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Abstract 
 

Acute myocardial infarction (MI) is an important public health problem. Modern cardiology studies the role of such a premorbid background 

as undifferentiated connective tissue dysplasia (UCTD) in the pathogenesis of coronary heart disease (CHD) and MI in particular. Despite a 

large number of studies, the biochemical pathogenetic links of MI development against the background of UCTD remain unexplored. That 

is why our study aimed to analyze the stigmas of dysembryogenesis, coagulogram parameters, and platelet and uric acid (UA) levels as the 

most expected factors in the pathogenesis of MI with UCTD. The level of platelets in the peripheral blood of patients with UCTD (182.0 

[161.0–265.0] x 109/l) did not differ reliably (but it was still significantly lower) from that in patients without UCTD [230.0 [206.0–309.0] x 

109/l) (p>0.05). In particular, in 26 patients (57.8%) with UCTD, it was below the reference value. In those patients, who also have a large 

number of UCTD markers (10 or more), the stigma of “easy hematoma formation with insignificant damage” was most common. The level 

of UA in patients with Q-IM with UCTD was higher than normal and reliably higher than in the group without dysplasia (383.60 ± 33.82 vs. 

292.11 ± 28.56, p<0.05). Increasing the level of UA provokes the activation of inflammatory processes in the coronary arteries, and leukocyte-

lymphocytic infiltration of their tunica media, which, even at a low platelet level, leads to a cascade of mutually aggravating pathological 

changes that converge at the level of multivector endothelial damage.  
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INTRODUCTION 

Cardiovascular disease (CVD) is associated with coronary 

heart disease (CHD), which is a leading cause of death and 

increases the risk of cardiovascular complications [1, 2]. A 

special niche alongside traditional risk factors for coronary 

artery disease and in particular myocardial infarction (MI) 

(atherogenic dyslipidemia, hypertension, diabetes) is today 

occupied by hyperuricemia and disorders of vascular and 

platelet hemostasis [3]. On the other hand, modern cardiology 

studies the role in the development and progression of CHD 

in such a premorbid background as undifferentiated 

connective tissue dysplasia (UCTD) [4-6]. UCTD is a genetic 

condition characterized by defects in fibers and the main 

substance of connective tissue and its cellular composition, 

leading to disruption in the formation of organs and systems, 

having a progressive course, and determining the 

characteristics of associated pathologies [7]. 

 

From a clinical point of view, the cardiovascular 

manifestations of the UCTD are the most significant, as they 

provoke the involvement of compensatory mechanisms that, 

against the background of metabolic processes in the UCTD, 

lead to rapid myocardial depletion, up to MI and severe heart 

failure [4, 8]. 

 

Due to the prevalence of UCTD among people of working 

age in the general population (particularly more than 50% of 

the population in environmentally unfavorable regions of 

Eastern Europe), the investigation of the biochemical 

properties of Q-IM in UCTD is relevant [9, 10]. Although 

cardiovascular markers of UCTD are currently well studied, 
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some authors note changes in blood cells (the liquid form of 

connective tissue), particularly platelets, in people with 

UCTD [9, 11]. Therefore, we decided to highlight and 

analyze the stigmas of dysembryogenesis, coagulogram 

parameters, platelet, and uric acid (UA) levels as one of the 

most anticipated and important factors in the pathogenesis of 

MI with UCTD; this was the purpose of our study.  

 

MATERIALS AND METHODS 

90 male patients with verified Q-MI, aged 26 to 83 years, 

mean age (57,68 ± 1,27) years, who were hospitalized in the 

cardiology department No1 "Vinnytsya Regional Clinical 

Medical and Diagnostic Center for Cardiovascular 

Pathology" (Vinnytsya, Ukraine), were examined. 

 

Verification of the diagnosis of Q-MI has been performed 

based on a positive result of the troponin test and elevated 

levels of cardio-specific enzymes in the presence of pain and 

relevant ECG changes, taking into account international 

standard criteria [10] and according to medical care protocol 

for patients with acute coronary syndrome [12]. 

 

To achieve the goal of the study, patients were divided into 

two groups. The main group included 45 men with MI on the 

background of UCTD, aged from 26 to 75 years, mean age 

(of 55,87 ± 1,66) years. The comparison group consisted of 

45 patients with MI without UCTD (number of phenotypic 

and visceral stigmas of UCTD – 5 and less), aged from 36 to 

83 years, mean age (of 58,49 ± 1,49) years. 

