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Abstract

Introduction: Over the past 20 years, numerous studies have examined the state of the bronchopulmonary system in
type 2 diabetes mellitus (T2DM), but findings remain inconsistent. Some researchers report decreased external respiratory
function (ERF) linked to metabolic shifts and disease complications, while others associate it with vascular pathology. There
is also evidence of increased pulmonary ventilation in diabetes. The implementation of optimal glucose-lowering therapies to
prevent complications, including pulmonary issues, remains a key concern in modern medicine.

The aim of the study is to evaluate the functional state of the external ventilation system in patients with type 2 diabetes
mellitus in combination with coronary heart disease and obesity during treatment with repaglinide and metformin.

Materials and Methods: A 3-3.5-year observational study included 120 patients. The effect of repaglinide or metformin
on patients with diabetes and concomitant diseases such as coronary heart disease and obesity has been studied. The data
was analyzed using the following methods: computer spirometry and fiber-optic bronchoscopy.

Results: Patients with T2DM, especially those with IHD and obesity, showed both restrictive and obstructive pulmonary
disorders, impaired gas exchange, and ventilation-perfusion mismatch. Repaglinide improved respiratory parameters, while
metformin led to worsened spirometry indicators and increased bronchial resistance in most cases. Bronchoscopic findings
confirmed nonspecific bronchial mucosal changes in 29.4% of patients.

Conclusion: Bronchopulmonary impairments in T2DM are primarily due to reduced ERF and increased bronchial
resistance. Repaglinide appears more effective than metformin or gliclazide in improving respiratory function.

Keywords: type 2 diabetes mellitus (T2DM), type 2 diabetes mellitus (T2DM) combined with obesity, functional state of
external respiration, computerized spirography, repaglinide, metformin.
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"HAO «MeauumHckuit ynueepcuteT Kaparanapi», r. Kaparanaa, Pecny6nuka KaszaxcraH;
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r. ActaHa, Pecny6nuka KasaxcraH.

BBepenue: 3a nocnegtve 20 NeT B MHOrOMMCIIEHHBIX NCCIEA0BAHMSX U3y4anoch COCTOSIHNE BPOHXONEroYHON CUCTEMBI
npu caxapHom [fuabete 2 Tuna (C[2), HO pe3ynbTaTbl OCTAKTCA NPOTUBOPEUMBLIMU. HekoTopble uccregoBaTenu
COOBLLAT O CHUKEHWUM (DYHKUMN BHELWHero abixaHus (PB[), cBs3aHHOM ¢ MeTabonmyeckumMu CABUraMmu 1 OCTIOXKXHEHUSMM
3aboneBaHus, B TO BpeMsl Kak Apyrve CBs3bIBAKOT 3TO C COCYAMCTON matonorvei. MMeloTes Takke faHHble 06 ycuneHum
NETOYHOA  BEHTUNALMM npu  caxapHoMm [auabeTe. BHeapeHne oNTMManbHOM CaxapOCHWKAIOWen Tepanuu  Ans
NPeAOTBPALLEHUST OCTIOXHEHWH, BKITOYas MPOONEMbI C NETKUMI, OCTAETCA KITOUEBOI 3aAajyeit COBPEMEHHOI MEQULMHBI.
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Llenbio uccnenoBaHus SBNSETCH OLEHKA (PYHKLMOHAMNbHOTO COCTOSHUSI CUCTEMbI BHELWHE BEHTUMALWM NErkux y
NaLMEHTOB C caxapHbIM AnabeToM 2 Tuna B CONEeTaHUM C MILEMMYECKON BoNnesHbIo CepaLa U OXMPEHUEM Ha (POHE neyeHns
penarnMHuaoM U MET(POPMUHOM.

