7.5 MHz) was placed perpendicularly
to the thoracic cavity between the eighth and ninth
intercostal space between the axillary lines.(*® The
diaphragm was identified by two parallel bright lines
that depict the pleural and peritoneal membrane.
The diaphragmatic thickness was measured from the
middle of the pleural line to the middle of the peritoneal
line. Two thickness measurements were performed
between 0.5 and 2 centimeters of the costophrenic
sinus visualization in each ultrasound image, and the
mean value of these two measurements was used
as the final measurement.*> The mean of three
final thickness measurements of the diaphragmatic
apposition zone was obtained during the functional
residual capacity (relaxed diaphragm thickness - Tfrc)
and in the end of the total lung capacity (contracted
diaphragm thickness - Ttlc). We also calculated the
thickening fraction (TF) as the proportional thickening
of the diaphragm from functional residual capacity
(FRC) to total lung capacity (TLC). TF represents an
index of diaphragmatic thickening as defined by the
following Equation 1:

TF =] (Ttle - Tfie]/ T )| x100 (1)

where Tfrc is the diaphragm thickness measured in
the end of a quiet expiration (at FRC), and Ttlc is the
maximum diaphragm thickness measured in the end
of a deep breath (at TLC).

We used a multifunctional portable spirometer
(Spirobank G USB - MIR; Rome, Italy) to perform the
spirometry according to the recommended standards.”)
To assess the maximum voluntary ventilation (MVV),
we asked the patient to breathe as fast and deep as
possible for 12 to 15 seconds. The volume mobilized
in this time period was then extrapolated to the time
of 1 minute. All equations used for the calculations
were estimated by Pereira et al.(*®

We assessed the inspiratory and expiratory muscle
strength indirectly by measuring the maximal inspiratory
and expiratory pressures (MIP and MEP, respectively)
using a digital manovacuometer (MVD-300, GlobalMed,
Rio Grande do Sul, Brazil). To obtain the MIP, the
patient was required to perform an expiration until
residual volume, followed by a maximal inspiration with
the airway occluded by a nasal clip. For the MEP, the
patient was asked to inhale until total lung capacity,
followed by a forced expiration. We performed three
maneuvers with the patient sitting and considered
the highest value for assessment, based on normal
values for the maximal respiratory pressures in young
individuals.*®

Ten milliliters of blood were collected in tubes
containing sodium heparin for cell culture. Leptin
analysis was performed according to the manufacturer’s
recommendations using the Human Leptin Elisa commercial
kit (Leptin ELISA Kit, Millipore Corporation, St Charles,
Missouri, USA). Serum sample cytokine levels were
quantified through the Cytometric Bead Array (CBA)
system, following the methodology suggested by the
manufacturer. Firstly, we transferred 50 pl of the capture
beads mixture labeled with monoclonal antibodies
(anti-IL-2, anti-IL-4, anti-IL-6, anti-IL-10, anti-IFNy,
and anti-TNF-a) with different fluorescence intensities
(FL3) to tubes to test the samples and the negative
control. Data were acquired using the FACScalibur
flow cytometer and analyses were performed on the
BD CBA software (BD CBA, Becton, Dickinson and
Company, San Jose, USA).

Peripheral blood cells were cultured for a second
day standardization performed by Lorena et al.?® We
stimulated cultures of Dermatophagoides pteronyssinus
(DPT), Phytohemagglutinin (PHA) (5 pg/mL) and used
cultures without stimulus as negative control. Blood
was cultured in culture-specific tubes at a ratio of 1mL
whole blood to 1mL RPMI 1640 medium supplemented
with 10% Fetal Bovine Serum at 37°C at 5% CO,.

We conducted the statistical testson a statistical
software (SPSS, 20.0, Chigado, IL, USA) and built
the figures on GraphPad Instat (GraphPad Software,
San Diego, CA, USA). A Shapiro-Wilk test verified
the assumption of normality and homogeneity of the
quantitative variables involved in the study. One-way
ANOVA with Tukey’s multiple comparison test compared
the quantitative and normal variables among the three
groups. In case of non-normal quantitative variables,
a Kruskall-Wallis test with Dunn’s Multiple Comparison
was applied. All correlations used Spearman coefficient.
Numerical variables were presented as central tendency
and dispersion measures. All conclusions resulted from
a significance level of 5%.

