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Abstract

Introduction: Bronchial asthma (BA) and obesity represent significant challenges in contemporary medicine, with
escalating prevalence in developed nations. This review aims to systematically analyze the pathophysiological and clinical
interplay between bronchial asthma and metabolic syndrome, emphasizing their role in severe asthma development.

Search strategy: A thorough literature search was conducted up to May 10, 2024, using PubMed, Web of Science, and
the Cochrane Central Register of Controlled Trials. The search spanned the past decade and employed predefined keywords
based on Medical Subject Headings (MeSH). Inclusion criteria encompassed studies meeting evidence-based medicine
standards and fundamental experimental research, published in English or Russian. Exclusion criteria included clinical case
descriptions, non-evidence-based publications, and abstracts.

Results: This review synthesizes current insights into the mechanisms underlying the association between bronchial
asthma and metabolic syndrome. A conventional perspective links asthma and the syndrome through mechanical effects of
abdominal adipose tissue, impacting respiratory tract resistance and volumes. Furthermore, emphasis is placed on metabolic
dysregulation's role in altering proinflammatory cytokine levels and adipose tissue hormone profiles. The review also
introduces the concept of a metabolic phenotype in asthma, characterizing it as an independent variant within the spectrum
of "bronchial asthma - metabolic syndrome - obesity." Pathogenetic relationships involving insulin resistance,
hyperinsulinemia's epithelial effects on the respiratory tract, chronic inflammation, and respiratory hyperreactivity are
highlighted.

Conclusions: The findings support a clinical and pathophysiological framework distinguishing a distinct "metabolic
phenotype" in asthma patients. This phenotype underscores the interconnected pathogenesis involving insulin resistance,
chronic inflammation, and heightened respiratory tract reactivity. Such insights contribute to advancing targeted therapeutic
approaches for this subset of patients.

Keywords: metabolic syndrome, asthma, bronchospasm, obesity, insulin resistance.

Pestome
NMATOrEHETUUECKME U KNMIMHUYECKME ACNEKTbI B3AUMOCBA3U
BPOHXUANBHOU ACTMbl U METABOJIMMECKOIO CUHOAPOMA:
OB30P JIUTEPATYPBbI

Cayne 0. ManmbiwieBal, https://orcid.org/0000-0002-8010-1519
Moamuna K. Kapaxanosat, https://orcid.org/0000-0001-6664-3293
Anppen 10. Opexos1, https://orcid.org/0000-0001-7201-1399
Acenb A. YuHbibaeBa?, https://orcid.org/0000-0002-2018-6186
Bonar A. Aumpos3, https://orcid.org/0000-0003-0242-9700

'HAO «MeguumHCckuit yHuBepcuteT Cemenr, r. Cemen, Pecny6nuka KasaxcraH;
2HAO «MeauuMHCKMit yHuBepcuTeT AcTaHar, r. ActaHa, Pecnyonuka KasaxcraH;
% AO «lOxHO-KazaxcTaHCcKasi MeAMLIMHCKAs akagemusy, r. LUbIMKeHT, Pecny6nuka KasaxcTtaH.

Beepenune. CornacHo MMelLWMMCS B HacTosiliee Bpemsl AaHHbiM, OpoHxuanbHas actmMa (BA) M OXupenue
npeacTaBnstoT coboit OAHY U3 aKTyanbHeAWwWx npobnem COBPEMEHHOM MeAMLMHbI, 3Ha4yeHWe KOTopoi npuobpeTaet
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MWPOBOW XapakTep. JnNMOeMUONOrYeck e JaHHbIe NO3BOMAKT KOHCTATMPOBaTh 3HAYMTENbHBIA POCT 3TX 3aboneBaHuin B
pasBUTLIX CTPaHaX, YTO AMKTYET HEOBXOAMMOCTb TLLATENBHOrO aHanM3a u BCECTOPOHHENO U3YUYeHHUS.