 

Exclusion criteria were concomitant nosologies that affected 

the structural and geometric parameters of the heart muscle, 

clinical features, and development of CHD complications: 

hypertension, obesity, diabetes, other severe comorbidities 

(chronic obstructive pulmonary disease, malignant 

neoplasms), primary and secondary mitral valve prolapse. 

 

The main group and the comparison group were represented 

by the age of patients, risk factors, and features of family 

history of CVD. 

 

All patients underwent clinical, instrumental and laboratory 

studies, followed by statistical processing of the obtained 

data. In particular: 

• Survey of patients. All subjects were surveyed using a 

specially designed original questionnaire based on the 

phenotypic map of Glesby in the modification of 

Martinov and co-authors [9, 13]. The questionnaire 

included 54 positions of microanomalies. The number 

of phenotypic and visceral stigmas of UCTD was 

counted, based on examination. The diagnosis of UCTD 

was established by detecting 6 or more positions of 

microanomalies [10]. 

• Somatometric examination (analysis of the following 

anthropometric features by the method of Bunak 

modified by Shaparenko [14], such as body weight, 

body length, torso length, neck length, chest-length, 

lower length limbs, head circumference, chest 

circumference) [9]. 

• Instrumental methods: All patients underwent 

electrocardiographic examination (ECG) in 12 standard 

leads on an electrocardiograph "Heart Screen 112 D" 

(Hungary) to diagnose focal changes in the ventricular 

myocardium, and primary screening for arrhythmias 

and conduction disorders. Abnormalities of the kidneys 

(dystopia, ectopia, partial doubling of the pelvis and 

ureters, cysts, nephroptosis) and gallbladder (single or 

multiple constrictions, inflections, and deformation of 

the gallbladder) were determined using ultrasound 

apparatus General Electric «Logic-7» (Vivid – 3) 

(USA). 

• laboratory methods. All patients underwent general 

clinical and biochemical studies in the accredited 

clinical and biochemical laboratory of the "Vinnytsya 

Regional Clinical Medical and Diagnostic Center for 

Cardiovascular Pathology" (attestation certificate № 

003892). 

Determination of UA and platelet levels was performed in the 

morning on an empty stomach. 12 hours before the study, 

alcohol, smoking, and eating were excluded, physical activity 

was restricted, and medications were excluded. A 

colorimetric enzyme method was used to determine the level 

of UA. The study was performed on a Gobas 6000 analyzer 

using the Roche Diagnostics test system (Switzerland). The 

following values of SC were taken as normal: 142.8-339.2 

μmol/l. The level of platelets in the peripheral blood of all 

patients was determined by counting their number in the 

Goryaev chamber to exclude the possibility of the effect of 

platelet concentration changes on hemostasis parameters. The 

reference value of the platelet concentration was (170–400) x 

109/l [15]. 

 

The design of our study provided that blood samples for 

analysis of coagulogram of patients included in the study, 

were taken directly in the reception department at the time of 

diagnosis verification; they did not take drugs that could 

affect the blood clotting process. To comprehensively assess 

the state of the coagulation part of hemostasis, the main 

indicators of the coagulogram of all patients were determined 

by the photometric (turbodensitometric) method on a semi-

automatic 2-channel optical coagulometer "COA 2" 

("LabiTec", Germany). In particular, we studied the 

indicators of prothrombin index (PI), international 

normalized ratio (INR), prothrombin time (PT), and 

fibrinogen. The values of PT and PI were studied by the 

method of A. J. Quick (1935) used a set of reagents 

"Techplastin tm-test" and "Thrombo-test" ("Technology-

Standard", Russia-Ukraine). The reference values were 

considered: the level of PI - from 95 to 105%, PT - 11-14 

seconds, and the level of INR - from 1.0 to 1.4. The 

concentration of fibrinogen in the blood was determined by 

the gravimetric method according to RA Rutberg (1961) by 

reagents from Biopharma (Ukraine) and Seppim S.A. 
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(France) on the Cobas Mira Plus biochemical autoanalyzer 

from Roche Diagnostics (Switzerland). Norm: 2 - 4 g/l [15]. 