Matepvanbl 1 metogbl: B HabniogatensHoM uccnemosaHuM, npopomkasluemcs 3-3,5 roga, npuHsnu yyactue 120
naumeHToB. bbino nsyyeHo BNMUsHWE penarnHuga U MeTopMUHa Ha MaLMEHTOB C CaxapHbIM AnabeToM 1 ComyTCTBYHOLLMM
3aboneBaHusMK, TaKUMKM Kak uwemudeckas BonesHb cepaua v oxuperue. MonyyeHHble gaHHble Bbinu NpoaHanuanpoBaHbl ¢
MCNOMb30BaHWEM CIIEAYHOLLMX METOLO0B: KOMMLIOTEPHOM CIMPOMETPUM W BOFIOKOHHO-OMTUHECKOI BPOHXOCKOMMN.

PesynbTatbi: Y naumentos ¢ C[12, ocobeHHo ¢ MBC 1 oxupeHrem, Habnioaanueh kak peCTPUKTUBHBIE, Tak U 0BCTPYKTUBHbIE
3aboreBaHus nerkux, HapyLleHue razoobMeHa U HeCOOTBETCTBME BEHTUNALMK U nepdoy3uun. PenarnnHug ynydllan nokasarenu
OblXaHusi, B TO BpeMsi kak MeT(hopMuH B OOMBILMHCTBE CryyaeB MPUBOAUN K YXYALWEHWIO NOKasaTenel CrMpoMETpM U
MOBbILLEHNIO  OPOHXWANBHOMO  COMPOTVBNEHMS. PesynbTaThl BPOHXOCKOMMM MOATBEPANIM  HECTIEUMGMYECKME U3MEHEHMS
crm3ncToi obonoykn 6poHxoB y 29,4% naLmeHToB.

3akntoueHue: bporxonerounble Hapywenus npu C2 B nepsyto ouepeab 0bycnoBneHsl cHskeHvem ®B[l u noBbiweHeM
BPOHXMaNbHOrO COMPOTUBNEHUS. Penarnuhmg, no-suanMomy, Boree ath(eKTMBEH B YNyULEHUM ObIXaTeNbHON (yHKLMKM, YeMm
MeTCOPMUH UK FMKNasua.

Knrouesbie cnosa: caxapHbili duabem 2 muna (CL2), caxapHbii duabem 2 muna (CL2) & coyemaHuu ¢ oxupeHuem,
(YHKUUOHaIbHOE COCMOSIHUE BHEWHE20 ObIXaHUs, KOMNbOMEPHas cnupoapaghus, penazauHud, Meme@opPMUH.

Ana yumupoeanus: Xaymukosa C.b., Ypa3zanuHa H.M., Tonybaeea [].5. BnusHue Penarnuiuaa u MetdopmuHa Ha
(OYHKLMIO BHELLHErO [blXaHus y NaLMeHTOB C caxapHbIM A1abeTom 1 nwemuyeckorn 6onesHbio cepaua, accoLunpoBaHHoOMN C
oxupenuem // Hayka n 3gpasooxpaHenue. 2025. T.27 (3), C. 36-41. doi: 10.34689/SH.2025.27.3.004

Tyiingeme
PENArnMMHUA NEH MET®OPMUHHIH CEMI3AIKKE BAUJIAHLICTbI
KAHT OUABETI XKoHE KOPOHAPIJIbIK APTEPUSA AYPYJIAPDHI
BAP HAYKACTAPAOA TbIHbIC ANTY ®YHKUUACDBIHA SCEPI

Cayne B. XXayTtukoeal, https://orcid.org/0009-0000-5712-7369
Haunna M. YpazanuHa?, https://orcid.org/0000-0003-0200-1763

AuwaHa B. Tony6aesas3, https://orcid.org/0000-0003-3119-7814
! «Kaparangbl meguumHa ynmBepcuteTin KEAK, KaparaHabl k., Kazakctan Pecny6nukachi;
«Cemen meguuuHa yHusepcuteTi» KEAK, Cemen k., KazakctaH Pecnybnukacsi;
3 KasakcTtaH Pecny6nukacsi Npe3unaeHTi Ic BackapmacbiHbiH MeauumMHanbIkK opTanbIfbIHbIH aypyXxaHachbl,
AcTaHa K., KasakctaH Pecny6nukacsl.

