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 R e s u m e

The purpose was to study the significance of individual components of metabolic syndrome and

their various combinations as risk factors for coronary heart disease. 

Material and methods. The study included 1335 males representing a representative sample of the 

unorganized population of the city of Tashkent (Uzbekistan). Some risk factors of coronary heart 

disease (including the main components of metabolic syndrome) were studied. Mathematical 

processing was determined correlation indicators, average and relative values of the studied risk 

factors. 

Results. The differences in correlations between different risk factors of coronary heart disease 

were revealed. Coronary heart disease has been shown to be associated with all major components of 

metabolic syndrome. However, the severity of these relationships varies. As the number of risk factors 

in the structure of coronary heart disease increases, the proportion of typical angina pectoris 

decreases, and the proportion of pain-free and atypical manifestations of coronary heart disease 

increases. Among individuals with MS, the frequency of pain-free and atypical manifestations of 

coronary heart disease is 3.63 times higher than typical angina pectoris.  

Summary. The connection between coronary heart disease and the main components of metabolic 

syndrome has been established. It is shown that with impaired glucose tolerance, pain-free and 

atypical variants of the course of this disease are more common. 

 Keywords: coronary heart disease, metabolic syndrome, impaired glucose tolerance, obesity, 

diabetes, hypertension, dyslipidemia.  

ОСОБЕННОСТИ ИШЕМИЧЕСКОЙ БОЛЕЗНИ СЕРДЦА ПРИ НАЛИЧИИ 

МЕТАБОЛИЧЕСКОГО СИНДРОМА И ЕГО ОТДЕЛЬНЫХ КОМПОНЕНТОВ 

М.Н. Исматова 
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 Резюме

Цель — изучить значение отдельных компонентов метаболического синдрома и их

различных сочетаний как факторов риска ишемической болезни сердца. 

Материал и методы. В исследование были включены 1335 мужчин, представляющих 

репрезентативную выборку неорганизованного населения города Ташкента (Узбекистан). 

Изучены некоторые факторы риска ишемической болезни сердца (в том числе основные 

компоненты метаболического синдрома). Математической обработкой были определены 

корреляционные показатели, средние и относительные значения изучаемых факторов 

риска. 

Полученные результаты. Выявлены различия в корреляционных связях между 

различными факторами риска ишемической болезни сердца. Было показано, что 

ишемическая болезнь сердца связана со всеми основными компонентами метаболического 

синдрома. Однако тяжесть этих отношений различна. По мере увеличения количества 

факторов риска в структуре ИБС доля типичной стенокардии уменьшается, а доля 
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безболевых и атипичных проявлений ИБС увеличивается. Среди лиц с МС частота 

безболевых и атипичных проявлений ИБС в 3,63 раза выше, чем типичной стенокардии. 

Краткое содержание. Установлена связь между ишемической болезнью сердца и 

основными компонентами метаболического синдрома. Показано, что при нарушенной 

толерантности к глюкозе чаще встречаются безболевой и атипичный варианты течения 

этого заболевания. 

  Ключевые слова: ишемическая болезнь сердца, метаболический синдром, нарушение 

толерантности к глюкозе, ожирение, сахарный диабет, артериальная гипертензия, 

дислипидемия. 

METABOLIK SINDROM VA UNING ALOHIDA KOMPONENTLARI MAVJUD 

BO'LGAN BEMORLARDA YURAK ISHEMIK KASALLIKLARINING XUSUSIYATLARI 
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 Rezyume

Maqsad-metabolik sindromning individual komponentlari va ularning turli kombinatsiyalarining

yurak-qon tomir kasalliklari uchun xavf omillari sifatida ahamiyatini o'rganish. 

Materiallar va usullar. Tadqiqotda Toshkent shahrining (O'zbekiston) uyushmagan aholisining 

vakillik namunasini ifodalovchi 1335 nafar erkak ishtirok etdi. Yurak ishemik kasalligining ayrim 

xavf omillari (shu jumladan metabolik sindromning asosiy komponentlari) o'rganildi. Matematik 

ishlov berishda korrelyatsiya ko'rsatkichlari, o'rganilayotgan xavf omillarining o'rtacha va nisbiy 

qiymatlari aniqlandi. 