We calculated the sample on the G*power-3.1.9.4
program through post-hoc power based on the
diaphragm thickness data from three analyzed groups.
The values considered were a=0.05, total sample
size=73, number of groups in the one-way ANOVA
test=3, and effect size f=0.4260637. The effect size
was calculated based on the mean, sample size, and
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square root of the combined variance for the three
analyzed groups. These data generated a Power (1-B
err prob) of 90%.

RESULTS

Of the total of 73 participating individuals (42.5%
men), 14 (42.8% men) were allocated in the health
control group (CG), 33 (39.4% men) referred to those
with obesity without asthma (OG), and 26 (46.1%
men) had persistent mild controlled asthma (AG).

As expected, no difference among the groups was
found for either age or height, while the obesity group
had higher levels of total weight, BMI z-score, lean
body mass, fat mass, fat percentage, and abdominal
circumference than both the asthma and comparative
groups (Table 1).

Diaphragm Excursion, Thickness, and
Thickening Fraction

Figure 2 shows the comparisons of diaphragmatic
excursion and thickness among the groups. Regarding
diaphragm kinetics, the obesity group had higher
thickness at FRC than both the asthma and healthy
groups. No difference was indicated between the median
(interquartile range) and thickening fraction among
obese, asthmatic, and healthy individuals [158 (79.5)
vs 157.5(133) vs 161 (109.9), p>0.05 - Nonparametric
data-Kruskall-Wallis test]. In addition, the thickening
fractions were positively correlated with fat mass and
body fat percentage (r=0.431, p=0.012 and r=0.425,
p=0.014, respectively)

Pulmonary Function Test and Maximal
Respiratory Pressures

All three study groups had spirometric variables,
including forced vital capacity (FVC) and forced
expiratory volume in one second (FEV,), within the
normal range (table 2). Both the obese and asthma
groups had significantly lower mean MVV% than the
healthy individuals (Table 2). All groups had similar
maximal respiratory pressures.

Table 1. Characteristics of the 73 adolescents.

Parameters Obesity
(n=33)
Age (y) 14(3.5)
Total weight 83.3+17.8
Height 159+7,4
BMIz-score 2.7(0.8)
Lean Body Mass (Kg) 55.549.5
Fat Mass (Kg) 25.8+10.3
Body Fat (%) 30.8+7
Abdominal Circumference (cm) 99.9+12.8

E 801 O Comparative
£ - O Asthma
é 60 T M Obese
5

X 40+

(V]

£

& 20

=

g

a8 0

*p < 0.001
|
*p < 0.001
2.5+ O Comparative

€ 2.0 O Asthma
E 7 M Obese
&£ 1.5 L il
[
g 1.0
g
2 0.57
'_

0

8+ O Comparative
€ O Asthma
E 64 M Obese
S T
Foal L
(%]
b
S 24
=
'_
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Figure 2. Comparison of diaphragm excursion (A),
diaphragm thickness at functional residual capacity
- Tfrc (B) and diaphragm thickness at total lung
capacity -Ttlc (C), between obese group, asthma group
and comparative group (59.6+9.8 vs 54.1+13.9 vs
53.7+16.3; p=0,4223, 1.6+0.2 vs 1.7+0.5 vs 2.0+0.4;
p=0.001 and 4.3+£1.2 vs 4.8+1.3 vs 5.2+1.2; p=0,0735,
respectively). * One-way ANOVA with Tukey’s multiple
comparison test.