Kipicne: congbl 20 Xbin iwiHae KenTereH 3epTTeynep 2 TMMTI KaHT avabetiHaeri (T2DM) 6poHxonynbMoHanbabl XyAeHiH,
XargaibiH 3epTTedi, Gipak HaTwkenep cankec kenmengi. KeiGip 3epTTeywinep meTabonuamHiH, e3repyiHe XaoHe aypyabiH
ackblHyblHa GainaHbICTbI ChIPTKbI ThiHbIC any gyHkumschIHbIH, (ERF) Temeraeyi Typansl xabapnaiigbl, an 6ackanapbl OHbl
TaMblprbl naTornorsMeH 6ainaHbicTbipadbl. CoHpaii-ak, KaHT anabeTi KesiHae eKMeHiH, KenaeTinyiHiH, XorapblnaraHbl Typanbl
pepekTep 6ap. ACKbIHynapablH, COHbIH, iLLiHOE eKne aypynapbiHbIH, anablH any yLUiH rioko3aHbl TOMEHOETETIH OHTalNbl emaey
SLCTEPIH EHri3y Ka3ipri MeauLMHaHbIH, Heri3ri Maceneci 6onbin kana Gepepi.

3epTTeyAiH, MakcaTbl - penarnMHiG neH METCOPMUHMEH emaey KesiHae XKyPeKTiH, MEeMUSbIK, aypybl MEH CeMi3gikneH
Gipre 2 TMnTi kaHT ArabeTiMeH ayblpaTblH HAyKacTapaa ChIPTKbI KENAETY XyAECiHiIH, (OyHKUMOHaANABIK XarhaibiH baranay.

Marepuangap meH agictep: 3-3, 5 xbingblk Oaxpinay 3eptreyiHe 120 naumeHT KatbiCTbl. PenarmuHuaTiH, Hemece
MET(OPMUHHIH, KAHT OMaleTi XoHe XKYPEKTiH, MWEeMUSIbIK aypybl XoHe CEMI3OiK CUSIKTbI Katap XypeTiH aypynapbl 6ap
HaykacTapra acepi 3epTrengi. [lepektep keneci afictep apkpirbl TangaHobl: KOMMbIOTEPAIK CIMPOMETPUS XoHe TamnlUbIKTbl-
ONTUKANbIK GPOHXOCKOMKS.

Hamukenep: T2DM 6ap empenywinepae, acipece XA xaHe cemisaikneH aybipaTbiH HayKaCTapaa eKMeHiH, LUEKTEYLUi XaHe
0BCTPYKTUBTI Dy3biMbICTapbI, ras anMacyblHbiH, Oy3blnybl XaHe xenaeTy-nepdysus carkeccisairi 6ankangbl. Penarnunmg ThiHbIC
any napameTpriepiH XaxkCapTTbl, an MET(OPMIH CIMPOMETPIS KOPCETKILUTEPIHIH, HALLAPraybiHa XaHe Ken xafdanda BpoHxKa
Te3IMAINIKTIH, XoFapbinaybiHa akenai. bpoHxockonusnbik, 3epTTeynep nauueHTTepaiH, 29,4% - biHOa GPOHXTbIH, LbIPLILLTHI
KabblrblHOarbl CneLudmukanbIk EMeC e3repicTepai pactab.

KopbITbiHAbI: T2DM-[eri BpoHxonynsMoHansas! 6y3binynap, eH angbimeH, ERF TemeHaeyiHe xaHe OpoHXKa Te3iMainikTiH,
XOFapbinaybliHa 6GaiinaHbICTbl. PenarnuHmng MeThopMUHre HeMece MUKITasuaKe KaparaHaa ThIHBIC any KbI3METIH XaKkcapTyaa
Timaipek 6onbin kepiHesi.