Llenbto paHHoro ob3opa sBnsAnach CUCTEMaTU3aLMS AAHHBIX O NaTOU3NONONMYECKON U KITMHUYECKON B3aUMOCBSA3M
OpoHxuanbHoi acTMbl M METABONNYECKOrO CHHAPOMA, a TaKKE PO ero KOMMOHEHTOB B (DOPMUPOBAHNM TSXKENOTO TEYEHNS
BpoHxmanbHoi acTMbl.

Crpaterusi noucka: [Mouck akTyamnbHOM nuTepaTypbl npoeoguncs B 6asax gaHHbix PubMed, Web of Science u
KokpaHOBCKOM LIEHTPanbHOM PErncTpe KOHTPOnMpyeMblx ucnbitanuii o 10 mas 2024 r. I'nybuHa noucka coctasuna 10 ner.
B xome aHanusa ucnonb3oBanuCb NpeaBapuUTenbHO CHOPMYNMPOBAHHBIE KMIOYEBbIE CMOBA Ha OCHOBE TEPMMHOB
MeanumHCKuX npegMeTHbix pybpuk (MeSH). Kpumepuu exmtodeHus: pe3ynbTaTbl UCCNEA0BAHWIA, BbIMONHEHHBIX C Y4ETOM
BCex TpebOBaHMIA [OKa3aTeNbHOM MEAULMHBI; JaHHble dyHOaMeHTanbHbIX SKCMEPUMEHTaMbHbIX WccnenoBaHui. Mouck
orpaHuumBanca pabotamu, onyb6nMKOBaHHBIMWA Ha AHIMMIACKOM W PYCCKOM fi3blkax. Kpumepuu UCKITIOYEeHUST: OnucaHne
KMWHUYECKMX CMyYaeB, nybnvkaLum, He COOTBETCTBYOLLME TPebOBaHMAM [OKa3aTeNbHON MEOULMHDI, & TaKkke Te3NChI.

PesynbTatbi: B npencraBneHHOM 0630pe cMCTEMATU3MPOBAHLI COBPEMEHHBIE B3rMSAbI HA MEXaHWU3Mbl POPMMPOBAHUS
heHoTMNa BpOHXMANbHON acTMbl, acCOLMMPOBAHHOMO C MeTabonuyeckum CUHAPOMOM. B knaccuyeckom u Haubonee
YNpOLLEHHOM BapuaHTe CBA3b acTMbl U CUHAPOMA OCHOBBLIBAETCS HA MeXaHUYecknx athheKTax XMpOBOM TkaHU OPIOLLIHON
nonocT Ha COMPOTWMBMEHWE [bIXaTEMbHbIX MYTEW C W3MEHEHWEM COOTBETCTBYHOWMX AblxaTeNbHbIX 06BHEMOB.
lpeacTaBneHa NonbiTka akTyanuanpoBaTb porb MeTabonnyeckoro aucbanaHca B YpOBHSX MPOBOCNANMTENbHbIX (PaKTOpOB,
B NEPBYI0 o4yepedb LMTOKMHOB, @ Takke FOPMOHOB XMPOBOW TkaHW. Kpome ToOro, cchopmynmpoBaHa KOHLEMLWS CBS3M
MeTabonmueckoro cuHopomMa M OpOHXMamnbHOM acTMbl, OTpaxarwas BAWSHUME AAHHOTO CUHAPOMA Ha BapuUaHTbI
KIUHMYECKOro TeueHus 3abonesaHus.

BbiBoabl: [lpeAcTaBneHHble [aHHble MO3BOMSIOT CHOPMYNMPOBATL  KIMHWUKO-NATOU3NONOTMYECKU NOaXon K
0bOCHOBaHMIO BblgeneHus cneumduyeckoro  «mMeTabonuyeckoro (eHotuna» nauueHToB ¢ BA, npeacTaBnstowiero
CamMOCTOSATENbHbIM BapUaHT CUHLEMUM - «DpOHXManbHas acTMa — MeTabonMYECKA CUHAPOM - OXuMpeHue». OCHOBOW Takoro
noaxoda sIBSETCA NOKa3aHHbIN (PAKT NaTOreHETUYECKMX CBSA3EH, @ UMEHHO Pa3BUTUE MHCYNMHOPE3UCTEHTHOCTU C NPAMBIM
NOBpEXZaoWMM 3PPEKTOB MMNEPUHCYIMHEMAN HA BNUTENUIA PECTIMPATOPHOrO TpakTa, (POPMUPOBAHME XPOHUYECKOrO
MamnoVHTEHCUBHOTO BOCMANEHWs, TUMNYHOIO ANs ABYX 3a00neBaHuii, a Takke passuTiie Ha STOM (DOHe rMneppeakTUBHOCTY
LbIXaTemnbHbIX MyTe.

