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The purpose of the study was to assess of the frequency of multifocal atherosclerosis and plural atherosclerotic plaques 
in the different vessels of patients with type 2 diabetes mellitus and its combination with metabolic syndrome. Results showed that 
12.02 % of patients with diabetes mellitus without metabolic syndrome had multifocal atherosclerosis with simultaneous damage 
of 2 vessels, in patients with diabetes mellitus+metabolic syndrome – 22.75 % (p<0.001). Significantly more frequent cases of 
multifocal atherosclerosis with simultaneous involvement of several vascular beds in patients with diabetes mellitus without 
metabolic syndrome and with diabetes mellitus+metabolic syndrome in contrast to patients without diabetes and metabolic 
syndrome (p<0.01). Thus, a significant effect of diabetes mellitus on the rapid development and progression of atherosclerosis, 
which is exacerbated with the accession of the metabolic syndrome, has been demonstrated. 

Key words: atherosclerotic plaques, type 2 diabetes mellitus, metabolic syndrome, arterial hypertension 
 

Р.А. Рзаєва 
МУЛЬТИФОКАЛЬНИЙ АТЕРОСКЛЕРОЗ У ХВОРИХ НА ЦУКРОВИЙ ДІАБЕТ 2 ТИПУ 

У ПОЄДНАННІ З МЕТАБОЛІЧНИМ СИНДРОМОМ 
 

Метою дослідження стала оцінка частоти мультифокального атеросклерозу та множинних атеросклеротичних 
бляшок у різних судинах у хворих на цукровий діабет 2 типу у поєднанні з метаболічним синдромом. Результати показали, 
що у хворих на цукровий діабет без метаболічного синдрому мультифокальний атеросклероз з одночасним ураженням 2-
х судин мав місце у 12,02 % пацієнтів, у хворих з комбінацією цукровий діабет+метаболічний синдром – у 22,75 % 
(р<0,001). Достовірно частіше зустрічалися випадки мультифокального атеросклерозу з одночасним ураженням кількох 
судинних русел у хворих на цукровий діабет без метаболічного синдрому та з комбінацією цукровий діабет+метаболічний 
синдром на відміну від хворих без цукрового діабету та метаболічного синдрому (p<0,01). Таким чином, показано значний 
вплив цукрового діабету на швидкий розвиток та прогресування атеросклерозу, що посилюється з приєднанням 
метаболічного синдрому. 

Ключові слова: атеросклеротичні бляшки, цукровий діабет 2 типу, метаболічний синдром, артеріальна 
гіпертензія. 

 

The problem of multifocal atherosclerosis is currently extremely relevant. Complications of 
multifocal atherosclerosis, such as coronary heart disease and cerebral stroke, are the leading causes of 
death and disability in developed countries’ populations [1, 5, 13]. 

It is known that atherosclerotic lesions of the vascular bed often complicate the clinical course of 
type 2 diabetes mellitus (DM-2) [3, 4]. On the other hand, the pathogenic effect of all components of the 
metabolic syndrome (MS) (arterial hypertension, hyperglycemia, obesity, lipid metabolism disorders) is 
also mainly directed to the vascular system [7, 8]. 

The causes of this process are close related to the pathogenetic mechanisms of these metabolic 
disorders. Diabetes mellitus comprises a group of carbohydrate metabolism disorders that share a common 
main feature of chronic hyperglycemia that results from defects of insulin secretion, insulin action, or both. 
Insulin is an important anabolic hormone, and its deficiency leads to various metabolic abnormalities in 
proteins, lipids, and carbohydrates. Various glucose metabolism parameters have different effects the 
degree of arterial stiffness and presence of carotid atherosclerosis. Atherosclerosis develops as a result of 
a multistep process ultimately leading to cardiovascular disease associated with high morbidity and 
mortality. Alteration of lipid metabolism is a risk factor and characteristic feature of atherosclerosis [11]. 

However, the data available so far do not allow for developing effective anti-inflammatory 
therapeutic and preventive strategies that would stop multifocal atherosclerotic lesion progression or induce 
lesion reduction [2]. 

In recent years, to assess the functional and structural changes in the vessels, ultrasonic methods 
of vascular examination have been increasingly used, which make it possible to visualize intravascular 
atherosclerotic plaques (AP), which directly indicate the development of an atherosclerotic lesion [10]. 