Tylindi ce3dep: 2 munmi kaHm duabemi (T2DM), 2 munmi xaHm duabemi (T2DM) cemi3dikneH, CbipmKbl MbIHbIC
anyobiH, (oyHKUUOHaN0k! KyliMeH, KOMNbIomepeH2eH cnupoapaghusmeH, penaznuHudneH, MemgpopMUuHMeH BipikmipineeH.

fatiekce3 ywin: Xaymukoga C.b., Ypasanura H.M., Tonybaesa [.5. Penarnuung neH MeT(OPMUHHIH, CeMi3aikke
GannaHbICTbl KAHT AnUabeTi XaHe KOpOHapIbik apTepus aypynapbl 6ap Haykactapga ThlHbIC any yHKUMsICbiHa acepi //
fbinbim xaHe JeHcaynbik. 2025. T.27 (3), b. 36-41. doi: 10.34689/SH.2025.27.3.004
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Introduction

With the development of diabetes and related diseases
in diabetes, the study of the effect of metabolic control on
the function of external respiration is relevant. Research in
this area is mixed. Some studies find a link between
hyperglycemia and respiratory disorders, while others do
not [11, 6]. At the same time, it is obvious that the longer a
person is ill, the worse the lung indicators are: their work
and structure are changing. Below are some studies that
evaluate how different forms of diabetes and its stages
affect the lungs.

Scientists from Denmark have found that fasting sugar
levels and certain biochemical parameters (CK1 and CK2)
are associated with the development of diabetes [14]. In
addition, high blood sugar levels are known to cause
breathing problems [4]. Every 1% reduction in blood sugar
(HbA1c) reduces the risk of cardiovascular disease by 4%.
At the same time, scientists have not come to a consensus
on how much sugar affects the complications of diabetes.

The choice of medications for diabetes is quite wide [9,
10, 11]. Although there are clear treatment regimens [8, 12],
the real quality of patient care is still not up to par [5].

The aim of the study is to evaluate the functional state
of the external ventilation system in patients with type 2
diabetes mellitus in combination with coronary heart
disease and obesity during treatment with repaglinide and
metformin.

Materials and methods

The study, which was conducted for 3-3.5 years,
involved 120 patients with type 2 diabetes mellitus with a
duration of 6 years or more.

The study was conducted over a 3-year period, from
May 2022 to May 2025, at Karaganda Medical University,
located in Karaganda, Kazakhstan. The research protocol

was approved by the university's Ethics Committee
(Protocol No.5, dated May 19, 2022). All participants
provided written informed consent prior to inclusion in the
study. The university administration was informed about the
course of the study and did not raise any objections to the
publication of its results in open access.

The average age of patients with type 2 diabetes
mellitus (T2DM) was 53.74 £2.48 years. The mean
duration of diabetes was 9.2 £ 0.61 years. In patients with
T2DM combined with ischemic heart disease (IHD) and
obesity, the average age was 60.1 + 2.98 years.

Inclusion criteria:

— Age between 30 and 70 years;

— Confirmed diagnosis of T2DM;

— Ability to provide written informed consent.

Exclusion criteria:

— Acute infectious diseases;

— Severe somatic or mental disorders;

- Refusal to participate in the study.

Subject of the study: The functional state of the external
respiratory (pulmonary ventilation) system in these patients
during treatment with repaglinide and metformin.

For the convenience of the study, the patients were
divided into two main groups. There are 60 people with type
2 diabetes in the first group. They were divided into two
groups of 30 people: some were treated with repaglinide
(Novonorm, Novo Nordisk, Denmark), others with metformin
(Glucophage, Merck Serono, France). The second group
also had diabetics (with complications), and they were also
divided into 2 subgroups: repaglinide treatment and
metformin treatment.

The treatment was carried out with two drugs, according
to Figure 1.

Repaglinide Metformin

adose of 0.5;10r2mg

in tablets 0f 0.5,0.85g,1g

The drug is taken in a dose of 0.5; 1 or 2 mg before each
meal; the daily dose is 6-10 mg, if necessary, it can be
increased to 16 mg

Metformin is taken with meals, gradually increasing its dose to
the therapeutic dose. Subsequently, the drug is used 3 times a
day at 500 mg or 2 times a day at 850 mg

Figure 1. Dosage and Drug Information.

A good result of treatment is considered if fasting sugar
is less than 7.8 mmol / |, and after eating - less than 10.
After a while, HbA1c should decrease to less than 7.5%.

