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Abstract

Aim: To investigate the association between red blood cell distribution width (RDW) and in-hospital mortality;
to develop a clinical risk model of in-hospital mortality in patients with acute myocardial infarction (AMI).
Materials and methods. The prospective observational study included 577 AMI patients undergoing coronary angiography (CAG)
< 24 h after symptom onset and was divided according RDW median. The association between RDW, clinical parameters and in-
hospital mortality was evaluated using logistic regression and receiver operating characteristic (ROC) curve analysis. Aprognostic
model was developed by using Bayesian approach and logistic regression analysis with identifying predictors for mortality.
Results. The median age of patients was 65 (interquartile range [IQR]: 56—74) years. 60.7% were male, 47.1% with ST-
elevation. The in-hospital mortality rate was 5.4% (n = 31). Median RDW was 14.2% (IQR 13.5-15.0%). In univariate
analysis, RDW was a significant risk predictor of in-hospital mortality (odds ratio [OR] 1.27, 95% confidence intervals [Cl]
1.07-1.50, p = 0.005). The area under the ROC curve [AUC] was 0.649 (95% CI: 0.540-0.758, cut-off value 15.11%). In
Bayesian multivariate logistic model, age (OR 1.10, 95% CI 1.06-1.14, p < 0.001), ST-elevation (OR 3.22, 95% CI 1.41—
7.35, p = 0.006) RDW (OR 1.26, 95% CI 1.04-1.53, p = 0.021), were identified as risk factors for in-hospital mortality.
Overall, the model showed excellent discrimination in predicting in-hospital mortality (AUC = 0.832, 95% CI: 0.779-
0.885, p < 0.001, sensitivity: 87.1%, specificity: 72.2%) and with good calibration (Hosmer-Lemeshow test, p = 0.632).
Conclusions. Elevated RDW value was independently associated with an increased risk of in-hospital mortality in AMI patients
undergoing CAG. The model, including age, ST-elevation and RDW for prediction of in-hospital mortality demonstrated high
prognostic potential, enabling the identification of patients at high-risk of adverse outcome.
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AHHOTAULMUSA

Uenb: ncenenosatb accounauuio mMexay LUIMPUHOMN pacnpegeneHus 3puUTPOLUNTOB (Red cell
Distribution Width, RDW) 7] rocnuTanbHoOn JNeTanbHOCTbIO, paspaboTtaTb KIUHUYECKYIO MO-
Jenb  pucka  rocnuTanbHOW  NneTanbHOCTM Yy NauMeHToB € OCTpbiM  MHcapktom  Muokapga  (OUM).

