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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 pLVEF (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).

Keywords  STEMI · Heart failure · Sex differences · Amino acids · Glycine

Introduction

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 
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 (Rosselló 
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 Tschöpe 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 

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 V2 and V3; 
1 mm for leads V1, V4–6, I, II, III, aVL, and aVF; and 0.5 mm 
for leads V3R and V4R (right-sided leads) and V7–9 (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 
II–III more that 48 h after admission.

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

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, β-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)—β-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/
m2; 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 

Fig. 1   The design of study. 
pAHF persistent/late AHF 
more than 48 h after admission, 
pLVEF preserved left-ventricu-
lar ejection fraction, STEMI ST-
elevation myocardial infarction
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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 295 × 3.7 mm 
column with sulfopolystyrene cation (Ostion LG ANB). 
The elution was performed at different temperatures con-
ditions 38ºC and 58.5ºC 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.​medca​lc.​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 (χ2) 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 (VE/VA); 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 VE/VA 
and acceleration rate of early mitral diastolic inflow veloc-
ity (AccRateE)] 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).

http://www.medcalc.org
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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 VE/VA 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 VE/VA and AccRateE 
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).

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 VE/VA 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), 

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 pLVEF, 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 pLVEF, 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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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 

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

AHF acute heart failure, AccRateE acceleration rate of early mitral diastolic inflow velocity, CHF chronic heart failure, DecRateE deceleration 
rate of early mitral diastolic inflow velocity, DecTE 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, VE/VA ratio of the 
peak early (VE) to peak late atrial (VA) of mitral diastolic inflow velocity, WMSI wall motion score index
a Variables that were statistically significant for both cohorts are presented in bold
b OR 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
c Significance of coefficient χ2 in univariable logistic regression model

Variablesa All STEMI patients (n = 92)b STEMI with pLVEF (n = 69)b

OR 95% CI pc OR 95% CI pc

Age 1.68*## 1.01–1.13 0.009 1.03 0.97–1.10 0.338
Female sex 3.72**### 1.47–9.43 0.004 11.4***### 2.73–47.6 0.0001
Stable angina 3.92**### 1.50–10.3 0.003 4.02*### 1.10–14.5 0.024
Previous MI 6.33*### 1.52–26.4 0.006 6.51### 0.94–44.8 0.053
CHF 8.69***### 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 11.9***### 4.08–34.8  < 0.00001 6.61**### 1.86–23.3 0.002
Sinus tachycardia > 80/min (on admission) 5.73***### 2.17–15.1 0.0002 4.46*### 1.30–15.3 0.015
Sum of elevation and depression ST in 12-ECG 

leads (mm) (on admission)
1.03## 0.99–1.07 0.139 1.02## 0.97–1.07 0.431

Number of ECG leads with elevation and 
depression ST >  = 1 mm (on admission)

1.29**### 1.08–1.54 0.002 1.31*## 1.02–1.67 0.022

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
VE/VA (on admission) 0.74 0.08–7.04 0.788 0.90 0.06–13.7 0.937
AccRateE, m/sec2 (on admission) 1.67*## 1.04–2.69 0.001 1.65# 0.86–3.16 0.093
DecRateE, m/sec2 (on admission) 1.66**### 1.15–2.40 0.004 1.12 0.63–1.99 0.690
DecTE, 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) 0.96***## 0.93–0.98  < 0.00001 0.96**# 0.93–0.99 0.0003
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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-d-aspartate receptors 

(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 

Table 4   Univariable logistic 
regression analysis including 
PAA variables in STEMI cohort 
with pLVEF (including female 
and male patients) for prediction 
of pAHF

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
a OR odds ratio, CI confidence interval; *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001 significance 
of coefficient χ2 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
b AUC​ area under curve, SE standart error, CI confidence interval
c Significance of difference between AUC value of univariable logistic regression model and AUC value 0.5

PAA. mg/dL OR (95% CI)a AUC ± SE (95% CI)b pc

Hcy 0.52 (0.001–470.3) 0.65 ± 0.07 (0.52–0.77) 0.0295
Lys 2.17 (1.29–3.64) **## 0.76 ± 0.07 (0.64–0.85) 0.0002
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)****### 0.84 ± 0.05 (0.73–0.92) < 0.0001
Ala 1.58 (1.20–2.09)***## 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)***## 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)***### 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
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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 

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 rs1076991 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.

