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A bstract The aim of the study was to identify incremental values of
carotid ultrasound measurements (carotid plaques and stenosis) on the prediction of
future coronary revascularization among type 2 diabetic patients. The second objective
was to determine the predictive value of the assessment of blood lipids, BMI, abdominal
obesity and the ankle-brachial index (ABI).

Three hundred and thirty three (333) patients with type 2 diabetes and
manifested coronary artery disease were randomly selected in a cohort prospective
study. Univariate and multivariate logistic regression analyses were conducted to iden-
tify variables predictive of the need for future revascularization: percutaneus coronary
interventions (PCI) or coronary bypass surgery (CABG) followed 24 months after the
study starting point. The presence of arterial hypertension, hyperlipidemia, physical
inactivity, intermittent claudication, the value of systolic pressure, BMI, waist and hip
measurement, glycemia and blood lipid fraction (total cholesterol, HDL, LDL, non-
HDL, triglycerides) were entered in a model. Ultrasound measurements: carotid IMT,
presence of carotid plaques and stenosis, and ABI were also included in the analysis.

Based on the univariate and multivariate findings, the presence of internal
carotid artery (ICA) stenosis (OR 4,562, 95% CI 1,327-15,687), carotid plaque (OR
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1,465, 95% CI 0,829-2,591), and increased waist measurement (OR 1,371, 95% CI
0,757-2,483) were found as significant independent predictors of future PCI. LDL and
non HDL cholesterol were found to be factors independently associated with the need for
future CABG by univariate analysis, which was not confirmed by multivariate analysis.

In conclusion, the current study has provided an identification of predisposing fac-
tors for the future need of coronary revascularization among type 2 diabetic patients that
permits risk stratification and may facilitate improved patient selection or optimization.

Key words: carotid ultrasound, carotid stenosis, plaque, abdominal obesity, LDL, HDL,
type 2 diabetes, coronary revascularization.

Introduction

Prognosis of patients with diabetes mellitus type 2 depends on the
presence of macrovascular disease [1]. Two-thirds of all causes of mortality are
due to macrovascular complications, and more than 75% of all hospitalizations
of the diabetic population are due to diabetic vascular disease [2, 3, 4].

The American Heart Association and the European Society of Cardio-
logy guidelines for cardiovascular risk assessment and cardiovascular disease
prevention in diabetic patients include two goals: screening of asymptomatic
vascular disease and proper management of already established diabetic macro-
vascular disease [5, 6]. These screening guidelines refer to the use of non-inva-
sive tests: assessment of blood lipids, albuminuria, assessment of ankle-brachial
index, carotid intima-media thickness (IMT), coronary stress test and cardiac
computed tomography [7].

Carotid ultrasound has a potential role in the prediction of all causes of
cardiovascular risks in populations with and without coronary artery disease. Al-
though those populations also include a certain number of diabetic patients, the
value of this parameter in the diabetic population needs further evaluation [8, 9].

The aim of the study was to identify if there are incremental values of
carotid ultrasound measurements (carotid IMT, stenosis and presence of
plaques) in the need for future coronary revascularisation among type 2 diabetic
patients with coronary artery disease. The second objective was to determine the
predictive value of the assessment of blood lipids, obesity, abdominal obesity
and ankle-brachial index for future coronary revascularization.

Patients and methods

Research design and study population

Three hundred and thirty-three (333) patients with diabetes type 2 and
CAD were randomly selected in a cohort prospective study. Type 2 diabetes
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was defined based on the criteria of the International Diabetes Federation. CAD
in the evaluated population is defined as symptomatic CAD, angiographycally
confirmed in 325 pts.

Patients were followed for future coronary revascularization: percuta-
neous coronary interventions (PCI) or coronary bypass surgery (CABG), 24
months after the study starting point. The study was conducted according to the
Helsinki declaration for clinical studies.