Asthma Comparative
(n=26) (n=14)

14(3) 17.5(5.3) >0.050
47.2£10,4° 54.115,62 < 0.001
156+10,03 16415,77 >0.050
0.52(0.1)2 -0.6(-0.8) < 0.001
44.1+13.72 44.9+4.52 < 0.001
7.8+5.0° 8.5+4.32 < 0.001
14.6+8° 15.6+7.12 < 0.001
68.6+13.6? 73+4.32 < 0.001

Data are reported as median and interquartile range or mean % standard deviation when applicable. BMIz-score:
body mass index. *differences with obesity group. *One-way ANOVA with Tukey’s multiple comparison test and

Kruskall-Wallis test with Dunn’s Multiple Comparison.
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Systemic Leptin Levels and Adipokines Cell
Culture

The obesity group had higher serum leptin levelsthan
both the asthmatic and healthy groups [48.1(35.2) vs

Table 2. Spirometric parameters of the adolescents.

10.1(16.9) vs 8.7(15.5), p<0.001]. The whole blood
cell culture showed no significant differences of TNF-a
and IL-6 responses to DPT and PHA among the three
groups (Figure 3).

Parameters Obesity Asthma Comparative
(n=33) (n=26) (n=14)
FVC (%) 99.3+15.5 99.6+19.5 96.1+9.8 0,234
FEV1 (%) 96.3+15.2 91.6+18.2 95.1£9.7 0,497
FEV1/FVC 97.0£15,3 92,0+18,8 99,0+9,7 0,3309
MWV (%) 82.8+21.4° 72.5£21.2 2 102.8+27.3 <0.001
MIP (cmH,0) -76.2+25.7 -78.1+21 -72.2+20.5 0,745
MEP (cmH,0) 86.2+24.5 80.3+27.2 79.9+25.2 0,601

FVC: percentage of predicted forced vital capacity, FEV1: percentage of predicted forced expiratory volume in
one second, MVV%: percentage of predicted maximal voluntary ventilation, MIP - maximal inspiratory pressure;
MEP: maximal expiratory pressure. The equations used to calculate predicted percentages were estimated by
Pereira et al.(*®, adifference with comparative group. *One-way ANOVA with Tukey’s multiple comparison test.

1000 — O Comparative
3 O Asthma
] W Obese
- ..
:'E\ ] °
B 100 o :
a ] ° ° :
% ] N :
= ] H [ ) !
S T i o ! ° . :
5 b : L4 :
= o ° s
g 104 El o i El ) ;
c - ' '
(s} e ' '
1 : :
TNF-a Se TNF-a Dpt TNF-a Pha
100000 O Comparative
0O Asthma
H M Obese
10000
of ® |
(1] H .. E

1000 o

Concentration log™ (pg/mL)

et 091

IL-6 Se

IL-6 Dpt

IL-6 Pha

Figure 3. Comparison of (IL-6) and TNF-a levels in obesity, asthma and comparative groups. IL = interleukin, Se = no
stimulus, Dpt = Dermatophagoides pteronyssinus, Pha = phytohemagglutinin.
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DISCUSSION

This is the first study addressing the assessment
of diaphragm excursion and thickness in a sample
of obese and asthmatic young individuals with all
measurements aimed at investigating the relationships
with systemic levels of adipokines (leptin and IL-6) and
TNF-a, spirometric variables and maximal respiratory
pressures, mainly on diaphragm kinetics. We observed
that obesity led to increased diaphragm thickness at
functional residual capacity, but diaphragm excursion
remained unaltered. Such hypertrophy can be justified
by the increase in respiratory work imposed by the
chronic condition of the disease. In controlled asthma,
occasional asthma attacks did not cause an increase in
muscle mass, although both the asthma and obesity
groups had lower respiratory resistance than the healthy
group. Neither the IL-6 nor TNF-a markers pointed to
any evidence of muscle inflammation, altered leptin
was expected in obese individuals.

We carried out different assessment of the diaphragm
kinetics in youngsters. To our knowledge, only one
previous study®Y had assessed sonographic measurements
of diaphragmatic excursion and thickness in healthy
infants and children proposing normal values for this
age group. However, this study assessed the excursion
and thickness of the diaphragm at functional residual
capacity (FRC), failing to demonstrate the diaphragm
dynamics.