Knrouesble cnosa: memabonuyeckuli cuHOpoM, acmma, bpoHxocnasm, OKUPEHUe, UHCYIUHOPE3UCMEHMHOCMb.
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Kipicne. 3amaHayu manimeTttepre caitkec, 6poHx aemikneci (b[) xaHe cemiagik Kasipri 3amaHfbl MEAULMHAHBIH, ©3€KTi
MacenenepiHiH Oipi 6onbin Tabbinagbl XoHe OHblH, MaHbI3AbINbIFLI DNEeMAIK cunatka he. dnNUaeMUONorusblK AepekTep
LambiFaH enpepae Oyn aypynapabiH aiTaprblKTail ecyiH aHbiKTayFa MyMKiHAIK 6epegi, Oyn e3 keseringe MyKUsT Tangay
MEH XaH-XaKTbl 3epTTey KaXeTTiniriH Tyablpags!.

Byn wonyabiH Makcatbl OpoHX [Jemikneci MeH MeTabonukanblK CUHAPOMHbIH, NATO(M3NONOTMANbLIK KoHe
KNWHUKanbIK 6ainaHbICbiH, COHAAN-aK, OHbIH, KYprbIMAAPbIHbIH, OPOHX AEMIKNECIHIH aybip aFbIMblH KanbiNTacTbipyAarsl
peni Typarbl fepekTepai xymneney 6ongpl.

Isgey cTpaterusicbl; MaHpI3abl anebuettepai i3neHic PubMed, Web of Science gepekkopnapbiHaH xaHe Cochrane
opTanbikTaH 6akbinaHaTbiH CbiHakTap TidiMiHeH 2024 xbingblH 10 MamblpbiHa AewiH xyprisingi. Tangay OapbicbiHAa
MeanumHanblk noHaik manimettep (MeSH) TepmuHpepiHe HerisgenreH angbiH ana TyXbipbiMaanFaH TyWiHAIK ces3aepai
KorngaHy apKbifbl Xy3ere actbl. TidiMee eHziy kKpumepulnepi: Oonengi meguuvHadbiH, Gaprblk TanmanTapbiH eckepe
OTbIpbIN OpbIHAANFaH 3epTTEyNepaiH, HOTUXENEPI; ipreni SKCNepUMEHTTIK 3epTTeynepaiH, HaTkec!. [3aey Tek afbinllbiH
XOHe OpbiC TinaepiHae XapusnaHFaH XyMbICTapMeH LekTenpi. TisiMee eHaidinmezeH Kpumepulnepi: KNUHUKaNbIK
XafFaannapablH cunaTTamach!, Aonendi MeauuyHa TananTtapbiHa CONKec KeNMEnTiH Makananap, CoHaan-ak TeancTep.

Hotmxeci: ycbiHbinFaH wonyaa MmeTabonukanblk cuHapoMMeH GainadbicTel B[l dheHOTMNIH - KanbinTacTbipy
MexaHusiMaepi Xalrbl 3amMaHayw keskapacTtap XyneneHreH. Knaccukanblk xeHe XeHinaeTinreH Hyckaga Aemikne MeH
MeTabonukanblkK CUHAPOMHbIH, GainaHbIChl iLUTiH, Malmbl TiHiHIH, ThIHBIC any XonaapblHbIH KefepriCiHe MeXaHWKamnblk
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9CepiHe Heri3AenreHiH, TUICTi ThIHbIC any keneMiHiH earepyi anTbinFaH. KabbiHyFa Kapcbl dhakTopnapabiH, eH angbiMeH
UMTOKMHOEPAiH, COHAal-aKk MaW TiHiHIH TOPMOHAAPbIHbIH AeHreliHgeri MeTabonukanblK TEHrepimMci3aikTiH, - peniH
©3eKTeHaipy apekeTi yCbiHbinFaH. CoHbIMEeH KaTap, Metabonukanblk cuHapom MeH B[l apacbiHpafbl GainaHbIC xairnbl
TYXbIpbIMAANFaH, byn CMHAPOMHbIH, aypyAblH KIMHUKaNbIK afbIMbIHA SCEPIH kepceTesi.

