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Early diagnostics of insulin resistance (IR) is one of the methods of primary prevention of cardio-vascular diseases and type 2 diabetes mellitus. The HOMA-IR index and ratio of plasma triglyc-
eride to high-density lipoprotein cholesterol concentration are the most frequently used indices in clinical and epidemiological scientific research. Prognostic value and efficacy of these tests
as a screening method are not high. What method of IR detection should be used in clinical practice and how to interpret received values of the indices is still a matter of dispute.

Aim. To evaluate informative value, sensitivity and specificity of a new metabolic index (Ml) for IR estimation in comparison with the calculated HOMA-IR index.

Material and methods. A total of 845 patients (298 men, 547 women) were enrolled into the further study after an outpatient reqular medical check-up of 2,615 persons. Mean age of
the patients was 45.77+12.18 years, body mass index — 28.95+1.44 kg/m2. To evaluate lipid and carbohydrate metabolism blood chemistry parameters were assessed. IR was determined
by the Homeostasis Model Assessment (HOMA-IR) and an oblique calculated index based on lipid metabolism parameters. In accordance with the developed screening method of IR detec-
tion (invention patent Ne 2493566) MI considering carbohydrate and lipid changes was proposed.

Results. Calculation of Ml and its threshold level was performed by analysis of a characteristic curve. Graphical dependence between sensitivity and specificity of the proposed index was demon-
strated: sensitivity of the test was 75.7%, specificity — 89.1%. Probability of IR at Ml value >7.0 was 63.5% (positive predictive value), probability of IR absence at the index value <7.0 was
93.6% (negative predictive value). The general accuracy of the test, which is characterized by the area under the characteristic curve, was 0.881 with 95%-confidence interval within 0.854-
0.905.

Conclusion. The importance of negative result - absence of IR at normal values of Ml and use of routine blood chemistry parameters for its calculation allows to recommend Ml for IR screen-
ing in clinical practice. Distinction of the proposed method of IR diagnostics from the other known oblique laboratory methods is in easy calculation based on the routine biochemistry parameters
detected in venous blood on one occasion. Use of the proposed Ml allows to economically and efficiently estimate indirectly sensitivity to insulin without additional assessment of laboratory
indices.

Key words: insulin resistance diagnostics, screening, metabolic index.
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B03MOXHOCTU NPUMeHeHUsi HOBOrO MeTabonMyeckoro MHAEKCa NPy OLLeHKe MHCYIMHOPE3UCTEHTHOCTY B KTMHNYECKO NpaKTuke
I.E. Pontbepr?, X.B. opow'*, O.0. LapxyH!, TW. Ywakosa?, E.A. ToybuHo?

1 POCCUMNCKIN HAaLUMOHAMbHBIN CCNEAO0BATENbCKUIA MEAULMHCKIIN YHVBEPCHTET UM. H./. Mporosa. 117997, Mockea, yn. OCTpoBWTSHOBA, 1
20A0 «MepauumHa». 125047, Mocksa, 2-1 Teepckon-Amckon nep., 10

PaHHSAs AMarHOCTUKa UHCYNMHOpe3ncTeHTHOCTY (MP) ABNSETCH OfHAM 13 METOA0B NEPBUYHON NPOMUNAKTVKM CEpAEYHO-COCYANCTON NATONOMN 1 caxapHoro AnabeTa 2 Tvna. B knnHnye-
CKMX 1 3MMAEMMONOTYECKUX HayYHbIX MCCNENoBaHUAX B OCHOBHOM MPUMEHSIOT pacyeTHble Haekcbl HOMA-IR 1 OTHOLLEHVIE TPUMIMLIEPUAOB K XONeCTepuHy NMNonpoTerioB BbICOKOW MNAoT-
HOCTW. [TPOrHOCTMYEeCKas LLIEHHOCTb M 3 MEKTUBHOCTb 3TUX TECTOB B Ka4eCTBE CKPUHMHIOBOMO METOAA He ABAAIOTCS BbICOKMMMU.

Lenb. OueHnTb MHGOPMATUBHOCTL HOBOMO MeTabonnyeckoro uHaekca (M), ero 4yBCTBUTENbHOCTb M CNEUMMUYHOCT MO CPABHEHMIO C paceTHbIM nHaekcoM HOMA-IR ans oueHkm P,
Martepman n metogpl. Mocne ambynaTopHOro AMcnaHcepHoro 06c1enoBaHuns 2615 naumeHToB B AasibHellee UCCIeaoBaHu e Gbio BKo4eHo 845 yenoseka (298 MyXuuH 1 547 xeH-
LH). CpenHnin BO3pacT NaLmeHToB coctaBun 45,77+12,18 neT, nHaekc Maccol Tena 28,95+1,44 kr/m2. [1ns OLEHKN COCTORHMS IMMMGHOTO 1 YINEBOLHOTO 0OMEHOB ONpefensnn noka-
3aTenm BYOXVMMMYECKOro aHanvi3a Kposu. P pacciuTbiBani npy noMoLLy Moaeny oLieHky romeoctaza HOMA-IR 11 KOCBEHHOMO PacHETHOMO UHAEKCa, OCHOBaHHOTO Ha MoKa3aTensix AMMnMAHOro
obmeHa. CornacHo pa3paboTaHHOMY Cnocoby CKPUHMHIOBOM AnarHocTkm VP (MateHT Ha n3obpeterne No 2493566) Obin npeanoxeq M, y4nTbIBAOWNY M3MEHEHIS YTNIEBOAHOMO 1 v~
MUAHOTO CNEeKTPOB.

Pesynbratbl. Pacier M 11 ero noporoBoro yposHs NpoBOAUAY NyTeM aHan3a xapakTeprcrn4eckor KpuBo. bbina nokasaHa rpaguyeckas 3aBUCUMOCTb MeXAY HyBCTBUTENBHOCTBIO V1 Cre-
LMMYHOCTbIO MPEANOXEHHOMO MHAEKCA: HyBCTBUTENLHOCTL TecTa - 75,7 %, crelmdniHoCTb - 89,1%. BeposTHOCTL Hanu4us VP npu 3HadeH M >7,0 - 63,5% (nporHocTiieckas LieH-
HOCTb NONOXMTENBHOO pe3ynbrata), BEPOATHOCTb OTCYTCTBIS VP Npy 3HayeHnn nHaekca <7,0 coctaenset 93,6% (nporHoctnyeckas LIEHHOCTb OTPMLIATENBHOTO pesynbrata TecTa). Obuiast
TOYHOCTb TeCTa, XapaKTepu3yIoLasnca NNoLLaAbio NOA XapakTepucTieckor Kpueown, coctasuna 0,881 ¢ 95%-noBepuTenbHbIM MHTepBanomM B npegenax 0,854-0,905.

3akntoyeHme. BaxHOCTb OTpULLATENBHOTO pe3ynibTaT — oTcyTcTBure VP npu HopmanbHbIX nokasatensx MY v 1cnonb3oBaHyie 1 €ro pacyeTa pyTUHHbIX 1ab0paTopHbIX faHHbIX N03BONSeT
pekomeHzioBaTb M B Ka4ecTBe MHAEKCa MCMONb3yeMOro s CKpuHIHIa VP B KnHWyeckow npakTuke. OTnmnyue npegiaraeMoro cnocoba amarHocTyku VP ot 13BecTHbIX TabopaTopHbIX KOc-
BEHHbIX METOJ0B 3aK/I04HAETCS B TOM, 4TO AN PacyeTa 1CMofb3yioTcs Onpeaensiemble OGHOKPATHO B CbIBOPOTKE BEHO3HOMN KPOBU PYTHHHbIE MOKa3aTeny Broxummuyeckoi naHeni. Vicnons-
30BaHve npeanaraemoro M/ no3sonsieT 3KOHOMUYHO 11 3(P(heKTUBHO KOCBEHHO OLLEHMBATb YYBCTBUTENBHOCTL K MHCYAIMHY Oe3 JONONHUTENbHOMO OMpefeneHyis TabopaTopHbIx nokasaTtenen.
KntoueBble CnoBa: /1arHoCTViKa VHCYIMHOPE3UCTEHTHOCTM, CKPUHUH, METabONMHECKNIA MHEEKC
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Metabolic index for insulin resistance diagnostics
HoBb1ii MeTabonn4ecknii MHAEKC A/ ANAarHOCTUKIA UHCYTIMHOPE3UCTEHTHOCTU

Introduction

Insulin resistance (IR) nowadays is considered
to be a predictor of such pathological conditions
and diseases as obesity, type 2 diabetes mellitus,
atherosclerosis [1-3]. According to scientific
works data IR is not only an independent risk fac-
tor for vascular events, but is also an additional
factor that deteriorates course and prognosis of
cardiovascular diseases [4,5]. So, early diagnos-
tics of IR is one of the methods of cardiovascular
diseases and type 2 diabetes mellitus primary pre-
vention.

