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Abstract

Nowadays, the problem of preventing acute heart failure (AHF) in patients with ST-elevation myocardial infarction (STEMI)
and preserved left-ventricular ejection fraction (pLVEF) is still not completely resolved, especially in late-presented patients.
The purpose of study was: (1) assessment of free plasma amino acid (PAA) alterations in STEMI patients [not receiving
reperfusion therapy (RT)], depending on sex and LVEF; (2) analysis of development of late/persistent AHF more than 48 h
after admission (pAHF) in STEMI patients with pLVEF depending on PAA levels. This prospective cohort study included 92
STEMI patients (33 women and 59 men), not receiving RT. The free PAA were investigated by ion-exchange liquid-column
chromatography. The women had significantly higher PAA levels than men in general cohort and cohort with pLVEF (n=69).
There were associations between female sex and pAHF in general cohort (OR 3.7, p=0.004) and cohort with pLVEF (OR
11.4, p=0.0001) by logistic regression. The association between pAHF and glycine level [OR 2.5, p <0.0001; AUC 0.84,
p<0.0001; 86.7% sensitivity and 77.8% specificity for >2.6 mg/dL] was revealed in cohort with pLVEEF (including female
and male). Glycine remained a predictor of pAHF with pLVEF by multivariable logistic regression adjusting for comorbidi-
ties, demographic and clinical variables. Higher rate of pAHF in female than in male STEMI patients with pLVEF is associ-
ated with higher plasma glycine in women. The glycine level may be genetically determinated by female sex. The plasma
glycine > 2.6 mg/dL is a predictor of pAHF in STEMI with pLVEF (including female and male).
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Introduction

Oleg B. Iaremenko, Nataliia Kh. Iordanova, Petro F. Dudka, and
Tamara M. Kuchmerovska have contributed equally to this work.

The one of the risk factors of acute heart failure (AHF) in
patients with ST-elevation myocardial infarction (STEMI)
is female sex (Shah et al. 2012; Vicent et al. 2017). Accord-
ing to ACTION registry, 48% of STEMI patients with AHF
have preserved left-ventricular ejection fraction (pLVEF)
(Shah et al. 2012). Heart failure (HF) with pLVEF is
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observed almost twice as often in female patients and asso-
ciated with increased vascular and myocardial stiffness in
women compared to the men of the same age (Lam et al.
2011; Scantlebury and Borlaug 2011; Garg et al. 2017).
Indeed, the microvascular disorders associated with dias-
tolic dysfunction play an important role in the short-term
and long-term prognoses of STEMI with pLVEF in patients
receiving reperfusion therapy (RT) as well as not receiv-
ing RT (Reinstadler et al. 2020). Nowadays, the reperfusion
therapy is a cornerstone in the treatment of STEMI. Accord-
ing to the recent studies, the percentage of STEMI patients
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not receiving RT has been decreased to 14% following the
establishment of STEMI management network in developed
European countries and USA (Dasari et al. 2016), but the
situation could be exacerbated by the COVID-19 pandemic
(Azul Freitas et al. 2021). However, 15 years ago in cohort
of STEMI patients of OASIS-6 randomized study (2006)
also, there were 17% patients presenting within 24 h after
symptom onset and not receiving RT (Yusuf et al. 2006).
Therefore, the percentage of STEMI patients not receiv-
ing RT remains unchanged (approximately 15% in Western
Europe) for the last 15 years (Dharma 2020). Nowadays, in
Southern Europe, approximately 20% of STEMI patients do
not receive RT and up to 50% those STEMI patients are pre-
sent in low-income and middle-income countries (Rosselld
et al. 2017). These STEMI patients are characterized by the
highest rates of complications and mortality.

However, regardless of treatment strategy for STEMI, the
pathogenesis of AHF in patients with pLVEF is character-
ized by similar mechanisms of development. Maladaptive
molecular processes can be an important cause of complica-
tions of STEMI; thus, amino acid metabolomic approach is
important for improving short-term and long-term progno-
ses. The myocardial and vascular stiffness are accompanied
by coronary microvessel inflammation, nitric oxide bio-
availability disorders, mast cell infiltration of myocardium
with development of myocardial fibrosis and associated with
hyperhomocysteinemia (Vizzardi et al. 2009; Okuyan et al.
2010; Paulus and Tschope 2013). In recent studies, high
plasma level of branched-chain amino acids has been associ-
ated with hospital mortality and increased risk of AHF after
PCI in patients with STEMI (Du et al. 2018). In other study,
the lowest and highest plasma levels of betaine (trimethyl
derivative of glycine) were associated with increased risk
of complications in patients with acute coronary syndrome.
The association between higher plasma level of betaine and
AHF development has been revealed (Garcia et al. 2019).

That is why important to elucidate, whether the amino
acids can be indicators of the key causes of metabolic
impairments and whether PAA can be causal biomarkers for
the prediction of disease/complication; or PAA alterations
are secondary and result from disease and hemodynamic
disorders (Vizzardi et al. 2009; Xie et al. 2013). Moreo-
ver, some amino acids strongly associated with the genetic
variants can provide useful tools for understanding causal
directions of correlated phenotypes (Mittelstrass et al. 2011;
Xie et al. 2013).

In clinical conditions, the development of cardiovascu-
lar complications is reliably associated with an increase in
plasma homocysteine level, which can be higher in women
than in men (Page et al. 2010; Zhong et al. 2017). The role of
homocysteinemia in pathogenesis of AHF is controversial.
In some studies, higher plasma level of homocysteine was
associated with increased risk of complications regardless of
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LVEF value (Washio et al. 2011), while in others, the plasma
level of homocysteine was not an independent predictor in
patients with pLVEF (Agoston-Coldea et al. 2011).

