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Abstract

Relevance. The global prevalence of childhood obesity has reached alarming levels, with numerous health
consequences affecting multiple organ systems. One area of increasing interest is the impact of obesity on diaphragmatic
function in children. The diaphragm, as the primary muscle of respiration, plays a crucial role in maintaining effective
ventilation and gas exchange. Several studies have examined the effects of obesity on diaphragmatic function in children.
Evidence suggests that obesity may lead to alterations in diaphragmatic morphology and biomechanics, potentially reducing
its effectiveness in facilitating respiration. Furthermore, researchers have identified potential mechanisms linking obesity and
impaired diaphragmatic function, including increased abdominal pressure, decreased lung volumes, and altered
neuromuscular function. Understanding the impact of obesity on diaphragmatic function in children is crucial, as it can
contribute to various obesity-related respiratory complications. Diaphragmatic dysfunction may play a role in the
development of obesity hypoventilation syndrome (OHS) and may exacerbate obstructive sleep apnea. These conditions can
negatively affect a child's health, academic performance, and overall quality of life

Aim. This literature review aims to summarize and critically assess the current body of knowledge on the condition of the
diaphragm in obese children and Effects of Obesity on Diaphragm Function and Structure

Search strategy. In order to compile the literature review, a thorough source search was conducted in a number of
databases, including UpToDate, BMJ, PubMed, Scopus, Wiley, Medline, The Cochrane Library, Springer Link, and Web of
Science. The study covered a long time period - 18 years: from 2004 to 2022. Due to the lack of knowledge of this topic, 68
articles were selected as a result of this search, which were available in full and underwent a critical evaluation process.
Criteria for inclusion in the review included children's age, that is, the study of the state of the diaphragm in the pediatric
population. At the same time, studies regarding the condition of the diaphragm in adults were excluded from the analysis.
This approach made it possible to focus on specific aspects of the state of the diaphragm in the context of childhood.

Results and conclusions. The condition of the diaphragm in obese children has emerged as a significant area of
concern in recent years, with far-reaching implications for respiratory health, exercise tolerance, and overall quality of life.
The complex interplay between obesity and diaphragmatic function is not yet fully understood, but existing research indicates
that obesity can lead to alterations in diaphragmatic morphology, biomechanics, and neuromuscular function. These changes
can contribute to a variety of obesity-related respiratory complications, such as obesity hypoventilation syndrome and
obstructive sleep apnea, which can have detrimental effects on a child's well-being, cognitive performance, and social
functioning.
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AkTyanbHOCTb: [nobanbHas pacnpoCTPaHEHHOCTb OXWPEHUS Cpeau [LeTel AOCTWMA TPEBOXHbLIX YPOBHEHN, YTO
MPUBOANT K MHOTOYMCIIEHHBIM MOCNEACTBUAM ANS 30O0POBbS, 3aTparvBaloLMM pasnuyHblie opraHHble cuctembl. OpHa 13
obnacrel, Bbi3biBalOLMX Bce BOMbLUMIA MHTEPEC, — 3TO BNUSHWUE OXMPEHUs Ha hyHKLMIO Anadbparmel y aeTed. Auadparma,
KaK OCHOBHOM MbILULbI AbIXaHWUs, UrpaeT BaXHY0 porib B NogaepkaHuu 3dhheKTUBHOM BEHTUNALMM M razoobmeHa. bbino
NpoBefEeHO HEMAso UCCIEeLOBaHMIA Ha BIIUSIHUE OXWPEHUS Ha hYHKLMIO amadparmbl y geten. CyllecTBYHOT JaHHbIE O TOM,
YTO OXMPEHWE MOXET NPUBECTM K M3MEHEHUsM B Mopdonornn n BromexaHuke Auadparmbl, BO3MOXHO, CHKas ee
addekTBHOCTb B 0obecneyeHnn Abixanus. Kpome TOro, uccnedoBaTeny OMPeAenuny BO3MOXHBIE MEXaHW3Mbl,
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CBA3LIBAIOLLME OXKMPEHME 1 HapyLleHne dyHKUMM avadparmbl, BKITKOYast yBENMYeHne BPIOLIHOTO 4ABNEHMS, YMEHbLIEHe
obbema nerkux 1 U3MEHEHWe HeNpOMbILIEYHON (YHKLUMA. TTOHUMaHWE BRUSHWS OXMPEHWS Ha (YHKUMIO anadparMbl y
[EeTel UMeeT peLualoLiee 3HaueHMe, TaK Kak 3T0 MOXeT CnocobCTBOBATL Pa3BUTUIO PA3NUYHBIX OCMOXHEHWN, CBA3AHHBIX C
oxupeHueM. [ucyHkuma auadparmbl MOXET urpatb porfib B Pa3BATMM CWUHAPOMA TUMOKCEMWM, OBYCMOBNEHHOrO
OXMPEHWEM, M MOXeT 000CTPATb OBCTPYKTWBHBIA CMHOPOM amHO3 CHa. OTU COCTOSHUS MOTYT HEraTMBHO BNWSATb Ha
300poBbe pebeHka, ero ycneBaeMocTb 1 06LLee Ka4eCTBO KN3HU.