- Data analysis was performed in SPSS Statistics v.23. 

Summary statistics of mean and standard error mean were 

used for quantitative measurements. The paired sample t-test 

was applied to assess the difference between variables. The 

p-value ≤ 0.05 was set as significant. 

 

RESULTS AND DISCUSSION 

Analysis of UCTD markers in the main group and the 

comparison group, conducted during somatometric 

examination and questionnaires of patients, found that the 

average number of stigmas in patients with UCTD was 8.44 

± 0.29, and in patients without UCTD - 4.47 ± 0.12. It should 

be noted that such phenotypic (radial-lacunar iris of the eye 

(30 patients, 66.7%), blue sclera (30 people, 66.7%), 

anomalies of the auricles (41 patients, 91.1%), predisposition 

to early caries (20 subjects, 44.4%), medial/lateral 

clinodactyly (39 subjects, 86.8%)) and visceral (varicose 

veins of the lower extremities (15 patients, 33.3%), mild 

hematoma formation with insignificant damage (10 people, 

22.2%)) UCTD stigmas were detected significantly more 

often in the main group than in the comparison group 

(p<0.05). The obtained data are consistent with the results of 

other authors and our studies conducted on another cohort of 

patients [9, 10, 13, 16]. 

 

The study of coagulogram parameters and platelet levels 

revealed the following features (Table 1). 

 

Table 1. Coagulogram and platelet level in patients 
with acute myocardial infarction, (Med [25–75 %]) 
(n=90) 

Indicators 
Patients with 
UCTD (n=45) 

Patients without 
UCTD (n=45) 

Platelets, х 109/l 182 [161,0–265,0] 230,0 [206,0–309,0] 

INR 1,02 [0,98–1,09] 0,98 [0,94–1,05] 

PI, % 105,5 [98,1–111,1] 106,3 [98,8–111,9] 

PT, sec 11,1 [10,5–11,8] 11,2 [10,7–11,8] 

Fibrinogen, g/l 4,3 [4,1–4,6] 4,5 [4,2–4,7] 

  

Thus, all changes in coagulogram parameters (PI, INR, PT, 

and fibrinogen) of patients in both groups were typical for MI 

and did not differ reliably. The level of platelets in the 

peripheral blood of patients in the main group (182.0 [161.0–

265.0] x 109/l) did not exceed the norm and did not differ 

reliably from that in the comparison group (230.0 [206.0– 

309.0] x 109/l) (р > 0,05). However, it was still significantly 

lower than in patients without UCTD. In particular, in 26 

patients (57.8%) it was below the reference value. This 

diagnostic finding caught our attention, and we decided to 

analyze the distribution of platelet levels depending on the 

number of UCTD stigmas in patients with Q-MI in the 

background of UCTD (Figure 1). 

 

 
Figure 1. Distribution of platelet levels, depending on the 

number of UCTD stigmas, in patients of the main group. 

 

The proportion of patients with low platelet levels has 

increased from 44.4% among people with six stigmas of 

UCTD, to 75% among patients with 10 or more stigmas. 

However, the increase in the percentage of such patients was 

not linear, these changes were not reliable (p>0.05) and only 

had a tendency. 

 

It should be noted that among 12 patients with a large number 

of stigmas (10 or more) and, accordingly, low platelet levels, 

the largest number of patients (6 people) with such a visceral 

stigma of dysembryogenesis as “easy hematoma formation 

with insignificant damage” was found. 

 

The obtained data suggest the role of even low platelet levels 

in the pathogenesis of MI in UCTD. This may be due to 

certain morphological deviations of platelets and purely 

dialectical laws of nature (in this context: quantity quality). 

To understand the mechanisms of coagulation hemostasis, it 

should be remembered that in the process of activation of 

platelets both anatomical and functional capabilities of 

platelets are important. 