The purpose of the study was to provide a comparative examination of the number of detected 
atherosclerotic plaques in patients with type 2 diabetes mellitus and its combination with metabolic 
syndrome in comparison with persons without type 2 diabetes mellitus and metabolic syndrome of similar 
age and sex composition. 
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Material and methods. 233 patients were examined: 139 (59.7 %) men and 94 (40.3 %) women, 
aged 27 to 81 years with an average age of 59.72+8.4 years. In 73 patients (49 men and 24 women) isolated 
DM-2 was diagnosed, in 74 patients (38 men and 36 women) DM-2 in combination with MS (DM-2+MS), 
86 patients (52 men and 34 women) made up the comparison group (CG) – without DM-2 and MS. 

The diagnosis of DM-2 was established based on the recommendations of the American Diabetes 
Association (ADA) and the World Health Organization (WHO) [9]; the diagnosis of MS was established 
according to the WHO criteria in the presence of two additional of three diagnostic factors [12]. 

In the group of patients with isolated DM-2, 32 (43.84 %) patients had mild DM-2, and 41 
(56.16 %) patients had moderate DM-2. In 49 (67.12 %) patients, DM-2 was in the compensation phase, 
and in 24 (32.88 %) – in the subcompensation phase.  

In the group of patients with a combination of DM-2+MS, 28 (37.84 %) patients had mild DM-2, 
46 (62.16 %) patients had moderate DM-2. In 31 (41.89 %) patients, DM-2 was in the compensation phase, 
in 43 (58.11 %) patients it was in the subcompensation phase. 

The degree of arterial hypertension (AH) was established in accordance with the recommendations 
of the European Society of Hypertension and the European Society of Cardiology [15], while the 
percentage of patients with various degrees of AH in the groups of patients, regardless of the presence of 
DM-2 and MS, did not differ significantly. All compared groups of patients were comparable in age (p=0.3) 
and sex (according to Fisher's test, p=0.2). 

Laboratory research methods included the determination of the level of glucose and insulin in the 
blood on an empty stomach. All patients underwent ultrasound examination of the main arteries of the 
neck, upper and lower extremities using the apparatus PHILIPS-HD 11 (Germany) according to the 
standard technique using a linear probe with a frequency of 7.5 MHz. 

Statistical processing of the results of the study was carried out using the statistical computer 
program Statistica 6.0 from StatSoft (USA). When comparing quantitative data, Fisher's test and 
Spearman's nonparametric rank correlation test (2) was used. Differences were considered statistically 
significant at p<0.01. 

Results of the study and their discussion. All patients in 3 compared groups had concomitant 
diseases: arterial hypertension in 39 (53.42 %) with DM-2, in all 74 with DM-2+MS and in 44 (51.16 %) 
in CG; ischemic heart diseases – in 38 (52.05 %) with DM-2, in all 46 (62.16 %) with DM-2+MS and in 
34 (39.53 %) in CG; angina pectoris – in 28 (38.35 %) with DM-2, in 33 (44.59 %) with DM-2+MS and 
in 21 (24.42 %) in CG; chronic heart failure II-III functional degree – in 3 (4.11 %) with DM-2, in 8 
(10.81 %) with DM-2+MS and in 1 (1.16 %) in CG; postinfarction cardiosclerosis – in 1 (1.37%) with DM-
2; in 7 (9.46 %) with DM-2+MS. 

In 88 (37.77 %) patients out of the total number of patients examined, multifocal atherosclerosis 
was noted with simultaneous damage to several vascular beds. 

The combined lesions (CL), reflecting the presence of multifocal atherosclerosis, were significantly 
more often detected in patients with a combination of DM-2+MS, significantly exceeding the same 
indicator both in the group of patients with DM-2 without MS, and in CG: 53 (22.75 %) versus 28 
(12.02 %) and 9 (3.86 %) (p<0.001), respectively. In the group of patients with DM-2+MS, the studied 
parameter was also significantly higher in comparison with DM-2 without MS (p<0.001). In the compared 
groups in men, multifocal atherosclerosis in the compared groups of patients was detected more often, 
although the differences did not reach significance. 

