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Stenotic atherosclerotic lesions of carotid arteries
in type 2 diabetes: the most significant risk factors
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Significant prevalence of atherosclerosis and its complica-
tions in patients with type 2 diabetes (T2D) determines need
in further investigations of existing risk factors (RF).

Study object: to identify the most significant RF for the
carotid stenotic lesions development in T2D patients.
Materials and methods. The correlation analysis between sur-
rogate atherosclerosis markers (carotid intima-media thick-
ness (IMT), atherosclerotic plaques (AP), degree of the
carotid stenosis) and mean systolic blood pressure (SBP),
body mass index (BMI), anxiety index (from Hospital anxiety
and depression rating scale (HADRS)); mean serum level of
lipids, HbA1c, high sensitivity C-reactive protein (hsCRP),
uric acid (UA) during 5 years observation in 145 patients with
T2D (mean age — 53,0 (49,0-60,5) years) was done. Statistical
analysis was performed using IBM SPSS Statistics 20.
Results. Direct medium-strength correlations between IMT
and mean SBP (r=0,38), mean levels of hsCRP (r=0,41), UA
(r=0,40), HbA1c (r=0,44), total cholesterol (TC) (r=0,40),
low-density lipoprotein cholesterol (LDL-C) (r=0,41), anxi-
ety index (r=0,40) were found. At the same time the degree of
carotid stenosis was also directly correlated with mean levels
of hsCRP (r=0,41), HbA1c (r=0,42), TC (r=0,37), LDL-C
(r=0,32). The incidence of carotid AP was increased in 3 fold
in patients with mean hsCRP>3,0 mg/L (¢ (1)=29,9,
0=0,454; RR:3,62; 95% CI:1,91-6,84), 2 fold — in patients
with mean HbA1¢>8,5% (3¢ (1)=7,9, 9=0,259; RR:2,50; 95%
CI:1,13-2,98) and TC>4,5 mmol/L (}* (1)=9,3, ¢=0,253;
RR:2,51; 95% CI:1,15-5,46); in 1,5 fold — in patients with
mean LDL-C>2,6 mmol/L (¢ (1)=4,3, ¢=0,272; RR:1,67;
95% CI:1,0-2.99).

Conclusion. The most significant RF for the stenotic carotid
atherosclerotic lesions development in patients with T2D are
hsCRP>3,0 mg/L, HbA1¢>8,5%, TC>4,5 mmol/L, LDL-
C>2,6 mmol/L, UA>300 pmol/L, SBP>140 mmHg, HADRS
score > 11 units and BMI>25 kg/m?.

Key words: type 2 diabetes, cardiovascular risk factors, athero-
sclerosis, intima-media thickness, atherosclerotic plaques.

The most common cause of complications and disability in
patients with type 2 diabetes (T2D) is cardiovascular dis-
ease (CVD), which is observed in more than half of the patients,
and in 65% of cases is the leading cause of death [1].

The basis for CVD development is atherosclerotic vascular
lesions. Atherosclerosis is a common chronic disease of the body
with an undulating course, which is based on metabolic disor-
ders, chronic inflammatory reaction, accompanied with thicken-
ing of wall of arteries as a result of chronic degenerative lesion
and specific intimal proliferation leading to development of ath-
erosclerotic plaques (AP).

Atherosclerosis is a multifactorial disease. Etiology and
pathogenesis of atherosclerosis is still not exactly clear, but neg-
ative effects on the vascular wall of the low-density cholesterol
(LDL-C) and high blood pressure are proven. It's also well
known that constant stress promotes the progression of athero-
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sclerosis by violation of the neuro-endocrine regulation of lipid
metabolism [2].

Several studies, including the MONICA study, have shown
that classical risk factors (RF) of atherosclerosis can not fully
explain the development of cardiovascular complications. This
led to the searching for other causes of atherothrombosis and
new RF, which promote development and the rate of progression
of complications of CVD [3].

To these new RF of CVD, presented at the annual congress
of the European Society of Cardiology and the American
College of Cardiology, levels of high sensitivity C-reactive pro-
tein (hsCRP) and uric acid (UA) in serum were attributed [4].

The intima-media thickness (IMT) of common carotid
artery (CA) is a surrogate marker of the systemic atherosclerosis
and associated with coronary artery disease and coronary heart
disease. For example, when analyzing the results of eight studies
involving 37,197 patients, it was shown that the increase of IMT
in 0,1 mm is associated with increased risk of myocardial infarc-
tion from 10% to 15% [5].