Direct, indirect and oblique methods are
used for IR estimation [6,7]. The main characteris-
tics of IR diagnostic methods are listed in the
Table 1.

Direct (exogenic) methods include the follow-
ing: the insulin tolerance test (ITT), insulin suppres-
sion test (IST) and the hyperinsulinemic-euglycemic
clamp (CLAMP). These techniques assess the influ-
ence of insulin infusion on glucose metabolism [8-
10]. All the direct methods are the most informative
and characterized by high sensitivity and specificity.
However, they have such limitations as invasiveness,
possibility of insulin-induced side effects, high labor
intensity and costs [11]. The “gold standard” of IR
assessment is the hyperinsulinemic-euglycemic
clamp. Despite distinct criteria of the clamp-test in-
terpretation it is rather rarely used for scientific pur-
poses and is almost not used in real practice [12].

Indirect (endogenic) methods estimate effects
of endogenic insulin. These are: oral glucose-toler-
ance test (OGTT), intravenous glucose-tolerance
test (IVGTT) and permanent glucose infusion with
model assessment (PGIMA).

In clinical practice oblique methods that are
mathematical models in the form of different in-
dices, characterizing tissue insulin sensitivity, are
used [3,11]. It's worth mentioning, that all the pro-
posed indices have been received by statistical
modeling. Indices based on OGTT results reveal the
most evident correlation with the clamp-test, how-
ever, procedure of their calculation is time-con-
suming and formulas are cumbersome. The
method of fasting immunoreactive insulin (IRI) as-
sessment for evaluation of basal hyperinsulinemia
has such limitations as low within-assay repro-
ducibility and absence of generally accepted stan-
dard and threshold values. Clinical and
epidemiological scientific studies as a rule use cal-
culated indices HOMA-IR and triglyceride (TG)/
high-density lipoprotein cholesterol (HDL-C) ratio.
Prognostic value and efficacy of these tests as a
screening method are not satisfactory.

BeeageHune

B HacToslLLLee Bpems MHCYNMHope3ncTeHTHOCTb (MP) pac-
CMaTPUBAETCA KaK NPefuKTOp PasBUTUA TakKX naTosiornye-
CKMX COCTOSHWM 1 3a00NEBaHNN, KaK OXXUPEHME, CaXxapHbIn
anabet (CL) 2 Tvna, atepocknepos [1-3]. B Hay4Hbix pabo-
Tax MokasaHo, 4To VP ABNaeTCA He TOMbKO HeE3aBUCUMbIM (hak-
TOPOM PUCKa COCYANCTBIX KaTacTpod, HO 1 AOMONHUTENbHbBIM
PakTopoMm, yxyLLaoLwmM Te4eH1e 1 NPOrHo3 KapAnmoBacKy -
NApHbIX 3aboneBaHnn [4, 5]. Takm 0bpa3om, paHHAS Omar-
HocTMKa VIP aABnsetcs o4HMM M3 MEeTO4OB NepBUYHOWN NpPo-
DUNAKTUKN CePAEYHO-COCYAMCTON NATONOMMN U CaxapHOro
Ouabeta 2 Tmna.

Ona oueHkn VP mncnonb3ylotca npamMble, Henpamble U
KoCBeHHble Metoauku [6, 7]. OCHOBHblE XapaKTepucTUKM
CYLLLeCTBYIOLLMX MOAXOAOB K AnarHoctuke P npedcraBneHsbl
BTabn. 1.

K npsiMbIM (3K30reHHbIM) METO[IaM OTHOCSTCS: MHCYNIMHOBbI
TecT TonepaHTHOCTY (UTT), MHCYNMHOBBIN CYNPeCcCUBHBIV TECT
(NCT) 1 3yrnnkeMmnyecKmnia runepuHCynIMHeMUIeCKnii Ksmm-
TecT (KNI2MIT). 3T1 METOAMKN OnpeaensioT BAUAHNE UHDY-
31M MHCYNIMHA Ha MeTabonn3m rnoko3bl [8-10]. Bce npsamble
MeToflbl AMarHocTukm VP sBnsioTcs Hanbonee MHbopMaTUB-
HbIMW, C BbICOKMM YPOBHEM HYBCTBUTENIbHOCTU U CMeLMpunY-
HoCTW. OQHAKO K MX HeQOCTaTKaM MOXHO OTHEeCTV MHBA3MB-
HOCTb, BO3MOXXHOCTb Pa3BUTUSA MHCYNNH-VNHAYLIMPOBAHHbIX MO-
DOYHbIX 3 dEKTOB, BbICOKYID TPYLOEMKOCTb M CTOMMOCTb
[11]. «3onoTbiM cTaHOapTOM» M3MepeHus VP asnaetcs ay-
FVKEMUYECKNN TUNEPUHCYNMHEMUYECKNI KNaMn-TecT. He-
CMOTPSA Ha Hanu4yme YeTKUX KPUTepUeB MHTeprnpetaunu,
KJ13MM-TeCT 4OCTaTOYHO PeaKO MPUMEHSAETCA A8 NCCeoBa-
TENbCKMX LENen 1 MOYTU He MCMONb3yeTCs B MPakTYeckon ges-
TenbHocTn [12].

Henpsmble (3HOOreHHbIE) METOLbI OLIEHNBAIOT IENCTBIE IH-
OOreHHOro VHCYNMHA. 9TO NepopasbHbIv MIOKO30-ToNepaHT-
HbI TecT (M1TT), BHYTPMBEHHbIN MIOKO30-TONEPaHTHbIN TeCT
(BBITT) 1 NOCTOAHHAS NHY3MS MMIOKO3bl C MOAESIbHOWM OLIEH-
kow (MATMO).

B KNMHMYeCKon NpakTnke NPUMEHSAIOTCA KOCBEHHbIE Me-
TOAbI, NpeAcTaBasiowe cCobon MaTeMaTn4eckme Moaenn B
BMOE PasfINYHbIX MHOEKCOB, XapaKTepU3YIOLWMX YyBCTBU-
TeNbHOCTb TKaHew K HCynuHy [3,11]. Cneayet OTMeTUTb, YTO
BCE NPeLSIOXEHHblE BapMaHTbl MHOEKCOB MOMy4YeHbl B pe-
3ynbTate NOCTPOEHUA PA3MYHbIX CTaTUCTUYECKX MOLENEeN.
Hanbonblas Koppensums C Kn3Mn-Tectom Habnogaetcs
npwv BbIYNCNEHUN UHOEKCOB, OCHOBAHHbIX Ha pe3ynbraTax
MITT, oAHako MeToAMKa BbIYUCIEHWI TPYAOEMKA U (DOPMY -
J1bl FPOMO34KW. He[ocTaTkoM MeToAa onpefeneHns MMMy -
HopeakTnBHoro mHcynuHa (MPW) Hatowak (oueHka Oa-
3a/1bHOM TUMNEPUHCYNIMHEMUM) SBNSIETCA HI3KAs BOCMPOU3-
BOAMMOCTb, a TakKe OTCYTCTBME OOLENPUHATLIX HOPMATUB-
HbIX 1 MOPOrOBbIX 3HAYEHNW. B KIMHNYECKNX M 3NnaemMmno-
JIOrNYeCKMX Hay4HbIX MCCIeL0BAaHMAX B OCHOBHOM, NprMe-
HAIOT pacdeTHble nHAeKcbl HOMA-IR 1 OTHOLLEeHUW TPUMIN-
uepuaos (TI) K xonectepuHy AMNONpPoTeNO0B BbiCOKON
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HoBb1ii MeTabonn4ecknii MHAEKC AJ151 ANarHOCTUKIA UHCYTIMHOPE3UCTEHTHOCTU