In the examined patients, vascular damage (VD) were represented by the following main 
combinations: common carotid artery (CCA)+ External carotid artery (ECA) – in 7 (3.0 %) patients in the 
DM-2 group without MS, in 13 (5.57 %) in the DM-2+MS group, and in 1 (0.43 %) in CG; CCA+ internal 
carotid artery (ICA) – in 7 (3.0 %) in the DM-2 group without MS, in 9 (3.9 %) in the DM-2+MS group 
and in 3 (1.29 %) in the CG; CCA+ vertebral artery (VA) – in 4 (1.72 %) patients in the DM-2 group 
without MS, in 5 (2.1 %) patients in the DM-2+MS group, in 1 (0.43 %) patient in the CG; CCA+ common 
femoral artery (CFA) – in 4 (1.72 %) in the DM-2 group without MS, in 9 (3.9 %) in the DM-2+MS group 
and in 2 (0.86 %) in the CG; CFA+ deep femoral artery (DFA) / superficial femoral artery (SFA) – in 4 
(1.72 %) in the DM-2 group without MS, in 5 (2.15 %) in the DM-2+MS group, and in 1 (0.43 %) in the 
CG;CFA+ popliteal artery (PA) – in 3 (1.29 %) patients in the group of patients with DM-2 without MS, 
in 4 (1.72 %) in the group of patients with DM-2+MS and in 1 (0.43 %) in the CG. VD of 3 or more 
vascular beds were represented by a combination of CCA+CFA+PA – in 4 (1.72 %) and CCA+CFA+ 
brachial artery (AA) – in 4 (1.72 %) patients in the DM-2+MS group. In the DM-2 group without MS and 
in the CG such VD were not detected. 



ISSN 2079-8334. Світ медицини та біології. 2022. № 4 (82) 

150 

Our data indicate a significant increase in the frequency of detection of combined atherosclerotic 
changes in the main arteries of various vascular beds in people with DM-2+MS, even in comparison with 
patients with DM-2 without MS. So, in the group of patients with DM-2 without MS, out of 73 people, 28 
(12.02 %) of the total number of patients) had multifocal atherosclerosis with simultaneous damage to 2 
vessels, in patients with a combination of DM-2 + MS, such lesions were detected in 53 (22.75 %) of 74 
patients, the differences reached statistical significance (p<0.001). At the same time, in the group without 
DM-2+MS, only 9 patients (3.86 % of the total number of patients) had CL, which was a significantly 
lower value compared to the first two groups (p<0.001). 

In most cases, during ultrasound examination of blood vessels, we were able to visualize one 
intravascular AB of various shapes and sizes, however, often more than 1 AB was visualized in the same 
vessel, the so-called “multiple” AB. 

Multiple AB were not detected in the CG, only in the groups of patients with DM-2 without MS 
and DM-2+MS. 

When several AP were found in one large vessel, their number in most cases did not exceed 2–3 
relatively small, hemodynamically insignificant AP. In a few patients, however, the number of AP reached 
6–7, in particular in the SA in 2 patients. The number of vessels affected multiple plaques in patients of 
different groups is showed in Table 1 

Table 1 
The frequency of detection of multiple AP in various main arteries in patients with DM-2 without  

and with MS 
The number of vessels affected multiple plaques 

DM-2 without MS DM-2+MS 
External carotid artery (ECA) 

right 1 (0.43 %) (А) 0 (0.0 %) 
left 1 (0.43 %) (А) 0 (0.0 %) 
generally 2 (0.86 %) (А) 0 (0.0 %) 

Internal carotid artery (ICA) 
right 1 (0.43 %) (А) 0 (0.0 %) 
left 1 (0.43 %) (А) 0 (0.0 %) 
generally 2 (0.86 %) (А) 0 (0.0 %) 

Vertebral artery (VA) 
right 3 (1.29 %) (B–3) 1 (0.43 %) (B–1) 
left 1 (0.43 %) (B–1) 1 (0.43 %) (B–1) 
generally 4 (1.72 %) (B–4) 2 (0.86 %) (B–2) 

Axillary artery (AA) 
right 1 (0.43 %) (А–1) 0 (0.0 %) 
left 0 (0.0 %) 0 (0.0 %) 
generally 1 (0.43 %) (А–1) 0 (0.0 %) 

