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Summary 
Relevance: There are classic risk factors for atherosclerosis - gender, ethnicity, family history, diabetes mellitus, chronic 

kidney disease, obesity, hypertension, smoking. Research continues into traditional theories of atherosclerosis such as 
dyslipidemia, infection, and inflammation. Based on these theories, appropriate studies of blood lipids, C-reactive protein, 
and homocysteine are carried out in clinical practice. However, new factors are currently being identified in the pathogenesis 
of atherosclerosis - air pollution with microparticles, disruption of clonal hematopoiesis and changes in the proatherogenic 
metabolic biomarker trimethylamine N-oxide. Large studies have shown that TMAO may be a predictor of cardiovascular 
disease risk. TMAO is synthesized by intestinal microflora and studies are being conducted on these metabolic pathways 
and the factors influencing TMAO levels. In this regard, it is necessary to study the correlating relationship between the level 
of TMAO and a number of clinical indicators. 

The aim: Based on clinical studies of patients with acute coronary syndrome with ST segment elevation, analyze 
possible predictors of changes in TMAO levels. 

Materials and methods: The study was conducted as part of a larger body of research on the effects of dietary 
remodeling of the gut microbiota on oxidative status, trimethylamine oxide (TMAO) levels, and recurrent cardiovascular 
events after STEMI. The work hypothesized that there is a relationship between the resulting TMAO variable and a number 
of clinical indicators. 

Results: To the greatest extent, changes in TMAO concentrations depend on the composition of the intestinal 
microbiome. Plasma TMAO levels have previously been shown to be determined by several factors, including consumption 
of its metabolic precursors, medications, and hepatic flavinmonooxygenase FMO activity. 

Conclusion: The work analyzed the dependence of TMAO levels on 43 clinical indicators. It was revealed that there was 
a statistically significant correlation between the level of the coronary SYNTAX Score I scale, the presence of peptic ulcer 
disease and social status. 

Key words: trimethylamine N-oxide (TMAO), ST-segment elevation myocardial infarction (STEMI), cardiovascular 
disease (CVD). 
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Введение: существуют классические факторы риска атеросклероза - пол, этническая принадлежность, семейный 
анамнез, сахарный диабет, хроническая болезнь почек, ожирение, артериальная гипертензия, курение. Продолжается 
исследование таких традиционных теорий атеросклероза, как дислипедемий, инфекций и воспаление. На основе этих 
теорий в клинической практике проводятся соответствующие исследования липидов крови, С- реактивного белка, 
гомоцистеина. Однако, в настоящее время обозначаются новые факторы в патогенезе атеросклероза - загрязнение 
воздуха микрочастицами, нарушение клонального гемопоэза и изменение проатерогенного метаболического биомаркера 
триметиламин N-оксида. В крупных исследованиях показано, что ТМАО может быть предиктором риска сердечно-
сосудистых заболеваний. ТМАО синтезируется с помощью кишечной микрофлоры и проводится изучение этих 
метаболических  путей и факторов, влияющих на уровень ТМАО. В этой связи необходимо изучение коррелирующей 
зависимости между уровнем ТМАО и рядом клинических показателей. 
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Цель: на основе клинических исследований пациентов с острым коронарным синдромом с подъемом сегмента 
ST провести анализ возможных предикторов изменения уровня ТМАО.  

Материалы и методы: исследование проведено в рамках другой более обширной научной работы по влиянию 
диетическогоремоделирования кишечной микробиоты на оксидативный статус, уровень триметиламиноксида 
(ТМАО) и частоту повторных сердечно-сосудистых событий после ИМST. В работе была выдвинута гипотеза о 
наличии зависимости между результирующей переменной ТМАО и рядом клинических показателей. 

Результаты: в наибольшей степени изменение концентраций ТМАО зависит от состава кишечного микробиома. 
Ранее доказано, что уровни ТМАО в плазме крови определяются несколькими факторами, включая потребление его 
метаболических предшественников, лекарства и активность флавинмонооксигеназыFMO в печени.  

Вывод:в работе проведен анализ зависимости уровня ТМАО от 43 клинических индикаторов. Выявлено, 
наличие статистически значимой корреляций уровня от шкалы состояния коронарного русла SYNTAXScoreI, наличия 
язвенной болезни и социального статуса. 