Table 1. Comparative analysis of direct, indirect and oblique methods of insulin resistance evaluation
Tabnuua 1. CpaBHUTESbHbIE XapaKTEPUCTUKM MPAMbIX, HEMPAMbIX M KOCBEHHbIX METOIOB OLLEHKMN

NHCYNTMHOPE3NCTEHTHOCTU

Characteristics Methods / Metopp!
XapakTtepucrukm Direct / MpsiMble Indirect / Henpsimble Oblique / KocBeHHble
ITT IST CLAMP OGTT IVGTT  PGIMA HOMA TG/HDL-C IRl IRIS
nTT NCT  KNnaMmn nred BBITT  NMUrMO HOMA Tr/XCNmBn WPU IRIS
Simplicity
Mpocrora = - -— - - -— +++ +++ e
Informativity
HopmaTvBHOCTL ++- +++ +++ == ++- +++ aFr= AF== = A
Invasiveness
/HBa3VBHOCTL +++ +++ +++ == = +++ - i S i
Reproducibility
Bocnpou3sogmmocTb === === === AF== === === +++ +++ +++ 4
Economic feasibility
SKOHOMMHYHOCTb - - - ++- +—- +-- ++- +++ ++- +++
Sensitivity
YyBCTBUTENLHOCTb +4- +4- +4++ +-- 44— +++ +4- - +o- -
Specificity
Crieundu4HOCTb +t- +4- +++ - - +++ +4- +-- - -
Quantitative evaluation
KonuyecrBeHHas oLeHka == A +++ == fr== +++ +4+- +4- - -
Research purposes
Vccnenosarenbckue Lenm == +++ +++ == ++- ++- A= A= F= AR
IR screening
CKpyHuHr NP === === === A== === === ArF= s A= AHEF

IR = insulin resistance; ITT ~ insulin tolerance test; IST = insulin suppression test; CLAMP ~ The hyperinsulinemic-euglycemic clamp; OGTT - oral glucose-tolerance test; IVGTT - intra-
venous glucose-tolerance test; PGIMA — permanent glucose infusion with model assessment; HOMA — index of insulin resistance (The Homeostasis Model Assessment); TG —
triglycerides; HDL-C - high-density lipoprotein cholesterol; IRl - immunoreactive insulin; IRIS = insulin resistance score; +++, ++-, +——, ——— — intensity of a characteristic

P — nHcynuHopesncreHTHOCTb; UTT — MHCYAvHOBbIM TecT TonepaHTHOCTW; VICT — MHCYAMHOBBIN CynpeccyBHbIv TecT; KITIMIT = syrivkemMndeckui rinepyuHCYIMHEMUHECKIIA KNamn
Tect; MITT — nepopanbHbIv MMIOK030-ToNepaHTHbIN TecT; BBITT — BHYTPMBEHHbIN rMi0k030-TonepaHTHbIV TecT; MAMMO — noctofHHas MHQY31A IIoKO3bl C MOENbHOM OLIEHKOW;
HOMA - nHgekc vHcynuHope3sucreHTHocTn The Homeostasis Model Assessment; T - Tpurnuueprabt; XC JIMBI — xonectepuH MMNonpoTeraoB BbICOKOM NAOTHOCTY; VPV — Mmy-
HopeaKTVBHbIN MHCYNMH; IRIS — MHLeKC MHCynuHope3ncTeHTHOCTY Insulin Resistance Score; +++, ++-, +-~, ==~ — BbIpaXeHHOCTb XapaKTepUCTVKM

Which method of IR detection is preferable in
clinical practice and how received results must be
interpreted is still a matter of dispute [7, 13].

Aim of the study: to evaluate informative value,
sensitivity and specificity of a new metabolic index
in comparison with the calculated HOMA-IR index
for assessment of insulin resistance.

Material and methods

In accordance with the research design (Fig.1)
in the first stage of the study a total of 2,615 peo-
ple aged 18-65 years (women 1,555 and men
1,060) underwent outpatient examination in
2007-2010 years on the base of the outpatient
clinic of the joint stock company “Medicina” with
the use of previously developed and implemented
algorithm of prophylactic medical examination.
All the patients had signed Patient Informed Con-
sent before being enrolled into the study. Labora-
tory indices in venous blood serum were assessed

nnotHocTn (XC JIMBI). MporHocTuYeckas LeHHOCTb 1 3h-
(PEKTUBHOCTb 3TUX TECTOB B Ka4eCTBE CKPUHMHIOBOIO METO-
03 He ABNAI0TCA BbICOKVMMU.

Bonpoc o Tom, Kakow 13 MeTofoB onpeaenenusa VP nyyie
CNONb30BaThb B KIIVHNYECKOW NPAKTUKE U KaK MHTePRPeTPO-
BaTb YPOBHM MOMYy4eHHbIX MOKa3aTenemn, ABNSeTcs 40 HacTos-
LLIero BpeMeHu cropHbiM [7, 13].

Llenb nccnenoBaHns: OLEeHNTb MHOPMATUBHOCTb HOBOTO
MeTabomM4eckoro MHAeKca, ero YyBCTBUTENbHOCTb U CreLm-
PUHHOCTb MO CPaBHEHMIO € pacyeTHbIM MHAekcoM HOMA-IR ana
OLLEHKM VIHCYNMHOPE3NCTEHTHOCTY.

MaTepuan n metoabl

CornacHo amsanHy nccnegosarus (prc. 1) Ha 1 3tane 8 2007-
2010 rT. Obino NpoBeaeHo ambynatopHoe obcnenoBaHne 2615
naumeHToB B Bo3pacTe 18-65 neT (1555 >eHWmH 1 1060 Myx-
41MH) Ha 6a3e nonnknnHMKK OAO «MeanuMHa» No paHee pas-
paboTaHHOMY U BHEPEHHOMY anropuUTMy AMCNaHCepHOro 06-
CnefoBaHMA naumeHToB. [epen BKIIOYeHWEM B UCCedoBaHWe
BCE MauMeHTbI NOANMUCcany 10O6POBObHOE MHPOPMUPOBAHHOE
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First stage / MepBbini 3Tan
Regular medical check-up
AuncnaHcepHoe obcnepoBaHue

Including laboratory parameters of
carbohydrate and lipid metabolism
——pp- | B TOM uncne nabopatopHbie nokasatenu
YrNeBOAHOro 1 NMNUEHOro obmeHa

{

2615
patients / yen

Exclusion criteria
Kputepumn ncknioyeHuns

845
patients / uen

Carbohydrate metabolism impairment
HapyueHus yrneBogHoro obmeHa

Lipid metabolism impairment
HapyLeHus nunuagHoro obmeHa

Arterial hypertension
ApTepuanbHble runepTeH3nn

Coronary heart disease
Nwemmnyeckas 6onesHb cepaua

Obesity II, 111
OxupeHue I, Il

Hormonal therapy
FTopMoHanbHas Tepanus

Somatic diseases
ComaTtunyeckas natonorms

'