Natijalar. Yurak ishemik kasalligining turli xavf omillari o'rtasidagi korrelyatsiyadagi farqlar 

aniqlandi. Yurak ishemik kasalligi metabolik sindromning barcha asosiy komponentlari bilan 

bog'liqligi ko'rsatilgan. Biroq, bu munosabatlarning jiddiyligi turlicha. Yurak ishemik kasalliklari 

strukturasidagi xavf omillari soni ortib borishi bilan tipik angina pektorisining ulushi kamayadi, 

yurak ishemik kasalliklarining og'riqsiz va atipik ko'rinishlarining ulushi ortadi. MS bilan og'rigan 

bemorlarda yurak-qon tomir kasalliklarining og'riqsiz va atipik ko'rinishlarining chastotasi odatdagi 

yurak ishemik kasalligiga qaraganda 3,63 baravar yuqori. 

Xulosa. Yurak ishemik kasalligi va metabolik sindromning asosiy tarkibiy qismlari o'rtasidagi 

bog'liqlik o'rnatildi. Glyukoza bardoshliligi buzilgan taqdirda, ushbu kasallikning og'riqsiz va atipik 

variantlari ko'proq uchraydi. 

  Kalit so'zlar: yurak ishemik kasalligi, metabolik sindrom, buzilgan glyukoza bardoshlik, semizlik, 

diabet, gipertoniya, dislipidemiya. 

Relevance 

o date, quite a large number of scientific facts have accumulated indicating that in the development

   and progression of cardiovascular diseases (CVD), including coronary heart disease (CHD), a large 

number of different risk factors (RF) [1, 2, 3, 4]. One of the most important CHD IS hypertension (AH). 

According to the literature data, CHD in AH develops more often and is more complicated by 

myocardial infarction than in normal blood pressure [3]. According to a number of authors, overweight 

(BMI) is one of the main RF of CHD [3, 5].  

Along with the important role of hypercholesterolemia (GC) in the development of CHD, in 

particular, the importance of the lipid triad: the combination of hypertriglyceridemia (HTG), hyper β-

lipoproteinemia (HΒLIP) and low level of a-cholesterol [6]. The important role of diabetes mellitus 

(DM) in the development of CHD has been convincingly proved [7, 8]. DM often develops among 

individuals with previously impaired glucose tolerance (IGT). However, the presence of IGT is closely 

linked to insulin resistance [9]. Therefore, IGT, to a certain extent, can be considered as a state of pre-

disease in relation to DM [10].  It follows that the study of early manifestations of hyperglycemia can 

provide interesting data in the field of pathogenesis and prevention of coronary heart disease.   

Т
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Population studies have shown that the prevalence of individual components of MS, as well as their 

importance in the development of coronary heart disease in different populations, may differ 

significantly [11]. To a certain extent, this is due to socio-demographic, climate and geography, and 

other factors [12, 13, 14]. Therefore, it seems appropriate to study the role of the MS and its individual 

components in the formation of CHD, taking into account their regional characteristics.   

The purpose was to study the significance of individual components of metabolic syndrome and 

their various combinations as risk factors for coronary heart disease. 

Ma t e r i a l  a n d  m e t h o d s  

The analysis includes data from a survey of a representative sample of the unorganized male 

population of the city of Tashkent in the amount of 1335 people.  Among the examined persons, 166 

patients with coronary heart disease were identified. The examination included the following methods: 

questionnaire, biochemical instrumental.   

Survey methods: 

- WHO standard questionnaire for angina pectoris (presence of pain or other unpleasant sensations 

localized behind the sternum and / or / in the left half of the chest and left arm, appearing during exercise 

and ceasing after reducing the intensity or cessation of exercise);  

- WHO standard questionnaire for the detection of possible myocardial infarction (history of severe 

pain penetrating the front of the chest and lasting 30 minutes or more, in the absence of scarring on the 

ECG). 

Diagnosis of metabolic syndrome and its main components was carried out on the basis of IDF 

criteria [15]. However, in assessing carbohydrate metabolism, along with the study of fasting glycemic 

levels and 2 hours after glucose loading, glycemic levels were also studied 1 hour after glucose loading. 