Boussuges et al.® and Ueki et al.*® clearly state
the importance of assessing diaphragm excursion and
thickness in total lung capacity (TLC). Until now, no
previous studies had assessed sonographic measurements
of diaphragmatic excursion and thickness in young
obese individuals. Despite the reported difficulty in
assessing excursion and diaphragmatic thickness in
obese individuals,® our study found no difficulties in
assessing diaphragmatic kinetics in obese youngsters.

The thickening of the diaphragm in its apposition
zone may boost diaphragmatic excursion when facing
an increase in physiological (maximum inspiration) or
pathological (dyspnea) load in a well-awake patient.?
Still, we also found a positive correlation between
fat mass and body fat percentage with thickening
fractions in the obesity group, allowing to conjecture
that individuals with higher degrees of obesity may
compromise diaphragm function. As we understand
it, much still needs to be clarified about the behavior
of diaphragm excursion, thickness, and thickening
fraction in the context of obesity, especially regarding
their impact on pulmonary function.

Some studies?*? have addressed the assessment of
diaphragmatic kinetics with associated pathologies. In
intensive care units, thickening fraction (TF) became
a new index to predict diaphragm dysfunction.®® It
reflects the work of breathing settled by the diaphragm
in response to a certain load and can replicate intrinsic
diaphragm strength, but it is also influenced by the
the load degree imposed to the respiratory system. (%
A higher TF may reflect increased breathing work in
response to higher cardiorespiratory load imposed
to the diaphragmatic muscle when assessed under

J Bras Pneumol. 2021;47(5):e20210166

spontaneous breathing conditions, but no upper limits
are known for young individuals.”

Pulmonary function has been widely studied in the
scope of obesity and asthma.®” In this study, we
found that both obese and asthmatic youngsters have
normal pulmonary function, but decreased respiratory
resistance (MVV) and showed normal values for
maximal respiratory pressures. Recently, the white
adipose tissue has been shown to control muscle
metabolism and also contribute to the accumulation
of intramuscular adipocytes, in addition to increasing
insulin resistance.?® This deposit of intramuscular
fat may be detrimental to muscle function associated
with the release of pro-inflammatory factors, such as
leptin, IL-6, and TNF-a, which are harmful to muscle
metabolism.(®

Obesity and asthma have different responses to
Th1 and Th2, influenced by the stimulant antigen and
presence of cytokines in the environment.”’ In the
context of obesidy, TNF-a is among the most studied
pro-inflammatory cytokines.?®) It may be increased, but
not necessarily implicated in inflammatory pathologies
or processes. In our study, both the obesity and
asthma groups had no significant response to TNF-a
levels in relation to the comparative group, even upon
DPT stimulation. This finding is consistent with other
studies.*3% Serum IL-6 concentrations, known as low-
grade chronic inflammatory markers, are associated
with obesity and insulin resistance in both adults and
children.*?% Smargiassi et al.®® reported an association
of circulating proinflammatory peptides, including CRP
and IL-6, with abdominal adiposity, cardiometabolic risk
factors, and insulin resistance in prepubertal children.
Our findings the obesity group showed no significant
response to IL-6 levels in any of the three stimulations
in relation to the other groups. It is possible that the
sample size in these variables was limited to identify
the difference among the groups.

Thus, we based our hypothesis on the fact that
high levels of serum leptin in obese individuals could
be linked to changes in the diaphragmatic thickness,
as shown in elderly populations in which leptin levels
are associated with low physical performance and
decreased strength and muscle mass.® We found
significant differences in serum leptin levels in the
obesity group, while leptin in the asthmatic group was
similar to the comparative group. Nevertheless, our
results shiw obese individuals with higher values of
diaphragmatic thicknesses in FRC than the asthma and
comparative groups. A possible explanation for these
findings would be the accumulation of intramuscular
adipocytes, although indirect inspiratory muscle training
promoted by obesity should not be ruled out.V