Second stage / Bropow 3Tan
Mathematical models of IR
MaTtemaTtuyeckue mogenv NP

Immunoreactive insulin

+

Calculation of the indices
PacueT nHAOEeKcoB

*V
TG/HDL-C M
[TF/XC nan] [ MU

[HOMA-IR

MMMyHOpeaKTUBHbIN MHCYNNH -

Pregnancy
bepemeHHOCTb

%K The groups are comparable

by gender, age and BMI
[pynnbl conoctaBmMmbl
no nony, sospacty, UMT

<2 | <3.17 <7 |
n=651 n=640 n=676

Insulin-sensitive
MNHCcynnHouyBCTBUTENbHbIE

2 | >3.17 >7 |
n=194 n=205 n=169

Insulin-resistant
MHCcynnHOpe3ncTeHTHble

IR — insulin resistance; BMI — body mass index; TG — triglycerides;

HDL-C - high-density lipoprotein cholesterol; MI — metabolic index

WP — vHcynuHopesucteHTHOCTh; UMT — nHoekc maccol tena; Tl — Tpurnvuepuibl;

XC JIMBI — xonectepunH NMNonpoTeMA0B BbICOKOM MIOTHOCTM; MW — MeTabonuyeckmnin MHaekc

Figure 1. Block diagram of the study design
PucyHok 1. bnok-cxema gum3sariHa ncciefoBaHus

PauynoHansHas ®apmakotepanns B Kapanonorum 2014,10(3)

267



Metabolic index for insulin resistance diagnostics
HoBb1ii MeTabonn4ecknii NHAEKC AJ151 ANarHOCTUKIA UHCYTIMHOPE3UCTEHTHOCTH

from 8.00 to 10.00 a.m. after 8-hour period of
fasting.

Such additional risk factors as smoking, alcohol
consumption, physical activity and dietary prefer-
ences were estimated by questionnaires. Patients
who had smoked less than 100 cigarettes during
their life time were considered non-smokers, those
who had stopped smoking more than 6 months be-
fore the study were deemed formerly smokers. Alco-
hol consumption was estimated by the fact of its
intake denial. Physical activity was considered regu-
lar if a patient exercised three and more times a week
with duration of each exercise 30 minutes or more.

Patients with exclusion criteria (Table 2) were not
included in further research.

A total of 845 patients (298 men and 547
women) were enrolled into the second stage of the
study. Mean age of the patients was 45.77+12.18
years, body mass index (BMI) — 28.95+1.44
kg/m2. Lipid and carbohydrate metabolism was as-
sessed using biochemistry blood tests. Analysis was
performed on the autoanalyzer «Konelab j20» (Fin-
land) with reagent sets «Thermo Clinical Lab sys-
tems». To estimate lipid metabolism levels of total
cholesterol (TC), HDL-C, low-density lipoprotein cho-
lesterol (LDL-C) and TG were measured. For carbo-
hydrate metabolism evaluation glucose and glycated
hemoglobin levels were assessed. Immunoreactive
insulin (IRI) was measured in the fasting state by im-
munoenzyme method on the autoanalyzer «Im-
mulite one, DPC» (USA).

Insulin resistance was evaluated by the Home-
ostasis Model Assessment - HOMA-IR and an
oblique calculated index based on the lipid metabo-
lism parameters. HOMA-IR index was calculated
using the following formula:

HOMA-IR=fasting glucose (mmol/l)x
fasting insulin (mcU/ml)/22.5.

Threshold level of insulin resistance by the
HOMA-IR index is usually detected as 75th percentile
of its cumulative distribution in population. In our re-
search threshold level of the HOMA was 2, at ex-
ceeding this value patients were considered insulin
resistant. Threshold value of TG/HDL-C ratio (used
for oblique estimation of insulin resistance) calcu-
lated in mg/dl amounts to 3.5 in accordance with
American research data [14]. We have recalculated
this ratio using mmol/l as a unit of lipid measure-
ment, at that the ratio amounted to 1.37.

For screening diagnostics of insulin resistance we
had proposed a metabolic index (M), calculation of
which is based on parameters of carbohydrate and

cornacue. MccnegoBaHvie nabopaTopHbIX MokasaTtenen B Cbi-
BOPOTKE BEHO3HOW KPOBW OCYLLECTBASNOCHL B nepuof, ot 8.00
00 10.00 vac, HaTolLak nocsie 8-4ac nepuoaa rofiofa.

C NOMOLLbIO OMPOCHMKOB OLEHMBANM AOMOMHUTENbHbIE dhak-
TOpbl pUCKa — KypeHue, NpueM ankorons, uanyeckyto ak-
TVIBHOCTb M AMeTUYeCcKmMe NpUCTpacTys. Hekypawmmm cimTa-
JIMCb NaLMEHTbI MPW MCNOMb30BaHMK MeHee 100 curapert B Tede-
HWE XM3HU, paHee KypAaLWMMN — MPpU NPeKpaLLeHnn KypeHus
CBblle 6 MeC 10 Havana nccnegoBaHus. YnotpebneHve an-
KOFOfbHbIX HAaMMTKOB OLLEHMBANOCh MO DaKTy OTpULAHMS X
npurema. PerynspHbiMU DU3MHECKUMI Harpy3kamu cHmMTa-
NOCb 3aHATME DPUINYECKMMUN YNIPAXKHEHUAMN TPU U Boree
pa3 B HeL MpY MPOLOIMKMUTENIbHOCTI KaXkAoro 3aHaTa 30 MuH
v bonee.

B panbHenLlee nccnenoBaHve He BKIOYaNMUCh NauyeHTbl C
KpUTEPUAMMN UCKITIoUeHMs (Tabn. 2).

Ha 2 sTane B ganbHeunwlee nccnegosaHume Obino BKoYe-
HO 845 naumeHToB (298 Myx4unH 1 547 xeHwmH). Cpea-
HMW BO3pacT nauueHToB coctasun 45,77+£12,18 ner,
NMT 28,95%1,44 kr/m2. Ona OLEHKN COCTOSHWUSA K-
NMOHOrO 1 yrneBogHoOro 0OMeHoB onpenenanm nokasatenm
OMoxmmMmyeckoro aHanmsa KpoBu. MccnegoBaHus npo-
BOAWNN Ha aBToaHanm3atope «Konelab j20» (GuHnaHana)
Habopamu peaktmBoB «Thermo Clinical Labsystems».
Onpenensnu NUNUOHbLIA CNeKTP KPOBU: 0OLINI xonecTe-
puH (OX), XC NNMNBIM, xonectepuH NMnonpoTenaos HMU3KoM
nnotHoctk (XC NIMHM), TI. ns oueHKn yrneBogHoro ob-
MeHa OUEeHMBaNN YPOBEHb MOKO3bl 1 MNKO3UANPOBAH-
Horo remornobuHa. MiccnegoBaHne MUMMYHOPEakTBHOIO
nHcynuHa (MPW) HaTowak nNpoBOANNOCE MMMYHOMEpP-
MEeHTHbIM MeTOOM Ha aBToaHanm3atope «Immulite one,
DPC» (CLLA).

MNP paccunTbiBan Npy NOMOLLM MOLENM OLEHKM roMe-
ocTa3za — HOMA-IR 1 KOCBEHHOMO pac4eTHOro MHaeKca, oc-
HOBAHHOIO Ha MokasaTenax NUNMOHoro obmeHa. MHaekc
HOMA-IR paccyunTtbiBaeTCs No popmyne:

HOMA-IR=rntoko3a Hatolak (Mmonb/n) X
WMHCYNIMH HaTowak (MKER/mn)/22,5.

