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Abstract

Background: Very few studies have been conducted to study the effects
of prediabetes on lung functions. Evidence suggests that prediabetes causes
mechanical changes in the periphery of lungs which may have adverse affects
on the lung functions.

Material and methods: In this observational cross sectional study, 800
apparently healthy adult subjects were selected who underwent spirometry,
fasting plasma glucose analysis and 2-h oral glucose tolerance test. Spirometric
indices such as percent predicted values of forced vital capacity, forced expiratory
volume in 1 second, and forced vital capacity/forced expiratory volume in 1
second were considered. Based on fasting plasma glucose and 2 hr oral glucose
tolerance test the subjects were further divided into two groups, i.e. subjects with
normal glucose levels and those with prediabetics.

Results: It was observed that 400 (50%) subjects had normal glucose levels,
400 (50%) had prediabetes. Furthermore it was observed that as compared to
the control group, forced vital capacity (% pred.) and forced expiratory volume
in 1 second (% pred.) were significantly lower but forced vital capacity/forced
expiratory volume in 1 second (% pred.) was significantly higher in prediabetes
group.

Conclusion: Based on the results of spirometry it may be concluded that
restrictive lung pattern (low lung volume) may be in prediabetes itself before the
development of type 2 diabetes mellitus.

Key words: prediabetes, restrictive lung diseases, forced vital capacity,
forced expiratory volume in 1 second, low lung volume

INPEIUABET EPECEK BEJIT'ICI3 HAYKACTAPA OKIIE AYPYBIHBIH INEKTEYJII TYPIMEH BAMJIAHBICTbI:

KOJJEHEH 3EPTTEY
P.A. Jloyn, U.A. Codpu, M. Bamup

Dusnonorus kadeapacsl, MeMIeKeTTiK MEAMIMHATBIK KoJLIe/K xkoHe «SMHS Hospital» aypyxana, Cpunarap, nkammy skoHe Kammup, YHaictan

T¥XbIPbIMOAMA

Kipicne: MNpenanabeTTiH ekneHiH XyMmbiCbiHa acepi Typarnbl eTe a3 3epTTeynep XyprisinreH. Kon xeTiMai aepektep npeaanabueT ekneHiH ne-
pudbepusicbiHAa MexaHuKanblk e3repictep TyAblpaTbiHAbIFbIH KepceTeai, byn eKmneHiH XXyMbiCbiHa Tepic acep eTyi MyMKIiH.
MaTepuanpap meH agictep: byn Taxipubenik kengeHeH 3epTTeyre CnMpoMeTpus, nrasmanblk rKo3a aHanusi xeHe 2 cafaT iwiHge aybi3

KybICbl apKbInbl Fntoko3ara TesiMainik cbiHakTapbiHaH eTkeH 800 KNMHKKanbIK cay epecekTep KaTbICTbl. OKMNeHiH Te3neTinreH TipLuinik CbiibIMAbINbIFbI-
HbIH X8He Te3[eTinreH TipniLinik CbIMbIMAbINbIFbIHBIH 6omkamabl nanbI3bl, 1 cekyHATarbl Te3OeTiNreH aya LWbiFapy kenemi/1 cekiHaTarbl Te3aeTiNreH
aya LWblfapy Kemnemi cekeingi CnMpoMeTpusIblK KOpCeTKILTep KapacTbipbinabl. AL kapbliHFa Nnasmagarbl rMioko3a Tanagybli MeH 2 caFaTTblK [1to-
Ko3afa Tesimainik cbiHafbIHbIH HerisiHae cyObekTinep eki Tonka GeniHAi, SFHW KanbINTbl rMoKo3a AeHreni 6ap cybbekTinep xaHe KaHT AvabeTtiMeH
ayblpaTblH cyObekTinepi.