Common femoral artery (CFA) 
right 11 (4.72 %) (А–1, B–3) 1 (0.43 %) (B–1) 
left 9 (3.86 %) (В–3) 2 (0.86 %) (А–1) 
generally 20 (8.58 %) (А–1, B–3, В–3) 3 (1.29 %) (А–1,B–1) 

Deep femoral artery (DFA) 
right 3 (1.29 %) (А–1,В–2) 2 (0.86 %) (А–2, B–1) 
left 4 (1.72 %) (А–2,B–1,В–4) 2 (0.86 %) (А–1, B–1) 
generally 7 (3.0 %) (А–3, B–1, В–6) 4 (1.72 %) (А–3, B–2) 

Superficial femoral artery (SFA) 
right 4 (1.72 %) (А–2,B–2) 3 (1.29 %) (А–2,B–1, D–1) 
left 2 (0.86 %) (B–2) 3 (1.29 %) (А–1, B–1, D–1) 
generally 6 (2.58 %) (А–2, B–4) 6 (2.58 %) (А–3, B–2, D–2) 

Popliteal artery (PA) 
right 3 (1.29 %) (B–2, D–1) 5 (2.15 %) (А–2,В–2) 
left 4 (1.72 %) (B–1, В–1, Е–1) 4 (1.72 %) (А–2, B–3) 
generally 7 (3.0 %) (B–3, В–1, D–1, Е–1) 9 (3.86 %) (А–4, B–3, В–2) 

Posterior tibial artery (PTA) 
right 1 (0.43 %) (А–1) 2 (0.86 %)  (А–2) 
left 0 (0.0 %) 0 (0.0 %) 
generally 1 (0.43 %) (А–1) 2 (0.86 %) (А–2) 

Note: Number of AP: A–2; B–3; C–4; G–5; D–6; E–7 
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In order to assess the effect of elevated blood pressure (BP) on this factor, we divided the total 
number of examined patients with DM-2 into 2 subgroups with high and normal BP, presenting the data in 
Table 2. 

Table 2 
The frequency of detection of multiple AP in various main arteries in patients with DM-2 with normal  

and elevated blood pressure levels 
Diagnosis DM-2 + AH (n=39) DM-2 without AH (n=34)  

NAV NAP NAV NAP 
Common femoral artery (CFA) 

right 9 (12.33 %) 30 2 (2.74 %) 4 
left 7 (9.59 %) 24 2 (2.74 %) 7 
generally 16 (21.92 %)* 54 4 (5.48 %)* 11 

Deep femoral artery (DFA) 
right 4 (5.48 %) 11 0 (0.0 %) 0 
left 3 (4.11 %) 8 1 (1.37 %) 3 
generally 7 (9.59 %) 19 1 (1.37 %) 3 

Superficial femoral artery (SFA) 
right 3 (4.11 %) 8 0 (0.0 %) 0 
left 2 (2.74 %) 4 1 (1.37 %) 4 
generally 5 (6.85 %) 12 1 (1.37 %) 4 

Popliteal artery (PA) 
right 4 (5.48 %) 15 0 (0.0 %) 0 
left 3 (4.11 %) 11 2 (2.74 %) 5 
generally 7 (9.59 %) 26 2 (2.74 %) 5 

Posterior tibial artery (PTA) 
right 0 (0.0 %) 0 1 (1.37 %) 2 
left 0 (0.0 %) 0 0 (0.0 %) 0 
generally 0 (0.0 %) 0 1 (1.37 %) 2 

Axillary artery (AA) 
right 1 (1.37 %) 2 0 (0.0 %) 0 
left 0 (0.0 %) 0 0 (0.0 %) 0 
generally 1 (1.37 %) 2 0 (0.0 %) 0 

Notes: NAV – the number of affected vessels; NAP - Number of atherosclerotic plaques; * – significance of differences between 
patients with DM-2 without and with AH (Fisher's exact test (two-tailed)=0.00783; p<0.01). 