MNoporoBoe 3HayveHme Pe3nCTEHTHOCT K MHCYTUHY, Bbipa-
sxeHHor B HOMA-IR, obbl4HO onpepenseTcs kak 75 nepueH-
TWIb €ro KyMyNATUBHOMO MNONYAALMOHHOIO pacnpefeneHys. B
HalleM nccnenoBaHuK noporosoe 3HadeHie HOMA coctaBu-
110 2, NPV NPeBbILLEHI 3TOrO NOKa3zaTens NaLyeHTbl CHUTaNnCL
VIHCYNIMHOPE3UCTEHTHbIMU. [TOpOroBoe 3Ha4eHe nHaekca co-
oTHoLLeHus ypoBHs TI k XC JIMBI1 B ka4ecTBe KOCBEHHOW OLIEH-
KN WNHCYNIMHOPE3NCTEHTHOCTW, pacCHUTaHHOe B Mr/4J1, CO-
ctaBnset 3,5 No OaHHbIM aMepuKaHCKMX ncciiegoBaTenen
[14]. Hamm npovi3BefieH NepecHeT YpOBHS COOTHOLLEHWS B ean-
HULbI M3MEPEHNSA NMUNMAOB B MMOJb /N, KOTOpPbI coctaBmn 1,37.

CornacHo paspaboTaHHOMY cnocoby CKPUHUHIOBOW OM-
arHOCTVIKI NHCYNIMHOPE3UCTEHTHOCTM (MaTeHT Ha M300peTeHKe
Ne 2493566) Hamu Obl NPeaoxeH MeTaboNMYecKni MHAEKC
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Table 2. Formation of the basic group with account taken of exclusion criteria
Tabnuua 2. DopMmnpoBaHME OCHOBHOM rpyMbl C y4eTOM KPUTEPUEB UCKIIOUYEHNS

Exclusion criteria
Kputepum uckntoueHmns

Methods of examination
MeTogb! 06cnepoBaHus

Number of patients

excluded from the study (n)
KonunyecrtBo nauueHToB,
UCKNIOYEHHbIX U3 UCCneaoBaHus (n)

Men / MyxuuHbl  Women / JKeHLMHbI

(n=762) (n=1008)
Carbohydrate metabolism Diabetes mellitus * Anamnesis / AHamHe3
impairment of type 1 and 2 * Intake of dugs regulating carbohydrate 101 757
(WHO criteria, 1999, 2006)  CaxapHbii auabet metabolism
112 11nos [pviem NpenapaToB, PerynvpyIoLLyX
HapyLeHuns yrneBoaHoro Impairment of carbohydrate YTMIEBOAHBIA 0OMeH
obmeHa metabolism, requiring drug * Plasma glucose / [ioko3a kpoi
(kputepun BO3, 1999, 2006)  treatment * Glycated hemoglobin 124 244
HapyLueHve perynaumm [M1KO3VNMPOBAHHBIN reMOrobuH
0bMeHa 1ioko3bl, TpebyioLlee
NeKapCTBEHHOM Tepanim
Lipid metabolism impairment ~ Congenital impairments * Anamnesis / AHamHe3
(RSC guidelines, 2007) of lipid metabolism * Blood lipid spectrum
BposxaeHHble HapyLLeHns (TC, LDL-C, HDL-C, TG) 7 12
HapyLenua nunuaHoro NMNUEHOro 0OMeHa. JInnnaHbIn Npodunb Kposw
obMeHa (OX, XCIIMHM, XCNINHM, Tr)
(pexomerinauym BHOK, Intake of drugs influencing lipid
2007) metabolism 189 56
Mprem NpenapaTos, BAVSIOLLIAX
Ha MNMAHbIA 0OMeH
1G> 4,5 mmol/| 24 10
T>4,5 mvonb/n
Avrterial hypertension (ESH, Intake of antihypertensive drugs + Anamnesis, including drug history
ESC guidelines, 2007) [pviem aHTUrVNepTeH3NBHBIX AHaMHe3, B T.4. NeKapCTBEHHbIN 214 286
ApTepuanbHas rvnepTeH3us fpenapartos * BP measurement / M3meperme ALl
(pexomerpaunn ESH, ESC, Secondary hypertension
2007r) CumnTomaTYeckme 4 11
rnepTeH3NK
Coronary heart disease * Anamnesis / AHaMHe3
Nwemmnyeckas bonesHb * Rose angina questionnaire
cepaLa OnpocHuk Poy3a 64 8
* 24-hour ECG monitor, treadmill test
XM-3KT, Tpegmun-Tect
Obesity II, Il degree * BMI
(WHO criteria, 1997) 11, lll creneHu NMT I 34
OxmpeHue
(kpuTepnmn BO3, 1997)
Hormonal replacement Women of reproductive age + Drug history
therapy KeHLLMHbI PEnpoLyKTUBHOTO JlekapcTBEHHbIN aHaMHe3 18
Mprem ropmoHansHom BO3pacTa
3aMecTUTeNbHOW Tepanuu
Women in postmenopause 64
KeHLLMHbI B noCTMEeHOMay3e
Pregnancy * Anamnesis / AHaMHe3 b
bepemeHHOCTb
Severe decompensated * Anamnesis / AHamHe3
somatic diseases * Physical
Tsxenble comaTnyeckme ®uianyeckni ocMoTp examination 14 6
3abonesaHyis B craguy
AeKoMneHcaLuy

TC - total cholesterol; LDL-C - low-density lipoprotein cholesterol; HDL-C - high-density lipoprotein cholesterol; TG - triglycerides; BMI - body mass index

OX — 06wwmit xonectepuH; XC NMHI - xonectepuH MMnonpoTenaos Hu3kom nnotHocTy; XC JITBI — xonecrepyH N1nonpoTenaos BbICOKOV NAOTHOCTYA; T — Tourmuuepuasl; XIM-
KT - cyro4Hoe MoHuToprpoBaHKe IKT no Xontepy; MT — nHgekc Maccel Tena
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lipid spectrum (invention patent N2 2493566). The
index calculated using the following formula:

Mil=[fasting TG (mmol/l) xfasting Gl
(mmol/1)] /fasting HDL-C2 (mmol/I).

IR is diagnosed at Ml equal to 7 or more. The
higher Ml value, the more severe insulin resistance
is.

Statistical analysis. The research results were
analyzed using statistical package SPSS 20.0. Data
processing was performed using standard mathe-
matical methods. Pearson’s %2 test was used for uni-
variate statistical analysis, estimation of incidence
of attributes in the examined group. Student'’s t-test
was used to evaluate statistical significance at com-
parison of quantitative indices. Quantitative indices
were described as mean values, standard devia-
tions, 95% confidence interval and standard error
of the mean.

To evaluate informativity and resolution ability
of the proposed diagnostic method we had plotted
characteristic curves (Receiver Operating Charac-
teristic — ROC) based on its specificity and sensitiv-
ity. These curves showed dependence of the
number of correctly diagnosed positive cases from
the number of non-correctly diagnosed negative
cases. The characteristic curves were compared by
calculation of difference between areas under the
curves.

Results

According to majority opinion the HOMA-IR
index demonstrates the highest diagnostic value. It
allows to determine presence and severity of insulin
resistance by basal plasma insulin and fasting glu-
cose levels. Prevalence of IR in accordance with the
HOMA-IR index in the second stage of our research
was 22.9% (n=194).

Calculation of Ml index and its threshold value
was performed by analysis of the characteristic
curve. At that graphic dependence between sensi-
tivity and specificity of the proposed index has been
demonstrated. Figure 2 presents the characteristic
curve and its 95% confidence intervals for estima-
tion of the proposed Ml informativity. The axis of
ordinates shows incidence of truly positive results
(sensitivity), the axis of abscisses — incidence of
false-positive results (100% minus specificity)
through the whole range of cut-off points. Values
by the axis correspond to probabilities from 0 to 1
(i.e. from 0to 100%). This diagram demonstrates
dilemma which arises at reaching a compromise be-
tween sensitivity and specificity.

(MW) ¢ ncnonb3oBaHWeM nokasaTenen yrneBoLHOro 1 nu-
NUAHOrO criekTpa. MHOeKC paccyuTbiBaeTca no popmyne:

MW=[TT HaTowak (Mmonb/n) X HaTowak (Mmonb/n)]/
XC JINBMN2 HaTowak (Mmonb/n).