One of the main problems of the atherosclerosis diagnosis is
that atherosclerosis is not evident until essentially violation of
blood circulation has happened in an organ which artery is
impressed by atherosclerosis and the degree of stenosis of the
affected artery is more than 50% [6].

According to Spence JD et al. research, atherosclerotic
plaque (AP) area increases in 2,4 times faster than growing IMT.
Therefore, detection of AP presence in carotid arteries is associ-
ated with higher cardiovascular risk compared than thickening
of intima-media [7].

Consequently, the understanding of correlation between
atherosclerosis and RF and correct interpretation of their com-
bination from the first moment of contact between doctor and
patient, will allow to choose the most optimal diagnostic and
therapeutic interventions in patients management. These find-
ings are especially important for patients with T2D, who are in
high risk of cardiovascular complications development.

Study object: to identify the most significant risk factors for
the carotid stenotic lesions development in type 2 diabetes
patients.

MATERIALS AND METHODS

The study was conducted at the Family Medicine
Department of the Shupyk National Medical Academy of
Postgraduate Education based on Public nonprofit enterprise
“Center of the primary care «Rusanivkas, endocrinology depart-
ment of the «Kyiv Regional Clinical Hospital» and Public non-
profit enterprise «Center of primary care Ne 3»» Shevchenko
district (Kyiv), during 2011-2015.

145 patients with T2D (mean age — 53,0 (49,0—60,5) years; 72
men (49,7%) and 73 women (50,3%) were enrolled in the study.

The patients with a glomerular filtration rate less than
60 ml/min, autoimmune diseases, acute inflammatory diseases
and other serious conditions and diseases were excluded from
the study.
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Table 1
analysis results

UA Total

LDL-C,

Indicator :: :’g kB;/’Ir:i’z HAD_RS, hz:;?: > umol/ o) b;: ¢ cholesterol, mmol/ Suziesly
units L : mmol/L L
SBP, mmHg 1 0,28 0,15 0,21 0,11 0,19 0,16 0,19 0,38** 0,16
BMI, kg/m? 0,28 1 0,16 0,31** 0,26 0,15 0,22 0,25 0,29 0,09
Score of HADRS, units | 0,15 0,16 1 0,36** 0,25 0,26 0,25 0,28 0,40** 0,16
hsCRP, mg/L 0,21 0,31** | 0,36** 1 0,37** | 0,38** 0,27 0,28 0,41** | 0,41**
UA, umol/L 0,11 0,26 0,25 0,37** 1 0,12 0,29 0,27 0,40** 0,19
HbA1c,% 0,19 0,15 0,26 0,38** 0,12 1 0,25 0,27 0,44** | 0,42**
Total cholesterol, | ¢ 46 | 020 | 025 | 027 | 029 | 025 1 0,01 | 0,40 | 0,37
mmol/L
Low-density lipopro-
teins cholesterol 0,19 0,25 0,28 0,28 0,27 0,27 0,91** 1 0,41** 0,32*
(LDL-C), mmol/L
IMT, mm 0,38** | 0,29 0,40** 0,41** | 0,40** | 0,44** 0,40** 0,41** 1 0,60**
Stenosis, % 0,16 0,09 0,16 0,41** 0,19 0,42** 0,37* 0,32* | 0,60** 1
** — significant correlation p<0,01.
Table 2

Predictors of IMT thickening (>0,9 mm) and AP development in carotid arteries of T2D patients
Atherosclerotic plague (stenosis more than 20%)

IMT more than 0.9 mm

Indicator
RR 95% ClI X2 RR 95% ClI x2n

SBP > 140 mmHg 1,73 1,29-2,32 14,7 0,319 - - - -

BMI > 25 kg/m? 2,41 1,0-5,0 8,1 0,235 - - - -
hsCRP > 3,0 mg/L 2,07 1,32-3,23 15,6 0,328 3,62 1,91-6,84 | 29,9 0,454

UA > 300 umol/L 2,08 1,46-2,97 22,1 0,390 - - - -
HbA1c > 8,5% 1,72 1,02-2,72 5,8 0,363 2,50 1,13-2,98 7,9 0,259
Total cholesterol > 4,5 mmol/L 1,63 1,0-2,86 4,3 0,272 2,51 1,15-5,46 9,3 0,253
LDL-C > 2,6 mmol/L - - 2,6 - 1,67 1,0-2,99 4,3 0,272

More than 11 units by HADRS 2,15 1,49-3,10 13,5 0,303 - - - -

Note: RR — relative risk, Cl — confidence interval, x? — criterion of correlation, ¢ — criterion of strength of correlation.