Our patients were mild asthmatics who had normal
pulmonary function in asthma attacks, therefore, no
difference in lung function was present. We based our
study on a hypothetical model in which a thickening
of the diffragram and alteration in lung function would
derive from fat accumulation in the liver resulting
from chronic subclinical inflammation. However, our
cell culture failed to demonstrate that these cytokines
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Normal diaphragm
excursion

Asthma
(mechanical effect)

Higher diaphragm
thickness

A

Intramuscular

Meta-inflammation
fat

Figure 4. Conceptual model of obesity and asthma influence on diaphragm function. Note - IL - Interleukin. TNF -

Tumor necrosis factor. ? - possible influence.

increase in muscle inflammation under allergic stimulus
of dermpathophafoides pteronyssinus with significant
increase in IL6 and TNF alpha, . The small sample size
may have been the resason for such result (Figure 4).

Some limitations were involved in our study. Firstly,
we assessed the diaphragm excursion and diaphragm
thickness only on the right side, although the literature
recommends it as the adequate area for being easily
visualized. In addition, it has already been shown to
lead to high reproducibility.®> Secondly, we acknowledge
that obesity has additional multiple risk factors that
may affect diaphragm function (systemic inflammation,
neuropathies, hypoxia, and drugs potentially involved
with myopathy). Thirdly, hormonal influence of the
airways, muscle development and lung maturation are
confounding factors regarding gender and can affect
the results. Seeking to minimize the influence of these
variables, we decided that it would be beneficial to
reach a balance in the distribution of male and female
youngsters in the groups. Furthermore, although it
seems that the age in the comparative group was
more advanced, all adolescents had surpassed the
first pubertal stage, in addition, when comparing
the median values among the groups, no significant
difference was found.

In conclusion, obese youngsters have greater
thickness in FRC, but show no changes in diaphragmatic
excursion. Although neither IL-6 nor TNF-a showed
an increase, we should not relativize the role of leptin

as an important pro-inflammatory adipokine, able to
cause further repercussions in the diaphragm kinetics,
differently from asthmatics and healthy individuals. In
conclusion, this research introduces new possibilities
for researchers to verify the effects of other adipokines
and their role in skeletal muscle metabolism in obese
or asthmatic young individuals, or both.

ACKNOWLEDGMENTS

This study was financed in part by the Coordenagdo
de Aperfeicoamento de Pessoal de Nivel Superior - Brasil
(CAPES) - Finance Code 001.

AUTHOR CONTRIBUTIONS

Drs LHST, JAR and ESCS conceptualized and designed
the study, drafted the initial manuscript, and reviewed
and revised the manuscript. Dr FCV and MSc HCMS
designed the data collection instruments, collected
data, carried out the initial analyses, and reviewed
and revised the manuscript. Drs AFDA, VMBL, MAVC],
GVAGL and DM conceptualized and designed the
study, coordinated and supervised data collection,
and critically reviewed the manuscript for important
intellectual content. All authors approved the final
manuscript as submitted and agree to be accountable
for all aspects of the work.

J Bras Pneumol. 2021;47(5):e20210166

7/8



8/8

Respiratory burden in obese and young asthmatics: a study of diaphragmatic kinetics

REFERENCES

1.

Apostolopoulos V, de Courten MPJ, Stojanovska L, Blatch GL, Tangalakis
K, de Courten B. The complex immunological and inflammatory network
of adipose tissue in obesity. Mol Nutr Food Res. 2016;60(1):43-57.
http://dx.doi.org/10.1002/mnfr.201500272. PMid:26331761.

Rastogi D, Fraser S, Oh J, Huber AM, Schulman Y, Bhagtani RH, et al.
Inflaimmation, metabolic dysregulation, and pulmonary function among
obese urban adolescents with asthma. Am J Respir Crit Care Med.
2015;191(2):149-60. http://dx.doi.org/10.1164/rccm.201409-15870C.
PMid:25457349.

Brashier B, Salvi S. Obesity and asthma: physiological perspective. J Allergy
(Cairo). 2013;2013(18):198068. http://dx.doi.org/10.1155/2013/198068.
PMid:23970905.