Ha ocHOBaHMM MONy4eHHOro nokasaTens Oonpeaensaercs
Hann4e VP npu 3HaveHnn napexkca MW, pasHoro nnmn bonee
7,0. Yem BbllLe 3Ha4eHWe noka3zatens MW, Tem Donee Bbipa-
>KeHa VHCYNMHOPE3NCTEHTHOCTb.

CTaTucTU4ecKn aHanus. Pe3ynsraThl UCCNefoBaHUs 00-
pabaTbIBanCh C MOMOLLbIO CTAaTUCTYeCKOro naketa SPSS 20.0.
ObpaboTka nonyyeHHOro Matepurana nNposeaeHa C UCNomnb30-
BaHVEM CTaHOAPTHbIX MaTeMaTU4eckmx MeTofoB. OfHOMEPHbIN
CTaTUCTNHECKMX aHasN3, OLLeHKa YacToTbl BCTPeYaeMoCTV Npu-
3HaKOB B M3y4aeMOM rpynne NpoBenn MeTogoM x2 MnpcoHa.
[lna cpaBHEHMS KONMYECTBEHHBIX MOKa3aTesnien NCNonb3oBanach
OLleHKa LOCTOBepHOCTU no t-kKpuTteputo CtelofgeHTa. Konnye-
CTBEHHbIE NMOKa3aTeNn OMCaHbl Kak CpeHMe 3Ha4eHUs, CTaH-
JapTHble OTKNOHeHW:, 95%-00BepuUTeNbHbIV MHTEPBAN U
CTaHOAPTHbIE OLWINDOKN CpefiHero.

[N OLLeHKI MHOPMATUBHOCTY 1 pa3peLLiatoLLel CMOCOBHOCTU
npeasiaraeMoro AMarHOCTM4eCKoro MeToAa Ha OCHOBaHMM Crie-
UMPUHHOCT 1 YYBCTBUTENBHOCTM MeTofa Obln NMOCTPOEHbI
xapaktepucTnyeckmne kpusble (Receiver Operating Characteris-
tic — ROC), noka3blIBaloLLye 3aBUCMOCTb KOINYECTBA BEPHO AM-
arHOCTMPOBAHHbIX MONOXUTENbHbIX Clly4aeB OT KONNYeCTBa He-
BEPHO AMArHOCTMPOBAaHHbIX OTpMLATENbHbIX CllydaeB. CpaBHe-
HIME XapaKTePUCTUHECKIX KPUBbBIX OCYLLECTBASM NyTEM BbI4MC-
NEHVS Pa3HMLbI MeXAY NMNOLLAAAMN NMOL KPUBBIMMU.

PesynbTaThl

Mo MHeHWMIo DONbLIMHCTBA aBTOPOB, HanbONbLLYIO AMar-
HOCTUYECKYIO LLeHHOCTb npeactasnset nHaekc HOMA-IR, nos-
BOMAIOLLMI MO YPOBHIO KOHLIEHTPALLMM Ba3anbHOro MHCYNMHa
1 TIIOKO3bl, B3ATOW HATOLLAK, ONPefeniTb Hannyme 1 Bbipa-
>KEHHOCTb MHCYNMHOPE3NCTEHTHOCTW. B HalLem nccnenoBaHmnm
Ha 2 3Tane pacnpocTpaHeHHOCTb VP B COOTBETCTBMU C MHOEK-
coM HOMA-IR coctaBuna 22,9% (n=194).

Pacyet nHgekca MW 1 ero noporoBoro ypoBHS MPOBOAM-
1 NyTEM aHanu3a XapakTepucTnieckom kpuson. Mpu 3Tom
Oblina nokasaHa rpaduyeckas 3aBUCMMOCTb MeXY YyBCTBU-
TeIbHOCTBIO U CNeLnMUYHOCTLIO NPeaNOXEHHOrO MHAekca. Ha
puvC. 2 MOKa3aHa xapaktepuctyeckas Kpreas 1 ee 95%-n0-
BepUTESibHble UHTepBanbl ANA OLUEeHKM MHPOPMAaTUBHOCTA
npefnnaraemoro vHaekca M. Mo ocn opanHat 0603HaveHa
4aCTOTa WCTMHHO MOMOXMUTENbHbIX Pe3ynsTaToB (4yBCTBU-
TeNbHOCTb), MO OCK abCUMCC — YaCTOTa NIOXKHOMONOXMNTESb-
Hbix pe3ynbtatos (100% MUHYC cneundUyHOCTL) No BCeMy
AManasoHy ToYek pasfgeneHmsa. 3HavyeHms no oCAM COOTBET-
cTBytoT BeposiTHOCTAM 0T 0 o 1 (T.e. o1 0 go 100%). Mony-
YeHHbIN rpaduK UAMOCTPUPYET ANNEMMY, BO3HMKAIOLLYIO
npw LOCTUXEHNM KOMNPOMMCCa MEXAY YYBCTBUTEIbHOCTHIO
¥ Cneun@uyHoCTbIO.

270

PaynonaneHas ®apmakorepanus B Kapanonorum 2014,10(3)



Metabolic index for insulin resistance diagnostics
HoBb1ii MeTabonn4ecknii MHAEKC A/ ANAarHOCTUKIA UHCYTIMHOPE3UCTEHTHOCTU

INDEX / NHIIEKC
100 ‘
i I
i i / _'_,—/_/J_
g sof -
3 i Sensitivity 75.7%
5 o i YyBCTBUTENIbHOCTD
= H i i
: i épeaﬁaty 89.1%
5 [ neynpryHOCTb
S i
40
= i
= [
2 20 J
T i
m =
o A —nn 111 111 111

100-Specificity / 100-CneumdryHoCTb

100 |
2 L
g 80r
B
0 L
=
5 f
s 60
[} L
g [
> t SULIN / IHCY/IUH
= A TG /1T
S s TG/HDL-C / Tr/NINBM
2 20 |
(] -
m =
0 L L L I L L L I L L L I L L L I L L L I
0 20 40 60 80 100

100-Specificity / 100-CneundmnyHoCcTb

TG - triglycerides; HDL-C - high-density lipoproteins cholesterol
T - Tpurnuuepuabl; XC JIMBI - xonectepyH NMNonpoTenjoB BbICOKOW NAOTHOCTA

Figure 2. Characteristic curve of metabolic index
PucyHok 2. XapakTepucrtnyeckas kpmsas MU

Providing value 7.0 of Ml to be a cut-off point,
sensitivity of the test will be 75.7%, i.e. at value of
the index below 7.0 24% of IR patients will be
overlooked. Specificity of the test is 89.1%, i.e. at
value of the index above 7.0 11% of patients will
have normal sensitivity of tissues to insulin (false-
positive results of the test). Probability of IR pres-
ence at Ml above 7.0 is 63.5% (predictive value of
positive result), probability of IR absence at Ml
below or equal to 7.0 — 93.6% (predictive value of
negative result of the test). General accuracy of the
test is characterized by the area under the charac-
teristic curve, which made for the proposed index
0.881 with 95% confidence interval within the
bounds of 0.854-0.905.

At evaluation of Ml informativity in comparison
with other methods of oblique IR estimation Ml has
demonstrated the best characteristics (Table 3).