Hatmxenep: 400 (50%) cybbekTinepae rmoko3aHblH KaneinTel AeHrewi, 400 (50%) -na npepavabuet aypybl 6ap ekeHgiri aHbikTangbl. Co-
HbIMeH kaTap, 6akbinay ToObIMEH canbiCTblpFaHaa, Te3AETINreH TipLWinik ChlMbIMAbIbIFbIHBIH, MaHi (% angblHfbl) )keHe 1 cekyHaka TesfeTinreH aya
wirapy kenemi (% npepn.) aiTapnbikTan TemeH 6ongbl, 6ipak 1 cekyHp iwiHae (% anablHFbl) TE3AETINreH TipLinik kenemi/ Te3AeTinreH aya WwbiFapy
kenemiHiH MaHi npeaanabet TobbIiHAA eAayip oFapbl 6onabl.

KopbITbIHAbI: CNPOMETPUSIHBIH HBTUXENEpPIHE CYNEHE OTbIPbIMN, OKNe aypyblHbIH LWeKTeYi TYPi (BKNeHiH WarbiH kenemi) 2 TUNTi kaHT anaberi
AambiMali Typbin, Npeaavabuet aypybl afganbiHaa nanga 6onysl MyMKiH AereH KopbITbIHAbI XacayFa 6onagbl.

Herisri cespep: npegavabuert, ekne aypyblHbIH LIEKTEYNi Typi, TE3AETINreH TipLinik chlibiMAbIbIFLl, 1 CeKyHATaFbl TE3AETINMeH ayallblFapy
Kenemi, ekneHiH Kiwi kenemi
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HPEJJIUABET CBSI3AH C PECTPUKTUBHOM ®OPMOM 3ABOJIEBAHUS JIETKUX ¥V B3POCJIBIX
BECCUMIITOMHBIX MNAIIMEHTOB: IONMEPEYHOE UCCJIEJJOBAHHUE
P.A. Jloyn, U.A. Codu, M. Bamup

Kadenpa dusnonornu, ['ocynapcTBenHslii MeaAuuMHCKHIA komuenk n 6onbanna « SMHS Hospital», Cpunarap, [xammy n Kamvup, Uagus

PE3IOME

BBegeHue: [NpoBegeHoO O4YeHb Mano MCCnegoBaHW MO U3YYEeHMI0 BAMSHWUA npepavabeta Ha QyHkuum nerkux. Vmerwowmecs gaHHble
CBWAETENLCTBYIOT O TOM, YTO NpeaavabeT Bbi3biIBaET MEXaHUYECKME U3MEHEHWS Ha Nepudepun Nerkmx, KOTopble MOryT Oka3blBaTb HebnaronpusTHoe
BO3AENCTBME Ha DYHKLUN NErkmx.

MaTtepmanbl u Metoabl: B HacTosileM 3KCNepuMeHTanbHOM MONepeYyHOM uccrnenoBaHuy nNpuHano yvactne 800 KMMHWYECKM 300pOBbIX
B3pOCMbIX Ntofe, KOTopble MPOLUIM CMMPOMETPUIO, aHanu3 rrioKo3bl B Mrasme HaTollak M nepoparnbHbli TECT Ha TONMEpPaHTHOCTb K rMoKo3e B
TeyeHue 2 YacoB. PaccMOTpeHbl Takue CMpoMeTpuyeckme nokasatenu, Kak NporHo3npyemble B NpoLeHTax 3Ha4eHnsi hopCUPOBaHHOM XXU3HEHHOW
eMKoCTU, 06bema hopcupoBaHHOrO Bbigoxa 3a 1 cekyHay 1 hopcrpoBaHHON XXU3HEHHOW eMKOCTU / ob6bema (hopcMpoBaHHOIO Bblgoxa 3a 1 cekyHay.
Ha ocHoBaHuu aHanusa rmioko3bl B Nia3Me HaTowak U nepopanbHOro Tecta Ha TONepPaHTHOCTb K FIoKO3e B TeYeHne 2 4acoB, CyObekTbl Obinu
pasgeneHbl Ha fiBe rpynnbl, T.e. CyObeKTbl C HOpMarbHbIM YPOBHEM FTIOKO3bl U CyObEKTbI, NpeapacnonoXeHHble k AuabeTy.