The purpose of our study was: (1) assessment of free PAA
alterations in STEMI patients (not receiving RT), depend-
ing on sex and LVEF value; (2) analysis of development of
late/persistent AHF more than 48 h after admission (pAHF)
in STEMI patients with pLVEF depending on PAA levels.

Methods
Participants

This prospective single-center cohort study included 92
patients with STEMI presenting within 24 h after symptom
onset. The median age of patients was 57.6 (Interquartile
Range (IQR) 9.0). There were 33 women and 59 men in the
general STEMI cohort. The detailed characteristics of study
cohort are presented in Table 1.

There was a control group (n=17) with no difference by
sex and age variables in comparison with the STEMI cohort
(Table 1).

According to the criteria of American Heart Association
(2013) and European Society of Cardiology (2018), a diag-
nosis of STEMI was defined as symptoms characteristic of
cardiac ischemia with persistent ST segment elevation or a
new left bundle branch block (LBBB) on electrocardiog-
raphy (ECG) (O’Gara et al. 2013; Ibanez et al. 2018). The
ECG criteria of STEMI included ST segment elevation of
2 mm in men and 1.5 mm in women for leads V, and Vj;
1 mm forleads V|, V, 4, I I, III, aVL, and aVF; and 0.5 mm
for leads V;R and VR (right-sided leads) and V,_q (poste-
rior leads) (Thygesen et al. 2012). Troponin T test was used
in patients with LBBB without information about the time
of LBBB onset.

The patients with pLVEF (n=69) have been extracted
from the general STEMI cohort of study. There were 26
women and 43 men in STEMI cohort with pLVEF (Table 1).

The cohort with pLVEF (including female and male
STEMI patients) has been divided into two groups: the
group of patients with pAHF (n=15) and the group of
patients without pAHF (n=54) (Table 1).

The design of study is presented in Fig. 1.

The diagnosis of AHF was defined using the classification
by Killip-Kimball (Ponikowski et al. 2016). The pAHF was
defined as a persistence or onset symptoms of AHF Killip
IT-IIT more that 48 h after admission.

All the patients were recruited from the Cardiology
Department of Kyiv City Clinical Hospital No. 3 (Kyiyv,
Ukraine) during 3 years. The study was approved by the
local ethics committees and conducted in accordance
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Fig. 1 The design of study.

PpAHF persistent/late AHF Patients with STEMI and criteria of inclusion (n=138)

more than 48 h after admission,
PLVEF preserved left-ventricu-
lar ejection fraction, STEMI ST-
elevation myocardial infarction

Excluded (n=22)
Had criteria of exclusion

Total STEMI patients after screening for eligibility (n=116)

Excluded (n=24)
Did not have plasma amino acid test

Enrolled in general STEMI cohort of study (n=92)

Male group (n=59)

Female group (n=33) 9!7
e

Female group (n=26) j

Included in STEMI cohort with pLVEF (n=69)

Male group (n=43)

|
! \

Patients with pAHF (n=15) Patients without pAHF (n=54)
(female and male) (female and male)

with the Helsinki Declaration of 1971, as revised in 1982.
Informed consent was obtained from all participants.

In general STEMI cohort, the median time from symp-
tom onset to admission was 12.0 (IQR 19.0) hours [50
(54.3%) patients presented more than 12 h after symptom
onset]. There were no significant differences by this variable
between the groups of study (Table 1).

The inclusion criteria were diagnosis of STEMI, admis-
sion within 24 h after symptom onset, not receiving RT, age
up to 74. The reasons for not receiving RT were late pres-
entation of STEMI (more than 12 h after symptom onset),
inability to transfer the patients to PCI center within 12 h
after symptom onset with contraindications to thromboly-
sis (current oral anticoagulants [6 patients (6.5%)], internal
bleeding within last month [6 patients (6.5%)], stroke or
transient ischemic attack within last 6 months [5 patients
(5.4%)], surgery within last 3 weeks [7 patients (7,6%)],
retinal hemorrhage [2 patients (2.2%)], head/facial trauma
within last 3 month [4 patients (4.3%)], arterial blood pres-
sure systolic > 180 mm Hg or diastolic > 110 mm Hg [9
patients (9.8%)], known cerebral vascular lesion [2 patients
(2.2%)] and non-compressible vascular puncture [1 patients
(1.1%)].

The exclusion criteria were cardiogenic shock on admis-
sion, complete atrioventricular block; permanent, long-
standing persistent, persistent (sustained beyond 7 days) or
paroxysmal (with more than 24-h episode of arrhythmia)
variants of atrial fibrillation, that making impossible the
evaluation of diastolic function of left ventricle by echo-
cardiography (EchoCG); severe valvular heart diseases,
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previous chronic HF (CHF) NYHA III-IV, type 1 diabetes
mellitus and type 2 diabetes mellitus complicated by hyper-
glycaemic hyperosmolar state, diabetic ketoacidosis or
severe hypoglycaemia (according to the ISPAD guidelines)
(Wolfsdorf et al. 2018), renal failure (estimated glomerular
filtration rate (eGFR) <30 mL/min), diagnosis of chronic
liver disease, chronic obstructive pulmonary disease and/
or bronchial asthma, anemia (hemoglobin level < 100 g/L).

The patients received basic treatment including angio-
tensin-converting enzyme (ACE) inhibitors, f-blockers and
statins without significantly differences between groups
(Table 1). All patients received anticoagulation and dual
antiplatelet therapy. The opiates, diuretics, nitroglycerin
infusion, dobutamine, antiarrhythmic drugs were used
according to medical indications.