All patients received proper medical treatment according to
the existing protocols for T2D patients management (Order of the
Ministry of Health of Ukraine from 21.12.2012 Ne1118 «Approval
and introduction of the medical and technological documents for
standardization of medical care in type 2 diabetes» ).

For all enrolled in the study patients comprehensive clinical
(measurement of systolic blood pressure (SBP), estimation of
body mass index (BMTI), evaluation of the emotional state of
patients by Hospital anxiety and depression rating scale
(HADRS), laboratory (serum levels of the lipids, HbAlc,
hsCRP and uric acid (UA) and sonographic (duplex color scan-
ning of carotids with IMT measurement, AP and vessels stenosis
determination) examination was done at the beginning of the
study and during observation period.

Statistical analysis was performed using IBM SPSS
Statistics 20.

RESULTS

The results of the correlation analysis between CVD RF and
surrogate markers of atherosclerosis in patients with T2D is pre-
sented in Table 1.

As shown in the Table 1, a direct medium-strength correlation
between carotid IMT and mean SBP (r=0,38, p<0,01), hsCRP
(=0,41, p<0,01), UA (r=0,40, p<0.01), HbAlc (r=0,44, p<0,01),
TC (r=0,40, p<0,01), LDL-C (r=0,41, p<0,01) and average score
of HADRS (r=0,40, p<0,01) for the observed period was found.
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Furthermore, a direct medium-strength correlation between
carotid stenosis and mean serum levels of hsCRP (r=0,41,
p<0,01), HbA1c (r=0,42, p<0,01), TC and LDL-C for the peri-
od of observation was found. At the same time the correlation
between carotid stenosis and lipids was a bit more weak (for TC
(r=0,37, p<0,05) and for LDL-C (r=0,32, p<0,05) which can
point at the more significant influence of the inflammatory
process on the stenosis development.

The significance of the different CVD RF for IMT thicken-
ing > 0,9 mm and AP development T2D patients was evaluated
of the relative risk (RR) and criterion of strength of correlation
(11). Results are presented in Table 2.

As shown in Table 2, the incidence of IMT thickening over
0,9 mm increases in more than 1,5 fold in patients with mean
SBP above 140 mmHg (x2 (1) = 14,7, ¢ — 0,319; RR: 1,73; 95%
CIL: 1,29-2,32), HbAlc > 8,5% (32 (1) = 5,8, 1 = 0,363; RR:
1,72; 95% CI: 1,02-2,72), TC > 4,5 mmol /L (3 (1) = 4,3, ¢ =
0,272; RR: 1,63; 95% CI: 1,0-2,86); in 2 fold — in patients with
hsCRP > 3,0 mg/L (2 (1) = 15,6, ¢ = 0,328; RR: 2,07; 95% CI:
1,32-3,23), UA > 300 pmol /L (2 (1) = 22,1, ¢ = 0,390; RR:
2,08; 95% CI: 1,46-2,97) and BMI > 25 kg/m? (2 (1) = 8,1, ¢
= 0,235; RR: 2,41; 95% CI: 1,0-5,0). The long term anxiety
state (more than 11 units by HADRS) doubled the incidence
of IMT > 0,9 mm %2 (1) = 13,5, @ = 0,303; RR: 2,15; 95% CI:
1,49-3,10).

The incidence of AP detection increased in more than 3 fold
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in patients with mean hsCRP > 3,0 mg/L (%2 (1)=29,9, ¢=0,454;
RR:3,62;95% CI:1,91-6,84); in 2 fold with mean HbA1c > 8,5%
(2 (1)=7.9, 9=0,259; RR:2,50; 95% CIL:1,13-2,98) and TC >
4,5 mmol /L (2 (1)=9,3, 9=0,253; RR:2,51; 95% CI:1,15-5,46);
1,5 fold — when LDL-C > 2,6 mmol/L (32 (1)=4,3, 9=0,272;
RR:1,67; 95% CI:1,0-2,99) during observation period (p<0,05).

CTeHo3upyloLwiee aTepockiiepoTuieckoe
nopaxeHue KapoTup, y 60sIbHbIX caxapHbiM AuabeTom
2-ro Tuna: Hau6onee 3HaunMble pakTopbl pUcKa
J1.B. XuumunoH, M.A. Pbibnukas

3HaynTe bHAd PACIPOCTPAHEHHOCTh aTEPOCKIIEPO3a M €ro OCIOKHE-
Huil y 6osibHbIx caxapubiM anaberom (C/) 2-ro Tuma onpezesnsieT He-
06X0MMOCTD B JAJbHENIINX NCCIEIO0BAHNSX CYIIECTBYIOMNX (HaKkTo-
pos pucka (DP).