Figure 3. Comparative analysis of characteristic curves for differ-
ent IR indices (n=845)
PucyHok 3. CpaBHUTENbHbIN aHaNN3 XapakTepUCTUHECKUX Kpu-
BbIX ANS1 Pa3fINYHbIX MHAEKCOB VP (n=845)

Ecnn B KayecTBe TOYKM pa3feNeHns NpUHATb YPOBeHb
npenfaraemoro nHaekca MW, pasHein 7,0, TO HyBCTBUTENBHOCTb
Tecta coctaBuT 75,7 %, T.e. Npu 3Ha4eHNM nHAekca meHee 7,0
Oynet nponyuweHo 24% nauneHTos ¢ MIP. CneumndmnyHoCTb Te-
cTa coctaBnset 89,1%, T.e. 11% nauneHTOB NpU YPOBHE NH-
nekca MW bonee 7,0 OyoyT MMeTb COXPaHEHHYIO YyBCTBM-
TENbHOCTb TKAHeW K MHCYNUHY (NOXHOMONOXMTENbHbIE pe-
3yNbTaThl TECTUPOBaHNSA). BeposaTHOCTL Hanmnyms VP npu 3Hade-
HUM MW Gonee 7,0 cocTasnseT 63,5% (nporHoctnyeckas
LeHHOCTb MONOXUTENBHOIO Pe3yrsTaTta), BEPOSTHOCTb OTCYTCTBUS
WP npun 3Ha4eHnn VHAEKCa paBHOro 1 MeHee 7,0 coctaBnseT
93,6% (nporHocTuyeckas LEeHHOCTb OTPULIATENBHOIO Pe3yrb-
TaTa Tecta). ObLLAs TOYHOCTb TECTa XapaKTepn3yeTcs NMoLLAALI0
NoA, XapaKTePUCTUHECKOW KPYBOW, KOTOPas 411 NPeaiaraemMoro
nHAekca coctasmna 0,881 ¢ 95% noBepuTeNibHbIM MHTEPBA-
nom B npepenax 0,854-0,905.

Mpu oueHke HPOPMaTBHOCTK MHAeKca M B cpaBHeHUN
C ApyrMmMm cnocobamm KocBeHHoM oueHkn P Bbino nokasa-

Table 3. Comparative analysis of characteristic curves plotted based on the most frequently used oblique IR indices (n=845)
Tabnuua 3. CpaBHUTENbHbIN aHaNM3 XapaKTEPUCTUYECKUX KPUBLIX, MOCTPOEHHbIX Mo Hanbonee 4acTo UCNOoJb3yeMbIM

KocBeHHbIM noka3satensam VP (n=845)

Parameter / Mapamertp Area / Mnowapb Standard error2 / CtaHpapTHasi 0lMOKa? 95% CIb / 95%Mb
MI /MK 0.881 0.0202 0.854-0.905
HOMA-IR 0.861 0.0215 0.833-0.887
IRl / UHCYNIH (MPV1) 0.833 0.0231 0.802-0.861
TG/HDL-C / TF/ XC N8N 0.858 0.0217 0.829-0.884

(I - confidence interval; MI — metabolic index; IRI = immunoreactive insulin; TG - triglycerides; HDL-C - high-density lipoprotein cholesterol
[N - noBeputenbHblin MHTepean; MU — MeTabonuyeckii UHAeKC; VPV — UMMYHOPEaKTVBHBIA MHCYNUH; TT = TOUIUUEPHALI;
XC MBI ~ XonecTepyH A1NonpoTenaoB Bbicokow nnotHocty @Hanley&McNeil, 1982; bBinomial exact
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Table 4. Values of calculated indices characterizing insulin resistance at different parameters of carbohydrate

and lipid metabolism

Tabnuua 4. 3HayeHVe pacyeTHbIX MOKa3aTeNnemn, XxapakTePU3YIOLLNX MHCYNTMHOPE3UCTEHTHOCTb NMPU Pa3INYHbIX
rnokasaTensix yrneBofHOro U nMnuaHoro oomMmeHoB

Fasting plasma glucose - 5.0 mmol/l
IRI-7.0 mcU/ml

CblBOpOTOYHaSA FOKO3a

HaTowak - 5,0 Mmmonb/n

PN -7,0 mkME/mn

Carbohydrate metabolism
YrneBopHbIl 0OMeH

Fasting plasma glucose - 6.6 mmol/l
IRI-10.0 mcU/ml

CbIBOpOTOYHAA FOKO3a

HaToLak - 6,6 MmMonb/n

WPW - 10,0 MkME/mn

Fasting plasma glucose - 6.6 mmol/l
IRI - 15.0 mcU/ml

CbIBOpOTOYHAA FOKO3a

HaTowak - 6,6 Mmonb/n

NPW - 15,0 MmkME/mn

Lipid metabolism TG-15mmoll TG-2.0mmoll TG-1.5mmoll TG-2.0mmoll TG-1.5mmoll TG-2.0mmoll

JIUNUaHbI 0bMeH HDL-C-1.1mmolt HDL-C-0.8mmol HDL-C-1.1mmold HDL-C-0.8mmol HDL-C-1.1mmold HDL-C-0.8mmol
Tr-1,5mMmons/n Tr-2,0Mmons/n Tr-1,5mmons/n Tr-2,0 Mmons/n Tr-1,5mmons/n Tr-2,0mmons/n
XCNBM-1,1mmonw/n - XCJIMBM-0,8 Mmons/n XCINBM-1,1mmone/n  XCJIMBIM-0,8 Mvons/n XC/MBM-1,1mmons/n -~ XCJIMBM-0,8 Mmons/n

HOMA-IR

(threshold value - 2)

HOMA-IR

(noporoBoe 3HaveHe - 2) 1.56 1.56 2.93 2.93 4.40 4.40

TG/HDL-C

(threshold value - 1.37)

Tr/XCNMBN

(noporosoe 3HaveHne - 1,37)  1.15 2.50 1.36 2.50 1.36 2.50

MI (threshold value -7)

MW (noporosoe 3Hadenvie - 7)  4.44 15.6 8.18 20.6 8.18 20.6

IRI = immunoreactive insulin; TG - triglycerides; HDL-C - high-density lipoproteins cholesterol; MI - metabolic index
PV — »MMyHOpeaKTVBHbIN MHCynmH; T = Tourmuuepnabl; XC MBI — xonectepuH AMnonpoTera0B BbICOKOW NMOTHOCTH; MU — MeTabonmnyeckii uHaexc

The proposed index has the biggest area
under the characteristic curve as compared to the
most frequently used IR criteria, which testifies
to its higher efficacy at IR diagnostics (Fig.3).

Discussion

In clinical practice different indices based on
the parameters of carbohydrate and lipid metab-
olism are proposed for oblique estimation of in-
sulin resistance. The TG/HDL-C ratio is
recommended along with HOMA-IR for meta-
bolic syndrome diagnostics in accordance with
the ATP Il (Adult Treatment Panel IIl) criteria.
T. McLaughim et al. (2005) showed TG level
>1.46 mmol/l and TG/HDL-C ratio >1.37 to be
the most sensitive test (62%) for IR detection.
At that, the most specific of all laboratory tests
was the increase of IRl above 15 mcU/ml
(78%). Taking into account these data we cal-
culated the proposed Ml as well as the most sig-
nificant IR indices in clinical practice = HOMA-IR
and TG/HDL-C ratio at certain parameters of car-
bohydrate and lipid metabolism (Table 4).

The estimating points in the lipid spectrum
were TG level of 1,7 mmol/I at average value of
HDL-C 1.1 mmol/I. By contrast to this we had
estimated levels of IR indices in a hypothetic pa-
tient with atherogenic dyslipidemia (TG 2.0
mmol/l and HDL-C 0.8 mmol/I). Carbohydrate

HO, 4To MW MMmeeT Hauny4ywme xapakTepucTku MHpopmMa-
TMBHOCTK (Tabn. 3).

MpennaraemMbin MHOEKC MeeT HaubOosbLLYIO NNOoLWaAb Nof,
XapakTepucTUYeckor KpMBom No cpaBHEHMIO ¢ Hanbonee Ya-
CTO 1CToNb3yeMbIMU KpuTepuamu VP, 4To roBopunT 0 ero 6onb-
e 3chhekTMBHOCTI Npwn anarHoctnke UP (puc. 3).