The information about medications of chronically treat-
ment of patients before the onset of STEMI symptoms
has been analyzed. In general STEMI cohort, 50 (54.3%)
patients took ACE inhibitors, 35 (38.1%)—calcium chan-
nel blockers, 44 (47.8)—p-blockers, 42 (45.6%)—statins,
6 (6.5)—antidiabetic drugs. There were no statistically sig-
nificant differences by these variables between the clinical
groups of the study.

The comorbidities, demographic, clinical, laboratory,
and instrumental data were collected on admission. Obe-
sity was defined as the body mass index (BMI) > 30 kg/
m?; eGFR was calculated using Cockroft-Gault formula.
In all cases, the daily standard 12-lead electrocardiogram
(ECG) was registered and complete standard transthoracic
echocardiography (EchoCG) using the ultrasound system
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Aloka SSD 1700 (Japan) was performed on the admission
day. The pLVEF was defined as value of LVEF > 40%.

Sample collection and amino acid analysis

Free PAA were investigated by ion-exchange liquid-col-
umn chromatography according to the classical method of
Stein and Moore (using the automatic amino acid analyzer
Mikrotechna AAA-339, Czech Republic). Venous blood
samples for the PAA measurement were obtained as early
as possible after admission with the condition of 12-h fast-
ing period before the collection of blood sample. Blood
samples were drawn into evacuated glass tubes as quickly
as possible. Plasma samples were obtained by centrifuga-
tion of the blood samples (15 min, 3000 g). The proteins
of 1 mL plasma samples were precipitated by the addition
1 mL of 3% (vol/vol) sulfosalicylic acid/water and cen-
trifugation (30 min, 4500 g) for separation of the super-
natant. Amino acids were separated on a 295X 3.7 mm
column with sulfopolystyrene cation (Ostion LG ANB).
The elution was performed at different temperatures con-
ditions 38°C and 58.5°C with eluent flow rate 12 mL/h.
As the eluents were used five buffer solutions (pH 2.75,
2.95, 3.2, 3.8, and 5.0) of 0.25 mol/L citrate lithium. After
postcolumn reaction with ninhydrin reagent, amino acids
were detected spectrophotometrically.

Statistical analysis

All statistical tests were performed with software package
StatSoft, Inc. (2004) STATISTICA 7.0 and MedCalc Sta-
tistical Software version 12.7.8 (MedCalc Software bvba,
Ostend, Belgium; http://www.medcalc.org; 2014).

The distributions of continuous variables were analyzed
by Shapiro—Wilk’s W normality test.

The continuous variable, possibly normally distributed, is
presented as mean and standard deviations (SD). Statistical
analysis was performed using ANOVA followed by Tukey’s
post hoc test which was applied if a significant difference
among means of variable between groups was detected.

Not-normally distributed continuous variable is presented
as median and interquartile range (IQR). The Mann—Whit-
ney U criterion was used to analyze the differences in not-
normal distributed variables between independent groups.

Categorical variable is presented as frequency and per-
centage (n, %). Pearson Chi-square (y%) criterion (adjusted
Yeats, if the frequency of one of the parameters was less
than five) was used to analyze the differences in categorical
variables between independent groups.

Results were considered statistically significant at
p<0.05.

Logistic regression models

The associations between comorbidities, demographic, clini-
cal, PAA predictors and pAHF were analyzed in general
STEMI cohort and STEMI cohort with pLVEF (including
female and male patients) using univariable logistic regres-
sion. The results are presented as odds ratio (OR) and 95%
confidence interval (95% CI). Multivariable logistic regres-
sion analysis (by forward stepwise variable selection with
“P- to-enter” set at 0.05, and the “P-to-remove” at 0.10)
was applied to examine the independent association between
every PAA variable (significant by the result of univariable
logistic regression analysis) and pAHF in general STEMI
cohort and STEMI cohort with pLVEF (including female
and male patients). All comorbidities, demographic, and
clinical variables (significant by the results of univariable
logistic regression analysis) were included in the five multi-
variable logistic regression models: model 1 including PAA
variable, AHF on admission, number of ECG leads with
elevation and depression more than 1 mm, EchoCG ratio of
the early peak to late atrial peak of mitral diastolic inflow
velocity (Vg/V,); model 2—PAA variable, age, sex, stable
angina, CHF, smoking; model 3—PAA variable, sex, CHF,
type 2 diabetes mellitus, obesity; model 4—PAA variable,
sinus tachycardia > 80/min, paroxysmal atrial fibrillation,
erythrocyte sedimentation rate (ESR) value, eGFR value,
plasma level of urea on admission; model 5—PAA variable,
AHF on admission, type 2 diabetes mellitus, eGFR value.

The quality of regression models, their sensitivity and
specificity were examined using receiver-operator charac-
teristic (ROC) analysis. The results of ROC analysis are
presented as area under curve (AUC) with standard error
(SE) and 95% CI.

The differences were considered statistically significant
at p<0.05.