Ileav uccnedosanus: onpenenuts Hanbosee sHaunmbie OP passurust
CTEHO3HMPYIOMIETO ATEPOCKICPOTUYECKOTO MOPAKEHIST COHHBIX apTe-
puii (CA) y 6ombrbix CJI 2-ro Tuma.

Mamepuanot u memoovt. [IpoBoausics KOPPEJAIUOHHbIN aHANIU3
MEXK/y CyPPOraTHBIMM MapKepaMiu aTepockyeposa (TOJIINHA KOM-
miaekca uHTUMa—Menua (TKVM), nammyme atepocKIepoTUYecKuX
6usiiex (AB), mporient crerno3a CA) 1 cpeiHIME OKA3aTeNSIMU CUC-
TOJINYECKOTO aprepuasibHoro aasiaerus (CA/L), mHaekca Macchl Tesa
(VIMT), sMO1IMOHATIBHOIO COCTOSIHUS TIAL[MEHTOB 110 LIKaJle TPeBOTU 1
nenpeccun (HADRS), munuporpammsi, HbA1c, BbicOKOUYBCTBUTEB-
noro C-peakrusnoro 6eska (BaCPB), mouesoii kuciorsr (MK) B cbi-
BOPOTKE KPOBU B IMHAMUKe B TeuerHue 5 jer y 145 Goapubix CJI 2-ro
tuna (cpexnuii Bozpact — 53,0 (49,0-60,5) roga). Craructuueckuit
aHasm3 1poBezieH ¢ momotnibio IBM SPSS Statistics 20.
Pesynvmamot. O6Hapy:kena npsivMast casisb cpetrei cubl Meskiy TKIIM
u cpesianumu okazatesssmu CA/L (r=0,38), BuCPb (1=0,41), MK (r=0,40),
HbAle (1=0,44), obmero xomecrepuna (OXC) (r=0,40), XC JIITHII
(r=0,41), kosmuectBom Gasios no HADRS (r=0,40). [Iporent crerosa
npocseta CA MMeJT IPSIMYIO CBSI3b CPeJIHEll CHIbI CO CPEIHIMU YPOBHSAMUI
BuCPB (1=0,41), HbA1c (r=0,42), OXC (1=0,37), XC JIITHII (r=0,32).
Yacrota BoisiBiennst Ab B npocsere CA yBesmumBaiach B 3 pasa 1pu
CpeHUX ToKazaressix 3a nepuop Habmogenuss BuCPB>3,0 mr/n (2
(1)=29)9, 9=0,454; OP=3,62 (/111:1,91-6,84), B 2 pasa npu HbA1c>8,5%
O (1)=7)9, 9=0,259; OP=2,50 (/111:1,13-2,98) 1 OXC>4,5 mmois/1 ()
(1)=9,3, 9=0,253; OP=2,51 (JIU1:1,15-5,46)), B 1,5 pasa — y naieHToB ¢
XC JIITHIT>2,6 mmoms/ot (3 (1)=4,3, 9=0,272; OP=1,67 ([111:1,0-2,99).
Bu1600b1. HanGouree sHaurvbie DP passutist CTEHO3MPYIOIIETO aT€POCKIIe-
porudeckoro mopakenns: kaporux: BuCPB>3,0 mr/n, HbA1c>8,5%,
OXC>4,5 mmoub/n, XC JIITHIT>2,6 Mmoo/, MK>300 mrmosib,/o,
CAT>140 mm pr.ct., 6osiee 11 Gasos no mkane HADRS u UMT>25 kr/m%
Kntouesvie cnosa: caxaphoui duabem 2-20 muna, paxmopol cepoeuno-
COCYOUCNOZ0 PUCKA, AMEPOCKIEPO3, MOTUUNHA KOMNICKCA UHMUMA—MeOud,
amepockiepomuueckue CIsUKU.

CONCLUSION
The most significant predictors of the carotid stenotic ather-
osclerotic lesions development in T2D patients are hsCRP >
3,0 mg/L, HbAlc > 8,5%, TC > 4,5 mmol/L, LDL-C >
2,6 mmol/L, UA > 300 umol/L, SBP > 140 mmHg, HADRS >
11 units and BMI > 25 kg/m?.