 

Therefore, it is known that the peripheral part of the platelet 

contains circularly oriented bundles consisting of 10-15 

microtubules of actin and myosin microfilaments that support 

the typical shape of the platelet. Polymerization of 

microfilaments promotes the formation of processes for the 

interconnection of platelets and their binding to the surface of 

the damaged endothelium [17]. Because microfilaments are 

proteinaceous and have an amino acid composition 

synonymous with collagen and other connective tissue 

structures, changes in platelet function are expected in 

patients with UCTD. Decreased platelet levels and changes in 

their aggregation potential seem to lead to a weakening of 

arterial thrombogenesis, but deviations in the morphology of 

such platelets create the preconditions for endothelial 

microtrauma and ultimately enhance thrombogenesis [11, 17, 

18]. Thus, changes in the cytoskeleton of platelets associated 

with depolarization of actin and disruption of calcium 

homeostasis in the cell are accompanied by disruption of their 
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pre-aggregation transformation and serotonin release. The 

phenomenon of "premature release" of calcium from platelets 

into plasma by centrifugation (swelling effect) is a marker of 

membranopathy with the formation of spontaneous 

aggregation on the background of high shear rate with 

increasing blood flow velocity in narrowed and deformed 

vessels. Persistent rheological disorders in angiodysplasias, 

abnormal chords, and duplicates of valves contribute to the 

formation of endothelial defects, and platelet hyper 

aggregation [5, 11, 13]. Hereditary defect in the synthesis of 

supporting contractile proteins - one of the components of the 

mechanism of platelet dysfunction in UCTD - may play a 

significant pathogenetic role in the development of 

hematomesenchymal dysplasia in patients with MI in the 

background of UCTD [11]. Thus, there is a pathogenetic 

paradox: on the one hand, reduced platelet level leads to a 

weakening of arterial thrombogenesis, and on the other - 

morpho-functional changes act as aggressive factors of 

endothelial damage at the histological level. 

 

Comparative analysis of the average values of the level of UA 

in the blood of patients with Q-IM found that in patients of 

the main group the UA was higher than normal and reliably 

higher than in the comparison group (383.60 ± 33.82 vs. 

292.11 ± 28.56, p<0.05). Our results are consistent with the 

work of Rak et al., which clearly shows the association 

between elevated levels of UA in patients with UCTD with 

severe CVD, including hypertension. The number of studies 

on the UA's role in the development and progression of CVD 

is constantly growing [3, 19, 20]. 

 

 Epidemiological studies have linked uricemia to CHD, 

stroke, hypertension, and heart failure. This connection 

occurs both in conditions of severe hyperuricemia and is 

maintained within normal values of serum levels of UA. 

Increased UA levels are an independently associated risk 

factor for cardiovascular pathology in both the general 

population and CVD patients, so serum UA testing is 

recommended as part of CVD screening [21-24]. It is known 

that UA is a catalyst for pro-inflammatory processes in the 

vascular endothelium (a direct damaging agent). However, 

indirectly due to increased blood pressure, elevated UA levels 

cause "hemodynamic vascular trauma", which leads to loss of 

basic endothelial functions, including antiplatelet and 

antiproliferative, which provokes a cascade of pathogenetic 

reactions and the development of CHD [20, 25]. 

 

Our analysis of coagulogram parameters, platelet, and UA 

levels revealed a certain phenomenon of "pathogenetic 

crossovers" in the context of endothelial damage. This 

phenomenon is that some people with MI and dysplasia have 

slightly lower than normal reference values of the average 

platelet level and are typical for MI coagulogram (slight 

hypercoagulable syndrome) at a much higher than average 

level of UA. 

 

Currently, the existing hypothesis of impaired vascular-

platelet hemostasis on the background of hyperuricemia in 

patients with MI and UCTD can be presented as follows [11, 

25, 26]. Decreased platelet level with dysplastic changes 

eventually triggers a series of reactions that lead to increased 

arterial thrombogenesis. In turn, a steady increase in the UA 

level provokes the activation of inflammatory processes in 

the coronary arteries, and leukocyte-lymphocytic infiltration 

of their tunica media, which, even at a low platelet level, leads 

to a cascade of mutually aggravating pathological changes 

that converge at the level of multivector endothelial damage. 

 

CONCLUSION 

1. Decreased platelet levels associated with asymptomatic 

hyperuricemia may be an important component of the 

pathogenesis of MI and may be considered a significant 

risk factor in the presence of UCTD. 

2. To confirm the hypothesis of impaired vascular 

hemostasis in the background of hyperuricemia in 

patients with MI and UCTD, it is necessary to conduct 

further genetic and histochemical studies, which will 

create the preconditions for a deeper and more 

comprehensive understanding of the problem. 
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