Llenb: gaHHoe 0630pHOE MccrnefoBaHMe HanpasrneHo Ha 0606LIEHNE U KPUTNYECKYIO OLEHKY CYLLECTBYHOLIMX 3HAHWIA O
COCTOSIHUM AnadhparMbl y JETEN C OKUPEHWUEM W BIUSIHUM OXUPEHUS HA PYHKLMIO U CTPYKTYpPY Auadparmbl.

Crparterus noucka: Ans coctaBneHns 0b3opa nurepatypbl Obln NPOBEAEH TLIATENBHBIN MOUCK UCTOYHUKOB B psise 6a3
paHHbIX, Bknovas UpToDate, BMJ, PubMed, Scopus, Wiley, Medline, The Cochrane Library, Springer Link u1 Web of
Science. WccnenoBaHne oxBaTbiBano AfMHHBIA BPEMeHHOM mpomexyTok - 18 neT: ¢ 2004 no 2022 rogbl.B cBssu ¢
Manou3y4yeHHOCTW AaHHblii TEMbl B pe3ynbTaTe 3TOro noucka Obino otobpaHo 68 craTtby, koTopble ObiMM AOCTYMHbI B
nonHoM o6beme W NPOLLAM NPOLECC KPUTMYECKON OLeHKN. KpuTepum BKIloueHns B 0630p BKIOYanM AeTCKun BO3pacT, TO
€CTb W3y4eHue COCTOSHMS Auadparmbl B AETCKOM nonynsauuu. B To xe Bpems, UCCNeaoBaHWs, KacatLmecs COCTOSHUS
avadparmbl y B3pochblX, ObINM UCKMIOYEHbI 13 aHanuaa. Takoil NOAXo4 NO3BOMMM COCPEAOTOMNTLCS Ha CreLmguyeckux
acnekTax CoCTOsHWs auadparMbl B KOHTEKCTE AETCKOro Bo3pacrTa.

Pe3synbTatbl 1 BbiBoAbl: CoCcTOsIHME AnadparMbl y LETEN C OKMPEHNEM CTano Cepbe3Hoi Npobrnemoii B nocneaHue
rofibl, U 370 BNUSIET Ha AblXaTeNlbHOE 300POBbE, MEPEHOCUMOCTb (PU3MYECKON Harpy3kn 1 0bLLee KayecTBO Xu3HW. CnoxHoe
B3aWMOAENCTBME MexXOy OXMpeHueM W yHKUMen auadparmMbl Noka HE MOMHOCTHIO MOHATO, HO CyLLECTBYHLLME
MCCNEROBaHWs CBUETENLCTBYIOT O TOM, YTO OXUPEHME MOXET MPUBECTU K U3MEHEHUSM B MOPONOruM, GuomexaHuke u
HEMPOMbILIEYHON (PYHKUMM Anadparmbl. OTM WU3MEHEHMS] MOryT CrocOOCTBOBATb Pa3BMTMIO PA3fMYHBIX OCHOXHEHWA,
CBAI3AHHBIX C OKMPEHMEM, Takux Kak CMHAPOM TMMOKCWM, 0BYCNIOBNEHHBIA OXMPEHUEM, U OBCTPYKTUBHBIA CYHAPOM anHO3
CHa, 4TO MOXeT HeraTMBHO BMMATb Ha Onaromonyuse pebeHKa, KOTHWTUBHbIE CMOCOBHOCTM W coumansHoe
(hYHKLMOHMPOBaHWe.

Knrouesble crnosa: oxuperue, duagppaema, demu, 06cmpykmugHbIl CUHOPOM.