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

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, T2DM type 2 
diabetes mellitus, VE/VA ratio of the peak early (VE) to peak late atrial 
(VA) of mitral diastolic inflow velocity
a Significance of coefficient χ2 of logistic regression model
b Significance of coefficient of glycine in multivariable logistic regres-
sion model
c Univariable logistic regression model including plasma level of gly-
cine (mg/dL)
d Multivariable logistic regression model (1) including plasma level 
of glycine (mg/dL), AHF Killip II–III on admission, number of ECG 
leads with elevation and depression ST more than 1 mm, ratio VE/VA 
by EchoCG on admission
e Multivariable logistic regression model (2) including plasma level of 
glycine (mg/dL), age (years), female sex, stable angina, CHF, smok-
ing
f Multivariable logistic regression model (3) including plasma level of 
glycine (mg/dL), sex, CHF, T2DM, obesity
g 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
h 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

Regression models Odds ratio 95% 
Confidence 
Interval

pa pb

Model 1c 2.49 1.51–4.11 < 0.0001 –
Model 2d 1.91 1.18–3.09 0.001 0.006
Model 3e 1.91 (1.12–3.23) < 0.0001 < 0.05
Model 4f 2.70 1.68–4.62 < 0.0001 0.0003
Model 5g 2.31 1.38–3.85 0.0003 0.001
Model 6h 2.48 1.43–4.28 < 0.0001 0.001

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
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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.

Acknowledgements  The authors wish to thank the physicians at the 
Cardiology Department of Kyiv City Clinical Hospital No. 3 (Kyiv, 
Ukraine).

Author contributions  All authors fulfill the ICMJE criteria for author-
ship. Design, analysis, interpretation of data, drafting of manuscript, 
and revising it critically for important intellectual content: OBI, NKI, 
PFD, and TMK. Plasma amino acid analysis and data collecting: NKI 
and TMK. All authors have read and approved the final version of the 
paper and take responsibility for the work.

Funding  This research has been funded by the budget program of 
Bogomolets National Medical University as a part of Project Number 
0113U001483.

Data availability statement  All data generated or analyzed during this 
study are included in this article and its supplementary material files. 
Further enquiries can be directed to the corresponding author.

Declarations 

Conflict of interest  The authors have no conflicts of interest to declare.

Ethics approval  The research was conducted in accordance with the 
World Medical Association Declaration of Helsinki. The study protocol 
was reviewed and approved by the local ethics committee of Bogomo-
lets National Medical University (Kyiv, Ukraine)

Informed consent  Informed consent was obtained from all participants.

References

Agoston-Coldea L, Mocan T, Gatfosse M, Lupu S, Dumitrascu DL 
(2011) Plasma homocysteine and the severity of heart fail-
ure in patients with previous myocardial infarction. Cardiol J 
18(1):55–62

Arora S, Kaur T, Kaur A, Singh AP (2014) Glycine aggravates ischemia 
reperfusion-induced acute kidney injury through N-Methyl-
d-aspartate receptor activation in rats. Mol Cell Biochem 393(1–
2):123–131. https://​doi.​org/​10.​1007/​s11010-​014-​2052-0

Azul Freitas A, Baptista R, Gonçalves V, Ferreira C, Milner J, 
Lourenço C et al (2021) Impact of SARS-CoV-2 pandemic on 
ST-elevation myocardial infarction admissions and outcomes in 
a Portuguese primary percutaneous coronary intervention center: 
preliminary data. Rev Port Cardiol (engl Ed) 40(7):465–471. 
https://​doi.​org/​10.​1016/j.​repce.​2021.​07.​014

Dasari TW, Hamilton S, Chen AY, Wang TY, Peterson ED, de Lemos 
JA et al (2016) Non-eligibility for reperfusion therapy in patients 
presenting with ST-segment elevation myocardial infarction: 
Contemporary insights from the National Cardiovascular Data 
Registry (NCDR). Am Heart J 172:1–8. https://​doi.​org/​10.​1016/j.​
ahj.​2015.​10.​014

Dharma S (2020) Comparison of real-life systems of care for ST-
segment elevation myocardial infarction. Glob Heart 15(1):66. 
https://​doi.​org/​10.​5334/​gh.​343