Rodrigues KF, Pietrani NT, Bosco AA, Campos FMF, Sandrim VC,
Gomes KB. IL-6, TNF-a, and IL-10 levels/polymorphisms and their
association with type 2 diabetes mellitus and obesity in Brazilian
individuals. Arch Endocrinol Metab. 2017;61(5):438-46. http://dx.doi.
0org/10.1590/2359-3997000000254. PMid:28225860.

Smargiassi A, Inchingolo R, Tagliaboschi L, Di Marco Berardino A,
Valente S, Corbo GM. Ultrasonographic assessment of the diaphragm
in chronic obstructive pulmonary disease patients: relationships with
pulmonary function and the influence of body composition - a pilot study.
Respiration. 2014;87(5):364-71. http://dx.doi.org/10.1159/000358564.
PMid:24732295.

Dong Y, Silva KAS, Dong Y, Zhang L. Glucocorticoids increase
adipocytes in muscle by affecting IL-4 regulated FAP activity. FASEB
J. 2014;28(9):4123-32. http://dx.doi.org/10.1096/f].14-254011.
PMid:24948596.

DeKruyff RH, Yu 'S, Kim HY, Umetsu DT. Innate immunity in the lung
regulates the development of asthma. Immunol Rev. 2014;260(1):235-
48. http://dx.doi.org/10.1111/imr.12187. PMid:24942693.

Nason LK, Walker CM, McNeeley MF, Burivong W, Fligner CL, Godwin
JD. Imaging of the Diaphragm: anatomy and Function. Radiographics.
2012;32(2):E51-70. http://dx.doi.org/10.1148/rg.322115127. PMid:22411950.
Boussuges A, Gole Y, Blanc P. Diaphragmatic motion studied by
m-mode ultrasonography: methods, reproducibility, and normal values.
Chest. 2009;135(2):391-400. http://dx.doi.org/10.1378/chest.08-1541.
PMid:19017880.

. ClinicalTrials.gov [homepage on the Internet]. Obesity-asthma

Endophenotype and Diaphragm Mobility in Adolescence. ClinicalTrials.
gov identifier: NCT03029936; 2021 [updated 2021 July 30; cited 2021
Aug 8]. Available from: https://clinicaltrials.gov/ct2/show/NCT03029936.

. World Health Organization — WHO. Child Growth Standards: methods

and development. Length/height-for-age, weight-for-age, weight-for-
length, weight-for-height and body mass index-for-age. Geneva: WHO;
2006.

12. Global Initiative for Asthma — GINA. GINA 2019. Glob Strateg Asthma

13.

14.

Manag Prevetion. USA: Global Initiative for Asthma; 2019;

Lohman TG, Roche AFMR, editors. Anthoropometric standardization
reference manual. Champaign, IL: Human Kinetics Books; 1998.
Testa A, Soldati G, Giannuzzi R, Berardi S, Portale G, Gentiloni Silveri
N. Ultrasound M-Mode assessment of diaphragmatic kinetics by
anterior transverse scanning in healthy subjects. Ultrasound Med Biol.
2011;37(1):44-52. http://dx.doi.org/10.1016/j.ultrasmedbio.2010.10.004.
PMid:21144957.

. Souza H, Rocha T, Pessoa M, Rattes C, Brandao D, Fregonezi G, et al.

Effects of inspiratory muscle training in elderly women on respiratory
muscle strength, diaphragm thickness and mobility. J Gerontol A Biol
Sci Med Sci. 2014,69(12):1545-53. http://dx.doi.org/10.1093/gerona/
glu182. PMid:25395284.

. Ueki J, De Bruin PF, Pride NB. In vivo assessment of diaphragm

contraction by ultrasound in normal subjects. Thorax. 1995;50(11):1157-
61. http://dx.doi.org/10.1136/thx.50.11.1157. PMid:8553271.