Tyiingeme
APTbIK CANNMAKTbI BANANAPOAFbI AUA®PAIMA XAFOAUDI

Mepusar K. Kapabaesa, https://orcid.org/0009-0004-7099-3877

Carumpa T. A6gpaxmanosal, https://orcid.org/0000-0001-9863-6047
PaywaH P. Anmayogal, https://orcid.org/0000-0002-0573-5386

Annyp A. Tanp?2,

! «AcTaHa meauumHa yHuBepcuTteTi» KEAK, AcTtaHa K., KazakcTaH Pecny6nukachbi;

2 Ken 6eniHai kananbik 6ananap aypyxaHacbl Ne2, KasakctaH Pecnybnukachl, ActaHa K.

©a3ekTiniri. bananapgarbl cemisgikTiH, xahaHablK Tapanybl anaHgaTapnblk AeHrenre xeTTi, Oyn opTypni
ar3a XynenepiHe acep eTeTiH KenTereH AeHcaynbIK cangapbiHa akengi. ©cin kene XaTkaH KbI3bIFYLbIBIKTbIH,
Gipi - cemisgikTiH, 6Gananapaarbl gnadparMa KelameTiHe acepi. [uadparma ThiHbIC anyablH, Heriari Oy nbIKeTi
peTiHge TWiMOi XengeTyai keHe ra3 anmacydbl KamTamachbld eTyae MaHbi3dbl pen atkapagbl. CemisgikTiH,
Oananapparbl avadparmMa Kel3meTiHe acepi Typanbl kenTereH 3epTreynep Oap. Cemisgik guadparmaHbiH,
mMopdhonormsacel MeH BHOMeXaHWKACbIHbIH ©3repyiHe OKenyi MYMKIH, OHbIH, TbiHbIC anydbl KamTamachl3 €Ty
TUIMZINIMH TemeHaeTyi MyMKiH ekeHairi Typanbl ganengep 6ap. CoHbIMEH KaTap, 3epTTeyLlinep cemidgikTi
avadgparManblk ANcYHKUMAMEH GalnaHbICTbIPATBIH bIKTUMAN MeXaHW3MOEPdi aHblKTadbl, COHbIH, iliHAE il
KYbICbIHbIH, KbICIMbIHBIH, XOfapbinaybl, ©Kne KeneMiHiH, TOMEeHEYi XoHe Xyiike-OynibIKeT YHKUMSCHIHBIH
esrepyi. CemiagiktiH, 6ananapgafbl guadparma (yHKUMACHIHA SCepiH TYCIHY ©Te MaHbI3dbl, eUTKeHi on
CEMI3AIKTIH, @pTYpPNi acKblHyNapbiHa biknan eTyi MyMkiH. [uacparma OuchyHKUMsACH! cemisgikneH bannaHbICTbI
rMnokcemmsga pen atkapybl MyMKIH aHe OBCTPYKTWBTI YiKbl amHO3bIH KyLLIenTyi MyMKiH. Byn xafgannap
BanaHblH AeHcaynbIFbIHa, OKy YIrepiMiHe XaHe xarnnbl eMip canacbiHa Tepic acep eTyi MyMKiH.

MakcatbI. byn wony 3eptTey cemia 6ananapaafbl AnadparMaHbiH, XarFaaibl XaHe CeMi3aikTiH anadparma
Kbl3MeTi MeH KypbinbIMbiHa acepi Typanbl 0ap OiniMai XWHakTay XoHe CbiHW TyprblaaH Oaranayra
OafbITTanfaH.

Iapey ctpatermscbl. ©nebuetTepre wonyasl Kypactoipy ywid UpToDate, BMJ, PubMed, Scopus, Wiley,
Medline, The Cochrane Library, Springer Link xoHe Web of Science cusktbl bipkatap aepekkopnapaa MyKkust
Lepekke3ai isney Kyprisingi. 3epTTey y3aK yakbIT apanbifbiH KamTbigbl — 18 xbin: 2004 xbingaH 2022 xbinFa
AeniH. Ocbl TakplpbInTbl GirIMEreHAiKTEH, OCbl i3AeHIC HaTkKeciHAe 68 makana ipiKTenin anbiHabl, onap ToMbIK
kenemae KOMmKeTIMAI xaHe cbiHu baranaygaH eTTi. WonyFa Kocy kputepuianepi GananapablH XacbliH, SFHW
neavaTpuanbIK Nonynsauusaarsl AnadparMaHbiH, xarganbiH 3epTTeyai kamtuabl. CoHbiMeH bipre epecektepaeri
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ovadparMaHblH, KyiHe KaTbiCTbl 3epTTeynep TangayhaH anbiHbin Tactangbl. byn Ttecin Gananmblk wak
XardanbliHga avadparma KymiHiH HaKTbl acnekTinepiHe Hasap ayaapyra MyMKiHaik 6epgi.