MatepuanumeTtoabl. [pocnekTnBHOE HabnogaTenbHoe nccrnegoBaHne Bkounno 577 nauneHtos c OIM, koTopbiM TpoBOAMIU
kopoHaporpadwmto (KAI') B TeueHue 24 4 c MOMeHTa 3aboneBaHus, 1 6bI110 pa3aeneHo B COOTBETCTBUN C MEAMAHHBIM 3HAYEHVEM
RDW. Accouunauusa mexxgy RDW, KnuHuyecknmmn napameTpamu 1 rocnmtanbHON NeTanbHOCTbIO OLEHMBanach C UCNonb30BaHU-
€M NTOrMcTMYECKO perpeccum n aHanmaa paboder xapaktepuctukm npuemHuka (ROC-kpusas). MporHocTnyeckas mogens 6bina
pa3paboTaHa ¢ ncrnonb3oBaHNeM 6anecoBCKOro NOAX0Aa M NOrMCTUYECKOro aHanm3a C BbisiBNieHMeM NPeaukTopoB CMEPTHOCTMU.
Pesynbratbl. MegnaHa Bo3pacta naumeHToB coctaBuna 65 (MexksapTunbHbii pasmax (MKP): 56-74) ner, 60,7% 6binu
Myx4dnHamu, 47,1% c nogbemom cermeHTa ST. locnutanebHas netanbHocTb coctaBuna 5,4% (n = 31). Meguana RDW co-
ctasuna 14,2% (MKP  13,5-15,0%). OgHodakTopHbIi aHann3 nokasan, 4to RDW 6bin 3Ha4MMbIM NpeaukTopoM rocnu-
TaneHou netanbHocT (OTHoweHne waHcoB (OW) 1,27; 95% poseputenbHbii MHTepBan (OW): 1,07-1,50; p = 0,005).
Mnowaaps nog ROC-kpueon coctaBuna 0,649 (95% [OW: 0,540-0,758; noporoBoe 3HayeHue — 15,11%). Banecosckuin
MHOroakTOpHbIA NOTMCTUYECKMIA aHann3 nokasar, 4to Bospact (OW 1,10; 95% OWN: 1,06-1,14; p < 0,001), nogbem cer-
meHTa ST (OW 3,22; 95% OW: 1,41-7,35; p = 0,006), RDW (OW 1,26; 95% OW: 1,04-1,53; p = 0,021), aBnAnvcb He3a-
BMCMMbIMW MNpeaukTopamMy HebnaronpusTHOro ucxoga. B uenom mopenb nokasana OTNMYHYK OUCKPUMMHALMIO MpU Npo-
rHO3MpPOBaHWM rocnuTanbHoW netanbHocT (nnowaab nog ROC-kpmson — 0,832; 95% [OW: 0,779-0,885; p < 0,001;
yyBCcTBUTENBbHOCTE  87,1%, cneundmnyHocTb  72,2%) n xopollyto kanubposky (TecT Xocmepa — Jlemewoy, p = 0,93).
3akntouyeHue. MNoBbileHHoe 3HayeHne RDW He3aBMCUMMO accouMMpOBaHO C YBENMYEHHbIM PUCKOM rOCMUTanbHOW neTanb-
HocTu y naumeHToB ¢ OUM, npoxoasawmx KAl Mogenb, Bkntovatowlasi Bo3pact, nogbem cermeHta ST u RDW anst nporHo-
3MPOBAHUSI TOCMUTANbHON NETANbHOCTU, MPOAEMOHCTPMPOBANa BbICOKUA NMPOrHOCTUYECKUIA NOTEHUMan, No3Bossst BbiABUTb
NauMeHTOB C BbICOKUM PUCKOM HEGNAronpuaTHOrO UCXOAa.

KnioueBble cnoBa: 0anecoBCKMI MHOFOhaKTOPHbIN JTOTMCTUYECKNIA aHaNU3; rocnuTanbHas ieTanbHOCTb; MOAENb;
OCTpPbIV MHAPKT MMOKapAa; LWMPUHA pacnpeneneHns SpuTpoLMTOB.

mMHaHCMpOBaHMe: ncerneaoBaHne He nmero CI'IOHCOpCKOI;I noaaepPXkun.

XoaHr Y.X., MarickoB B.B., Mepan V.A., Kobanasa X.[. LLnpuHa pacnpegenenns aputpoum-
TOB Kak HOBbI MPOrHOCTUYECKUI (DaKTOp rocnmTanbHOWM NeTanbHOCTY Y NaLMEHTOB C OCTPbIM
NMHapkToM Mrokapaa. Cubupckull XypHan KIUuHU4Yeckol U 3KcrnepuMeHmarnbsHOU MedOuUUHEbI.
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Ons uuTupoBaHus:

Introduction parameter that reflects the size variability among red blood

Acute myocardial infarction (AMI) remains a leading
cause of cardiovascular mortality globally with far-reaching
health implications [1]. Despite advancements in prevention,
diagnosis, and treatment, millions of individuals continue
to succumb to AMI each year. While in-hospital mortality
rates have shown a significant decrease over time, mortality
remains substantial [2]. This underscores the critical necessity
of identifying high-risk patients with AMI.