KopbITbIHAbI: YCbiHbINFAH AepekTep 3epTTey Kemneci CUHAEMWsSHbIH, TOYenci3 Hyckacbl-"0poHX Aemikneci -
meTabonukanblk cuHOpoM — cemi3gik" Gonbin  TabbinateiH Bl HaykacTapblHbIH - epekwe "mMeTabonukanbik
theHoTUNIH"OKLWaynayabl Herisaeyre KNuWHUKanbIK - natoguavonormsansik Tocingi TyxbipbiMaayra MyMKiHAK 6epedi. byn
TOCINAiH, Heri3i naToreHeTUKanblK GainaHbICT apblHbIH, Herisi 6onbin Tabbinadbl, atan anTkaH4a rMnepUHCYNUHEMUSHBIH,
TbIHbIC any XondapblHbIH 3NUTENUtiHE TiKENen 3aKbIMAAWTbIHbI, WHCYNWHIE TO3IMAINIKTIH AaMybl, €Ki aypyFa TeH
CO3blIManbl TOMEH KapKblHAbl KaOblHyAblH naiiga Oonybl, COHOai-aK OCbl Xafganaa ThbiHbIC amny KonAapblHbiH
runeppeakTUBTIAIMHIH, AaMUTbIHbI aHbIKTanabl.

Tyliindi ce3dep: memabonukanbik cuHOPoM, demikne, 6POHXOCNa3M, cemizdik, UHCYUHae me3imairik.
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Introduction corresponding parameter was 0.41, which shows a higher
Currently, metabolic syndrome (MS) is defined as a  risk of asthma [17].
composite of clinical components such as hyperglycemia Therefore, the epidemiological evidence suggests a

and hypertriglyceridemia with abdominal obesity, arterial  potential association between metabolic syndrome and the
hypertension and low cholesterol high density lipoprotein [3,  development of reversible bronchial obstruction. However, it
16]. These conditions are known to increase the risk of ~ remains uncertain ~ whether  chronic  low-intensity
cardiovascular disease, type 2 diabetes and stroke [29].  inflammation, a hallmark of metabolic syndrome, directly
However, unlike the already known syntropy asthma and  contributes to the susceptibility to severe bronchial asthma.
obesity, the outcome of the metabolic syndrome on the  Consequently, the study aimed to organize data
reduced respiratory function is not well understood. concerning the pathophysiological and clinical connections
The association between metabolic syndrome and lung  between bronchial asthma and metabolic syndrome,
disease has been studied in several clinical studies. Leone  alongside exploring the impact of its components on the
and colleagues first verified the relationship between lung  development of severe bronchial asthma.
diseases and MS [18]. At present time, we have a numeral Search Strategy: During the preparation of this review,
of different studies significant relationship bronchial asthma  a systematic search was conducted in PubMed, Web of
and metabolic syndrome. Epidemiological study in United  Science, and the Cochrane Central Register of Controlled
States between 1990 and 2000 demonstrated that more  Trials up to May 10, 2024, covering a period of 10 years.
than 250,000 new asthma cases were related to metabolic ~ Publications exceeding this timeframe were separately
syndrome [8]. The prevalence of bronchial asthma in the  included due to their significant relevance to the study's
group of 2559 patients with obesity and BMI> 60, the  focus. The search utilized predefined keywords based on
prevalence of asthma was 32.7% [4]. The cross-sectional ~ Medical Subject Headings (MeSH), including metabolic
HUNT study in a group of 10,038 Korean patients aged 40  syndrome, asthma, bronchospasm, and obesity.
to 69 years demonstrated that patients with metabolic Inclusion criteria encompassed studies meeting the
syndrome were more likely to describe symptoms of  standards of evidence-based medicine and fundamental
bronchial asthma (wheezing and shortness of breath) than ~ experimental research, published in English or Russian.
patients without components of the metabolic syndrome [9]. Exclusion criteria comprised clinical case descriptions,
According to the results of another work, among  publications not meeting evidence-based medicine criteria,
patients suffering from metabolic syndrome more than 69,  and abstracts. A total of 37 relevant sources were identified