HaTtnxenep MeH KOpbITbiHAbINAp. cemi3 Gananapaarbl AvadparmaHblH XaFgalbl COHFbl Xblnaapbl
Kypaeni macenere aiHangbl XaHe On ThIHLIC any MYyLLenepiHiH, JeHcaynbiFblHa, XaTTbiFynapFa TesiMainikke
XOHE Kanmbl emip canmacbiHa ocep etedi. Cemisgik neH awadparma (YHKUMSCHIHBIH, Kypaeni esapa
opekeTTecyi oni Tomblk TycCiHinmereH, Gipak 6ap 3epTTeynep cemidgik auadparma MOpPGONOrMsChIHbIH,
BroMexaHMKaCbIHbIH, XaHe XKYIKe-OyNWbIKET yHKUMACHIHBIH ©3repyiHe aKenyi MyMKiH ekeHiH kepceTegi. byn
earepicTep cemisgikneH 6GalinaHbICTbl SPTYPNi acKblHyNapAblH, AaMyblHa biKnan eTyi MyMKiH, Mbicarbl,
cemisgikneH 6annaHbICTbl MMMNOKCUS CUHAPOMbI XOHE OBCTPYKTUBTI YiKbl anHO3bl GanaHblH, an-aykatblHa,
KOTHUTWBTIK KabineTiHe XaHe aneyMeTTiK XyMbICbIHa TEPIC SCEp ETYi MyMKIH.

Tytindi ce3dep: cemizdik, duaghpaema, bananap, o6cmpykmusmi CUHOPOM.
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Introduction

Obesity is a major public health concern globally,
affecting children and adults alike. Obesity in childhood
practice is a current problem of modern society, which is
determined primarily by the growth of morbidity. In
contemporary world, even in the most developed countries,
there is a high incidence of obesity among children and
adolescents. According to the WHO, the number of infants
and young children with excess weight or obesity in the world
has increased from 32 to 42 million. If this trend continues,
the number of infants and young children with excess weight
by 2025 will increase to 70 million. [65] In Kazakhstan, as
shown by epidemiological monitoring of childhood obesity,
the situation is even slightly worse. For example, 19.1% of
children in the 3rd-4th grades have excess body weight,
including obesity, among them 6.5% of boys and 5.5% of girls
have first and second-degree obesity, and 1.1% of children
have third-degree obesity. [65] It has been scientifically
proven that obesity in childhood has an adverse effect on
physical and psychosocial health and is a risk factor for
cardiovascular diseases and other metabolic disorders.
Among the many complications of obesity, respiratory
disorders are particularly prevalent, and one of the main
contributors to this is the diaphragm. [2,3,6,7,66,16] The
diaphragm is a vital muscle involved in respiration, and its
function can be compromised in obese children. In particular,
obesity in youth has an adverse effect on respiratory
mechanics, the strength and endurance of respiratory
muscles and plays a key role in the development of
obstructive sleep apnea syndrome (OSAS) and
hypoventilation syndrome. [19,21,26,29,33]

This causes multiple systemic complications, some of
which lead to serious deterioration of the state of organs and
tissues. [29,33] These complications include mechanical
changes caused by the accumulation of adipose tissue and
numerous cytokines produced by adipocytes. According to
the latest data from The International Society of
Endocrinology, it has been scientifically substantiated that the
function of respiratory muscles can be impaired with

increasing obesity, possibly due to the load imposed on the
diaphragm. [10,23] The observed dysfunction of respiratory
muscles can be partially explained by the increased
resistance imposed by the excess of adipose tissue on the
chest and abdomen, which causes a mechanical deficiency
of these muscles. [52]

Aim. This literature review aims to explore the current
understanding of diaphragmatic condition in obese children.

