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Abstract.  – OBJECTIVE:  We aimed to con-
firm whether serum on admission homocysteine 
level (HCY) and red cell distribution width (RDW) 
value are independent risk factors for MACE inci-
dence in patients with STEMI myocardial infarc-
tion treated by percutaneous coronary interven-
tion (PCI), as well as the possibility of their joint 
assessment in order to enhance the risk stratifi-
cation for major adverse cardiac events (MACE).

PATIENTS AND METHODS: A total of 80 pa-
tients with acute myocardial infarction (AMI) 
were included in the study and tested for blood 
HCY and RDW values. Patients were followed up 
for six months after discharge and evaluated for 
MACE occurrence.

RESULTS: The RDW value was significantly as-
sociated with HCY level (r=0.267, p=0.026). Univar-
iate logistic regression analysis identified both the 
RDW and HCY as independent predictors of MACE 
(OR 2.179; CI 95% 1.250 to 3.797; p=0.006 and OR 
1.108; CI 95% 1.013 to 1.213; p=0.025, respectively), 
naming RDW as a stronger predictor of unfavor-
able prognosis in AMI patients. Addition of HCY 
to RDW value in receiver operating characteristic 
(ROC) curve analysis increased the area under the 
curve (AUC) from 0.705 to 0.730 (p=0.007), while 
risk prediction model, which also included tradi-
tional risk factors, increased AUC up to 0.806, im-
plying this model as good predictor of MACE both 
in low-risk and high-risk STEMI patients.

CONCLUSIONS: A high baseline HCY level 
and RDW value in patients with STEMI under-
going PCI is independently associated with in-
creased risk for MACE outcome. Their joint as-
sessment increases risk prediction ability.
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Introduction

Despite substantial improvements in reper-
fusion therapy with percutaneous coronary in-
tervention (PCI), acute myocardial infarction 
(AMI) remains a life-threatening disease world-
wide1. Myocardial tissue becomes inflamed and 
necrotic; it loses contraction and impulse con-
ducting ability with the net result of decreased 
oxygen distribution and irreversible damage 
to the heart muscle2. It often occurs in patients 
without traditional risk factors presented (ap-
proximately 20% patients)3. Despite significant 
prognostic improvements with newer treatment 
approaches and strategies in ST-elevation myo-
cardial infarction (STEMI) patients, incidence of 
major adverse cardiac events (MACE) remains 
significant, especially in high-risk patients. 
Therefore, identification of such patients may 
have a leading role in application of additional 
treatment approaches providing prognostic ben-
efits during and after the primary PCI4. This is 
particularly significant for patients without tra-
ditional cardiovascular risk factors presented. 
Existing predicting models for risk evaluation 
of MACE outcome in asymptomatic individuals 
are based mainly on traditional risk factors, e.g., 
dyslipidemia, family history, hypertension, age, 
cigarette smoking, diabetes mellitus, obesity, 
and physical inactivity5. Therefore, any non-in-
vasive and easily accessible marker with high 
diagnostic specificity and sensitivity would be 
greatly beneficial for accurate patient risk strat-
ification. This would enable targeted, effective 
evidence-based therapy6.
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RDW is an easily available biochemical param-
eter obtained from a complete blood count which 
indicates the variability in size of circulating 
erythrocytes. It is elevated in patients with ane-
mia, the presence of iron deficiency or who un-
derwent blood transfusion7. In recent years, many 
clinical researches revealed that the alterations of 
RDW levels may be associated with the incidence 
and prognosis in many cardiovascular and cere-
brovascular diseases, e.g., RDW measurement 
can improve risk stratification in such patients8-10. 
However, the molecular mechanism between 
RDW and cardiovascular disease has not been 
completely described. In fact, it has been suggest-
ed that RDW could be a biomarker of oxidative 
stress and inflammation which could explain their 
relationship. Since the initial success rate of PCI 
is high, long-term follow–up results are most ap-
propriate for evaluating the predictive value of 
RDW10. Most of the previous research has been 
conducted on Asian and American population. 
Since RDW values may be different between 
populations11, with strong variations between re-
cent studies as well12, it would also be useful to 
research the population of Europe. 