CTeHO3ylo4e aTepoCKJIePOTUYHE YPaKEHHS
KapoTua y XBOpUX Ha LLYKPOBuUii AiabeT 2-ro Tuny:
HaGinbL 3HaYyLWi paKkTopu PU3NKy

J1.B. XimioH, M.O. Pubuuybka

3HayHa ITOMNPEHICTh aTePOCKIEPO3Y Ta HOTO YCKJIa[HEHb Y XBOPUX Ha
uykposuii giaber (I1/1) 2-ro Tuny BU3HAUaE HEOOXITHICTH B TIOAAJb-
HIUX JOCTiKEHHSIX icHyounx dakropis pusuky (DP).

Mema odocnioxcenns: susHaunt HailGinbm 3Hauyni MOP posBuTky
CTEHO3YBaJILHOTO aTEPOCKJICPOTUYHOTO YPAKEHHS COHHMUX apTepiit
(CA) y xBopux nHa /[ 2-ro Tumy.

Mamepianu ma memoou. TIpoBoanBCS KOPEJAANIHIN aHaIi3 Mix cy-
pPOraTHUMM MapKepaMi aTepoCKIepo3y (TOBIIMHA KOMILIEKCY iHTH-
ma—meqmia (TKIM), wasiBHicTh arepocksepornunux 6osimok (AB),
Biicotok crerody CA) Ta cepeHiMM MOKA3HUKAMHU CHCTOJIYHOTO ap-
tepiasibroro ticky (CAT), ingexcy macu tina (IMT), emouiitroro cra-
Hy HanieHTiB 3a mkasoio tpusoru i genpecii (HADRS), aimizorpamu,
HbA1c, Bucokouyrimsoro C-peakrusroro Ginka (B4CPB), cedosoi
xuciorn (CK) y cupoBariti kpoBi B AnHaMIIli TpoTsATOM 5 pokiB y 145
xBopux Ha I1/] 2-ro tuny (cepeaniii Bik — 53,0 (49,0—60,5) poky). Cra-
TUCTUYHWI aHATI3 poBeeHnii 3a qonomoroto IBM SPSS Statistics 20.
Pezynvmamu. Busasienuil npsMuili 3B’s130K CepeHbOI CUIM Mixk
TKIM i cepennimu nokasankamu CAT (r=0,38), BuCPb (r=0,41), CK
(r=0,40), HbA1c (r=0,44), saranbroro xoaecrepuny (3XC) (r=0,40),
XC JITHIIL (r=0,41), kizbkictio 6anis 3a HADRS (r=0,40). Bixcorox
crenody npocBity CA MaB npsiMuii 3B’s130K CepeiHboi cuim 3 ce-
pennimu pisasimu BuCPB (r=0,41), HbA1c (r=0,42), 3XC (r=0,37),
XC JIITHIL (r=0,32). Yacrora Bussiaennss AB B mpocsiti CA
301JIbIIYBaJIACs B 3 Pasyl [IPH CEPeIHiX MOKA3HUKAX 3a [ePioj| CriocTe-
pesxennst BuCPB>3,0 wmr/n (x> (1)=29,9, 1u=0,454; BP=3,62
(A1:1,91-6,84), B 2 pasu mpu HbA1c>8,5% (x* (1)=7,9, ¢=0,259;
BP=2,50 (/11:1,13-2,98) ta 3XC>4,5 mmoun/a (x*(1)=9,3, 9=0,253;
BP=2,51 (AL:1,15-5,46), B 1,5 pasy — y mamienris 3 XC
JITTHII>2,6 mmous /a1 (}2(1)=4,3, 9=0,272; BP=1,67 (/11:1,0-2,99).
Bucnoeox. Haiibinbiun snauyuti P po3BUTKY CTEHO3YBaIbHOTO aTe-
pockjepoTHYHOro  ypaxkenus — kaporua: BuYCPB>3,0  wmr/mx,
HbA1¢>8,5%, 3XC>4,5 mmouan/n, XC JIITHII>2,6 mmoms/i,
CK>300 mxmoub/o1, CAT>140 mm pr.cr., Gizbure 11 6asis 3a mkasioio
HADRS ra IMT>25 xr/m%

Kniouosi cnosa: yyxposuii diabem 2-20 muny, gaxmopu cepuyeso-cy-
OUNHO20 PUSUKY, AMEPOCKAEPO3, MOBUUHA KOMNIEKCY inmuma—media,
amepockiepomuyti GAsUKY.
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