Search strategy: A thorough search of sources was
conducted in several databases, including UpToDate, BMJ,
PubMed, Scopus, Wiley, Medline, The Cochrane Library,
Springer Link, and Web of Science. The study covered a
long time period of 18 years, from 2004 to 2022. As a result
of this search, 68 articles were selected, which were
available in full text and underwent a process of critical
appraisal. The inclusion criteria for the review focused on
the pediatric age group, specifically examining the condition
of the diaphragm in the pediatric population. Conversely,
studies pertaining to the condition of the diaphragm in
adults were excluded from the analysis. This approach
allowed us to concentrate on the specific aspects of the
diaphragm's condition in the context of childhood. By
following this methodology, the literature review provides an
in-depth understanding of the condition of the diaphragm in
obese children, considering the latest research findings and
advancements in the field.

Create a search string using Boolean operators (AND,
OR) to combine the keywords: "diaphragm AND obesity
AND child AND condition" and apply relevant filters to limit
the search results to studies published within a certain time
frame, studies that focus on children, studies that are
written in English, and studies that are peer-reviewed.

The results of the search and discussion section

The diaphragm is a dome-shaped muscle that
separates the chest cavity from the abdominal cavity. When
the diaphragm contracts, it flattens, increasing the volume
of the chest cavity and decreasing the pressure inside it,
allowing air to flow into the lungs. When the diaphragm
relaxes, it returns to its dome shape, decreasing the volume
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of the chest cavity and increasing the pressure, forcing air
out of the lungs. [2,3]

Obesity and Diaphragm Function

Obesity can have a significant impact on diaphragm
function. Increased body weight can lead to increased intra-
abdominal pressure, which can push the diaphragm up and
decrease the volume of the chest cavity. [8,20,28,29,34]
This decreased chest cavity volume can lead to decreased
lung capacity and increased effort required for breathing.
Additionally, obesity can cause the diaphragm to become
weaker, leading to further respiratory issues.

Studies have shown that obesity can lead to decreased
diaphragm excursion, which is the amount of movement the
diaphragm undergoes during breathing [8,19,20,36,56].
This decreased excursion can lead to decreased lung
capacity and increased effort required for breathing.
Moreover, obesity can lead to decreased diaphragm
strength, as evidenced by a study that found obese children
had decreased maximal inspiratory pressure (MIP)
compared to non-obese children. MIP is a measure of the
strength of the diaphragm muscle, and a decreased MIP
indicates a weaker diaphragm.

In a recent publication, Fibro-Adipogenic Remodeling of
the Diaphragm in  Obesity-Associated Respiratory
Dysfunction, by Daniel e Michele (2020) [19] experimental
studies on animals showed that subjects with obesity and
excess weight demonstrated mechanical compression of
the diaphragm, lungs, and chest cavity, which can lead to
restrictive lung damage. In addition, excess fat reduces the
overall compliance of the respiratory system, increases the
resistance of the lungs, and reduces the strength of
respiratory muscles.

Besides, according to the article that provided is titled
"Diaphragmatic dysfunction in obesity: mechanisms and
management” and was published in Breathe, a journal of
the European Respiratory Society, in June 2021 aims to
provide an overview of the mechanisms underlying
diaphragmatic dysfunction in obesity and the management
strategies for this condition. The authors begin by
discussing the impact of obesity on the diaphragm,
including changes in muscle mass, strength, and function.
They explain that obesity is associated with increased
diaphragm fat infiltration and fibrosis, which can impair
diaphragm contractility and reduce lung function. The
authors also highlight the role of chronic inflammation and
oxidative stress in the development of diaphragmatic
dysfunction in obese individuals. [34]

After this, the authors discuss the alterations in
respiratory mechanics and gas exchange that occur in
obese individuals with diaphragmatic dysfunction. They
explain that obesity-related changes in chest wall and lung
mechanics, including reduced lung compliance and
increased airway resistance, can further exacerbate
diaphragmatic dysfunction and respiratory impairment. The
authors also discuss the impact of diaphragmatic
dysfunction on gas exchange, including reduced oxygen
saturation and increased carbon dioxide retention.[8]

Modern methods of studying the diaphragm in
children with obesity.