HCY is considered an independent predictor of 
cardiovascular disease (CVD) and cardiovascular 
mortality in both low-risk asymptomatic patients 
and high-risk patients13. Whatever the cause, mild 
and moderate hyperhomocysteinemia (13 to 25 
µmol/L) is strongly associated with stroke, cor-
onary artery disease, obstructive CVD14, resteno-
sis, heart failure and MACE after PCI and with all 
causes of death in those patients. In general, the 
effects of HCY in CVD seem to be a consequence 
of oxidative process in the vascular endothelium 
resulting in disturbed NO synthesis and vasodi-
latation15. Yet, there is not enough evidence for it 
to be called a causally related cardiovascular risk 
factor13. Even though the researchers revealed a 
link between elevated HCY alone and increased 
mortality, limited number of studies have exam-
ined the joint association of HCY and RDW and 
their risk assessment usefulness16. To our knowl-
edge, no such prospective research in patients 
with STEMI myocardial infarction exist.

Since the data on RDW and HCY as markers 
of cardiovascular risk are different, inconsistent, 
and not entirely clear, the aim of this study is to 
examine their individual and pooled effect on the 
incidence of MACE in STEMI patients undergo-
ing PCI, as well as to determine the relationship 
of these two readily available and inexpensive 
biochemical analytes.

Patients and Methods

This prospective research included 80 patients 
diagnosed with AMI. Patients were admitted to 
the Department of Cardiology at the University 
Clinical Hospital of Mostar (Bosnia and Herze-
govina), in the period between October 2016 and 
December 2018. The AMI diagnosis was made by 
a cardiologist on the basis of at least two of the 
three WHO criteria2. All patients were diagnosed 
with STEMI myocardial infarction before per-
formance of PCI as a treatment method. STEMI 
was confirmed by an electrocardiogram (ECG). 
Detailed medical history, including usual CVD 
risk factors, such as hypertension and smoking, 
was taken for each patient. Hypertension was 
defined as systolic arterial pressure ≥140 mmHg 
and/or diastolic arterial pressure ≥90 mmHg or 
as the use of antihypertensive drugs. Smoking 
was defined as daily consumption of at least one 
cigarette. Anemia on admission was defined ac-
cording to the World Health Organization as the 
baseline hemoglobin value < 120 g/L in females 
and < 130 g/L in males17. Exclusion criteria were 
pregnancy, the use of antiepileptic, contraceptive 
therapy, cancer, and vitamin B12 supplementation 
in the last 6 months. All patients were prospec-
tively followed up for 6 months after discharge. 
The main endpoints assessed in this study includ-
ed MACE - defined as all-cause death or non-fatal 
myocardial infarction. 

Patients were divided into two groups: 15 pa-
tients (group 2) with MACE and 65 patients 
without MACE (group 1). All participants in this 
research were informed about the details of the 
study. The research did not affect the treatment 
and hospitalization duration of patients. It was 
done after the approval by the Ethics Committee 
of the University Clinical Hospital in Mostar, and 
in accordance with the Declaration of Helsinki. 
On admission, after ECG, and before the PCI, 
venous blood samples were taken into the vacu-
um tubes. A serum sample used to determine the 
HCY and other biochemical parameters level was 
taken with one anticoagulant-free test tube (Sarst-
edt, Germany). Whole blood sample for complete 
blood count was taken in a single test tube with 
EDTA as an anticoagulant (Sarstedt, Germany). 
Residual parts of the samples were taken for 
research after the completion of routine treat-
ment ordered by a cardiologist. The level of the 
HCY (µmol/L) was measured in the serum by a 
non-competitive immunoassay method on Archi-
tect ci8200 Integrated System analyzer (Abbot, 
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Chicago, IL, USA). Complete blood count was 
measured by VCS (volume-conductivity-scatter) 
principle on Sysmex XT2000i. The RDW was 
calculated by dividing the standard deviation 
of the mean corpuscular volume (MCV) by the 
MCV and multiplying by 100 to convert to a per-
centage value (%)11. 