Physical examination

Blood pressure was measured with a standard sphygmomanometer in a
sitting position and presented as a mean value of two readings (in mmHg).
Arterial hypertension was defined as a systolic blood pressure >/= 130 mmHg,
or/and diastolic pressure >/= 85 mmHg, or as antihypertensive drugs used.
Anthropometric measurements were made with the patient wearing lightweight
clothing and no shoes. Weight was presented in kilograms (kg) and body mass
index (BMI) in kg/m’. Waist and hip circumferences were measured with a
plastic tape measure at the level of the umbilicus and of the major trohanter.
According to ATP III criteria, hypertriglyceridemia was defined as a value of
triglycerides >/= 1,7 mmol/L and low HDL as a value of < 1,03 mmol/L.
Obesity was defined as BMI > 30 kg/m2. and increased weight as BMI > 25 and
< 29,9 kg/m2. Waist circumferences > 88 cm in women and > 102 cm in men
were defined as abdominal obesity.

Carotid ultrasound and Ankle-brachial index

Evaluation for carotid artery disease was done using the HP Agilent
S4500 ultrasound system. Carotid IMT was measured by B-mode ultrasound
using a linear transducer (7.5—-10 MHz) and presented as a mean value of three
measurements from both sides. Carotid IMT was defined as the distance from
the leading edge of the first echogenic line to the leading edge of the second
echogenic line on the scans, with the first line representing the lumen-intimal
interface and the second line representing the collagen-containing upper layer of
the adventitia. IMT with a value equal to or great than 0.8 mm was defined as
increased IMT. Plaque was defined as a localized thickening lesion (=/>1.1
mm). Carotid stenosis (CS) > 60% was considered significant. In each lon-
gitudinal projection, the site of the greatest thickness (including plaque) was
detected along the vessel from the common carotid artery to the internal carotid
artery. The observer was blind to the patients’ risk factors.

Continuous Doppler was used to determine the lowest and median value
of the ankle-brachial index (ratio of ankle to brachial pressure). There was no
inter-observer disagreement with regard to ultrasound interpretation, reported
previously.
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Laboratory

The following standard laboratory tests were performed in the evaluated
patients: Enzymatic methods for the assessment of total cholesterol in the
presence of cholesterol oxidizes, triglycerides, in the presence of glycerokinase,
and the HDL fraction by direct method. The LDL fraction was evaluated using
the Friedewald formula. Non-HDL cholesterol was determinate as a value of
total cholesterol minus HDL cholesterol. The values of fasting venous glucose
concentration were evaluated using the enzymatic-photometric method, in the
presence of glucoso-dehydrogenase.

Coronary angiography

Coronary angiography was performed by an experienced invasive car-
diologist blinded to the patient’s risk factors. The left anterior descending
(LAD), left circumflex (LCx) and right coronary artery (RCA) or posterior des-
cending artery were considered to be diseased only if the stenosis was equal to
or greater than 70% of the luminal diameter. The left main coronary artery was
classified as diseased if any stenosis equal to or greater than 50% of luminal
diameter was reported. The degree and distribution of coronary artery stenoses
and approximal size of coronary vessels were recorded. A Gensini angiographic
score was calculated for all patients. In operated patients completeness of
revascularisation was defined as bypassing or having opened by PCI all sig-
nificant stenosed or occluded vessels.

Statistical analysis of data

The SPSS 10 packet for statistical analysis was used. Data expressed as
mean +/-SD. P value </ = 0.05 was considered statistically significant. Univa-
riate and multivariate stepwise logistic regression analyses were conducted to
identify variables predictive for future revascularization. All variables with a P
value <0.1 in the univariate analysis were selected for multivariate analysis. The
logistic regression forward method was used for multivariate analysis of the risk
factors, and its results are reported as odds ratio (OR) and confidence interval.

Results

The study population was at an age of 60.4 + 8.23 years. 67.3% (224)
of pts were men and 32.7%(109) were women. At the starting point of the
study 73.9% of pts had stable angina and 6.9% had acute coronary syndromes.
The risk factors and clinical characteristics of pts are presented in Tables 1 and 2.