At this point, according to several studies the primary
imaging modality for assessing the diaphragm is ultrasound.
Ultrasound imaging of the diaphragm is a non-invasive and

safe technique that allows for real-time imaging of the
diaphragm during respiratory efforts. Ultrasound can
provide information on diaphragmatic excursion distance,
velocity, and time, which are important parameters for
assessing diaphragmatic function. During an ultrasound
examination, the patient lies in a supine or semi-reclined
position, and the ultrasound probe is placed on the
abdomen just below the rib cage. The probe emits high-
frequency sound waves that bounce off the diaphragm and
surrounding structures, creating an image of the diaphragm
on a computer screen. Ultrasound imaging can be
performed during quiet breathing or during maximal
inspiratory efforts to assess diaphragmatic function. During
quiet breathing, the diaphragm moves up and down with
each breath, and its excursion distance and velocity can be
measured. During maximal inspiratory efforts, the
diaphragm contracts more forcefully, and its excursion time
can also be measured. [11,12,45,47,55,60,67]

According to a study by Luis Henrique Sarmento
Tendrio obesity in young asthmatics is associated with
decreased diaphragmatic  kinetics and  respiratory
function.[33]. The respiratory burden in young asthmatic
individuals who are also obese, and to examine the
diaphragmatic kinetics during respiratory maneuvers in
these individuals. The authors hypothesized that obese
asthmatics would have greater respiratory burden and
altered diaphragmatic kinetics compared to non-obese
asthmatics. To test their hypothesis, the researchers
conducted a cross-sectional study that included 60
individuals between the ages of 10 and 40 years, who were
diagnosed with asthma. The participants were divided into
two groups: obese asthmatics and non-obese asthmatics.
The researchers then used ultrasonography to evaluate the
diaphragmatic kinetics during respiratory maneuvers in both
groups. The results showed that obese asthmatics had a
higher respiratory burden and altered diaphragmatic
kinetics compared to non-obese asthmatics. Specifically,
the obese asthmatics had lower diaphragmatic mobility
during inspiration and expiration, and a longer time for
diaphragmatic relaxation. The authors concluded that the
results of their study suggest that obesity may contribute to
increased respiratory burden and altered diaphragmatic
kinetics in asthmatic individuals, and that more attention
should be given to the management of asthma in obese
patients. Following that, this study provides important
insights into the respiratory burden in young asthmatic
individuals who are also obese, and highlights the need for
more targeted interventions to manage asthma in this
population. The participants' diaphragmatic kinetics was
assessed using ultrasound imaging at rest and during
maximal inspiratory effort. The diaphragm excursion
distance, velocity, and time were measured. The
participants' respiratory function was assessed using
spirometry to measure forced vital capacity (FVC), forced
expiratory volume in 1 second (FEV1), and peak expiratory
flow (PEF). The results of the study showed that the obese
asthmatic participants had significantly lower diaphragmatic
excursion distance, velocity, and time compared to the non-
obese asthmatic participants. The mean diaphragm
excursion distance was 1.7 cm in the non-obese asthmatics
and 1.2 cm in the obese asthmatics. The mean diaphragm
excursion velocity was 7.1 cm/s in the non-obese
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asthmatics and 4.7 cm/s in the obese asthmatics. The
mean diaphragm excursion time was 0.7 seconds in the
non-obese asthmatics and 0.4 seconds in the obese
asthmatics. Besides, the obese asthmatic participants had
significantly lower respiratory function compared to the non-
obese asthmatic participants. The mean FVC was 96.5%
predicted in the non-obese asthmatics and 85.3% predicted
in the obese asthmatics. The mean FEV1 was 95.6%
predicted in the non-obese asthmatics and 83. 9%
predicted in the obese asthmatics. The mean PEF was
93.4% predicted in the non-obese asthmatics and 80.9%
predicted in the obese asthmatics.

As well as, author Hanaa S. Elsayed investigate the
impact of obesity on diaphragmatic function in children and
adolescents. The researchers recruited 60 participants
between the ages of 7 and 18 years, including 30 obese
children and 30 healthy controls. They measured several
parameters related to diaphragmatic function, including
diaphragm thickness, excursion, and respiratory muscle
strength. They also assessed pulmonary function using
spirometry. The results showed that obese children had
significantly lower diaphragm excursion and respiratory
muscle strength compared to healthy controls. They also
had higher diaphragm thickness, which indicates
diaphragmatic dysfunction. Additionally, obese children had
lower pulmonary function than healthy controls, as
measured by spirometry. [35]

The researchers concluded that obesity can impair
diaphragmatic function in children and adolescents, leading
to reduced respiratory muscle strength and lower
pulmonary function. This may have important implications
for the health of obese children, as well as for their long-
term risk of developing respiratory and cardiovascular
diseases. [39,41]