Definition of glucose 1 hour after load glucose was motivated by a desire to explore the significance of 

the sympathadrenal phase glycemic curve (blood glucose 1 hour after load glucose) compared to vago-

insular a phase of the glycemic curve (blood glucose 2 hours after glucose load).  

Electrocardiography (ECG): ECG was shot in 12 common leads and analyzed the data about 

coronary artery disease according to the Minnesota code [16] according to the following criteria: definite 

myocardial infarction - the presence on the ECG cicatricial changes (category 1-1,2 µm); angina – a 

pain syndrome that meets the criteria of the questionnaire who, in the absence of category 1-1,2 MK; 

painless ischemic heart disease – in the presence of ECG ischemic changes (categories 4-1,5-1 and 2,2 

MK) in the absence of left ventricular hypertrophy, angina, and categories 1-1,2 MK; possible 

myocardial infarction in anamnesis (according to the questionnaire who) - in the absence of scar and 

ischemic ECG changes, and angina; possible coronary artery disease, including possible scarring of the 

myocardium by ECG (categories 1-3 1-2-8 and MK), for possible myocardial ischemia (category 4-3, 

5-3 MK), arrhythmic form (category 6-1,2; 7-1 and 8-3 MK), the myocardial ischemia in the presence 

of left ventricular hypertrophy (categories 4-1,5-1 and 2,2 in the presence of 3-1,3 MK). 

R e s u l t  a n d  d i s c u s s i o n s  

The study of correlations between the studied  RF showed (table. 1) that there is an ambiguous 

correlation between individual  RF. 

It turned out that in general, the levels of almost all correlation coefficients are reliable (except for 

the coefficients between the Ketle's index  with cholesterol and β-lipoproteins). It should be noted that 

the most pronounced correlation was established between systolic blood pressure (SAD) and diastolic 

blood pressure (dad) with Ketle’s index and glycemia 2 hours after glucose loading. Between the  Ketle’s 

index and glycemic parameters, a significant correlation was also found, more pronounced in relation 

to glycemia 2 hours after glucose loading.  
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Table 1. 

Correlation coefficients between indicators 

blood pressure, Ketle's index, lipids and glycemia 

Indicators SBP DBP KI TH TG β-lip 

Glycemia 

fastin

g 

in 1 

hour 

SBP - 

DBP 0,75* - 

KI (Ketle's index) 0,36 ** 0,45* 

Total cholesterol (TH) 0,1* 0,03 0,01 

Triglyceride (TG) 0,2* 0,09 0,11* 0,45* 

β- lipoproteins (β-lip) 0,12* 0,06 0,08 0,63* 0,34* 

Fasting glucose 0,13 * 0,12* 0,21* 0,2* 0,35* 0,18* 

Glycemia in 1 hour 0,18* 0,14* 0,22* 0,05 0,22* 0,1* 0,41* 

Glycemia in 2 hour 0,25* 0,21* 0,29* 0,16* 0,52* 0,11* 0,43* 0,42* 

Note: * - significance of differences in indicators 

Table 2. 

Prevalence of coronary heart disease in quintiles of level distribution 

Blood pressure, Ketle’s, lipids, and glycemia 

Indicators 
Quintiles of the studied indicators 

1 2 3 4 5 

SBP 6,33 8,31 10,73 14,65 27,41 * 

DBP 6,01 10,00 11,18 15,75 23,96 * 

Ketle's index (KI) 6,07 10,08 11,56 14,34 23,43 * 

Total cholesterol (TH) 9,41 13,49 10,68 13,26  13,09 

Triglyceride (TG) 9,87 9,58 11,44 14,48  13,87 

β- lipoproteins (β-lip) 7,02 8,21 14,58 18,01 21,56 * 

Fasting glucose 12,64 10,98 13,62 11,28 20,77 * 

Glycemia in 1 hour 9,66 11,52 14,65 12,54 19,62 * 

Glycemia in 2 hour 10,24 10,41 9,72 11,82 26,40 * 

Note: * - significance of differences in 1 and 5 quintiles 

One of the methods used in population studies to assess the importance of certain RF in the development 

of the disease is the percentile distribution of the variation series of indicators of the studied parameter. 

Therefore, to assess the relationship between the mean levels of the studied RF and the prevalence of CHD, 

the analysis of the frequency of  CHD in the quintiles of the distribution of blood PRESSURE, lipid levels, 

Ketle's index (KI) and glycemia was carried out (table.2). 