Results
Descriptives of general STEMI cohort

The significant differences in EchoCG variables [higher
value of left-ventricular end-diastolic index (LVEDI),
lower values of LVEF, cardiac index, EchCG ratio Vp/V,
and acceleration rate of early mitral diastolic inflow veloc-
ity (AccRateg)] were revealed in general STEMI cohort
compared to the control group (Table 1). The patients with
STEMI had significantly higher levels of white blood cells
(WBC), ESR, fasting plasma glucose, urea, creatinine and
lower eGFR compared to the control group. There was no
significant difference in lipidogram between general STEMI
cohort and control group (Table 1).
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Descriptives of female and male groups in general
STEMI cohort

There was no significant difference in the age between
women and men in general STEMI cohort (Table 1). The
female group had significantly higher BMI, higher preva-
lences of obesity and CHF, much fewer smokers than male
group. There was no significant difference in prevalences
of anterior localization of STEMI and AHF Killip II-III
on admission between female and male groups. The higher
number of ECG leads with elevation and depression more
than 1 mm and lower EchoCG ratio V/V, of diastolic func-
tion of left ventricle were revealed in female group than in
male. There were no differences in other EchoCG variables
between female and male groups. Women had significantly
lower levels of hemoglobin and eGFR, and higher ESR
compared to the men. There was no significant difference
in lipidogram between female and male groups (Table 1).
In female group of general STEMI cohort, there was sig-
nificantly higher prevalence of pAHF compared to the male
group (17 (51.5%) vs 15 (25.4%), p=0.012, respectively).

Descriptives of STEMI cohort with pLVEF (including
female and male)

There were no significant differences in the age and sex
characteristics between STEMI cohort with pLVEF and
control group (Table 1). The significantly lower values of
LVEF, cardiac index, EchoCG ratio Vg/V, and AccRateg
were revealed in STEMI cohort with pLVEF compared to
control group. The patients of STEMI cohort with pLVEF
had significantly higher levels of WBC, ESR, fasting plasma
glucose, urea and creatinine compared to the control group.
There were no significant differences in eGFR and lipi-
dogram between STEMI cohort with pLVEF and control
group (Table 1).

Descriptives of female and male groups of STEMI
cohort with pLVEF

The female group with pLVEF was significantly older [60.5
(IQR 13.0)] than male (53.9 (IQR 16.0), p=0.031). There
were significantly higher BMI, higher prevalence of obe-
sity, stable angina, CHF, type 2 diabetes mellitus and lower
prevalence of smoking in female group than in male with
pLVEF (Table 1). Higher prevalence of AHF Killip II-III
on admission was revealed in women compared to the men
of STEMI cohort with pLVEF (46.2% vs 16.3%, p=0.007,
respectively). On admission the values of arterial blood pres-
sure [systolic (SBP), diastolic (DBP), mean arterial pressure
(MAP)] were lower and the prevalence of cases with heart
rate > 80/min was higher in the female group with pLVEF
than in male (Table 1).
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The higher number of ECG leads with elevation and
depression more than 1 mm was revealed in ECG of women
compared to men with STEMI and pLVEF (Table 1).

There were no differences in EchoCG variables between
female and male groups with pLVEF, except significantly
lower ratio V/V, in women compared to the men. There was
no difference in LVEF values on admission between female
and male group with pLVEF. Women with pLVEF had sig-
nificantly lower hemoglobin and eGFR, higher ESR and
creatinine compared to the men. There was no significant
difference in lipidogram between female and male groups
(Table 1).

Women with STEMI and pLVEF had significantly higher
prevalence of pAHF compared to the men [12 (46.2%) vs 3
(7.0%), p=0.0004, respectively]. There was significant dif-
ference in the prevalence of diuretic therapy between these
groups: higher in female than in male (Table 1).

Descriptives of groups with pAHF and without pAHF
in STEMI cohort with pLVEF (including female
and male)

There was no significant difference by age between groups
with pAHF and without pAHF (Table 1). These was a sig-
nificant difference in sex variable between these groups [12
women (80.0%) in group with pAHF vs 14 (25.9%) in group
without pAHF, p <0.001]. There were higher prevalences
of stable angina, CHF and type 2 diabetes mellitus in group
with pAHF than in group without pAHF (Table 1). The
patients with pAHF had higher rate of AHF on admission
than patients without pAHF (60.0% vs 18.5%, p=0.001,
respectively). The higher prevalences of sinus tachycar-
dia> 80/min and paroxysmal atrial fibrillation, lower values
of SBP, DBP, MAP and higher number of ECG leads with
elevation and depression more than 1 mm were revealed in
patients with pAHF compared to the patients without pAHF.
There was no significant difference in EchoCG variables
between groups with pAHF and without pAHF. The group
with pAHF had higher ESR, higher fasting plasma glucose
and lower eGFR compared to the group without pAHF.
There was no significant difference in lipidogram between
the groups with pAHF and without pAHF (Table 1).

PAA characteristics
General STEMI cohort (including female and male)

As shown in Table 2, the patients with STEMI had signifi-
cantly higher plasma levels of ornithine (by 2.2 times), glu-
tamic acid (by 2.2 times), alanine (by 1.7 times), glutamine
(by 1.6 times), leucine (by 1.6 times), serine (by 1.5 times)
and lower level of arginine (by 1.6 times) compared to the
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control group. The total aminoacidemia was also higher in
general STEMI cohort by 1.5 times in comparison with con-
trol group (Table 2).

Female and male groups of general STEMI cohort

The total aminoacidemia was significantly higher (by 1.4
times) in female than in male group. In women with STEMI,
there were significantly increased levels of phenylalanine (by
2.1 times), aspartic acid (by 1.7 times), lysine (by 1.6 times),
arginine (by 1.6 times), glycine (by 1.6 times), leucine (by
1.6 times), tyrosine (by 1.6 times), glutamine (by 1,6 times),
valine (by 1.5 times), serine (by 1.4 times), alanine (by 1.4
times), methionine (by 1.4 times), threonine (by 1.2 times)
and glutamic acid (by 1.2 times) in comparison with men
(Table 2).