Red blood cell distribution width (RDW) is a hematological

cells (RBCs) [3] and traditionally utilized for the differential
diagnosis of anemia and hematological disorders. Several
studies showed that high RDW values associate with poor
prognosis in patients with cardiovascular disease (CVD) [3,
4]. In two large-scale, population-based studies, RDW was
correlated with an increased risk of future incident myocardial
infarction [5, 6] and ischemic stroke [3]. However, the precise
biological mechanisms underpinning these associations are
not yet fully understood.
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In the context of AMI, inflammation assumes a key
role during both the acute phase and the subsequent
healing process [7]. Previous studies have shown the
association of inflammatory markers and prognosis of AMI
[3, 8]. Inflammation can affect the lifespan of RBCs and
modulate the impact of erythropoietin on erythropoiesis,
thereby influencing RDW [3, 8]. Studies have also reported
associations between RDW and inflammatory markers
such as C-reactive protein, erythrocyte sedimentation rate,
and interleukin-6 [7-9]. Given that chronic inflammation is
concerned with a higher risk of CVD and RDW is associated
with various markers of chronic inflammation, it is suggested
that the observed correlation between RDW and CVD risk
may be related to chronic inflammation.

Although there is growing evidence to suggest that
high RDW value predicts adverse cardiovascular outcomes
patients with AMI [3, 10, 11], data on the association between
RDW and in-hospital mortality has been limited. The aim of
the present study was to investigate the association between
RDW on admission and in-hospital mortality and develop a
clinical risk model for in-hospital mortality in patients with AMI.

Methods

Population study

The study was designed as a single-center prospective
observational cohort investigation, conducted at the
Vinogradov municipal clinical hospital (Moscow, Russia). All
patients aged > 18 years admitting with AMI and undergoing
coronary angiography (CAG) < 24 hours after symptom
onset from January 1, 2017, to December 31, 2017, were
included. We excluded men or women who were with type
3, 4 and type 5 MI as well as those who developed MI
during hospitalization. Ml was diagnosed by using the Third
universal definition of MI.

The baseline demographic and clinical characteristics,
cardiovascular risk factors and comorbidities, data on
physical examination, blood tests and imaging methods
(electrocardiography,  echocardiography, = CAG), and
medications during hospitalization were collected. Access 2
Immunoassay System (Beckman Coulter. USA) was used for
the measurement of cardiac Troponin | with 99th percentile
upper reference limit (URL) being 0.02 ng/L. Patients with
incomplete medical history were not originally included in
the dataset. The CBCs, thus including the measurement of
RDW and hemoglobin, was performed in all patients within 1
hour of admission using a Siemens ADVIA 2120i hematology
analyzer (Siemens Healthcare Diagnostics, Erlangen,
Germany). Anemia was defined according to the World Health
Organization's definition as a hemoglobin concentration of
less than 120 g/L for women or less than 130 g/L for men.
Microcytosis and macrocytosis were defined as mean
corpuscular volume (MCV) <80 fl and > 100 fl, respectively,
as per our laboratory values. Renal dysfunction was defined
as an estimated glomerular filtration rate (eGFR) < 60 mL/
min/1.73 m2. eGFR was estimated using the Kidney Disease
Improving Global Outcomes (KDIGO) 2012 guidelines.
The Global Registry of Acute Coronary Events (GRACE)
2.0 score and the Can Rapid risk stratification of Unstable
angina patients Suppress ADverse outcomes with Early
implementation of the ACC/AHA guidelines (CRUSADE)
score were used to assess risk stratification of AMI patients.

The population study was divided into high and low RDW
groups based on the median value. A high RDW (n = 283)

was defined as an RDW value = 14.2%, and a low RDW
(n =294) was defined as an RDW value < 14.2%.

The primary outcome was in-hospital mortality. The study
complies with the guidelines of the Declaration of Helsinki and
was independently approved by the local Ethics Committee
of the Institute of Medicine, Peoples' Friendship University of
Russia. All patients provided written informed consent.