Instrumental and functional research methods.

Repaglinide helps produce insulin more naturally, is well
tolerated, and allows for flexible sugar control.

Instrumental and functional research methods are used
according to Table 1:

Table 1.

Parameter Computer spirography

Fiberoptic bronchoscopic
examination of the bronchi

Method

Automated spirometric breath analyzer “AD-02"

Fiberoptic bronchoscope BF-P20 (Olympus,
Japan)

Testing conditions

Morning, seated position, fasting, quiet environment

Morning, fasting, under local anesthesia

p Bronchospasm detection [11, 19]
urpose

Assessment of bronchial mucosa and inflammation
severity

Classification used

Spirographic Indicators” (1986)

According to the “Guidelines for the Use of

Lemoine .M. (2002)

Results
According to the conducted research, two main results
were obtained:
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- People with type 2 diabetes have poorly ventilated
lungs — this is due to the fact that gases do not pass well
through the wall between the alveoli and capillaries.

- Patients with type 2 diabetes who also have coronary
heart disease and obesity have both narrowing of the
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airways and problems with lung stretching, which disrupts
the supply of air and blood to the lungs.

Against the background of repaglinide treatment, there
is a dynamic change in the indicators in patients with type 2
diabetes - the CTE increased by 11.5%, the CTE by 13.1%,

LWOX, ps m—

TSP, us m
OCZH75-85, ps
OCV75-85, %
KTShKAITSP

KTShK1, %

the ventricular rate by 9.31%, the FGD50 by 11.83% and
the FGD75 by 10.1%, while the Tiffno index decreased by
5.43% and the FGD75 by 23.7% (p<0.05). Also, there was
a decrease in the indicators of the heart rate, except for the
FGD and FGD50. The values are shown in Figure 2.

KTS, %
FGPT5, ps
FGP350, ps
FGP25, %

(=]
o
o
=y
=]
(=]

u Group 2 (T2D + IHD + Obesity)

‘1'1“‘111-‘|‘1‘

2

200 250 300

mGroup 1 (T2D)

Figure 2. External Respiratory Function Parameters: Repaglinide Groups.

The following results were revealed during treatment
with metformin:

- After treatment with metformin, respiratory function
improved in only 2 out of 30 patients with type 2 diabetes
and coronary heart disease. In the remaining 28 patients,
respiratory parameters worsened, and air resistance in the
bronchi increased.

OBDOKS-75, 12
TDS, %

- In patients with type 2 diabetes and minor changes in
the lungs, there was a deterioration in air permeability in the
large airways — this is seen by a decrease in exhalation
volume in 1 second by 7.1%, the Tiffen index by 10%, as
well as FGP25 and FGP50 by 7.04% and 10.5%. These
data coincided with the results of bronchoscopy: in 29.41%
of patients, nonspecific changes in the bronchial mucosa
were found. The values are shown in Figure 3.

OCV2H25-75, %
KT8MKN/TSP, %
KT8M1, |

KT8, |

IRR, %

FOPT5, %
FOP25, %

(=]
(2]
(=]

—_
2
(=]

150 200 250

m Type 2 diabetes with AID (group 2) KDsm (n=30)
H Type 2 diabetes (group 1) 2KDm (n=30)
Figure 3. External Respiratory Function Parameters: Metformin Groups.

As a result of the conducted study of treatment with
repaglinide and metformin, it can be said that a positive
trend is observed in the treatment with repaglinide.
Metformin has also effect on patients with diabetes mellitus
and concomitant diseases. Central respiratory tract patency
disorders were detected in all patients.