According to the quintile distribution, there is a direct relationship between the levels of SAD, dad and 

Ketle's index and the prevalence of CHD. As the level of these indicators increases, there is an increase in 

the frequency of coronary heart disease. This relationship is more pronounced in relation to SAD. It should 

be noted that the differences in the frequency of coronary heart disease in 1 and 5 quintiles of blood 
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PRESSURE and Ketle's index are statistically significant. There were no significant differences between the 

frequency of coronary heart disease in the corresponding quintiles of the distribution of levels of CS and TG. 

At the same time, sufficiently large and statistically significant differences were found in the frequency of 

coronary heart disease in 1 and 5 quintiles of the distribution of β-lipoproteins. A sufficiently pronounced 

relationship between the levels of glycemia and the frequency of coronary heart disease was established.  

Table 3. 

The prevalence of coronary heart disease in different combinations of  RF (in%) 

The combination of FR 
CHD (n=166) No CHD (n=1169) Total 

n % n % n % 

No RF 33 5,76 540 94,24 573 100,00 

GH 5 4,59 104 95,41 109 100,00 

GIT + GH 3 6,25 45 93,75 48 100,00 

AG + GH 2 12,50 14 87,50 16 100,00 

GIT 34 13,88 *** 211 86,12 245 100,00 

overweight + GH 3 17,65 14 82,35 17 100,00 

AG+overweight 5 17,86 23 82,14 28 100,00 

overweight 10 17,86 ** 46 82,14 56 100,00 

GIT+overweight 8 19,51 * 33 80,49 41 100,00 

AG 14 22,22 ** 49 77,78 63 100,00 

GIT+overweight+GH 3 25,00 * 9 75,00 12 100,00 

AG+GIT 14 26,92 *** 38 73,08 52 100,00 

AG+GIT+overweight 15 37,50 *** 25 62,50 40 100,00 

AG+GIT+GH 8 38,10 * 13 61,90 21 100,00 

MS (metabolic syndrome) 7 63,64 *** 4 36,36 11   100,00 

AG+overweight+GH 2 66,67 * 1 33,33 3 100,00 

Note: * - The table shows the significance of differences in the studied indicator relative to the group 
without RF. 

This relationship was more typical for glycemia 2 hours after glucose loading. It should be noted that the 

frequency of coronary heart disease in 5-quintile distribution of SAD and glycemia 2 hours after glucose load 

was greater than in the corresponding quintiles of other indicators. These data indicate that in the development 

of coronary heart disease the most important is the increase in blood pressure (primarily SAD), Ketle's  index, 

the level of β-lipoproteins and glycemia (primarily glycemia 2 hours after glucose loading). 

From the data presented, it appears that as the level of RF in quintiles increases, the prevalence of CHD 

increases.  However, this analysis does not allow us to determine the significance of each of the studied RF 

in the prevalence of coronary heart disease. Therefore, an attempt was made to study the frequency of 

coronary heart disease in different combinations of the considered RF. It was found that the prevalence of 

coronary heart disease to some extent associated with different combinations of RF (table.3). 

The highest incidence of CHD occurs among individuals who have a combination of AH, BMI, and GC 

(66.67%). The incidence of coronary heart disease was slightly lower among people with AH, nth, BMI, and 

GC (63.64%). These 4 RF form the basis of the metabolic syndrome and, logically, it was expected that the 

highest prevalence of coronary artery disease is among this category of persons. However, analysis of the 

data suggests that CHD risk increases not only with the increasing amount of RF.  Having only one AH is 

associated with a greater risk of CHD than combining IGT with GC, BMI with GC, IGT with BMI. From 

these data, it could be concluded that AH has a greater significance in the development of coronary heart 

disease than even a combination of other (the above combinations). However, it was found that in the 

combination of AH with GC, as well as in the combination of AH with BMI, the frequency of CHD was 
lower than among those with only AH. Apparently, the results were influenced by the insufficient number of 
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individuals in certain groups: 3 people in the group with a combination of AG, BMI, and GC, three people 

in the group with a combination of IGT and GC, two people in the group of AG and GC.  