STEMI cohort with pLVEF (including female
and male)

The patients of STEMI cohort with pLVEF had significantly
higher plasma levels of ornithine (by 2.2 times), glutamic
acid (by 1.9 times), alanine (by 1.7 times), leucine (by 1.4
times) and lower level of arginine (by 1.8 times) compared
to the control group. There was no difference in the total
aminoacidemia between STEMI cohort with pLVEF and
control group (Table 2).

Female and male group of STEMI cohort with pLVEF

The total aminoacidemia was significantly higher (by 1.6
times) in female than in male group with pLVEF. In women
with STEMI and pLVEF, there were significantly increased
levels of phenylalanine (by 2.5 times), aspartic acid (by 2,0
times), glycine (by 1.9 times), methionine (by 1.9 times),
leucine (by 1.8 times), alanine (by 1.7 times), valine (by
1.7 times), lysine (by 1.6 times), arginine (by 1.6 times),
tyrosine (by 1.5 times), serine (by 1.6 times), ornithine (by
1.4 times), threonine (by 1.4 times), glutamic acid (by 1.4
times), homocysteine (by 1.3 times) and histidine (by 1.2
times) compared to the men with pLVEF (Table 2).

Groups with pAHF and without pAHF in STEMI
cohort with pLVEF (including female and male)

There were significantly higher levels of majority of PAA
in patients with pLVEF and pAHF in comparison with the
control group: total aminoacidemia (by 1.7 times) with
increased levels of glutamic acid (by 3.4 times), ornithine
(by 3.2 times), alanine (by 2.8 times), phenylalanine (by 2.5
times), glycine (by 2.4 times), leucine (by 2.2 times), serine
(by 2.0 times), proline (by 2.0 times), lysine (by 1.9 times),
aspartic acid (by 1,9 times), methionine (by 1.9 times),
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glutamine (by 1.9 times), valine (by 1.6 times), tyrosine (by
1.6 times), homocysteine (by 1.5 times), histidine (by 1.5
times), threonine (by 1.2 times) and isoleucine (by 1,1 times)
(Table 2).

In the group without pAHF with pLVEEF, significantly
higher levels of glutamic acid (by 1.7 times), alanine (by 1.4
times) and significantly lower level of arginine (by 2.0 times)
were revealed in comparison with control group (Table 2).

There were significantly differences in the levels of all
PAA, except homocysteine and cysteine, between groups
with pAHF and without pAHF. The patients with pAHF
had higher levels of total aminoacidemia (by 1.6 times) with
increased levels of phenylalanine (by 2.7 times), proline
(by 2.3 times), alanine (by 2.1 times), methionine (by 2.1
times), glutamic acid (by 2.0 times), aspartic acid (by 1,9
times), glycine (by 1.9 times), leucine (by 1.8 times), lysine
(by 1.7 times), ornithine (by 1.7 times), arginine (by 1.6
times), serine (by 1.6 times), valine (by 1.6 times), tyrosine
(by 1.6 times), glutamine (by 1.6 times), threonine (by 1.4
times), histidine (by 1.3 times) and isoleucine (by 1,3 times)
(Table 2).

Logistic regression analysis

Univariable logistic regression models with pAHF
and comorbidities, demographic, clinical variables

The significant association between female sex, stable
angina, CHF, AHF Killip II-III on admission, sinus tach-
ycardia more than 80/min on admission, number of ECG
leads with elevation and depression ST more than 1 mm,
ESR, plasma urea and eGFR on admission as predictors and
pAHF development were revealed by univariable logistic
regression in general STEMI cohort as well as in STEMI
cohort with pLVEF (including women and men) (Table 3).
In STEMI cohort with pLVEEF, the highest strength of asso-
ciation with pAHF was revealed for female sex (OR 11.4,
p=0.0001), type 2 diabetes mellitus (OR 9.45, p=0.012)
and AHF on admission (OR 6.61, p=0.002) (Table 3).

Univariable logistic regression models with pAHF
and PAA variables

As shown in Table 4, significant associations between PAA
variables and pAHF in STEMI cohort with pLVEF (includ-
ing female and male) were revealed by univariable logis-
tic regression for all PAA, except homocysteine, arginine,
proline and isoleucine. The most prominent associations
of pAHF have been revealed with methionine (OR 375.2,
p <0.0001), aspartic acid (OR 10.3, p <0.0001), tyrosine
(OR 4.34, p <0.0001), histidine (OR 3.41, p=0.0001), thre-
onine (OR 3.32, p=0.002), serine (OR 3.20, p <0.0001),
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Table 3 Univariable logistic regression analysis including comorbidities, demographic and clinical variables in general STEMI cohort and
STEMI cohort with pLVEF (including female and male patients) for prediction of pAHF

Variables® All STEMI patients (n=92)" STEMI with pLVEF (n=69)°
OR 95% CI P OR 95% CI P°