Ключевые слова: триметиламина N-оксида (ТМАО), инфаркт миокарда  с подъемом сегмента ST (ИМST), 
сердечно-сосудистые заболевания (ССЗ). 
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Кіріспе: атеросклероздың классикалық қауіп факторлары бар - жынысы, этникалық тегі, отбасылық тарихы, қант 
диабеті, созылмалы бүйрек ауруы, семіздік, артериялық гипертензия, темекі шегу. Дислипедемия, инфекциялар және 
қабыну сияқты атеросклероздың дәстүрлі теорияларын зерттеу жалғасуда. Осы теориялардың негізінде клиникалық 
тәжірибеде қан липидтері, С – реактивті ақуыз, гомоцистеин бойынша тиісті зерттеулер жүргізіледі. Алайда, қазіргі уақытта 
атеросклероздың патогенезінде жаңа факторлар белгіленуде – ауаның микро бөлшектер мен ластануы, клондық 
гемопоэздің бұзылуы және триметиламин N-оксидінің проатерогенді метаболикалық биомаркерінің өзгеруі. Ірі 
зерттеулерде ТМАО жүрек – қан тамырлары ауруларының қаупін болжай алатындығы көрсетілген. TMAO ішек 
микрофлорасы арқылы синтезделеді және осы метаболикалық жолдармен TMAO деңгейіне әсер ететін факторларды 
зерттейді. Осыған байланысты ТМАО деңгейімен бірқатар клиникалық көрсеткіштер арасындағы корреляциялық 
байланысты зерттеу қажет. 

Мақсаты: ST сегментінің жоғарылауы бар жедел коронарлық синдромы бар науқастардың клиникалық 
зерттеулеріне сүйене отырып, TMAO деңгейінің өзгеруінің ықтимал болжаушыларына талдау жасау. 

Материалдар мен әдістер: зерттеу ішек микро биотасын диеталық қайта құрудың тотығу күйіне, триметила 
миноксид деңгейіне (ТМАО) және ИМST – ден кейінгі қайталанатын жүрек-қантамырлары оқиғаларының жиілігіне 
әсері туралы тағы бір ауқымды ғылыми жұмыстың бөлігі ретінде жүргізілді. Жұмыста алынған TMAO 
айнымалысымен бірқатар клиникалық көрсеткіштер арасында тәуелділіктің болуы туралы гипотеза жасалды. 

Нәтижелері: ТМАО концентрациясының өзгеруі көбінесе ішек микро биомасының құрамына байланысты. Қан 
плазмасындағы TMAO деңгейлері бірнеше факторлармен, соның ішінде оның метаболикалық прекурсорларын 
тұтынумен, дәрі-дәрмектермен және бауырдағы FMO флавинмоно оксигеназа белсенділігімен анықталатыны 
бұрын дәлелденген. 

Қорытынды: Жұмыста ТМАО деңгейінің 43 клиникалық индикаторға тәуелділігі талданды. SYNTAX ScoreI 
коронарлық арнасының жай-күйі шкаласынан, ойық жара ауруының болуынан және әлеуметтік мәртебеден 
деңгейдің статистикалық маңызды корреляциясы анықталды. 

Түйінді сөздер: триметиламин N-оксиді (TMAO), ST сегментінің жоғарылауы бар миокард инфарктісі 
(STEMI), жүрек-қан тамырлары аурулары (CFS). 
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Introduction 
Due to the numerous links between trimethylamine-N-

oxide (TMAO) and various disorders and diseases, this is a 
very popular topic and is often addressed by researchers [1-
10]. TMAO is a low molecular weight compound belonging to 
the class of amine oxides. It is formed during the oxidation of 
trimethylamine (TMA) by hepatic flavinmonooxygenases 
(FMO1 and FMO3). TMAO is mainly formed from dietary 
substrates through the metabolism of 
phosphatidylcholine/choline, carnitine, betaine, 
dimethylglycine and ergothioneine by gut microflora in the 
colon. Its level is determined by many factors, such as age, 
gender, diet, intestinal microflora composition, kidney 
function, and liver flavinmonooxygenase activity [11-19]. The 
Stanley Hazen group at the Cleveland Clinic found in a large 
clinical trial that serum TMAO levels may be a predictor of 
cardiovascular disease. Since that time, a number of 
independent cohort projects have confirmed the relationship 
between TMAO levels and the risk of cardiovascular 
diseases, in particular the risk of atherosclerosis [20-29]. 
However, stratification of the risk of cardiovascular events in 
coronary heart disease using assessment of TMAO levels 
remains a clinical problem [30-34]. 

Our study aimed to analyze possible predictors of 
changes in TMAO levels which are based on clinical studies 
of patients with acute coronary syndrome with ST segment 
elevation. 

Materials and methods. This study was conducted on 
patients with STEMI admitted to the intensive care unit of 
Multidisciplinary Hospital No. 2, Karaganda, Kazakhstan in 
2021-2022. Ethical approval was obtained from the local 
ethics committee of the Karaganda Medical University. 
Informed consent was obtained directly from the 
participants. Upon admission to all patients, the level of 
general clinical tests and troponin was determined, 

coronary angiography was performed with stenting of the 
infarct-related arteries; echocardiography was performed on 
days 1-2, SYNTAX Score I and Logistic Clinical Syntax 
Score were calculated according to the official versions. 61 
patients (25 women and 36 men) aged from 35 to 75 years 
were examined. 

Inclusion criteria: 
- acute stage of myocardial infarction in patients in a 

specialized cardiology hospital after stenting of the coronary 
arteries. 