Statistical Analysis
The statistical analysis was performed by 

SPSS (SPSS Inc., Chicago, IL, U.S.A.). The 
Kolmogorov-Smirnov test was used to assess 
normality of data. Correlations were tested by 
the nonparametric Spearman correlation. The 
nonparametric Mann Whitney U test tested the 
differences between subgroup of patients. Sen-
sitivity and specificity of RDW, as well as its 
respective optimal cut-off value in pre-
diction of MACE, were expressed by the 
receiver operating characteristics (ROC) curve. 
Predictive value of each parameter was calculat-
ed by univariate logistic regression analysis, and 
each statistically significant variable was includ-
ed in risk prediction model. ROC curves were 
constructed using the predictive probability as 
a covariate. AUC were used to evaluate the pre-
dictive value of RDW alone, RDW and HCY and 
risk prediction model for MACE outcome. AUC 
greater than 0.9 indicated outstanding predictive 
value. AUC between 0.8 and 0.9 was considered 
excellent. AUC between 0.7 to 0.8 was considered 

acceptable, while 0.5 to 0.7 indicated poor predic-
tion value. Finally, AUC less than 0.5 indicated 
the lack of a prediction value18. p<0.05 was de-
fined as statistically significant. 

Results

There was no difference between groups in 
gender, smoking, hypertension, and diabetes mel-
litus type 2 incidence. Patients in group 2 were 
older compared to group 1; 65.2±8.6 and 59.0±9.4, 
respectively (p=0.023). Higher prevalence of ane-
mia was observed in MACE group (p=0.002) as 
well as a decreased hemoglobin level (p=0.045). 
Analysis of measured parameters revealed an 
elevated RDW value in group 2 compared to 
group 1; 14.4±1.6% and 13.4±0.9%, respectively 
(p=0.027). Significant decrease in vitamin B12 
level was observed in group 2 (p=0.044). Differ-
ences in other measured parameters were not ob-
served (Table I).

Correlation analysis presented in Table II re-
vealed moderate positive correlation between 
RDW and HCY level (r=0.267, p=0.026), as 
well as negative correlation with vitamin B12 
(r= -0.294, p=0.012) and hemoglobin (r= -0.330, 
p=0.003). RDW positively correlated with in-
cidence of anemia (r=0.324, p=0.004) and with 
MACE outcome (r=0.370, p=0.001). There was a 
negative association between HCY and folic acid 

Table I. Baseline characteristics of patients with (group 2) and without (group1) major adverse cardiac events (MACE).

Variable (No;%) All patients (n=80) Group 1 (n=65)  Group 2 (n=15) p

Age (years) 
(mean ±SD)  60.2±9.6 59.0±9.4 65.2±8.6 0.023
Gender (males (%)) 65 (81%) 53 (81%) 12 (80%) 0.891
Smoking (yes (%)) 46 (56%) 39 (60%) 7 (47%) 0.267
Hypertension (yes (%)) 60 (75%) 43 (73%) 13 (86%) 0.080
Diabetes mellitus type 2(yes (%)) 20 (25%) 14 (22%) 6 (40%) 0.179
Anemia (yes (%)) 13 (16%) 5 (8%) 8 (53%) 0.002

Parameter (Mean ±SD)
Hemoglobin- g/L 145.1±15.1 145.6±12.7 133.8±20.2 0.045
RDW- % 13.6±1.1 13.4±0.9 14.4±1.6 0.027
Homocysteine-µmol/L 14.2±6.4 13.2±4.6 18.0±10.2 0.094
Folic acid-nmol/L 15.7±6.5 15.4±5.9 17.9±8.5 0.537
Vitamin B12-pmol/L 256.2±99.0 266.5±104.6 219.2±63.1 0.044
Leukocyte-x109/L 10.9±2.8 10.9±2.8 10.9±3.2 0.548
CRP-mg/L 7.8±17.7 6.3±7.4 14.8±30.1 0.939
Fibrinogen-g/L 3.6±0.8 3.4±0.8 3.4±0.9 0.657
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and vitamin B12; r=-0.257, p=0.027 and r=-0.246, 
p=0.036 respectively. Positive association was 
found between HCY level and MACE outcome 
(r=0.302, p=0.009), and existence of anemia and 
MACE (r=0.312, p=0.006) while a negative asso-
ciation was found between hemoglobin level and 
MACE outcome (r= -0.315, p=0.006). Patients 
with anemia had decreased eGFR value (r=-
0.276; p=0.015). Older age was positively associ-
ated with MACE outcome (r=0.254; p=0.023) and 
female gender (r=0.300; p=0.006), as well as with 
the presence of anemia (r=0.295; p=0.009) and 
decrease in hemoglobin level (r=-0.335, p=0.002).