J Bras Pneumol. 2021;47(5):e20210166

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

. Miller MR, Hankinson J, Brusasco V, Burgos F, Casaburi R, Coates

A, etal. Standardisation of spirometry. Eur Respir J. 2005;26(2):319-38.
http://dx.doi.org/10.1183/09031936.05.00034805. PMid:16055882.

. Pereira C. Espirometria. J Pneumol. 2002;28(suppl 3):51-82.
. Wilson SH, Cooke NT, Edwards RH, Spiro SG. Predicted normal values

for maximal respiratory pressures in caucasian adults and children.
Thorax. 1984;39(7):535-8. http://dx.doi.org/10.1136/thx.39.7.535.
PMid:6463933.

Lorena VMB, Lorena IMB, Braz SCM, Melo AS, Melo MFAD, Melo
MGAC, et al. Cytokine levels in serious cardiopathy of chagas
disease after in vitro stimulation with recombinant antigens from
Trypanosoma cruzi. Scand J Immunol. 2010;72(6):529-39. http://dx.doi.
org/10.1111/j.1365-3083.2010.02462.x. PMid:21044127.

El-Halaby H, Abdel-Hady H, Alsawah G, Abdelrahman A, El-Tahan H.
Sonographic evaluation of diaphragmatic excursion and thickness in
healthy infants and children. J Ultrasound Med. 2016;35(1):167-75.
http://dx.doi.org/10.7863/ultra.15.01082. PMid:26679203.

Baria MR, Shahgholi L, Sorenson EJ, Harper CJ, Lim KG, Strommen
JA, et al. B-mode ultrasound assessment of diaphragm structure and
function in patients with COPD. Chest. 2014;146(3):680-5. http://dx.doi.
org/10.1378/chest.13-2306. PMid:24700122.

Zanforlin A, Smargiassi A, Inchingolo R, di Marco Berardino A, Valente
S, Ramazzina E. Ultrasound Analysis of Diaphragm Kinetics and the
Diagnosis of Airway Obstruction: The Role of the M-Mode Index of
Obstruction1. Ultrasound Med Biol. 2014;40(6):1065-71. http://dx.doi.
org/10.1016/j.ultrasmedbio.2013.12.009. PMid:24486237.

Kang HW, Kim TO, Lee BR, Yu JY, Chi SY, Ban HJ, et al. Influence
of diaphragmatic mobility on hypercapnia in patients with chronic
obstructive pulmonary disease. J Korean Med Sci. 2011;26(9):1209-13.
http://dx.doi.org/10.3346/jkms.2011.26.9.1209. PMid:21935278.
Daniel Martin A, Smith BK, Gabrielli A. Mechanical ventilation,
diaphragm weakness and weaning: a rehabilitation perspective. Respir
Physiol Neurobiol. 2013;189(2):377-83. http://dx.doi.org/10.1016/].
resp.2013.05.012. PMid:23692928.

Umbrello M, Formenti P, Longhi D, Galimberti A, Piva |, Pezzi A, et al.
Diaphragm ultrasound as indicator of respiratory effort in critically ill
patients undergoing assisted mechanical ventilation: a pilot clinical
study. Crit Care. 2015;19(1):161. http://dx.doi.org/10.1186/s13054-
015-0894-9. PMid:25886857.

Hellebrandova L, Chlumsky J, Vostatek P, Novak D, Ryznarova Z, Bunc
V. Airflow Limitation Is Accompanied by Diaphragm Dysfunction. Physiol
Res. 2016;65(3):469-79. http://dx.doi.org/10.33549/physiolres.933064.
PMid:27070746.

Zarrati M, Salehi E, Razmpoosh E, Shoormasti RS, Hosseinzadeh-attar
MJ, Shidfar F. Relationship between leptin concentration and body
fat with peripheral blood mononuclear cells cytokines among obese
and overweight adults. Ir J Med Sci. 2017;186(1):133-42. http://dx.doi.
0org/10.1007/s11845-016-1454-2. PMid:27085343.