3% have severe asthma [33]. through this search strategy (Figure 1).
In additional, the most aggressive component of the Results and discussions
MS, in particular diabetes mellitus, also studied in the large Contemporary literature increasingly discusses the

Kaiser Permanente health care program and this analysis ~ concept of "syndemia," which denotes the synergistic
has helped to determine the risk of developing asthma  impact of two or more diseases resulting in greater adverse
among people with diabetes [11]. In adults participants (=18  effects than each disease individually [9].

years of age) without diabetes, the incidence of asthma was Traditionally applied in cardiometabolic contexts such
0.16 per 1000 people, and in patients with diabetes, the  as "arterial hypertension - metabolic syndrome - obesity" [1]
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this concept is relevant to understanding the interplay
between asthma (AD) and obesity/metabolic syndrome. The

symptoms and disease severity, necessitating an integrated
treatment approach that addresses their mutual influence
and associated risk factors.

Identification of studies via databases and registers

interaction  between these conditions exacerbates
[ =
=]
3 Records identified from*:
b= Databases (n = 107)
S Registers (n=0)
= v
=
S Records screened
g (n=37)
= !
8 || Studies included in review
% (n=37)
£

Records removed before screening:
Duplicate records removed (n = 14)
Records marked as ineligible by
automation tools (n = 27)

Records removed for other reasons -
paediatric patients (n = 29)

Figure 1 illustrates the overall search approach, adhering to the PRISMA algorithm.

The mechanical effects of adipose tissue on the
lungs

The simplest theory of the association of asthma and
MS is focused on the mechanical effects of abdominal fat
on the resistance and compliance of the respiratory system.
Obesity reduces the total lung capacity (TLC), in particular
by reducing the residual volume (RV) and, consequently,
the functional residual capacity (FRC) [32]. The
consequence of this is shallow breathing. In addition, the
increased volume of soft tissues compresses the chest,
which leads to a decrease in the diameter of the peripheral
airways, and this leads to a change in the structure and
function of the smooth muscles of the bronchi and, as a
result, to hyperreactivity [17, 27].

Among the clinical elements of the metabolic syndrome,
abdominal obesity has the strongest association with
impaired lung function. Estimated mechanisms for the
increased risk of obesity-related asthma include changes in
the extensibility of the smooth muscles of the airways, due
to the presence of shallow breathing associated with
obesity, sleep disturbance, genetic polymorphism, and the
effects of systemic adipokines and oxidative stress on both
pulmonary and extrapulmonary inflammation [33].

Brumpton et al determined that only two components of
the metabolic syndrome have an association with the
frequency of asthma: a large waist circumference and
hyperglycemia/diabetes mellitus [33]. In the CARDIA study,
abdominal obesity, high blood pressure, and hyperglycemia
were associated with the incidence of asthma [17]. The
mechanisms underlying the potential link between asthma
and MS are yet to be understood.

Systemic inflammation

In MS, accumulation of visceral fat and insulin
resistance are associated with an increased expression of
mediators that activate inflammatory mechanisms both
locally and systemically. This includes recruitment of
inflammatory cells by chemokines, such as monocytic
chemoattractant protein-1 (MCP-1), as well as direct
synthesis of predominantly pro-inflammatory cytokines and
chemokines, such as interleukin 6 (IL-6), interleukin 1 (IL-
1B), tumor necrosis factor-a (TNF-a), C-reactive protein

(CRP), transforming growth factor 1 (TGF-B1) and leptin.
The developing variation between Th1 and Th2
inflammation is to be one of the mechanisms by which
obesity can increase the risk of astima and change
phenotype [27].