Attention should be drawn to the fact that in different combinations of RF among persons with the highest 

prevalence of coronary heart disease in the last five groups (not counting the small group of a combination 

of AH, BMI and GC) a permanent participant is IGT, GC and BMI occur in three cases out of five. However, 

the lowest incidence of coronary heart disease is observed in "isolated" GC, i.e., among persons with only 

this RF.  

D i s c u s s i o n  o f  f i n d i n g s  

One of the objectives of this study was to clarify the relationship between different RF and CHD.  In order 

to study this issue, the prevalence of coronary heart disease in different quintiles of the distribution of the 

studied indicators was studied. As evidenced by the quintile distribution data for SAD, dad and Ketle’s index, 

there is a direct relationship between their levels and the prevalence of coronary heart disease. As the level 

of these indicators increases, an increase in coronary heart disease is observed. This relationship is strongly 

expressed in relation to SAD. In this part, our data are consistent with the results of other authors [1, 2, 3, 13, 

18].  It should be noted that the differences in the frequency of coronary heart disease and five quintiles of 

blood PRESSURE and Ketle’s index are statistically significant. However, there were no statistically 

significant differences in the frequency of coronary heart disease in the quintiles of the distribution of 

cholesterol and triglycerides.  At the same time, sufficiently large and statistically significant differences in 

the frequency of coronary heart disease were observed between 1 and 5 quintiles of β-lipoprotein distribution.  

At the same time, a pronounced and reliable relationship between glycemic levels and the frequency of 

coronary heart disease was revealed.  This Association is highly characteristic of glycemia 2 hours after 

glucose loading. It should be noted that the frequency of CHD in the five quintiles of the distribution of SAD 

and glycemia 2 hours after glucose loading was the highest relative to other indicators.  

       These data indicate that the development of coronary heart disease is the most significant increase in 

blood PRESSURE. This is also indicated by a study conducted in Kyrgyzstan [17]. Our study also showed 

that coronary heart disease is more common with increased predominantly systolic blood PRESSURE, body 

weight, β-lipoprotein levels, and glycemia (primarily hyperglycemia glycemia 2 hours after glucose loading). 

On the basis of the presented data, it is possible to judge the significance of individual RF in the 

development of coronary heart disease.  However, the importance of combining different RFS is of some 

interest.  In order to study this issue, the prevalence of coronary heart disease in different combinations of 

the studied RF was studied.  

It turned out that among those without studied  RF CHD occurs least, and most often CHD occurs in 

metabolic syndrome, i.e., among those who have a combination of AH, BMI, GC and  IGT (66.7%). It should 

be noted that in the three groups with the highest incidence of coronary heart disease, "permanent 

participants" are AH and IGT, and in the last two AH, IGT and BMI.  

Thus, our data are consistent with the literature data on the high importance of metabolic syndrome in the 

development of coronary heart disease [19, 20, 21]. Of particular interest was the prevalence of various forms 

of coronary heart disease among people with metabolic syndrome.  Almost all forms of CHD among people 

with MS were more common than without MS.  The greatest differences were noted with respect to pain-free 

forms of coronary heart disease.  However, the frequency of "possible" MI in the groups under consideration 

did not differ.  It should be noted that the frequency of such forms of CHD as MI, angina and "possible" CHD 

in MS was 3.3 times more common than without MS, and painless myocardial ischemia was seven times 

more common.  

Thus, the most important among the studied RF CHD are AH, BMI, and IGT. "Isolated" GC has a 

relatively lower significance in the development of coronary heart disease. However, when GC is combined 

with other RFS, the risk of CHD formation increases significantly.  In the presence of the main components 

of the metabolic syndrome, CHD occurs 2-3 times more often than without them, and with a combination of 

AH, BMI, IGT, and GC, CHD occurs in 66.7%.   

As the number of RF increases in the structure of CHD, the proportion of typical angina pectoris 

decreases, and the proportion of pain-free and atypical manifestations of CHD increases. Among individuals 

with MS, the frequency of pain-free and atypical manifestations of coronary heart disease is 3.63 times higher 

than typical angina pectoris.  

Modern trends in the prevalence of RF in the studied populations provide an opportunity to predict a 

significant increase in the frequency of CHD and hypertension, and IGT is associated with a violation vago-
insular phase glycemic curve. 
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