Age 1.68+# 1.01-1.13 0.009 1.03 0.97-1.10 0.338
Female sex 3.7 1.47-9.43 0.004 11 4wt 2.73-47.6 0.0001
Stable angina 3.9 1.50-10.3 0.003 4,02+ 1.10-14.5 0.024
Previous MI 6.33+H## 1.52-26.4 0.006 6.51%## 0.94-44.8 0.053
CHF 8.6kt 2.89-26.1 0.00001 3,68 1.07-12.6 0.029
Type 2 diabetes mellitus 2.00" 0.46-8.77 0.355 9 45 1.48-60.2 0.012
AHF Killip II-III on admission 11,9t 4.08-34.8 <0.00001 6.61 %+ 1.86-23.3 0.002
Sinus tachycardia > 80/min (on admission) 5,73k 2.17-15.1 0.0002 4,46+ 1.30-15.3 0.015
Sum of elevation and depression ST in 12-ECG 1.03% 0.99-1.07 0.139 1.02% 0.97-1.07 0.431

leads (mm) (on admission)
Number of ECG leads with elevation and 1.295%H## 1.08-1.54 0.002 1.31%% 1.02-1.67 0.022

depression ST > =1 mm (on admission)
rLVEF 10,2 3.37-30.9 0.00001 - - -
WMSI (on admission) 5.33 % 1.67-17.0 0.001 1.16 0.16-8.19 0.881
Vi/V,s (on admission) 0.74 0.08-7.04 0.788 0.90 0.06-13.7 0.937
AccRateg, m/sec’ (on admission) .67 1.04-2.69 0.001 1.65" 0.86-3.16 0.093
DecRateg, m/sec’ (on admission) 166 1.15-2.40 0.004 1.12 0.63-1.99 0.690
DecTg msec (on admission) 0.98* 0.97-0.99 0.016 1.00 0.98-1.03 0.701
ESR, mm/h (on admission) 1.05### 1.01-1.11 0.012 1.07:### 1.01-1.12 0.004
Plasma urea, mmol/L (on admission) 1 .36 1.10-1.68 0.002 1.30%# 1.02-1.66 0.026
Plasma creatinine, mcmol/L (on admission) 1.03%# 1.01-1.06 0.006 1.02% 0.99-1.05 0.089
eGFR, mL/min (on admission) 0.9 0.93-0.98 <0.00001 0.96%+* 0.93-0.99 0.0003

AHF acute heart failure, AccRatey acceleration rate of early mitral diastolic inflow velocity, CHF chronic heart failure, DecRate;; deceleration
rate of early mitral diastolic inflow velocity, DecTy deceleration time of early mitral diastolic inflow velocity, ESR erythrocyte sedimentation
rate, eGFR estimated glomerular filtration rate, MI myocardial infarction, pAHF persistent/late AHF after 48 h of admission, pLVEF preserved
left-ventricular ejection fraction, rLVEF reduced left-ventricular ejection fraction, STEMI ST-elevation myocardial infarction, V,/V, ratio of the

peak early (V) to peak late atrial (V) of mitral diastolic inflow velocity, WMSI wall motion score index

#Variables that were statistically significant for both cohorts are presented in bold

YOR odds ratio, CI confidence interval; *p <0.05, **p <0.01, **¥p <0.001—significance of proper coefficient of variable in univariable logistic
regression model; #p <0.05, #p <0.01, #p <0.001—significance of constant B0 in univariable logistic regression model

“Significance of coefficient ¥ in univariable logistic regression model

ornithine (OR 2.78, p <0.0001), glycine (OR 2.49,
p<0.0001), leucine (OR 2.29, p=0.0003), phenylalanine
(OR 2.26, p=0.0003) and lysine (OR 2.17, p=0.0002)
(Table 4).

Multivariable logistic regression models

Multivariable logistic regression analysis, including sig-
nificant comorbidities, demographic and clinical predictors
(presented in Table 3) and significant PAA predictors (pre-
sented in Table 4) of pAHF in STEMI cohort with pLVEF
(including female and male), revealed that only plasma level
of glycine, not other PAA, remained a significant independ-
ent predictor of pAHF in all five multivariable logistic
regression models (Table 5).

As shown in Table 4 and Fig. 2, good accuracy of logis-
tic regression model including plasma glycine and pAHF
in STEMI cohort with pLVEF (including female and male)
was revealed using ROC analysis (AUC 0.84 [95% CI
0.73-0.92], p <0.0001; sensitivity 86.7%/specificity 77.8%
for plasma level of glycine>2.58 (95% CI 2.16-3.34) mg/
dL).

Discussion

Although there are many risk factors (high blood pressure,
high cholesterol and glucose level, etc.) for developing heart
disease in female and male, in female, other factors may
be more meaningful. In our study, the female plasma lev-
els of phenylalanine and glycine were significantly higher

@ Springer



1306 0. B. laremenko et al.

Table 4 Univariable logistic PAA. mg/dL OR (95% CI)® AUC + SE (95% CI)° e

regression analysis including

PAA variables in STEMI cohort  pcy 0.52 (0.001-470.3) 0.65+0.07 (0.52-0.77) 0.0295

Z;‘;hrgizl;i lggtc:)‘“fionr‘i fg;‘;lfon Lys 2.17 (1.29-3.64) *+# 0.76+£0.07 (0.64-0.85) 0.0002