 

The number of detected multiple AP was significantly higher in the subgroup with concomitant 
hypertension, which was confirmed by significant differences in the occurrence of multiple plaques in the 
CFA and DFA with a relatively more frequent, but not reaching statistical significance, detection in other 
main arteries of the lower extremities – PA and SFA. Based on the fact that not a single case of detection 
of multiple AP was noted in the CG, we came to the conclusion that the presence of DM-2 in patients, 
especially in cases of combination with AH and MS, led to an increase in the frequency of detection of 
more extensive and rapidly progressive atherosclerotic changes in the walls of the main arteries. 

The results of our study showed significant role of DM-2 and MS as a risk factor in the development 
of atherosclerosis. There are some similar studies with rather resembling data. So, Sumin AN, et al. 
retrospectively analyzed 2411 hospital forms of patients with ischemic heart disease subjected to coronary 
artery bypass grafting (CABG), 317 of them had DM. They revealed that among patients with IHD MFA 
before CABG was found in 46.1 % of patients with DM and 33.1 % of similar sex and age patients without 
DM. Recommendation of authors are similar with ours, that patients with DM require focused examination 
for detection of manifestations of MFA and conduct of necessary curative and preventive interventions [6]. 

The other study was conducted by Gracheva SA, et al. with the purpose to assess the prognostic 
value of MFA in patients with DM at high risk for myocardial ischemia. The investigation included 148 
patients: 25 with type 1 DM, 73 with type 2 DM, and 50 without DM who had undergone coronary 
angiography. The authors analyzed not only effect of DM, but also influence of other factors such as 
smoking, creatinine and fibrinogen levels. It may change the results due to multifactorial effect.  Besides 
that, in their work we cannot find the results in the patient with DM in association with MS. But as in our 
study Gracheva SA, et al. pointed that in the patients with DM, concurrent atherosclerosis of two or more 
vascular beds is an important factor for the progression of cardiovascular and renal diseases [3]. 

Despite of in our work we observed only patient with DM2, some investigator noticed that both 
types of diabetes mellitus can actually induce atherosclerosis development or further accelerate its 
progression. Elevated glucose level, dyslipidemia, and other metabolic alterations that accompany the 
disease development are tightly involved in the pathogenesis of atherosclerosis at almost every step of the 
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atherogenic process [2, 11, 14]. This theory supports our results about mutual reinforcement DM and MS 
in our patient. 

 

Conclusions 
1. There is a significant increase in the frequency of detection of combined atherosclerotic changes 

in the main arteries of various vascular beds in people with DM-2 + MS, even in comparison with patients 
with DM-2 without MS. So, in the group of patients with DM-2 without MS, 12.02% of the total number 
of patients had multifocal atherosclerosis with simultaneous damage to 2 vessels, in patients with a 
combination of DM-2 + MS, such lesions were detected in 22.75% of patients (p<0.001). 

2. Significantly more frequent detection of cases of multifocal atherosclerosis with simultaneous 
involvement of several vascular beds in groups of patients with DM-2 without MS and with a combination 
of DM-2+MS in contrast to patients without diabetes and metabolic syndrome (F=0.00783; p<0.01) 

Thus, results of our study confirms that the presence of DM-2 plays the role of its own very 
significant risk factor in the development of atherosclerosis, the influence of which exceeds the influence 
of many of the traditional risk factors. 

 