Thereby, the majority part of authors highlights the
importance of using spirometry to assess diaphragm
function in obese children, as obesity can lead to changes
in diaphragmatic function, including reduced lung volumes
and altered respiratory mechanics. Spirometry is a simple
and non-invasive test that measures lung function by
assessing how much air a person can exhale forcefully and
how quickly they can do it. The authors argue that
spirometry is an important tool for evaluating diaphragm
function in obese children, as it can help identify early
changes in lung function and monitor the progression of
respiratory complications. They note that spirometry can be
used to guide treatment decisions in obese children with
respiratory complications, such as asthma and obstructive
sleep apnea. [9,20,35,46]

Admittedly, the authors discuss the prevalence of
respiratory complications in obese children, including
obstructive sleep apnea, asthma, and exercise-induced
bronchoconstriction. They note that early diagnosis and
treatment of these complications can improve outcomes for
obese children and reduce their risk of developing long-term
respiratory and cardiovascular diseases. [2,3,4]

One of the most common complications in obese child
is obstructive sleep apnea syndrome (OSAS) is a sleep
disorder characterized by repeated episodes of partial or
complete obstruction of the upper airway during sleep. This
leads to disrupted sleep and low blood oxygen levels, which
can have serious health consequences if left untreated.

Obstructive sleep apnea (OSAS) is a serious sleep disorder
that affects many children, particularly those who are
obese. OSAS is characterized by partial or complete
obstruction of the upper airway during sleep, leading to
disrupted sleep and low blood oxygen levels. The
consequences of untreated OSAS in children can be
serious and include developmental delays, learning
difficulties, behavioral problems, and cardiovascular
complications. Obesity is a major risk factor for OSA in
children, as excess weight can lead to changes in the upper
airway that increase the risk of obstruction during sleep.
Other risk factors for OSA in children include enlarged
tonsils or adenoids, a family history of sleep apnea, and
certain medical conditions such as Down syndrome. The
symptoms of OSAS in obese children can be different from
those in non-obese children and may include snoring,
gasping or choking during sleep, frequent awakenings,
restless sleep, bedwetting, and daytime sleepiness or
hyperactivity. These symptoms can have a significant
impact on a child's quality of life and academic
performance. [8,32,43,44,55,61]

Development of obstructive sleep apnea syndrome
in children with obesity.

Diagnosis of OSA in obese children typically involves a
sleep study, which measures various parameters including
airflow, oxygen levels, and respiratory effort during sleep.
Treatment options for OSA in obese children may include
weight management, removal of tonsils or adenoids,
continuous positive airway pressure (CPAP) therapy, or
dental appliances that help keep the airway open during
sleep. Weight management is an important strategy for
reducing the risk of OSA in obese children. Studies have
shown that weight loss can improve OSA symptoms and
reduce the need for other treatments such as CPAP therapy
or surgery. In addition, weight management can improve
overall health outcomes and reduce the risk of long-term
complications associated with obesity. [8,18,33,34,44,63,61]

Following that, OSAS is a serious sleep disorder that
can have significant consequences for the health and well-
being of obese children. Early diagnosis and treatment are
essential for improving outcomes and reducing the risk of
long-term complications. Healthcare providers should be
aware of the risks and symptoms of OSA in obese children
and encourage weight management as a primary strategy
for reducing the risk of OSA and improving overall health
outcomes. [38,39]

In the article is titled "Assessment of the Risk of
Obstructive Sleep Apnea Syndrome using the Russian-
Modified Stop-Bang Questionnaire and Dyspnea Severity in
Obese Children" and was published in the journal "Pediatric
Pulmonology" in September 2021 aimed to evaluate the
accuracy of the Russian-modified version of the Stop-Bang
questionnaire in predicting obstructive sleep apnea
syndrome (OSAS) and the association of dyspnea severity
with OSAS risk in obese children. The Stop-Bang
questionnaire is a widely used tool to screen for OSAS risk
in adults, but its use in children is limited. The modified
version used in this study was specifically adapted for use
in the Russian language. [8]

The study included 210 obese children aged 7-17 years
who underwent polysomnography to diagnose OSAS. The
Russian-modified ~ Stop-Bang  questionnaire  was
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administered to assess OSAS risk, and dyspnea severity
was evaluated using the modified Medical Research
Council (mMRC) dyspnea scale.