of pAHF His 3.41 (1.39-8.38)*+# 0.75+0.07 (0.63-0.85) 0.0001
Arg 1.76 (0.93-3.34) 0.68+0.08 (0.55-0.78) 0.0219
Orn 2.78 (1.39-5.56)%* 0.77 +£0.06 (0.65-0.86) <0.0001
Asp 10.3 (2.03-52.3) %+ 0.79+0.07 (0.68-0.88) <0.0001
Thr 3.32 (1.16-9.53)** 0.71+0.07 (0.59-0.81) 0.002
Ser 3.20 (1.50-6.84)*** 0.79+0.07 (0.67-0.88) <0.0001
Glu 1.46 (1.15-1.87) #=#* 0.77+0.07 (0.66-0.87) <0.0001
Pro 1.69 (0.99-2.84) 0.69+0.08 (0.57-0.80) 0.0114
Gly 2.49 (1.51—4. 11 )y#ssst 0.84+0.05 (0.73-0.92) <0.0001
Ala 1.58 (1.20-2.09)*#x## 0.79+0.07 (0.68-0.88) 0.0001
Val 1.99 (1.24-3.20)%*** 0.76 +0.07 (0.65-0.86) 0.0002
Met 375.2 (7.91-17,789.5) s 0.80+0.07 (0.69-0.89) <0.0001
Ile 3.07 (0.84-11.2) 0.68+0.08 (0.56-0.79) 0.0169
Leu 2.29 (1.30-4.03)*#* 0.76 +0.07 (0.64-0.85) 0.0003
Tyr 4.34 (1.52-12.4)%# 0.79 +0.06 (0.68-0.88) <0.0001
Phe 2.26 (1.39-3.66) x4 0.79 +0.08 (0.67-0.88) 0.0003
Gln 1.25 (1.004—1.54)%* 0.68+0.07 (0.56-0.79) 0.0126
Total PPA 1.06 (1.02—1.10)#=# 0.78 +0.07 (0.66-0.87) <0.0001

PAA plasma amino acids, pAHF persistent/late AHF after 48 h of admission, pLVEF preserved left-ventric-
ular ejection fraction, STEMI ST-elevation myocardial infarction

“OR odds ratio, CI confidence interval; *p<0.05, **p<0.01, ***p<0.001, ***¥*p<0.0001 significance
of coefficient y? of univariable logistic regression model; *p <0.05, #p <0.01, ##p <0.001 significance of
proper coefficient of PAA variable in univariable logistic regression model

YAUC area under curve, SE standart error, CI confidence interval

“Significance of difference between AUC value of univariable logistic regression model and AUC value 0.5

in general STEMI cohort and, especially, in STEMI cohort
with pLVEF. Also in our study, the significant associations
between female sex, plasma level of glycine and pAHF have
been revealed by logistic regression analysis.

Glycine is the well-known key component of several
metabolic pathways such as glutathione synthesis and
folate cycle of one-carbon metabolism (Locasale 2013;
Weinberg et al. 2016). Previously, our special attention
was deserved to alterations of free glycine level in blood
serum of diabetic rats due to its involvement also into
glutathione biosynthesis (Kuchmerovska et al. 2008). In
the numerous studies in vivo, the glycine cytoprotection
against necrosis resulted from the immunomodulation, but
not from the neuronal signaling effects of glycine; and an
apoptosis as a result of hypoxia under experimental condi-
tion was possible due to the use of glycine to prevent cell
necrosis. Although the effect of glycine to shift necrotic to
apoptotic cell death has not been completely studied and
can vary, depending on the types of cells (Weinberg et al.
2016). If we talk about neuronal signaling effects of gly-
cine trying to explain the high predictive value of glycine-
mia in our study, it should be noted that glycine is the one
of endogenous agonists of N-methyl-p-aspartate receptors

@ Springer

(NMDA) of the hypothalamic paraaortic and paraventricu-
lar nuclei. These receptors are responsible for autonomous
and neuroendocrine regulation of the cardiovascular sys-
tem (Kc and Dick 2010; Ouattara et al. 2013; Arora et al.
2014). In the experimental study, administration of glycine
to animals in contrast to the expected renal cytoprotection
was associated with an increase in acute ischemic-reperfu-
sion renal injury as a result of NMDA activation (Arora
et al. 2014). It has been demonstrated that NMDA acti-
vation is associated with increased intracellular calcium,
impairment of nitric oxide synthesis, and increased pro-
duction of reactive oxygen species, and is the one of the
key causes in pathogenesis of heart failure (Kang et al.
2009; Seminotti et al. 2011; Martins-Pinge et al. 2013;
Stern and Potapenko 2013; Moura et al. 2014). The role of
NMDA activation in the pathogenesis of ischemic/reperfu-
sion injury has been confirmed by the cytoprotective effect
of the NMDA inhibition, especially, in pre- and postcon-
ditioning of the isolated rat heart (Weinberg et al. 2016;
Govoruskina et al. 2019).

In our study, we have observed higher PAA levels in all
female groups of STEMI patients compared to the respec-
tive male groups. Taking into account the mentioned
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Table 5 Multivariable logistic regression analysis including plasma
level of glycine, comorbidities, demographic and clinical variables in
STEMI cohort with pLVEF (including female and male patients) for
prediction of pAHF

Regression models  Odds ratio  95% p* pb
Confidence
Interval
Model 1¢ 2.49 1.51-4.11 <0.0001 -
Model 2¢ 1.91 1.18-3.09 0.001 0.006
Model 3¢ 1.91 (1.12-3.23)  <0.0001 <0.05
Model 4 2.70 1.68-4.62 <0.0001  0.0003
Model 5¢ 2.31 1.38-3.85 0.0003 0.001
Model 6" 2.48 1.43-4.28 <0.0001 0.001

AF atrial fibrillation, AHF acute heart failure, CHF chronic heart fail-
ure, eGFR estimated glomerular filtration rate, ESR erythrocyte sedi-
mentation rate, PAA plasma amino acids, pAHF persistent/late AHF
after 48 h of admission, pLVEF preserved left-ventricular ejection
fraction, STEMI ST-elevation myocardial infarction, 72DM type 2
diabetes mellitus, V/V, ratio of the peak early (Vi) to peak late atrial
(V,) of mitral diastolic inflow velocity

3Significance of coefficient y* of logistic regression model

bSignificance of coefficient of glycine in multivariable logistic regres-
sion model