Statistical analysis

Statistical analysis was performed using IBM SPSS
Statistics 25.0 (SPSS Inc., Chicago, IL, USA) and R software
(version 3.6.3). Categorical variables were described as
frequencies and percentages, while continuous variables
were presented as mean, median (Me), and interquartile
range (IQR) values when appropriate. Categorical variables
were compared using Chi-square test or Fisher’s exact test,
while Student’s t test and the Kruskal-Wallis test were used
for continuous variables. To evaluate the association of RDW
with in-hospital mortality, receiver operating characteristic
(ROC) curve analysis was performed, generating the area
under the receiver operating characteristic (ROC) curve
(AUC), sensitivity, specificity and the cut-off value of RDW.
Stratified analysis was used to determine whether the
impact of RDW was different in different subgroups. All
variables were analyzed for their relationship with in-hospital
mortality using the aforementioned test for both categorical
and continuous variables. Logistic regression analysis was
performed to identify factors associating with mortality,
calculating odds ratios (OR) and 95% confidence intervals
(Cl). Bayesian model average (BMA) was performed to find
series of parsimonious models predicting mortality (“BMA”
package in R). The most parsimonious model was selected
by using the Bayesian information criterion (BIC) with lowest
BIC value, indicating overall better fit. Based on the estimated
factors from the most parsimonious model, a nomogram was
constructed to assess risk of in-hospital death (“rms” package
in R). Performance of nomogram was assessed by AUC. The
calibration was assessed by Hosmer-Lemeshow chi-square
statistics for goodness of fit. All analyses with P values < 0.05
were considered statistically significant, and all reported P
values were 2-sided.

Results

Baseline characteristics of the study patients

We identified 577 patients with AMI undergoing CAG. The
median age of patients was 65 (IQR: 56—74) years, 60.7%
were male (n = 350). In-hospital mortality rate was 5.4%
(n = 31). Median time to fatal outcome was 3 (IQR: 2-8)
days. The immediate causes of death in the cohort of patients
with AMI were acute heart failure in 15 cases, progression
of multiple organ failure in 10 cases, cardiogenic shock in
4 cases, myocardial rupture in 1 case, and gastrointestinal
bleeding in 1 case.

The median RDW were 14.2% (IQR: 13.5-15.0%).
The baseline characteristics and laboratory findings of the
patients are shown in Table 1.

Age, proportion of arterial hypertension, previous
cerebrovascular accident (CVA), atrial fibrillation, peripheral
arterial disease (PAD), anemia, dyspnea, GRACE and
CRUSADE score were significantly higher in high-RDW group
(all p < 0.05). Patients with higher RDW had significantly
lower levels of admission hemoglobin (p < 0.001), left
ventricular ejection fraction (LVEF) (p < 0.001), lower
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1-vessel coronary artery disease (CAD) and percutaneous
coronary intervention (PCI) rates (p = 0.023). Other clinical
and laboratory characteristics of the 2 groups were similar.

Table 1. Clinical and demographic characteristics of patients
Ta6nuua 1. KnuHuko-gemorpaduyeckas xapakrepucTvka nauneHToB