During two years’ follow-up PCI was done among 82 pts (24.6%) and
CABG among 27 pts (81%).
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Table 1 — Tabemna 1

Risk factors and clinical characteristics of population
Dakiliopu HA pUUK U KAUHUYKU KAPAKIUEPUCTHUKU

Risk factors

Arterial hypertension
Hyperlipidemia

Obesity

> Weight

Stable angina pectoris
Nonstable angina pectoris
Myocardial infarction (history)

Table 2 — Tabena 2

Values of estimated risk factors

Pts
262
282
111
158
246
23
177

(%)
(78,7%)
(98,8%)
(34,8%)
(47,4%)
(73,9%)

(6,9%)
(53,2%)

Bpeonocitiu na uciiuitiysanuitie (paxiiopu Ha pusux

Parameters Mean.
Sys. TA (mmHg) 144,26
Waist (cm) 96,97
Hip 52,96
High 169,07
Weight (kg) 82,38
BMI (kg/m2) 28,75
GL (mmol/L) 8,49
HOL. 5,39
HDL 1,05
NON.HDL 4,28
LDL 3,37
TR 1,98

Std. Dev.
19,56
8,00
6,43
7,59
12,61
4,07
2,47
137
0,44
1,36
1,00
1,04

The presence of arterial hypertension, hyperlipidemia, physical inacti-
vity, intermittent claudication, value of systolic pressure, BMI, waist and hip
measurements, glycemia and lipid fraction (total cholesterol, HDL, LDL, non-
HDL, triglycerides) were entered in a univariated model. Carotid measure-
ments: values of mean and highest carotid IMT, presence of carotid plaques (at
all, unilateral and bilateral), carotid stenosis (unilateral and bilateral) and inter-
nal carotid artery (ICA) stenosis and ankle-brachial index (mean and lowest

values) were also included in the analysis.
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Univariate logistic regression analysis revealed that the presence of ca-
rotid plaque, internal carotid artery (ICA) stenosis and an increased waist were
independently associated with the need for new PCI (Table 3). The same variab-
les were found to be significant independent predictors of PCI by the multiva-
riate model: ICA stenosis with OR 4,562 (95% CI 1,327-15,687), plaque with
OR 1,465 (95% CI 0,829-2,591) and increased waist with OR 1,371 (95% CI
0,757-2,483) (Table 4). Univariate analysis defined LDL and non HDL chole-
sterol as factors independently associated with the need for future CABG (Table
3). Multivariate analysis did not identify independent predictors for CABG.

Table 3 — Tabena 3

Univariate analysis of predictors for a future coronary revascularisation

YHUeapujaniina aHaau3a 3a Upeiickaxcyéaiu Ha UOHA KOPOHAPHA

pesackyaapusayuja
Variable Score Sig
For PCI
> Waist 5,362 0,021
Plaques 8,583 0,003
ICA stenosis 10,632 0,005
For CABG
Non HDL 5,645 0,018
LDL 4,450 0,035

Table 4 — Tabemna 4

Multivariate analysis of predictors for future percutaneous coronary intervention
Myaiiusapujanitina aHaiu3a 3a UpemcKany8a4 Ha UOHA epKyillaHa

KODOHAPHA UHIepBeHYUja

Variable B SE. Wald df Sig. ExpB) 95% CI

EXP (B)
Lower
> Waist 0,315 0,303 1,084 1 0,298 1,371 0,757
Plaques 0,382 0,291 1,727 1 0,189 1,465 0,829

ICA tenosis 1,518 0,630 5,802 1 0,016 4,562 1,327

Backward Wald Model for estimated Multivariate analysis.
Log Likelihood -152,237 for > waist,
-152,545 for plaques and -156,636 for ICA stenosis

Upper
2,483
2,591

15,687
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Discussion

Our results revealed carotid stenosis and the presence of carotid plaque
as strong predictors of the need for PCI. Carotid IMT and plaque are important
for global cardiovascular risk in CAD pts [10]. In general, carotid plaque is a
superior predictor of underlying CAD in the general population to IMT. If
carotid artery stenosis is presented, atherosclerosis/thrombosis in different
vascular beds is more extensive[11, 12].