Pesynbratbl: Bbino otmedeHo, 4to y 400 (50%) cybbekToB Obln HOpMarnbHbIN ypoBeHb rmioko3bl, Y 400 (50%) 6bin npeaanabert. Kpome Toro,
6bINO OTMEYEHO, YTO MO CPABHEHMIO C KOHTPOMBHON rPYNMon, 3Ha4YeHns (hoPCUPOBAHHON XU3HEHHOW eMKocTu (% npep.) n o6bem hopCcMpOBaHHOIO
Bblgoxa 3a 1 cekyHay (% npea.) 6binv 3Ha4YMTENbHO HNXE, HO 3HaYeHNe (hOPCUPOBAHHAs XMU3HEHHAs eMKOCTb / 06beM hopCcMpOBaHHOIO BblgoXa 3a

1 cekyHay (% npea.) 6bIn0 3Ha4YMTENBLHO BhIlLE B rpynne npegavabera.

3akntoyeHue: Ha ocHoBaHUM pesynbTaToB CMIMPOMETPUM MOXHO caenatb BbIBOA O TOM, YTO PeCcTpUKTUBHas dhopma 3aboneBaHusi nerkux
(ManbIi 06beM nerkmx) MOXeT MMETb MECTO B cryyae npegavnabeTta 4o pa3BuUTUst caxapHoro gnabeta 2 tuna.
KnroueBble cnoBa: npeganabeT, pecTpukTMBHas hopMa 3aboneBaHus nerknx, hopcmMpoBaHHas Xn3HeHHasi EMKOCTb, 06bem hopcrpoBaHHOIO

Bblgoxa 3a 1 cekyHAy, Manblin 06bem nerkmx

Introduction

Prediabetes is a condition, which precedes diabetes
mellitus, characterized by high blood glucose levels (100-125mg/
dl) than the normal (70-99mg/dl). However these high levels of
blood glucose are not sufficient enough to meet the required
criteria for a diagnosis of diabetes mellitus [1]. Prediabetes may
be divided into impaired glucose tolerance (IGT) characterized
by fasting blood glucose <126mg/dl or 2-h blood glucose levels
in between 140 mg/dl to 200mg/dl and impaired fasting glucose
(IFG) characterized by a fasting blood glucose level of 110mg/
dl- 125mg/dl or 2-h blood glucose level of < 140 mg/dl. Both IFG
and IGT are known risk factors for diabetes mellitus and both of
them increase in prevalence with age [2,3]. The prevalence of
prediabetes is increasing all over the world and it is estimated
that >470 million people will have prediabetes by 2030 [3].

Because IFG and IGT vary among populations with
different ethnic backgrounds, prevalence of prediabetes varies
[4]. Prediabetes is asymptomatic and can often go undiagnosed
for many years with a yearly conversion rate of 5-10% into full
fledged diabetes mellitus [S]. IFG and IGT can occur as separate
entities or they can occur simultaneously [6]. Some individuals
may remain with prediabetes throughout their life and in some
reversion from prediabetes to normoglycaemia may occur [7].
Literature suggests that in people with prediabetes, there is
progressive impairment of insulin secretion or as worsening of
insulin resistance which ultimately causes a gradual increase in
fasting and post-prandial plasma glucose levels [8]. Decreased
level of HDL cholesterol, increased level of LDL cholesterol,
triglycerides and hypertension, are present more frequently
among prediabetic individuals hence they are at a heightened risk
of cardiovascular diseases [9]. Microvascular and macrovascular
complications start during the toxic state of pre—diabetes and
much of the cardiovascular disease burden is already evident
during prediabetes [10]. It is a known fact that elevated glucose
levels damage endothelial cells, which can lead to microvascular
disease [10]. There is data that suggests increased presence of
restrictive lung disease (RLD) in prediabetes that is usually
characterized by breathlessness [11]. These changes during
prediabetes suggest that there are some mechanical changes in
the periphery of lungs prior to effects on the pulmonary capillary
bed which lead to a decreased forced vital capacity (FVC) in

patients with prediabetes [12,13].

Thus, this study was conducted with the aim to see whether
there was any impact on the lung function tests in recently
diagnosed cases of prediabetes or not.