OO6cyxaeHune

B npakTnyeckon OesaTenbHOCTU ANsi KOCBEHHOW OLEHKM
WMHCYNMHOPE3NCTEHTHOCTM NPEANOXEHbI PA3NINYHbIE MHAEKCbI,
OCHOBaHHble Ha Moka3aTensx yrieBoLHOro 1 AMNnAHoro 0b-
mMeHoB. Hapsgy c HOMA-IR, B paMKax AMarHocTnku Metabo-
IM4ecKkoro cuHApoma no Kputepmam ATP Il npepnaraetcs
NCMonb3oBaTb cooTHoweHme TI k XC JIMBM. B paboTax
T.Mclaughim et al. (2005) nokasaHo, 4To Hanbornee 4yBCTBN-
TenbHbIM TeCToM (62 %) Ans BbigBNeHWs VIP ABNSeTCa ypoBeHb
Tr>1,46 mmonb/n 1 cootHowwenuve TI/XC JIMBM>1,37, npu
3TOM Hambornee cneLmdUYHbIM 13 TaBOPATOPHBIX UCCIIELOBAHNN
ABNANOCH NOBbILLEeHWe noka3saTenen NPU cabiwe 15 MKME /M
(78%). C y4eTOoM 3TKX AaHHbIX HaMW Dbl NPOBeEeH pacyeT
npeanaraemoro MW n Hanbonee 3Ha4MMbIX B KIIMHNYECKOW
npaktuke nHaekcos oueHky P — HOMA-IR » cooTHOLLeHWA
TI/XCIIMBI npu onpefeneHHbIX nokasaTtensdx yrneBo4HOro v
mMnmnagHoro oobmeHos (1abn. 4).

HabniogaeMbIMK To4KaMM MO IMNMAHOMY NPOhUITio Obinn:
ypoBeHb TI, paBHbIn 1,7 MMORb /N Npy yCpeaHEHHOM NoKa3a-
Tene XCJIMBIM 1,1 Mmonb/n. B IpoTMBONONOXHOCTE 3TOMY UC-
CnefoBarncs ypoBeHb MHAEKCOB VP y rMnoteTnyeckoro nawm-
eHTa C aTeporeHHon gucnunaemuen (T 2,0 Mmonb/n Npu no-
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metabolism was evaluated in the following set-
tings: at normal fasting glucose (5.0 mmol/I)
and intact IRl level (7.0 mcU/ml), at impaired
glucose metabolism (fasting glucose 6.6
mmol /I, IRI 10.0 mcU/ml) and at impaired glu-
cose metabolism with significant fasting hyper-
insulinemia (fasting glucose 6.6 mmol/I, IRI
15.0 mcU/ml). Assessment of hypothetic model
results revealed that HOMA-IR index exceeds
threshold value at increased fasting glucose level,
at that it doesn’t respond to initial changes in
lipid spectrum. At the same time the index of
TG/HDL-C ratio is significant in the atherogenic
dyslipidemia, but it doesn't reflect IR develop-
ment in patients with normal lipid spectrum and
impaired glucose metabolism. So, according to
hypothetic model data, predictive value and effi-
cacy of these tests in screening of IR are not that
high. Unlike these tests, the Ml starts to change
at initial isolated impairments of carbohydrate
and lipid metabolism and further gradually in-
creases at progression of the laboratory parame-
ters changes. The importance of negative result
— absence of IR at normal values of the Ml and
the use of routine laboratory parameters for its
calculation allows to recommend this index for
IR screening in clinical practice.

The proposed metabolic index gives qualita-
tive and quantitative evaluation of insulin resist-
ance. Probability of IR absence at the Ml below or
equalto 7.0 is 93.6% (predictive value of nega-
tive result of the test).

Conclusion

The proposed method of IR screening is easy,
convenient for a patient and can be used for a
large number of patients (has high through-
put). Calculation may be performed in automatic
mode without additional economic expenses.

Disclosures. All authors have not disclosed
potential conflicts of interest regarding the con-
tent of this paper.

ka3atene XC JINBI 0,8 MMornb/n). YrneBoAHbI 0OMeH oLie-
HMBAJICA MPY HOPMAJbHbIX MOKa3aTeNAax TOLLAKOBOW MUKEMUN
(5,0 MMonb /1) 1 coxpaHHOM ypoBHe VPN (7,0 MKME /M), npu
HapyweHnn perynaumu rioko3sl (rmioko3a HaTtowak — 6,6
MMOSIb /N, ypoBeHb VIPU — 10,0 MKME /M) 1 HapyLueHun pe-
TYASLMM TI0KO3bI CO 3HAYMMOW TOLLAKOBOW MMNEPUHCYNHE-
muien (rnioko3a HaTollak — 6,6 MMonb/ 1, ypoBeHb VP = 15,0
MKME/mn). OueHka pe3ynstaToB rMMoTeTU4eckor Mopdenm
nokasana, 4to mHgekc HOMA-IR npeBbillaeT Noporosoe
3Ha4YeHNM NPY NOBbILLEHMM YPOBHS TOLLLAKOBOW MINKEMUM, NP
3TOM He pearvps Ha HavanbHble M3MEHEeHNS NNNMLHOIO Crek-
Tpa. B ToXXe Bpems nokasatesnb oTHowweHus T k XCJITBI1 3Ha-
YUM MNPV aTEPOreHHOW ANCUMUAEMUM, HO HE OTPaXKaeT pas-
BUTVE Py NaLMEHTOB C COXPaHHbIM IUMUAHBIM NpoduiemM npm
HapYLLEHWSIX perynaumm rioko3bl. Takrm 0bpa3om, AaHHbIe No-
Sly4eHHble NPy NOCTPOEHUM TUNOTETUHECKOW MOLeNV MOA-
TBEPLAMIIU, YTO MPOrHOCTUYECKas LEHHOCTb 1 3(PMEKTUBHOCTb
3TX TECTOB B Ka4eCTBE CKPUHWMHIOBOIO METOAA He ABNAIOTCA Bbl-
COKMMMU. B otnnyme ot HUX MW Ha4mMHaeT n3MeHATbCA NPy Ha -
YasibHbIX U30JIMPOBAHHBIX M3MEHEHUAX YINeBOAHOIO U Jn-
nMAHOro oOMeHOB, a NPW NPOrpPecCMPOBaHUM N3MEHEHNI
nabopaTopHbIX Noka3aTenen HabMoaaeTcs NoCTeneHHoe yBe-
nndeHne MV1. BaxkHOCTb OTprUATeNIbHOrO pesysisiaT — OTCYTCTBUE
WP npu HopManbHbIx nokasatenax MU v ncnonb3osaHme Ang
ero pacyeta pyTUHHbIX 1ab0PATOPHbIX AaHHbIX MO3BOSISET pe-
KoMeHZoBaTb MW B KayecTBe MHAeKCa VCMonb3yeMoro As CKpu-
HWHra P B KNMHMYeCKOM NpakTuKe.

Mpennaraemblin nokasatens MW no3sonseT gatb Kaye-
CTBEHHYIO 1 KONMYECTBEHHYIO OLLEHKY COCTOAHMA MHCYNNHO-
Pe3nNCTeHTHOCTU. BepoAaTHOCTL oTcyTCTBMS VIP Npyi 3Ha4YeHUN H-
nekca MW, paBHoro nnm meHee 7,0, coctaBnseT 93,6 % (npo-
FHOCTMYecKas LLeHHOCTb OTPULLATENbHOTO pe3yJibTaTa TecTa).

3aknoyeHune

Cnocob cKpUHKMHIoBOW AmarHoctnkim NP npoct, yanobeH ans
NaLUMeHTa, MOXET NCMOoJb30BaThCA [ OOMbLIOro Konmye-
CTBa NaumeHToB (MMeeT DosbLLYI0 MPOMYCKHYI0 CMOCOOHOCT).
PacyeT MOXHO NMPOBOAMUTL B aBTOMATUHECKOM pexiMe 6e3 fo-
NOSTHNTENbHbIX 3KOHOMMUYECKMX 3aTPaT.

KoHnmKT nHTepecoB. Bce aBTopb! 3a8BN5I0T 00 OTCYTCTBIAN
KOHMKTa MHTepecoB, TpebyloLlero packpbiTUs B AaHHOW
cTaTbe
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