Interleukins and TNF-a

Obesity maintain persistent low-intensity inflammation
through overproduction of cytokines (IL-6 and IL-1f). IL-6
has been demonstrated to play an important role in the
pathogenesis of asthma by activating neutrophils and
stimulating the differentiation of Th2 helper cells into Th17
(in the presence of TGF-f) or by contributing to the
production of IL-13 by T-helpers [13]. Th17 cells
characterized by high level of resistant to steroids (unlike,
for example, Th2 cells) and have a dominant role in severe
asthma [17]. It has been shown that increased levels of
Th17 and IL-17 are determined in the peripheral blood of
patients with obese type 2 diabetes. In addition, the level of
Th2/Th17 cells and IL-17 in patients with metabolic
syndrome  positively  correlates  with  bronchial
hyperresponsiveness and eosinophils and negatively
correlates with FEV1 [14]. This data show that Th2/Th17
cell activity is associated with severe asthma [13-15].

Increased levels of IL-6, CRP, and soluble CD163 (a
macrophage activation marker) have been connected with
impaired lung function (especially in severe asthma) and
non-specific airway inflammation. Experimental studies
have shown that TNF-a increases the survival of
eosinophils, which is important in the pathogenesis of
bronchial  asthma, which is  accompanied by
hypereosinophilia [15].

IL-1 and IL-17 have been shown to cause airway
hyperreactivity in response to a high fat diet, the process
mediated by Node-like receptor protein 3 (NLRP3).
Activated NLDP3 contribute to the production of IL-1f which
stimulates IL-17A-producing type 3 lymphoid cells (ILC3s)
in the lungs [4]. Patients with severe asthma had a high
number of IL-17-positive ILC3-like cells in the
bronchoalveolar lavage fluid (BALf) as compared to healthy
controls or patients with mild asthma [7]. NPLP3 can also
be activated by a wide range of mediators, in particular,
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high levels of extracellular glucose, amyloid-$3, oxidized LDL
and extracellular acidosis, all observed in MS [7, 12].

However, the role of systemic inflammation in airway
damage asthma associated with obesity is currently
controversial. Most studies have not confirmed this
relationship. Prospective studies have shown increased
levels of interleukins (II-1B, 1I-5, II-6 and 11-8) in the sputum
of asthmatics, however, no significant differences between
obese and lean asthmatics were found [26]. However, it
should be noted that changes in sputum reflect only local
changes; the data obtained cannot characterise the degree
of activity of systemic inflammation, especially low-intensity
inflammation, which is a key characteristic of obesity.

Thus, conclusions regarding whether the activity of
systemic inflammation in asthma are different from those of
asthma in obesity should be left open until further evidence
is obtained [12].

Leptin

Adipose tissue is now known to be metabolically active
and is involved in the regulation of homeostasis and the
pathogenesis of diseases associated with obesity. Obesity
is associated with elevated levels of leptin and resistin (pro-
inflammatory hormones), as they are directly secreted by
adipose tissue [20].

Leptin and its receptors are present in the membrane of
bronchial epithelial cells, and elevated leptin levels can
modulate the immune response in the airways by inducing a
persistent inflammatory response or biasing the cell
response according to the Th1 phenotype [6]. In particular,
leptin induces an increase in the expression of pro-
inflammatory cytokines, such as TNF-a, IL-6, and IL-12,
which leads to the development of systemic inflammation
and activation of the inflammasoma-dependent pathway, as
described above [34].

At the same time, clinical and experimental studies
demonstrate that leptin acts by increasing bronchial
hyperresponsiveness through its own receptors in the
bronchial wall [38]. It has been determined that obese
patients with asthma, airway reactivity significantly
correlates with leptin's level (rho = 0.8, P <0.001) [4, 5].

Adiponectin

Adiponectin is an adipokine with insulin-sensitizing and
anti-inflammatory effects. A low level of adiponectin is
determined both in asthma and in metabolic syndrome.