References 
1. Avilova MV, Kosmacheva YeD. Multifokalnyy ateroskleroz: problema sochetannogo ateroskleroticheskogo porazheniya 
koronarnogo i brakhiotsefalnogo basseynov. Kreativnaya kardiologiya. 2013; 1: 5–13. [in Russian] 
2. Genkel VV, Salashenko AO, Shamaeva TN. Ateroskleroz perifericheskikh arteriy u bolnykh ishemicheskoy boleznyu serdtsa i 
sakharnym diabetom 2 tipa. Therapeutic Archive. 2019; 91 (10): 54–62. DOI: 10.26442/00403660.2019.10.000106 [in Russian] 
3. Gracheva SA, Biragova MS, Glazunova AM, Klefortova II, Shamkhalova MSh, Dzhavelidze MI, et al. Faktory riska i 
prognosticheskoye znacheniye multifokalnogo ateroskleroza u bolnykh s sakharnym diabetom. Ter Arkh. 2014;86(10):20–6. 
PMID: 25509887 [in Russian] 
4. Puzyrov GS, Lyakhovskyi VI, Shepitko VI, Sydorenko AV. Morfolohichne obgruntuvannya zastosuvannya poetapnoyi 
dozovanoyi balonnoyi anhioplastyky u porivnyanni z standartnoyu metodykoyuu khvorykh z ishemichnoyu formoyu syndromu 
diabetychnoyi stopy. Svit medytsyny ta biolohiyi. 2020; 3 (73): 87–91. DOI: 10.26724/2079-8334-2020-3-73-87-91. 
[in Ukrainian] 
5. Sedykh DY, Kazantsev AN, Tarasov RS, Kashtalap VV, Volkov AN, Grachev KI, et al. Prediktory progressiruyushchego 
techeniya mnogoochagovogo ateroskleroza u bolnykh infarktom miokarda. Kardiologiya. 2019;59(5):36–44. doi: 
10.18087/cardio.2019.5.10257. [in Russian]  
6. Sumin AN, Bezdenezhnykh NA, Bezdenezhnykh AV, Ivanov SV, Barbarash OL, Barbarash LS. Vliyaniye sakharnogo diabeta 
2 tipa na rasprostranennost mnogoochagovogo ateroskleroza u bolnykh ishemicheskoy boleznyu serdtsa. Kardiologiia. 
2012;52(11):33–41. [in Russian] 
7. Bonaca MP, Gutierrez JA, Cannon C, et al. Polyvascular disease, type 2 diabetes, and long-term vascular risk: a secondary 
analysis of the IMPROVE-IT trial. Lancet Diabetes Endocrinol. 2018;6(12):934–43. doi:10.1016/S2213-8587(18)30290-0. 
8. Cavender MA, Steg PG, Smith SC Jr, Eagle K, Ohman EM, Goto S, et al. REACH Registry Investigators. Impact of diabetes mellitus 
on hospitalization for heart failure, cardiovascular events, and death: outcomes at 4 years from the Reduction of Atherothrombosis for 
Conti -nued Health (REACH) Registry. Circulation. 2015;132:923-31. doi:10.1161/CIRCULATIONAHA.114.014796 
9. Classification of diabetes mellitus. WHO. Geneva. 2019. 36p. https://apps.who.int/iris/bitstream/handle/10665/325182/ 
9789241515702-eng.pdf 
10. Grozdinski L, Stankev MM, Doganov A. Ultrasound screening of multifocal atherosclerosis: markers for coronary heart 
disease. Journal of Geriatric Cardiology. 2009: 6 (1): 31–37. 
11. Poznyak A, Grechko AV, Poggio P, Myasoedova VA, Alfieri V, Orekhov AN. The Diabetes Mellitus-Atherosclerosis 
Connection: The Role of Lipid and Glucose Metabolism and Chronic Inflammation. Int J Mol Sci. 2020 Mar 6;21(5):1835. doi: 
10.3390/ijms21051835. 
12. Protus BM. BMJ Best Practice. J Med Libr Assoc. 2014 Jul;102(3):224–5. doi: 10.3163/1536-5050.102.3.020. 
13. Skorodumova EG, Kostenko VA, Skorodumova EA, Siverina AV, Rysev AV. Medical model of the diagnosis of multifocal 
atherosclerosis in patients with stable ischemic heart disease. European Heart Journal. 2021; 42(1), ehab724.3278. 
doi:10.1093/eurheartj/ehab724.3278. 
14. Stojanović SD, Fiedler J, Bauersachs J, et al. Senescence-induced inflammation: an important player and key therapeutic target 
in atherosclerosis. Eur Heart J. 2020;41(31):2983–96. doi:10.1093/eurheartj/ehz919.10. 
15. Whelton PK, Carey RM, Aronow WS, Casey DE Jr, Collins KJ, Dennison Himmelfarb C, et al. 2017 
ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/ASH/ ASPC/NMA/PCNA Guideline for the Prevention, Detection, Evaluation, and 
Management of High Blood Pressure in Adults: Executive Summary: A Report of the American College of Cardiology/American 
Heart Association Task Force on Clinical Practice Guidelines. Hypertension. 2018 Jun;71(6):1269–1324. 
doi: 10.1161/HYP.0000000000000066. 

Стаття надійшла 19.12.2021 p. 
  