- participants who are willing and able to comply with all 
scheduled appointments, treatment plan, laboratory test 
schedule, recommended lifestyle and other study 
procedures. 

Exclusion criterion: 
-other acute or chronic illnesses or psychiatric 

disorders. 
Blood samples were collected by venipuncture. The 

blood was immediately transferred into a test tube. Blood 
samples were frozen for further determination of TMAO. To 
determine the level of TMAO in blood plasma, an Agilent 
1260 Infinity chromatography system was used. The 
analysis was carried out using a validated method, with 
mass spectrometric detection, in SIM mode. The average 
time of TMAO release on the chromatogram was 1.29 
minutes, the average TMAO level was 0.678 µmol/L, the 
maximum value was 7.401 µmol/L, the minimum value was 
0.010 µmol/L. 

Statistical analysis and results obtained. Statistical 
processing of the collected information was carried out 
using the universal integrated system STATISTICA 

The influencing factors and their designations are 
presented in Table 1. Also, during the modeling, dummy 
variables were used, the coding of which is given in the 
same Table. 

 

Table 1. 
Study indicators 

Indicator Unit Meaning 

ТМАО  µmol/l   

age years    

gender  
   {

     
       

 

race  
   {

          
           

 

smoking  
   {

     
    

 

height cm.    

weight kg.    

BMI kg/cm    

time to stenting hour    

cTnI ng/ml    

total protein g/l     

creatinine clearance ml/min per 1,73      

creatinine µmol/l     

urea µmol/l     

total bilirubin µmol/l     

ASAT unit     

ALaT unit     

glucose µmol/l     

cholesterol µmol/l     
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Continuation of Table 1. 

TG µmol/l     

Lipoproteins µmol/l     

Creatine kinase unit     

НGB  g/l     

HCT %     

RBC 10х12/l     

PLT 10х9/l     

WBC 10х9/l     

NEUT %     

LYM %     

MON %     

EOS %     

urine reaction unit     

urine density g/l     

urine glucose µmol/l     

urine protein g/l     

Q1  microcoulomb     

Q2  microcoulomb     

QT  microcoulomb     

ECHOKS, FV %     

SYNTAX Score I score     

Logistic Clinical Syntax Score risk of death in % over 2 years     

main diagnosis  
    {

                     
       

 

    {
                     

       
 

if      ,      – lateral infarction 
 

concomitant diagnosis  
    {

    
       

 

    {
            
       

 

    {
    
       

 

    {
              

       
 

    {
      
       

 

    {
        
       

 

If                            – no 
concomitant diagnosis 

social status  
    {

         
       

 

    {
           

       
 

    {
            

       
 

if                 – disabled person 

 
 

To determine the strength of the relationship, a 
matrix of pairwise correlation coefficients was calculated. 
Statistically significant (with a probability of 95%) 
correlation coefficients are highlighted in red in the table. 
Next, using a process of sequentially eliminating 
variables, a statistically reliable (95% probability) 
multiple linear regression equation was constructed. A 
flowchart of the process carried out in the Statistica 
program is presented in Table 2. 

As a result of econometric modeling, a multiple linear 
regression equation was obtained: 
 
                                   

          
 

The regression equation as a whole and its parameters 
before the regressors are statistically significant and reliable 
with a 95% probability. 
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Table 2. 
Scheme of the process of sequential elimination of variables. 
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Discussion 
The results obtained can be interpreted as follows: 
1) If Q2 before the dietary supplement increases by 1 

microcoulomb, then we can expect an increase in TMAO 
before the dietary supplement by an average of 0.058 
µmol/l; 

2) If SYNTAX Score I before dietary supplement 
increases by 1 point, then we can expect an increase in 
TMAO before dietary supplement by an average of 0.018 
µmol/l; 

3) The presence of a concomitant disease of ulcer 
(peptic ulcer?), increases TMAO to BAA by an average of 
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3.107 µmol/l compared with other diseases or their 
absence; 

4) In sick pensioners, TMAO before dietary 
supplementation is on average 0.390 µmol/l higher than in 
other patients. This study revealed a statistically significant 
relationship between plasma TMAO concentrations and the 
degree of atherosclerotic coronary lesions in patients with 
STEMI. These data can be used to predict the incidence of 
major adverse cardiovascular events (MACE) in patients 
with CAD. Our analysis also showed a relationship between 
TMAO concentration, social status and peptic ulcer disease. 

 
Conclusion 
The presence of an evidence-based relationship 

between the level of TMAO and the state of the coronary 
artery provides opportunities for the development of both 
new diagnostic tests as biomarkers of susceptibility to 
myocardial infarction and stroke and new therapeutic 
approaches for the prevention of cardiovascular events. Our 
results are based on limited data from studies but clearly 
show that TMAO concentrations have prognostic value in 
patients with CAD. More prospective studies are needed to 
evaluate this relationship and the mechanisms that drive it. 
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