Ding YP, Pedersen EKR, Johansson S, Gregory JF 3rd, Ueland PM, 
Svingen GF et al (2016a) B vitamin treatments modify the risk of 
myocardial infarction associated with a MTHFD1 polymorphism 
in patients with stable angina pectoris. Nutr Metab Cardiovasc 
Dis 26(6):495–501. https://​doi.​org/​10.​1016/j.​numecd.​2015.​12.​009

Ding Y, Pedersen ER, Svingen GF, Helgeland Ø, Gregory JF, Løland 
KH et al (2016b) Methylenetetrahydrofolate dehydrogenase 1 
polymorphisms modify the associations of plasma glycine and 
serine with risk of acute myocardial infarction in patients with 
stable angina pectoris in WENBIT (Western Norway B Vitamin 

https://doi.org/10.1007/s11010-014-2052-0
https://doi.org/10.1016/j.repce.2021.07.014
https://doi.org/10.1016/j.ahj.2015.10.014
https://doi.org/10.1016/j.ahj.2015.10.014
https://doi.org/10.5334/gh.343
https://doi.org/10.1016/j.numecd.2015.12.009


1309Sex‑related differences in plasma amino acids of patients with ST‑elevation myocardial…

1 3

Intervention Trial). Circ Cardiovasc Genet 9(6):541–547. https://​
doi.​org/​10.​1161/​CIRCG​ENETI​CS.​116.​001483

Du X, You H, Li Y, Wang Y, Hui P, Qiao B et al (2018) Relation-
ships between circulating branched chain amino acid concentra-
tions and risk of adverse cardiovascular events in patients with 
STEMI treated with PCI. Sci Rep 8:15809. https://​doi.​org/​10.​
1038/​s41598-​018-​34245-6

Garcia E, Osté MCJ, Bennett DW, Jeyarajah EJ, Shalaurova I, Gruppen 
EG et al (2019) High betaine, a trimethylamine N-oxide related 
metabolite, is prospectively associated with low future risk of 
type 2 diabetes mellitus in the PREVEND Study. J Clin Med 
8(11):1813. https://​doi.​org/​10.​3390/​jcm81​11813

Garg A, Virmani D, Agrawal S, Agarwal C, Sharma A, Stefanini G et al 
(2017) Clinical application of biomarkers in heart failure with a 
preserved ejection fraction: a review. Cardiology 136(3):192–203. 
https://​doi.​org/​10.​1159/​00045​0573

Govoruskina N, Srejovic I, Bolevich S, Bolevich S, Tachieva B, 
Omarov I et al (2019) The effects of N-methyl-d-aspartate receptor 
blockade on oxidative status in heart during conditioning maneu-
vers. Serb J Exp Clin Res 20(4):343–349. https://​doi.​org/​10.​2478/​
sjecr-​2019-​0077

Ibanez B, James S, Agewall S, Antunes MJ, Bucciarelli-Ducci C, 
Bueno H et al (2018) 2017 ESC Guidelines for the management 
of acute myocardial infarction in patients presenting with ST-
segment elevation: the Task Force for the management of acute 
myocardial infarction in patients presenting with ST-segment ele-
vation of the European Society of Cardiology (ESC). Eur Heart J 
39(2):119–177. https://​doi.​org/​10.​1093/​eurhe​artj/​ehx393

Kang YM, He RL, Yang LM, Qin DN, Guggilam A, Elks C et al (2009) 
Brain tumour necrosis factor-alpha modulates neurotransmitters in 
hypothalamic paraventricular nucleus in heart failure. Cardiovasc 
Res 83(4):737–746. https://​doi.​org/​10.​1093/​cvr/​cvp160

Kc P, Dick TE (2010) Modulation of cardiorespiratory function medi-
ated by the paraventricular nucleus. Respir Physiol Neurobiol 
174(1–2):55–64. https://​doi.​org/​10.​1016/j.​resp.​2010.​08.​001

Kuchmerovska T, Shymanskyy I, Bondarenko L, Klimenko A (2008) 
Effects of nicotinamide supplementation on liver and serum con-
tents of amino acids in diabetic rats. Eur J Med Res 13(6):275–280

Lam CS, Donal E, Kraigher-Krainer E, Vasan RS (2011) Epidemiol-
ogy and clinical course of heart failure with preserved ejection 
fraction. Eur J Heart Fail 13(1):18–28. https://​doi.​org/​10.​1093/​
eurjhf/​hfq121