As determined by the univariate logistic re-
gression analysis (Table III), the most significant 
predictors of MACE were RDW OR 2.179 (95% 
CI 1.250 to 3.797, p=0.006), HCY OR 1.108 (95% 
CI 1.013 to 1.213, p=0.025), age OR 1.079 (95% CI 
1.008 to 1.154, p=0.028), presence of anemia OR 
0.134 (95% CI 0.034 to 0.532, p=0.004) and he-
moglobin level OR 0.952 (95%CI 0.915 to 0.989, 
p=0.013).

Since HCY levels and RDW values are both 
independent risk factors for MACE, we evalu-
ated the joint effect on the prediction of MACE 
outcome (Figure 1). The AUC for the RDW value 
alone was 0.705 (95 %CI 0.563-0.846, p=0.014), 
and the optimal cutoff value of RDW for dis-

crimination of MACE was 13.65% (sensitivity 
67%, specificity 67%). The AUC for the RDW in-
creased up to 0.730 (95% CI 0.588–0.871) with the 
addition of HCY (p=0.007). The change in AUC 
was statistically significant when both measures 
were jointly assessed, suggesting that the combi-
nation of RDW with the HCY level contributes to 
the more accurate prediction of MACE outcome.

Further, after addition of all other significant 
independent risk factors for MACE, AUC value 
increased up to 0.806 (95% CI 0.687 to 0.926) 
and change was statistically significant as well 
(p<0.001) implying this model an excellent pre-
dictor of MACE outcome (Figure 1).

Discussion

Precise estimation of the absolute risk for 
MACE outcome after PCI is necessary when 
making treatment recommendations for patients. 
In the present study, for the first time, we found 
both that RDW and HCY are independent risk 
factors for MACE outcome in AMI patients treat-
ed with PCI and that their joint assessment sig-
nificantly increases prediction value. In addition, 
we found that patients with higher RDW tend to 
have higher HCY level. 

Figure 1. Receiver operating characteristic (ROC) curve for predicting major adverse cardiac events (MACE). For RDW 
alone, the area under curve (AUC) was 0.705 (95% CI: 0.563-0.846 p=0.014). When homocysteine was added to RDW, the 
AUC was 0.730 (95% CI: 0.588-0.871 p=0.007). When age, hemoglobin and existence of anemia were added to RDW and 
homocysteine (Risk prediction model), the AUC was 0.806 (95% CI: 0.687-0.926 p<0.001). 
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RDW is an indicator of variation in red cell 
size, and it is usually used for the differential diag-
nosis of microcytic anemia. RDW values greater 
than 95th percentile (i.e.,>14%) indicate presence 
of greater variability in circulating RBC size20. 

Values in this research are lower, but in the upper 
area of reference range, and recently, those lev-
els were reported to be associated with morbidity 
and mortality in cardiovascular diseases11. Uni-
variate logistic regression in this study revealed 
2.179-time higher probability for MACE outcome 
for each 1% increase in RDW level, naming it an 
even stronger predictor of unfavorable prognosis 
in AMI patients. That is in line with previous re-
searches12,21. Besides MACE, elevated RDW also 
independently predicted contrast-induced acute 

It is well established that chronic inflammation 
is the foundation of atherosclerosis and its com-
plications. Increasing evidence shows an import-
ant relationship among HCY and prothrombotic 
state, inflammation, and oxidative stress in AMI 
patients19. This was partially confirmed in our pa-
per with positive HCY and fibrinogen correlation. 
Accumulating evidence demonstrated that elevat-
ed HCY level should be regarded as a crucial risk 
factor for cardiovascular disease and is used as a 
screening tool of cardiovascular disease in gener-
al population15. Univariate logistic regression in 
this study revealed 1.108-time higher probability 
for MACE outcome for each 1µmol/L increase in 
HCY level, naming it a good predictor of unfavor-
able prognosis in AMI patients.

Table II. Correlation analysis.

Parameter Parameter p r

RDW Homocysteine 0.026 0.267
 MACE 0.001 0.370
 Vitamin B12 0.012 -0.294
 Hemoglobin 0.003 -0.330
 Anemia 0.004 0.324
Homocysteine MACE 0.009 0.302
 Fibrinogen 0.046 0.330
 Vitamin B12 0.036 -0.246
 Folic acid 0.027 -0.257
MACE Age 0.023 0.254
 Anemia 0.006 0.312
 Hemoglobin 0.002 -0.335

Table III. Univariate logistic regression analysis for the prediction of major adverse cardiac events (MACE) outcome.