Discussion

Type 2 diabetes mellitus (T2DM) represents a rapidly
growing global health challenge, increasingly recognized not
only for its well-documented macro- and microvascular
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complications but also for its profound and often insidious
impact on the respiratory system. Impaired respiratory function
in T2DM patients contributes significantly to reduced quality of
life, diminished exercise tolerance, and increased susceptibility
to pulmonary infections and other complications. The presence
of coronary heart disease (CHD) and obesity further acts as a
critical aggravating circumstance, synergistically compounding
the respiratory challenges faced by these individuals. The
current study reinforces the growing understanding that
patients with T2DM frequently exhibit restrictive alveolar



Original article

Science & Healthcare, 2025 Vol. 27 (3)

hypoventilation, a finding consistent with a burgeoning body of
established literature highlighting a progressive decrease in
lung diffusion capacity. This impairment is critically linked to the
pathological accumulation of advanced glycation end products
(AGEs) and subsequent glycosylation of basement membrane
proteins within the pulmonary capillaries, leading to thickening
of the alveolar-capillary barrier and impaired gas exchange
efficiency [1]. Furthermore, chronic low-grade inflammation and
oxidative stress, hallmarks of T2DM, contribute to interstitial
fibrosis and microvascular damage in the lung parenchyma,
collectively resulting in the observed ventilatory limitations and
reduced pulmonary compliance.

Beyond the direct effects of diabetes, our data compellingly
confirm that patients presenting with the complex triad of
T2DM, CHD, and obesity demonstrate a more severe and
multifaceted respiratory impairment, encompassing both
restrictive and obstructive changes, alongside significantly
impaired ventilation-perfusion ratios. This observation strongly
aligns with recent evidence underscoring the profound
pathophysiological alterations in lung tissue that arise from the
intricate  interplay  of  metabolic, inflammatory, and
cardiovascular disorders [3]. Obesity, a pervasive comorbidity,
contributes  substantially through both mechanical and
metabolic mechanisms. Mechanically, excess adipose tissue
around the chest wall and abdomen leads to reduced functional
residual capacity, expiratory reserve volume, and overall lung
volumes, increasing the work of breathing and reducing
compliance. Metabolically, adipose tissue acts as an active
endocrine organ, secreting pro-inflammatory adipokines (e.g.,
leptin, TNF-alpha, IL-6) that can directly contribute to systemic
and pulmonary inflammation, fibrosis, and impaired airway
mechanics. Concurrently, coronary heart disease significantly
impacts  cardiorespiratory interactions. Left  ventricular
dysfunction and incipient heart failure, common in CHD, can
lead to chronic pulmonary venous hypertension, resulting in
interstitial edema, increased lung stiffness, and further
impairment of gas exchange. These cardiogenic pulmonary
effects often mimic or exacerbate the restrictive patterns seen
in diabetes, creating a complex clinical picture where cardiac
and pulmonary dysfunctions are inextricably linked. The
synergistic negative effects of these comorbidities render the
patient cohort particularly vulnerable to severe respiratory
compromise.

A comparative analysis of hypoglycemic therapy
effectiveness, central to our study's aim of evaluating the
functional state of the external ventilation system in patients
with type 2 diabetes mellitus in combination with coronary heart
disease and obesity during treatment with repaglinide and
metformin, revealed nuanced and distinct effects on spirometric
parameters. Repaglinide, a short-acting insulin secretagogue,
showed a positive, albeit partial, impact on bronchial patency,
evidenced by increases in CTE, CTHP, FGD50, and FGD75.
This observation, while promising, should be interpreted
cautiously as direct, contemporary studies specifically
investigating repaglinide’s long-term effects on detailed
respiratory function are remarkably scarce. Nevertheless, this
partial improvement aligns with the known pleiotropic effects of
meglitinides, including their rapid and transient insulin release,
which might lead to more physiological glucose excursions, as
well as their potential to positively influence microcirculation
and reduce oxidative stress and inflammation [2, 7]. These
mechanisms, while not primarily targeting the lungs, could
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theoretically contribute to improved bronchial dynamics and
lung compliance, thereby accounting for the observed benefits
in specific spirometric parameters. However, the "limited effect
on obstructive components” suggests that while repaglinide
may offer some benefit in specific aspects, it does not appear
to reverse significant structural airway remodeling or long-
standing obstructive pathology.