It has also been shown that epithelial cells of the
respiratory tract express adiponectin. Clinical studies have
demonstret conflicting results regarding the effect of
adiponectin levels on respiratiry function, including CARDIA
study in which it was found that after BMI control,
adiponectin levels were positively associated with lung
function. Pretreatment with adiponectin has been shown to
reduce eotaxin-mediated chemotactic responses by binding
to the adiponectin receptors AdipoR1 and AdipoR2, which
are expressed in human eosinophils, thereby inhibiting the
pathogenetic mechanism of AD [34].

Fatty Acid Inflammation

One of the important component of the metabolic
syndrome is hyperlipidemia, which contributes potential
communication mechanism for the metabolic syndrome and
decreased lung function due to low-intensivity inflammation
caused by fatty acid. The level of fatty acids is regulated by
insulin uptake and release of triglycerides and free fatty

acids (FFAs) by adipocytes. However, in patients with
metabolic syndrome, adipose tissue cannot effectively
regulate fat deposition, and excess amounts of triglycerides
and FFA remain in the bloodstream. FFA can activate the
mechanisms of innate immunity, which is the cause of the
appearance of a lipotoxic state. Such mechanisms include
activation of pattern recognition receptors (PPR),
intracellular signaling pathways, and stress induction of the
endoplasmic reticulum [37].

Various studies have shown a relationship between
hyperlipidemia and a worsening prognosis of diseases of
the respiratory system. In particular, a link has been
demonstrated between elevated triglyceride levels and
airway hyperreactivity, and symptoms of obstruction in
adults. In addition, in patients with asthma, the level of
sputum neutrophils positively correlated with levels of
plasma fatty acids, which is compatible with the hypothesis
that excess FFA stimulate innate immune responses of the
respiratory tract. Only one study directly examined the
effect of fatty acids on innate immune responses in the
respiratory tract in asthma. As a result, it was shown that
food consumption exclusively saturated with fats led to an
increase in circulating FFA levels for 4 hours, which was
associated with an increase in the level of neutrophils in the
airways and the expression of Toll-like receptor 4 mRNA in
sputum cells. These result demonstrate the probable role of
hyperlipidemia in inducing airway inflammation through
different mechanisms [5].

Mitochondrial Dysfunction

It was found that key inflammatory cytokines associated
with asthma and MS, such as interleukin-4 (IL-4) and IL-13,
induce mitochondrial dysfunction by regulating the oxidized
metabolite of linoleic acid 13-S-HODE [21-22, 28].

Recent observations, in many respects, are focused on
mitochondrial dysfunction, which is considered as the main
pathophysiological mechanism of the relationship between
metabolic syndrome and asthma. Defective mitochondrial
biogenesis in adipose tissue has already been
demonstrated by studies in metabolic syndrome [34].
Mitochondrial dysfunction, especially in the main tissues
sensitive to insulin, such as the liver and muscles,
potentiates hyperinsulinemia and fatty degeneration, which
increases the risk of asthma in a number of ways described
above [2].

At present time, there is limited data on the cause of the
development of mitochondrial dysfunction in asthma,
however, experimental studies indicate a persistent
association between mitochondrial damage resulting from
the development of MS and bronchial asthma.

Insulin resistance and hyperinsulinemia

Diabetes and insulin resistance have been shown to be
linked to decreased lung function, and some studies have
also found a relationship between insulin resistance and
lung function among non-diabetics even after controlling for
BMI.

However, hyperinsulinemia  triggers  pathological
changes in metabolism which indirectly affect the lungs.
Published data show that insulin mediates hypersensitivity
of the respiratory tract by expressing laminin via
phosphoinositide 3-kinase and Rho kinase dependent
pathways [5, 36]. The connection between insulin and
muscarinic receptors of bronchial tract might also be
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important. Clinical studies demonsrate that
hyperinsulinemia (as a result of obesity or MS) led to vagus-
mediated bronchoconstriction and the loss of the inhibitory
effect of type 2 muscarinic receptors on parasympathetic
endings [32, 33].

Result of the study using inhaled human insulin
demonstrate that those receiving this drug are more likely to
show respiratory symptoms, like coughing and shortness of
breath, as well as a decrease in FEV1 and diffuse capacity
for carbon monoxide [17]. This intermediate result confirms
the hypothesis that insulin can have a direct effect on the
human respiratory tract through ciliated epithelial cells or
inhibition of muscarinic receptors [25, 30].