Locasale JW (2013) Serine, glycine and one-carbon units: cancer 
metabolism in full circle. Nat Rev Cancer 13(8):572–583. https://​
doi.​org/​10.​1038/​nrc35​57

Martins-Pinge MC, Mueller PJ, Foley CM, Heesch CM, Hasser EM 
(2013) Regulation of arterial pressure by the paraventricular 
nucleus in conscious rats: interactions among glutamate, GABA, 
and nitric oxide. Front Physiol 3:490. https://​doi.​org/​10.​3389/​
fphys.​2012.​00490

Mittelstrass K, Ried JS, Yu Z, Krumsiek J, Gieger C, Prehn C et al 
(2011) Discovery of sexual dimorphisms in metabolic and genetic 
biomarkers. PLoS Genet 7(8):e1002215. https://​doi.​org/​10.​1371/​
journ​al.​pgen.​10022​15

Moura AP, Grings M, Marcowich GF, Bumbel AP, Parmeggiani B, 
de Moura AL et al (2014) Evidence that glycine induces lipid 
peroxidation and decreases glutathione concentrations in rat cer-
ebellum. Mol Cell Biochem 395(1–2):125–134. https://​doi.​org/​
10.​1007/​s11010-​014-​2118-z

O’Gara PT, Kushner FG, Ascheim DD, Casey DE Jr, Chung MK, 
de Lemos JA et al (2013) 2013 ACCF/AHA guideline for the 
management of ST-elevation myocardial infarction: a report 
of the American College of Cardiology Foundation /American 
Heart Association Task Force on Practice Guidelines. Circula-
tion 127(4):e362–e425. https://​doi.​org/​10.​1161/​CIR.​0b013​e3182​
742cf6

Okuyan E, Uslu A, Cakar MA, Sahin I, Onür I, Enhos A et al (2010) 
Homocysteine levels in patients with heart failure with pre-
served ejection fraction. Cardiology 117(1):21–27. https://​doi.​
org/​10.​1159/​00032​0106

Ouattara B, Angaman DM, Coulibaly A (2013) Homocysteine and 
glutamate receptors in the neuronal dysfunction and cell death 
in levodopa therapy: are B-complex vitamins and herbal medi-
cine the panacea? OA Biotechnol 2(3):26. https://​doi.​org/​10.​
13140/​RG.2.​1.​4351.​4082

Page JH, Ma J, Chiuve SE, Stampfer MJ, Selhub J, Manson JE et al 
(2010) Plasma total cysteine and total homocysteine and risk of 
myocardial infarction in women: a prospective study. Am Heart 
J 159(4):599–604. https://​doi.​org/​10.​1016/j.​ahj.​2009.​12.​037

Paulus WJ, Tschöpe C (2013) A novel paradigm for heart failure 
with preserved ejection fraction: comorbidities drive myocardial 
dysfunction and remodeling through coronary microvascular 
endothelial inflammation. J Am Coll Cardiol 62(4):263–271. 
https://​doi.​org/​10.​1016/j.​jacc.​2013.​02.​092

Ponikowski P, Voors AA, Anker SD, Bueno H, Cleland JG, Coats AJ 
et al (2016) 2016 ESC Guidelines for the diagnosis and treat-
ment of acute and chronic heart failure: The Task Force for the 
diagnosis and treatment of acute and chronic heart failure of 
the European Society of Cardiology (ESC). Developed with the 
special contribution of the Heart Failure Association (HFA) of 
the ESC. Eur J Heart Failure 18(8):891–975. https://​doi.​org/​
10.​1002/​ejhf.​592

Reinstadler SJ, Metzler B, Klug G (2020) Microvascular obstruction 
and diastolic dysfunction after STEMI: an important link? Int J 
Cardiol 301:40–41. https://​doi.​org/​10.​1016/j.​ijcard.​2019.​10.​051

Rosselló X, Huo Y, Pocock S, Van de Werf F, Chin CT, Danchin 
N et al (2017) Global geographical variations in ST-segment 
elevation myocardial infarction management and post-discharge 
mortality. Int J Cardiol 245:27–34. https://​doi.​org/​10.​1016/j.​
ijcard.​2017.​07.​039