Conversely, most patients on metformin therapy exhibited
a deterioration in spirometric parameters and an increase in
bronchial resistance. This outcome, while seemingly
counterintuitive given metformin's well-established systemic
benefits in metabolic control, cardiovascular protection, and
even broad anti-inflammatory properties, highlights a critical
area for further investigation concerning its direct pulmonary
effects in highly comorbid populations. Metformin's primary
mechanism of action involves the activation of AMP-activated
protein kinase (AMPK), leading to reduced hepatic glucose
production and improved insulin sensitivity in peripheral tissues.
While it exerts systemic anti-inflammatory and vascular
protective effects, these beneficial actions may not sufficiently
translate into direct, measurable improvements in macroscopic
spirometric parameters in the complex setting of established
lung damage from chronic T2DM, CHD, and obesity. Indeed,
more recent reports have sometimes associated metformin
with a neutral or even negative effect on pulmonary function in
patients with a burdened medical history [1, 11, 12], suggesting
its pulmonary benefits may not be as direct or universal as its
systemic advantages, or perhaps its effects on some specific
pathways in the lung are less favorable compared to its overall
metabolic impact. This differential effect underscores the
complexity of managing multi-morbid patients where general
metabolic improvements do not always guarantee
improvements in all organ systems.

The unique contribution and scientific novelty of this study,
therefore, lie in its direct, focused comparative assessment of
the long-term impact of two specific and commonly prescribed
oral hypoglycemic agents — repaglinide and metformin — on
detailed spirometric indicators within a carefully defined cohort
burdened by T2DM and significant comorbidities like CHD and
obesity. While existing research broadly discusses diabetes-
related pulmonary complications, often from an epidemiological
or pathophysiological standpoint, our study provides a granular,
head-to-head analysis of the differential effects of these two
widely used drugs on specific respiratory parameters. This
allows for a deeper understanding of how repaglinide, despite
its moderate overall effect, can contribute to partial
improvements in bronchial patency, whereas metformin
appears to have a less favorable or even negative impact on
these specific pulmonary functions in this complex patient
group. Our findings offer a contemporary analysis of these
established therapies, providing valuable preliminary insights
into personalized diabetes management strategies where
pumonary complications are a significant concemn,
emphasizing that not all beneficial systemic antidiabetic drugs
confer similar pulmonary advantages.

Despite these important findings, the study has several
limitations. The relatively small sample size and single-center
design may limit the generalizability of our results. The follow-
up duration, while allowing for assessment of long-term effects,
might not have been sufficient to capture the full spectrum of
progressive pulmonary changes or drug-induced adaptations.
Furthermore, the study primarily relied on spirometric
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parameters, and the absence of more advanced lung function
tests (e.g., diffusing capacity for carbon monoxide - DLCO),
specific imaging (e.g., HRCT scans), or mechanistic
biomarkers (e.g., inflammatory markers in bronchoalveolar
lavage fluid or lung tissue biopsies) precludes a deeper
understanding of the underlying biological changes. Future
research should address these limitations by conducting larger,
multicenter randomized controlled trials with extended follow-up
periods. Such studies should incorporate comprehensive
pulmonary function testing, advanced imaging modalities, and
biomarker analysis to elucidate the precise cellular and
molecular mechanisms underlying the observed drug-specific
effects on lung tissue. Additionally, investigating the impact on
patient-reported outcomes, quality of life, and exercise
capacity, as well as exploring other emerging antidiabetic
drugs, would provide a more holistic understanding of their role
in mitigating respiratory complications in T2DM patients with
multiple comorbidities.

Conclusion

1. In patients with type 2 diabetes, lung dysfunction was
detected, provoked by poor ventilation of the respiratory tract,
leading to resistance in the bronchi. Patients in the first group
suffered from a "restrictive type of hypoventilation." A process
where gases pass poorly through the wall of the alveoli and
capillaries, and oxygen enters the bloodstream worse.

2. The second group also had restrictive and obstructive
type of respiratory disorders. In addition, the relationship
between ventilation (air intake) and blood supply to the lungs
was disrupted.

3. Metformin helps to improve blood sugar reduction.

4. Repaglinide, unlike other drugs, helped improve lung
function. It is especially useful for type 2 diabetic patients with
respiratory disorders.
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