Material and methods

After getting clearance from the Institutional Ethical
Committee, this cross sectional observational study was carried
in the Department of Physiology Government Medical College
& SMHS hospital, Srinagar, J&K, India from January 2019
to January 2020. In this study a total of 800 adult subjects
participated. They were further divided into healthy controls
who had normal blood glucose levels (400 subjects) and those
who had prediabetes (400 subjects).

Exclusion criteria

m Subjects aged < 18 years.

m Subjects who could not perform the spirometry
correctly.

m Subjects having history of any obstructive or restrictive
lung disease.

m Subjects with a history of smoking.

m Subjects previously diagnosed with type lor type 2
diabetes mellitus.

m Subjects who were pregnant.

m Subjects with diseases or on drugs which affect blood
glucose levels and lung function.

Study protocol

Anthropometric measurements: Written consent was
taken from all the participants before the commencement of
study. Weight of subjects was measured by a digital weighing
scale (Omron-HN 289, Japan). Height was measured using
a stadiometer in all the subjects. Body mass index (BMI) was
calculated by Quetlet’s index expressed as kg/m?. BMI of 25kg/
m? or more was considered as overweight and 30kg/m? or more
was considered as obesity [14].

Blood sugar levels: Fasting blood glucose (FBG)
estimation and 2-h oral glucose tolerance test (OGTT) was
done in all the subjects. Analysis of blood sugar levels of the
samples was done using automated analyzer (Roche Hitachi

18

Journal of Clinical Medicine of Kazakhstan: Volume 2, Number 56, Issue 2020



912, USA). Based on the results of FBG and 2-h OGTT and the
criteria set by American Diabetes Association [15] subjects were
categorized into

m Isolated IFG (FPG 100-125 mg/dl and 2-h OGTT <
140 mg/dl).

m Isolated IGT (FPG < 100 mg/dl and 2-h OGTT 140—
199 mg/dl).

m Combined IFG/IGT (FPG 100-125 mg/dl and 2h-
OGTT 140-199 mg/dl).

m Diabetes (FPG > 126 mg/dl or 2h- OGTT > 200 mg/dl).

m Normal glucose tolerance (NGT) (FPG < 100 mg/dl
and 2h- OGTT <140 mg/dl).

Isolated IFG, Isolated IGT and combined IFG & IGT were
considered as subgroups of prediabetes [15].

Spirometry: All the subjects underwent spirometry using
RMS helios701 spirometer in accordance with the American
Thoracic Society (ATS) standards [16]. Spirometry of all the
subjects was done in a sitting position. Indices such as forced
vital capacity [FVC (% pred.)], forced expiratory volume at the
end of 1 minute [FEV1 (% pred.)] and ratio of FEVI/FVC (%
pred.) were determined. FVC and FEV1 (% pred.) > 80% and
FEV1/FVC (% pred.) > 70% was considered as normal [16].

Table 1 Distribution of subjects on the basis of gender.

Statistical analysis

Statistical analysis was done using GraphPad 7 (San
Diego, CA, USA). All the anthropometric and biochemical data
variables were expressed in terms of Mean+SD. Normality was
checked by D’Agostino-Pearson test. Chi- square test was used
for nominal data (gender). For comparing the anthropometric
parameters between the two groups Student’s unpaired t-test was
used. Indices of spirometry between the controls and various
subtypes of prediabetes were compared by ANOVA test. P value
<0.05 was considered as statistically significant.

Results

A total of 800 subjects were selected for this study in which
400 (50%) were healthy controls whereas 400 (50%) were cases
diagnosed with prediabetes. Furthermore 455 (57%) were males
and 345 (43%) were females as shown in Table 1. There was no
significant difference in age between the two groups however
BMI of the case group was significantly higher than the control
group as shown in Table 2. In this study it was observed that FVC
(% pred.) and FEV1 (% pred.) were significantly lower where as
FEV1/FVC (% pred.) was significantly higher in prediabetics
(IFG, IGT & combination of both) as compared to the control
group as shown in Table 3.