XuL, Shi C, Xu G, Chen L, Zhu L, Zhu L, et al. TNF-q., IL-6, and leptin
increase the expression of miR-378, an adipogenesis-related microRNA
in human adipocytes. Cell Biochem Biophys. 2014;70(2):771-6. http://
dx.doi.org/10.1007/s12013-014-9980-x. PMid:24771406.

Shi C, Zhu L, Chen X, Gu N, Chen L, Zhu L, et al. IL-6 and TNF-a.
induced obesity-related inflammatory response through transcriptional
regulation of miR-146b. J Interferon Cytokine Res. 2014;34(5):342-8.
http://dx.doi.org/10.1089/jir.2013.0078. PMid:24428800.

Enright SJ, Unnithan VB, Heward C, Withnall L, Davies DH. Effect of
high-intensity inspiratory muscle training on lung volumes, diaphragm
thickness, and exercise capacity in subjects who are healthy. Phys
Ther. 2006;86(3):345-54. http://dx.doi.org/10.1093/pt|/86.3.345.
PMid:16506871.


https://doi.org/10.1002/mnfr.201500272
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26331761&dopt=Abstract
https://doi.org/10.1164/rccm.201409-1587OC
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25457349&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25457349&dopt=Abstract
https://doi.org/10.1155/2013/198068
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23970905&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23970905&dopt=Abstract
https://doi.org/10.1590/2359-3997000000254
https://doi.org/10.1590/2359-3997000000254
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28225860&dopt=Abstract
https://doi.org/10.1159/000358564
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24732295&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24732295&dopt=Abstract
https://doi.org/10.1096/fj.14-254011
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24948596&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24948596&dopt=Abstract
https://doi.org/10.1111/imr.12187
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24942693&dopt=Abstract
https://doi.org/10.1148/rg.322115127
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22411950&dopt=Abstract
https://doi.org/10.1378/chest.08-1541
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19017880&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19017880&dopt=Abstract
https://doi.org/10.1016/j.ultrasmedbio.2010.10.004
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21144957&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21144957&dopt=Abstract
https://doi.org/10.1093/gerona/glu182
https://doi.org/10.1093/gerona/glu182
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25395284&dopt=Abstract
https://doi.org/10.1136/thx.50.11.1157
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8553271&dopt=Abstract
https://doi.org/10.1183/09031936.05.00034805
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16055882&dopt=Abstract
https://doi.org/10.1136/thx.39.7.535
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=6463933&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=6463933&dopt=Abstract
https://doi.org/10.1111/j.1365-3083.2010.02462.x
https://doi.org/10.1111/j.1365-3083.2010.02462.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21044127&dopt=Abstract
https://doi.org/10.7863/ultra.15.01082
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26679203&dopt=Abstract
https://doi.org/10.1378/chest.13-2306
https://doi.org/10.1378/chest.13-2306
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24700122&dopt=Abstract
https://doi.org/10.1016/j.ultrasmedbio.2013.12.009
https://doi.org/10.1016/j.ultrasmedbio.2013.12.009
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24486237&dopt=Abstract
https://doi.org/10.3346/jkms.2011.26.9.1209
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21935278&dopt=Abstract
https://doi.org/10.1016/j.resp.2013.05.012
https://doi.org/10.1016/j.resp.2013.05.012
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23692928&dopt=Abstract
https://doi.org/10.1186/s13054-015-0894-9
https://doi.org/10.1186/s13054-015-0894-9
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25886857&dopt=Abstract
https://doi.org/10.33549/physiolres.933064
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27070746&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27070746&dopt=Abstract
https://doi.org/10.1007/s11845-016-1454-2
https://doi.org/10.1007/s11845-016-1454-2
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27085343&dopt=Abstract
https://doi.org/10.1007/s12013-014-9980-x
https://doi.org/10.1007/s12013-014-9980-x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24771406&dopt=Abstract
https://doi.org/10.1089/jir.2013.0078
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24428800&dopt=Abstract
https://doi.org/10.1093/ptj/86.3.345
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16506871&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16506871&dopt=Abstract