Scantlebury DC, Borlaug BA (2011) Why are women more likely 
than men to develop heart failure with preserved ejection frac-
tion? Curr Opin Cardiol 26(6):562–568. https://​doi.​org/​10.​1097/​
HCO.​0b013​e3283​4b7faf

Seminotti B, Knebel LA, Fernandes CG, Amaral AU, da Rosa MS, 
Eichler P et  al (2011) Glycine intrastriatal administration 
induces lipid and protein oxidative damage and alters the enzy-
matic antioxidant defenses in rat brain. Life Sci 89(7–8):276–
281. https://​doi.​org/​10.​1016/j.​lfs.​2011.​06.​013

Shah RV, Holmes D, Anderson M, Wang TY, Kontos MC, Wiviott 
SD et al (2012) Risk of heart failure complication during hos-
pitalization for acute myocardial infarction in a contemporary 
population: insights from the National Cardiovascular Data 
ACTION Registry. Circ Heart Fail 5(6):693–702. https://​doi.​
org/​10.​1161/​CIRCH​EARTF​AILURE.​112.​968180

Stern JE, Potapenko ES (2013) Enhanced NMDA receptor-mediated 
intracellular calcium signaling in magnocellular neurosecretory 
neurons in heart failure rats. Am J Physiol Regul Integr Comp 
Physiol 305(4):R414–R422. https://​doi.​org/​10.​1152/​ajpre​gu.​
00160.​2013

Thygesen K, Alpert JS, Jaffe AS, Simoons ML, Chaitman BR, White 
HD et al (2012) Third universal definition of myocardial infarc-
tion. Circulation 126(16):2020–2035. https://​doi.​org/​10.​1161/​
CIR.​0b013​e3182​6e1058

Vicent L, Velásquez-Rodríguez J, Valero-Masa MJ, Díez-Delhoyo F, 
González-Saldívar H, Bruña V et al (2017) Predictors of high 
Killip class after ST segment elevation myocardial infarction 
in the era of primary reperfusion. Int J Cardiol 248(1):46–50. 
https://​doi.​org/​10.​1016/j.​ijcard.​2017.​07.​038

Vizzardi E, Bonadei I, Zanini G, Frattini S, Fiorina C, Raddino 
R et al (2009) Homocysteine and heart failure: an overview. 

https://doi.org/10.1161/CIRCGENETICS.116.001483
https://doi.org/10.1161/CIRCGENETICS.116.001483
https://doi.org/10.1038/s41598-018-34245-6
https://doi.org/10.1038/s41598-018-34245-6
https://doi.org/10.3390/jcm8111813
https://doi.org/10.1159/000450573
https://doi.org/10.2478/sjecr-2019-0077
https://doi.org/10.2478/sjecr-2019-0077
https://doi.org/10.1093/eurheartj/ehx393
https://doi.org/10.1093/cvr/cvp160
https://doi.org/10.1016/j.resp.2010.08.001
https://doi.org/10.1093/eurjhf/hfq121
https://doi.org/10.1093/eurjhf/hfq121
https://doi.org/10.1038/nrc3557
https://doi.org/10.1038/nrc3557
https://doi.org/10.3389/fphys.2012.00490
https://doi.org/10.3389/fphys.2012.00490
https://doi.org/10.1371/journal.pgen.1002215
https://doi.org/10.1371/journal.pgen.1002215
https://doi.org/10.1007/s11010-014-2118-z
https://doi.org/10.1007/s11010-014-2118-z
https://doi.org/10.1161/CIR.0b013e3182742cf6
https://doi.org/10.1161/CIR.0b013e3182742cf6
https://doi.org/10.1159/000320106
https://doi.org/10.1159/000320106
https://doi.org/10.13140/RG.2.1.4351.4082
https://doi.org/10.13140/RG.2.1.4351.4082
https://doi.org/10.1016/j.ahj.2009.12.037
https://doi.org/10.1016/j.jacc.2013.02.092
https://doi.org/10.1002/ejhf.592
https://doi.org/10.1002/ejhf.592
https://doi.org/10.1016/j.ijcard.2019.10.051
https://doi.org/10.1016/j.ijcard.2017.07.039
https://doi.org/10.1016/j.ijcard.2017.07.039
https://doi.org/10.1097/HCO.0b013e32834b7faf
https://doi.org/10.1097/HCO.0b013e32834b7faf
https://doi.org/10.1016/j.lfs.2011.06.013
https://doi.org/10.1161/CIRCHEARTFAILURE.112.968180
https://doi.org/10.1161/CIRCHEARTFAILURE.112.968180
https://doi.org/10.1152/ajpregu.00160.2013
https://doi.org/10.1152/ajpregu.00160.2013
https://doi.org/10.1161/CIR.0b013e31826e1058
https://doi.org/10.1161/CIR.0b013e31826e1058
https://doi.org/10.1016/j.ijcard.2017.07.038