Variable  OR 95% CI p-value

Age (years) 
(mean ±SD)  1.079 1.008-1.154 0.028
Gender (males (%)) 0.906 0.221-3.716 0.891
Smoking (yes (%)) 0.491 0.138-1.748 0.272
Diabetes mellitus 2 2.222 0.681-7.255 0.186
Anemia (yes (%)) 0.134 0.034-0.532 0.004

Parameter

Hemoglobin- g/L 0.952 0.915-0.989 0.013
RDW-% 2.179 1.250-3.797 0.006
Homocysteine-µmol/L 1.108 1.013-1.213 0.025
Folic acid-nmol/L 1.040 0.955-1.131 0.367
Vitamin B12-pmol/L 0.994 0.986-1.001 0.100
Leukocyte -x109/L 1.035 0.870-1.230 0.699
CRP-mg/L 1.033 0.989-1.079 0.143
Fibrinogen-g/L 1.062 0.348-3.240 0.915
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kidney injury, stent restenosis and bleeding12. 
Considering these findings, and particularly as 
there is no additional cost, evaluation of RDW be-
fore PCI in patients with AMI may improve risk 
stratification, thus is strongly recommended.

Moderate association between RDW and HCY 
was observed in our study and was confirmed 
with negative correlation of both parameters with 
folic acid and vitamin B12 level - molecules that 
directly affect both HCY level and RDW value. 
That is in line with a recently published paper, 
where researchers suggested that RDW can pre-
dict HCY levels among the healthy adults. They 
identified that RDW positively correlated with 
HCY16 in patients with physiological level of folic 
acid and vitamin B12.

Potential mechanisms of association of RDW 
with MACE outcome and with HCY level are not 
fully understood yet. Previous studies indicated 
that folic acid and vitamin B12 deficiencies in-
fluence the morphology of erythrocyte, thereby 
altering the RDW value22. However, in this re-
search, folic acid and B12 levels are within respect-
ed reference ranges thus that explanation is not 
very probable. Oxidative stress and subclinical 
inflammation may be possible pathophysiologic 
mechanisms which explain this phenomenon, as 
indicated by a moderate HCY correlation with 
inflammatory marker fibrinogen in this research. 
There is growing evidence that elevated levels of 
HCY tend to increase oxidation in the body, in-
creased HCY levels may raise oxidative stress and 
inflammation, and decrease the production and 
bioavailability of nitric oxide16. In conclusion, ac-
cumulated HCY is associated with enhanced oxi-
dative stress. Unfortunately, high oxidative stress 
can reduce the lifespan of red blood cells and pro-
mote immature erythrocytes from bone marrow 
into the peripheral circulation23, which is then as-
sociated with increased RDW value. Mentioned 
changes jointly contribute to negative prognosis 
in AMI patients, and significantly increase risk 
for MACE occurrence after PCI, which is indi-
cated by a significant increase in AUC value after 
adding HCY level to RDW value in ROC curve 
analysis. Thus, this kind of assessment refers to 
HCY and RDW as novel markers for MACE risk 
prediction, which can be useful, especially in pa-
tients without traditional risk factors presented, 
e.g., low-risk population. This study seems to sug-
gest the superiority of RDW over HCY for MACE 
risk prediction in AMI population of Bosnia and 
Herzegovina. Adding other traditional risk fac-
tors (presence of anemia, hemoglobin, and age) 

to this model significantly increases AUC area 
and MACE risk prediction, pointing efficiency of 
presented model for high- risk population as well. 

Conclusions

This investigation suggests that the combined 
assessment of RDW and HCY can help cardiolo-
gists improve MACE risk assessment and identify 
high-risk patients at an earlier stage, when suit-
able interventions can influence a better outcome 
in such patients. To our knowledge, this is one of 
the first prospective preliminary research address-
ing the value of HCY and RDW taken together 
as predictive biomarkers for MACE outcome in 
a clinical setting in population with very high 
prevalence of CVD. Considering potential links 
between them and ability to improve risk assess-
ment, further multicenter researches involving a 
greater number of patients and longer follow up 
should be of great value.
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