Table 2 Anthropometric measurements of controls vs
cases.

Gender Number Percentage Controls Cases P value
Male 455 57% Age (Years) 42.20£ 691 43.32+7.22 0.12
Female 345 43% BMI (kg/m?) 2291321 27.21+2.36 <0.001e
N 800 100% BMI: body mass index; kg: kilogram; m?: meter square

Chi- square test for gender distribution; N: total number of subjects. Data expressed as Mean & SD

2. highly significant.
Comparison of spirometric parameters of Prediabetic subgroups with those of NGT group
Controls Isolated IFG Isolated IGT Combined IFG& IGT p- value

Number of subjects 400 166 140 94
FVC (% pred.) 108.75+13.86 88.45+11.18 86.69+10.82 75.60£11.21 <0.001e
FEV1 (% pred.) 120.74+15.44 102.63+14.14 99.98+13.25 90.45+14.33 <0.001e
FEV1/FVC(% pred.) 111.61+£11.09 116.25+10.36 115.30£10.40 119.91+10.11 <0.0012

FVC: forced vital capacity; FEV:: forced expiratory volume at the end of 1 second; % pred: percentage predicted; IFG: impaired fasting glucose; IGT: impaired

glucose tolerance.
Data expressed as Mean = SD
2. highly significant

Discussion

Literature suggests that the number of prediabetics is
increasing at an alarming pace which makes it a potential health
hazard [4]. Prevalence of prediabetes is in varies considerably
due to the various types of diagnostic criteria, population studied
and selection of tests [17]. It has been seen that prediabetes
progresses to overt T2DM in approximately 25% of prediabetics
over a span of 3-5 years and almost 70% of prediabetics develop
T2DM within their life span [18,19]. Prediabetes has been
reported to reduce lung function but the exact mechanism by
which it affects lung function is yet to be ascertained although
it is postulated that there may be mechanical changes in the
periphery of lungs due to hyperglycemia before the development
of T2DM [12]. Prediabetes has a strong association with obesity.
Study conducted by Rahmanian K et al [20] in a sample of
788 subjects, 360 men and 428 women, showed that subjects
with prediabetes had higher BMI, p<0.05. In a cross sectional

study conducted by Fernando GR et al [21], they observed that
prevalence of obesity was 45.9% in prediabetes. Findings in
our study were similar. In a cross sectional study by Sanchez E
et al [22] lung function tests of about 3455 subjects were done
out of which 1093 (31.6%) had prediabetes and 2362 subjects
were taken as healthy controls. They observed that subjects with
prediabetes showed a significantly lower FVC (FVC:93 [82;105]
vs 96 [84;107]% of predicted, p<0.001), FEV: (FEV:: 95[82;
108] vs 97[85; 109]% of predicted, p=0.004) in comparison
with the controls. It was also observed that in subjects with
prediabetes exhibited FVC<80% (20.7% vs 16.3%) and FEV:
<80% (19.7% vs 16.6% [p<0.001]). They concluded that
restrictive pattern of lung disease is present in prediabetes. Our
findings were consistent with their findings. Li Y et al [23] in a
cross-sectional study of 1237 subjects demonstrated that there is
a significant association of restrictive pattern of lung disease in
prediabetics. In another cross sectional study Yamane T et al [24]
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demonstrated that prediabetes was significantly associated with
low % FVC. They observed that IGT subtype of prediabetes was
associated with restrictive pattern of lung disease. Our findings
were similar but we observed that both IGT and IFG were
associated with restrictive pattern of lung disease.

of blood glucose levels especially in obese people, for timely
diagnosis of prediabetes, is of paramount significance so that the
complications related to prediabetes could be minimized which
will ultimately increase the quality of life in prediabetics.

The main lacunae of this study are the scarcity of literature

Conclusion

asymptomatic

because fewer studies have been conducted to assess the lung

k ) ) ) function tests in prediabetes.
Thus it may be concluded that prediabetes, in otherwise

subjects, is significantly associated with Disclosures: There is no conflict of interest for all authors.

restrictive pattern of lung disease. Thus, frequent monitoring
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