1310	 O. B. Iaremenko et al.

1 3

Recent Pat Cardiovasc Drug Discov 4(1):15–21. https://​doi.​org/​
10.​2174/​15748​90097​87259​991

Washio T, Nomoto K, Watanabe I, Tani S, Nagao K, Hirayama A 
(2011) Relationship between plasma homocysteine levels and 
congestive heart failure in patients with acute myocardial infarc-
tion. Homocysteine and congestive heart failure. Int Heart J 
52(4):224–228. https://​doi.​org/​10.​1536/​ihj.​52.​224

Weinberg JM, Bienholz A, Venkatachalam MA (2016) The role of gly-
cine in regulated cell death. Cell Mol Life Sci 73(11–12):2285–
2308. https://​doi.​org/​10.​1007/​s00018-​016-​2201-6

Wolfsdorf JI, Glaser N, Agus M, Fritsch M, Hanas R, Rewers A et al 
(2018) ISPAD clinical practice consensus guidelines 2018: dia-
betic ketoacidosis and the hyperglycemic hyperosmolar state. 
Pediatr Diabetes 19(Suppl 27):155–177. https://​doi.​org/​10.​1111/​
pedi.​12701

Xie W, Wood AR, Lyssenko V, Weedon MN, Knowles JW, Alkayyali S 
et al (2013) Genetic variants associated with glycine metabolism 
and their role in insulin sensitivity and type 2 diabetes. Diabetes 
62(6):2141–2150. https://​doi.​org/​10.​2337/​db12-​0876

Yusuf S, Mehta SR, Chrolavicius S, Afzal R, Pogue J, Granger CB 
et al (2006) Effects of fondaparinux on mortality and reinfarction 
in patients with acute ST-segment elevation myocardial infarc-
tion: the OASIS-6 randomized trial. JAMA 295(13):1519–1530. 
https://​doi.​org/​10.​1001/​jama.​295.​13.​joc60​038

Zhong C, Xu T, Xu T, Peng Y, Wang A, Wang J et al (2017) Plasma 
homocysteine and prognosis of acute ischemic stroke: a gen-
der-specific analysis from CATIS randomized clinical trial. 
Mol Neurobiol 54(3):2022–2030. https://​doi.​org/​10.​1007/​
s12035-​016-​9799-0

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.2174/157489009787259991
https://doi.org/10.2174/157489009787259991
https://doi.org/10.1536/ihj.52.224
https://doi.org/10.1007/s00018-016-2201-6
https://doi.org/10.1111/pedi.12701
https://doi.org/10.1111/pedi.12701
https://doi.org/10.2337/db12-0876
https://doi.org/10.1001/jama.295.13.joc60038
https://doi.org/10.1007/s12035-016-9799-0
https://doi.org/10.1007/s12035-016-9799-0

	Sex-related differences in plasma amino acids of patients with ST-elevation myocardial infarction and glycine as risk marker of acute heart failure with preserved ejection fraction
	Abstract
	Introduction
	Methods
	Participants
	Sample collection and amino acid analysis
	Statistical analysis
	Logistic regression models

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

	PAA characteristics
	General STEMI cohort (including female and male)
	Female and male groups of general STEMI cohort
	STEMI cohort with pLVEF (including female and male)
	Female and male group of STEMI cohort with pLVEF
	Groups with pAHF and without pAHF in STEMI cohort with pLVEF (including female and male)

	Logistic regression analysis
	Univariable logistic regression models with pAHF and comorbidities, demographic, clinical variables
	Univariable logistic regression models with pAHF and PAA variables
	Multivariable logistic regression models

	Discussion
	Limitations
	Conclusion
	Acknowledgements 
	References