“Univariable logistic regression model including plasma level of gly-
cine (mg/dL)

dMultivariable logistic regression model (1) including plasma level
of glycine (mg/dL), AHF Killip II-IIT on admission, number of ECG
leads with elevation and depression ST more than 1 mm, ratio Vi/V,
by EchoCG on admission

“Multivariable logistic regression model (2) including plasma level of
glycine (mg/dL), age (years), female sex, stable angina, CHF, smok-
ing

"Multivariable logistic regression model (3) including plasma level of
glycine (mg/dL), sex, CHF, T2DM, obesity

£Multivariable logistic regression model (4) including plasma level of
glycine (mg/dL), sinus tachycardia (> 80/min), paroxysmal AF, ESR,
eGFR (ml/min), plasma urea (mmol/L) on admission

"Multivariable logistic regression model (5) including plasma level of
glycine (mg/dL), T2DM, AHF Killip II-III on admission and eGFR
(ml/min) on admission

above, we tried to answer the question of primary or sec-
ondary nature of such metabolic PAA differences between
women and men, based on the recent genetic research
results. The highly sex-specific effect of single-nucleo-
tide polymorphism (SNPs) in the carbamoyl-phosphate
synthase 1 (CPS1) gene locus on free plasma level of gly-
cine has been revealed by genome-wide association study
(GWAS) (Mittelstrass et al. 2011). The fourfold stronger
association between SNP rs715 in CPS1 gene and plasma
glycine in women than in men has been demonstrated
in RISC study. The RISK study researchers suggested
that the polymorphism of CPS1 gene may cause excess
ammonia, which may then lead to an increase in the pro-
duction of glycine and tetrahydrofolate under condition

100 |-

Sensitivity: 86,7
Specificity: 77,8
Criterion : >2,582

Sensitivity

100-Specificity

Fig.2 ROC curve of plasma glycine level for prediction of pAHF in
patients with STEMI and pLVEF (n=69) (AUC 0.84 + SE 0.05 [95%
CI 0.73-0.92], p<0.0001). AUC area under curve, CI confidence
interval, pAHF persistent/late AHF more than 48 h after admission,
PLVEF preserved left-ventricular ejection fraction, ROC receiver-
operator characteristic, SE standard error, STEMI ST-elevation myo-
cardial infarction

of the glycine cleavage (Xie et al. 2013). The glycine-
associated risk of AMI in patients with stable angina has
been revealed in WENBIT study (Ding et al. 2016a, b).
This risk can be modulated by the methylene-tetrahydro-
folate-dehydrogenase-1 (MTHFD1) gene polymorphism,
and was assessed by plasma levels of serine and glycine
(Ding et al. 2016a, b). According to the authors of this
study, increased levels of intracellular glycine were associ-
ated with impaired formation of 5,10-methylene-tetrahy-
drofolate, presumably due to backflow through serine-
hydroxymethyl-transferase. Thus, the interaction observed
between the 1s1076991 polymorphism of MTHFD1 and
the plasma level of glycine indicates the role of the shift
of MTHFD1 from sufficient to deficient in the regulation
of purine synthesis and the reverse flow between serine
and glycine (Ding et al. 2016a, b).

Consequently, there are convincing evidences of the
genetic predisposition of a certain type of PAA profile
in women, especially concerning higher level of glycine
despite of the fact that this amino acid can exert its influ-
ence on non-genetic level. That is why, we can suppose
that hyperglycinemia in female patients with STEMI may
have primary genetic-associated nature and can be associ-
ated with initiating development of secondary hemody-
namic preconditions for pAHF in STEMI with pLVEF.
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Limitations

We have conducted a single-center prospective cohort study,
so the generalizability of our results may be limited. The
STEMI cohort was relatively small, that may have influ-
enced the power of our study. Due to our STEMI cohort did
not receive RT, we are limited in the ability to extend our
study results to patients receiving RT. The further investiga-
tions may provide insights into the predictive role of plasma
amino acids in the development of pAHF in STEMI patients
after PCI.

Taking into account 12-h fasting period before collec-
tion of blood sample, we had approximately 15-24 h of this
period in the main group of study population. Based on the
literature data, we believe that some plateau in amino acid
levels should be present more than 12 h after the onset of
STEMI symptoms in the plasma of patients not receiving
RT. We understand that the difference in time periods from
symptom onset to blood sample collection may affect the
results of PAA tests and can be methodological limitation
of the study.

Conclusion

According to the results of our prospective cohort study,
including STEMI patients not receiving RT, we can suppose
that women have significantly higher levels of majority of
PAA than men in general STEMI cohort as well as in STEMI
cohort with pLVEF. In STEMI cohort with pLVEF, the
plasma levels of phenylalanine and glycine are the most sig-
nificantly increased in female group as well as in the group
with pAHF (including female and male). Female sex (OR
11.4) and plasma level of glycine (OR 2.49) are significant
predictors of pAHF in STEMI cohort with pLVEF (includ-
ing female and male). Such relation may be due to geneti-
cally determined higher level of glycine in women, unlike
men. Plasma level of glycine remains an independent pre-
dictor of pAHF in STEMI cohort with pLVEF in multivari-
able logistic regression models adjusting for comorbidities,
demographic and clinical variables. In our study, the glycine
level >2.58 [95% CI 2.16-3.34] mg/dL was characterized by
sensitivity 86.7% and specificity 77.8% (AUC 0.84 [95% CI
0.73-0.92], p <0.0001) for prediction of pAHF in STEMI
patients with pLVEF (including female and male) not receiv-
ing RT. Thus, glycine in relation to female sex could be
useful predictor of pAHF development in STEMI patients
with pLVEF.
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