ABI by our data does not predict future revascularisation. Overesti-
mation of ABI, due to diabetic mediocalcinosis, is not excluded.

Determination of the waist as a metabolic risk factor in the general popu-
lation and diabetics has a prognostic value regarding future coronary events [13].
Its value, when increased, predicts a need for new PCI, according to this data. An
increased waist measurement represents abdominal obesity and is closely related
to pro-inflamatory and hemostatic disturbances in type 2 diabetes [5, 13].

Diabetic pts have a different response to hypolipemic treatment stra-
tegies [6]. Diabetic pts with high LDL and low HDL have a high vascular risk
[14, 16]. Consistent with these observations, our data revealed LDL and HDL as
factors influencing the need for new CABG.

The influence of glucometabolic control on revascularisation is still
unclear. There were incomplete results of glycohemoglobin in all pts. This was
a study limitation.

The problem is important due to a higher risk of in-hospital CABG, a
higher incidence of stent restenosis and thrombosis and a demand for repeat
coronary revascularisation in diabetic pts [6]. Risk stratification according the
coexistence of the metabolic syndrome’s components is mandatory for the
comprehensive management of type 2 diabetes patients who present CAD
[17,18]. All references mentioned address the predictive value of carotid ultra-
sound and blood lipids and waist determination in the population with coronary
artery disease. No previous study has studied the predictive value of the
metabolic syndrome’s components: increased waist, LDL and HDL cholesterol
for new PCI and CABG in diabetic type 2 patients, nor the incremental role of
carotid plaque and stenosis in the need for future PCI.

Conclusion

The results of this study revealed the presence of internal carotid ste-
nosis, carotid artery plaque, and abdominal obesity as significant independent
predictors of future percutaneus coronary intervention in the type 2 diabetic
population. LDL and non-HDL cholesterol were found as factors independently
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associated with the need for future coronary bypass surgery among type 2
diabetics, but multivariate analysis did not confirm this. The current study
permits risk stratification and may facilitate improved patient selection or
optimization for future coronary revascularization.
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Pe3ume

KAPOTUIHUOT YITPA3BYK U OJPEAYBAIBETO HA KPBHUTE
JUIMNIN 1 ABJOMUHAJTHNOT OBEM MOXE JA ITPETCKAXAT
NJIHA KOPOHAPHA PEBACKYJAPU3AIINJA KAJ KOXOPTHU
CO TUII 2 TUJABET

Bomescku M.," *Boposzanos B.,"” Bapaykuc M.," Ilemoscka I.,
Teopruescka-Uemanin Jb."

! Uncitiuitiyiti 3a cpuesu 3ab6oaysarba, Meouuyuncku gaxyaitieit,
Crkoiije, P. Maxeoonuja
2 Kaunuka 3a endokpuronozuja, Meouyuncku gaxy.aitieit,
Croiije, P. Makxeoonuja

LlenTa Ha crynujaTa Oelne jjla ce ofipefaT OfJICIHUTE MPETCKaKyBaUKh
BPEIHOCTY Ha MapaMeTpHuTe Ha KapOTHUAHHUOT yJITPa3ByK: MPUCYCTBOTO Ha Kapo-
THIHUTE IUIaKW U CTEHO3a 3a WJHATAa KOpOHApHA peBacKylapHu3alyja Kaj mainu-
eHTu co tum 2 nujader. BropaTa nen Geimre oipeayBame Ha MpeTCKaskyBayKaTa
yJIora Ha Of[pe[icHUTe KPBHU JUIHIN, HHIEKCOT Ha TeiiecHa Maca (BMMU), aGuo-
MUHAJIHATa TOJHOCT W TIIYKTHO-HAIaKTHHOT uHaeKc (ABI) 3a ugHa KopoHapHa
peBackyJiapu3almja.