US National Health and Nutrition Survey data provide
additional evidence on the link between insulin sensitivity
and lung function [10]. Regardless of asthma diagnosis,
insulin sensitivity was directly proportional to the FEV1 and
VC values. In contrast, the presence of insulin resistance
negatively correlated with parameters of lung function.
Metabolic syndrome was associated with a more significant
decrease in FEV1 / VC in patients with asthma (12.6%) and

| [

Genetic predisposition

without asthma (2.3%). Thus, even in healthy controls,
abnormalities in glucose metabolism can lead to impaired
lung function [31].

In another national review, individuals with elevated
levels of glycated hemoglobin (HbA1c> 5.7) showed a
decrease in FEV1 twice as likely as individuals with normal
HbA1 levels [26].

Insulin also stimulates the proliferaton and
differentiation of fibroblasts, resulting in the accumulation of
collagen and remodeling of the airways. In experimental
studies, hyperglycemia increases the sensitivity of smooth
muscle cells in the bronchial tract to contractile agents and
intracellular calcium excretion [36]. On the other hand,
mechanisms explaining in lung dysfunction in patients with
diabetes are microangiopathy of the alveolar capillaries and
pulmonary arterioles and autonomic neuropathy [17, 35].

Therefore, the data presented enable the construction
of a conceptual framework for clinically and
pathophysiologically justifying the "metabolic phenotype" of
bronchial asthma (Figure 2).

Behavioral factors

Insulin resistance Hyperinsulinemia 1 Glucose utilization
FFA I Lipolysis | | Dyslipidemia IILeptin/Adiponectinl
Abdon.unal Mechanical effect
obesity
FEV
CRP TNFo IL-6 IL-4 IL-17 IL-13 FVC
l FRC

Chronic inflammation with airway remodeling

Systemic inflammation

Airway inflammation

Oxydative stress

Leptin/adipocytokines
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Eosinophil
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A

Figure 2. The "Metabolic phenotype" of bronchial asthma, emphasizing the interrelationship
between asthma and metabolic syndrome (revised, Listyoko A. 2024). [19].
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Clinical features observed in patients with asthma and
obesity include frequent and severe exacerbations,
respiratory tract inflammation, reduced lung function,
heightened respiratory tract hyperreactivity, with more
pronounced manifestations observed in females.

Conclusion

The problem of MS-associated AD remains relevant
today due to the high prevalence of these comorbid
conditions. The primary clinical and pathogenetic
connections between the two conditions can be
summarized as follows:

1. Insulin resistance leads to the loss of the inhibitory
effect of parasympathetic fibers on smooth muscle cells of

the respiratory tract and hypersensitivity, while
hyperinsulinemia directly induces laminin expression
through  phosphoinositide-3-kinase  and  Rho-kinase

dependent pathways, which together lead to a decrease in
FEV1 and triggering the development mechanism BA.

2. The consequence of obesity is a change in the
hormonal profile due to the independent production of
adipokines by adipose tissue. Leptin is a pro-inflammatory
cytokine and induces an immune response, induces an
increase in the expression of pro-inflammatory cytokines,
such as TNF-q, IL-6 and IL-12. In addition, it acts on its own
receptors in the wall of the respiratory tract, which leads to
bronchoconstriction and hyperreactivity with the further
development of AD.

3. The most important mechanism for the association
of MS and AD is a systemic inflammatory response that is
carried out by cytokines (TNFa, IL-6, IL-4, IL-17, IL-1B, etc.)
that induce the differentiation of Th2 cells into Th2 / Th17
cells. Obesity and insulin resistance stimulate systemic
inflammation, and cytokines of systemic inflammation lead
to airway hyperresponsiveness, neutrophilic infiltration, and
bronchospasm.

Further studies are required to elucidate the link
between metabolic syndrome and asthma development and
severity. Further studies are required to elucidate the link
between metabolic syndrome and asthma development and
severity.
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