The results of the study showed that the Russian-
modified Stop-Bang questionnaire had a high accuracy in
predicting OSAS risk in obese children. The questionnaire
had a sensitivity of 83.1% and a specificity of 70.6%.
Moreover, dyspnea severity was found to be significantly
associated with OSAS risk, as obese children with higher
mMRC dyspnea scores had a higher risk of OSAS. [24,68]

The authors suggest that the Russian-modified Stop-
Bang questionnaire can be used as a simple and effective
tool to screen for OSAS risk in obese children, and the
presence of dyspnea severity can further enhance the
predictive value of the questionnaire. The study highlights
the importance of early detection and management of
OSAS in obese children to prevent potential long-term
health consequences. Particularly, the study provides
valuable information on the accuracy of the Russian-
modified Stop-Bang questionnaire in predicting OSAS risk
in obese children and the association of dyspnea severity
with OSAS risk. This underscores the importance of regular
screening and assessment of OSAS risk in obese children
and the need for early intervention to prevent potential
health consequences.

Undoubtedly that there is a key role of dysnea which is
most common symptom as a result of diaphgram
dysfuntion. Dyspnea, or shortness of breath, is a common
symptom in obese children and adolescents. Excess weight
can lead to changes in respiratory mechanics and reduced
lung volumes, which can cause difficulty breathing,
especially during physical activity. Moreover, obesity can
also lead to increased airway resistance and inflammation,
making it harder for air to flow in and out of the lungs.[25]

Obese children and adolescents may experience
dyspnea during exercise, which can negatively impact their
physical activity levels and quality of life. This can also lead
to a cycle of decreased physical activity and further weight
gain [1,2,8,19,24,31]

One should note here that dyspnea can be a symptom of
underlying respiratory complications in obese children, such as
asthma, obstructive sleep apnea, or exercise-induced
bronchoconstriction. These conditions can cause inflammation
and constriction of the airways, leading to symptoms such as
wheezing, coughing, and shortness of breath.

The authors Brogan T.V., Hall M., Bagdure D.
hypothesized that obesity would be associated with
increased risk for asthma exacerbations. They studied 258
children aged 2 to 17 years who presented to the
emergency department with acute asthma exacerbations.
The authors collected data on the children's body mass
index (BMI), asthma severity, and other clinical
characteristics. [14]

The results of the study showed that obese children
were more likely to experience severe asthma
exacerbations requiring hospitalization than non-obese
children. In addition, obese children had higher rates of
asthma-related emergency department visits and hospital
admissions than non-obese children. The study also found
that obese children had higher levels of asthma severity
and lower lung function compared to non-obese children.

The authors suggest that obesity may be a risk factor
for acute asthma exacerbations in children, possibly due to
the mechanical effects of obesity on the respiratory system
and the chronic inflammation associated with obesity. The
study highlights the importance of weight management in
preventing asthma exacerbations in obese children.
[14,17,18,23,30]

In conclusion, the study provides valuable information
on the association between obesity and acute asthma
exacerbations in children. The findings suggest that obesity
may be a risk factor for severe asthma exacerbations and
emphasize the importance of weight management in
preventing asthma exacerbations in obese children.[33]

Conclusion

To recapitulate, the authors discuss the potential
complications of the diaphragm in obese children. The
diaphragm is a key muscle involved in breathing, and
changes in its function can lead to respiratory complications
and reduced quality of life. The authors describe several
potential complications of the diaphragm in obese children,
including reduced respiratory muscle strength, increased
airway resistance, and changes in metabolic and hormonal
pathways that affect respiratory muscle function and the
regulation of breathing. These changes can lead to
respiratory complications such as obstructive sleep apnea,
asthma, and exercise-induced  bronchoconstriction.
concludes that complications of the diaphragm in obese
children are common and can have a significant impact on
respiratory function and quality of life. Healthcare providers
should be aware of the risks and mechanisms of these
complications and encourage weight management and
respiratory muscle training as primary strategies for
improving respiratory health outcomes. [2,3]

As a whole, this literature review provides valuable
information on the potential complications of the diaphragm
in obese children and highlights the importance of early
intervention and weight management to prevent respiratory
complications and improve long-term health outcomes.
Early detection and intervention are critical to prevent
potential complications and improve respiratory health
outcomes in obese children. Weight management is an
important strategy for improving diaphragm function and
reducing the risk of respiratory complications in obese
children. Respiratory muscle training, such as inspiratory
muscle training or yoga, may also be effective in improving
diaphragm function and respiratory health in obese children.
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