Tpucra TpueceT U TpHU MalMeHTH co TUN 2 Aujaber, Kou MaHUpecTupaa
KOpOHapHa apTepucka Ooject 6ea BKIIYYEHHM BO KOXOPTHA MPOCHEKTHUBHA CTY-
nuja. bere n3BeieHa yHUBapHjaHTHA ¥ MyJITHBapHjaHTHA JIOTUCTUYHA PErPECUBHA
aHanu3a 3a Jla ce IMperno3HaaT BapujabauTe KOU ja MpeTcKaxKyBaat norpebara 3a

* pa— — = pa— . . pa—
*Tum Ha ucitipaxcysaukuoiti upoexit ,,Ilojasa u pazeoj Ha KopoHapHa apiiie-
pucka 6oaecili Kaj dayueHiiu co oujabetiiec MeAutiyc wui 2 “.
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WJHa peBacKyjapu3anyja: epKyTaHaTa KopoHapHa naTepBennuja (ITKW) n ko-
ponapHata 6ajmac xupypruja (KABT'), cnenenu 3a 24 Mecenu off HOYETOKOT Ha
cryaujata. IlpucycTBOoTO Ha apTepHcKaTa XHIEpPTEH3Wja, XUIEpPIUNMAEeMUjaTa,
(pu3nuKkaTa HEaKTUBHOCT, MHTEPMHUTEHTHATA KIayAuKalyja, BPeJHOCTa HA CHUC-
TOJIHUOT KpBeH NpuTHcok, BMU, 06eMoT Ha mosoBrHaTa (aOIOMUHAITHIOT 0OEM)
M KOIIKOT, INIMKeMHjaTa U KPBHUTE JTUNHUIHA (ppakuuyu (BKymeH xonecrepoi, XJ1,
JIOJI, vor-XJ1, Tpurmunepnan) Gea BKIYISHA BO MOIEIIOT. Y ITPa3BYIHUTE Ta-
pamerpu: kaporupHata MMT, mpucycTBOTO Ha KapOTHAHATA IUIaka U CTEHO3a,
kako u ABU 6ea ucto Taka BKIy4eHH BO aHAIN3aTa.

Bp3 ocHOBa Ha pe3yiTaTHTE Off YHUBApHjaHTHATA W MYyJITUBapHjaHTHATa
aHaju3a: IPUCYCTBOTO Ha CTEHO3aTa Ha BHATpelIHaTa KapoTuaHa aptepuja (OR
4,562, 95% CI 1,327-15,687), kaporugHaTta miaka (OR 1,465, 95% CI 0,829-2,591)
u 3ronieMeHroT 06eM Ha nonosuHa (OR 1,371, 95% CI 0,757-2,483) Gea HajfieHu 3a
3Ha4ajHU He3aBHCHU HpeTckaxkyBaum 3a upHa [TKW. JIIJI n von XJIJI xomecre-
posior Gea HajieHu 3a (paKTOpPHU LITO HE3aBUCHO ce MOBp3aHH cO MmoTpebaTa 3a
upHa KABT, oapeneHn co yHMBapHjaHTEH MOJEJ, IITO He Gellle MOTBPAEHO CO
MyJITUBapHjaHTHATa aHAJINA3a.

Bo 3akny4ok, oBaa cTyauja r'u ogpeau (hakKTOPUTE IITO NMPENUCTIOHAPAAT
ujHa noTrpeba 3a KOPOHapHA peBacKyjapu3aluja Kaj MaueHTUTe co THI 2 Auja-
6eT, 1ITO, NaK, AO3BOJIyBa HUBHA PU3UK CTpaTU(UKalHKja, 1 NTOf0OpyBame, OFHO-
CHO ONTHMHU3HPAKE HA CENIEKIUjaTa Ha UCTHUTE.

Knnmuan 360poBm: KapoTHIeH YITpa3BYK, KApOTHAHA CTEHO3a, IUIaka, abmoMu-
HanHa rojHoct, LDL, HDL, tip 2 dijabet, KOpoHapHa peBacKyJjiapu3aiuja.
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