Population Low RDW High RDW
Variables np: 577 ’ Group, Group, p value
......................................... n=204 | n=283 |
Age, years, Me (IQR) | 65 (56; 74) | 64 (55;73) | 67 (56; 76) 0.021
Females, n (%) 227 (39.3) | 108(36.7) | 119 (42) 0.202
ST-elevation, n (%) | 272 (47.1) | 143 (48.6) | 129 (45.6) | 0.505
’:’(T;r)'a' hypertension, | 515 89.4) | 253(86.1) | 263(929) | 0.01
Previous M, n (%) 124 (21.5) 46 (15.6) 78 (27.6) 0.001
Previous
revascularization, 72 (12.5) 30 (10.2) 42 (14.8) | 0.102
n (%)
Previous HF, n (%) 40 (6.9) 17 (5.8) 23 (8.1) 0.326
E'?,Z‘;‘"es mellitus, | 4155 (21.8) | 58(19.7) | 68(24) | 0.227
Previous CVA, n (%) | 41 (7.1) 13 (4.4) 28 (9.9) 0.014
Atrial fibrillation, 62(10.7) | 17(58) | 45(15.9) | <0.001
n (%)
PAD, n (%) 18 (3.1%) 2(0.7) 16 (5.7) | <0.001
Chronic lung o
disease, n (%) 83 (14.4%) | 34(11.6) | 49(17.3) | 0.057
E‘?ﬁ}j‘f ulcer disease, | 55 950y | 28(95) | 27(9.5) 1.0
Anemia, n (%) 156 (27.0) 46 (15.6) 110 (38.9) | <0.001
Clinical findings:
Chest pain, n (%) 529 (91.7) | 277 (94.2) 252 (89) 0.034
Dyspnea, n (%) 107 (18.5) | 41 (13.9) 66 (23.3) | 0.004
Troponin I, ng/mL, 0.39 0.38 0.36 0.819
Me (IQR) (0.09; 2.85) | (0.08;2.88) | (0.10;2.81) ’
Hemoglobin, g/L, Me 136 140 132 <0.001
(IQR) (123; 147) | (128.7;149) | (115; 44) :
90 91.05 88.1
MCV, i, Me (IQR) (86.05; 94) | (88;94.42) | (84.4;03) | <0001
Creatinine, umol/L, . 92 .
Me (IQR) 94 (80; 107) (80.5; 107) 93 (79; 113) | 0.393
eGFR, ml/min/1.73 . . .
e, Me (IQR) 67 (52; 83) | 68 (55;83) | 64 (48;81) | 0.053
LVEF, %, Me (IQR) | 45 (40;54) | 46 (42;55) | 43(38;51) | <0.001
Coronary stenosis, _ B _ _
n (%):
No lesions/Stenosis
< 50% 1 (%) 64 (11.1) 32(10.9) 32 (11.3) 0.895
1-vessel CAD, n (%) | 86 (14.9) 53 (18) 33 (11.7) 0.035
2-vessel CAD, n (%) | 124 (24.5) | 61(20.7) 63(22.3) | 0.686
3-vessel CAD, n (%) | 301 (52.2) 147 (50) 154 (54.4) | 0.317
PCI, n (%) 459 (79.5) | 245(83.3) | 214 (75.6) | 0.023
GRACE score, 117 114 124 <0.001
points, Me (IQR) (98; 141) | (95.7;136) | (100; 148) :
CRUSADE score, 21.5 . .
points, Me (IQR) (32: 43) 21(29; 40) | 35(22;47) | <0.001

Note: CAD — coronary artery disease; CRUSADE — Can Rapid risk
stratification of Unstable angina patients Suppress ADverse outcomes
with Early implementation of the ACC/AHA Guidelines; CVA —
cerebrovascular accident; eGFR — estimated glomerular filtration rate;
GRACE - Global Registry of Acute Coronary Events; HF — heart failure;
IQR - interquartile range; LVEF — left ventricular ejection fraction; Me —
median; MI — myocardial infarction; PAD — peripheral vascular disease;
PCI — percutaneous Coronary Intervention.

Patients with higher RDW had significantly higher rate of
in-hospital mortality (7.4% vs. 3.4%, p = 0.041). The ROC
curve showed the optimal cut-off value of RDW for prediction
of in-hospital mortality was 15.11% (AUC = 0.649, 95% CI
0.540-0.758, p = 0.005, sensitivity 48.4%, specificity 80.4%,
OR = 3.85, 95% CI 1.84-8.02, p < 0.001) (Fig. 1).

ROC Curve

Sensitivity

02 [N [ os "W

1-Specificity

Fig. 1. The receiver-operating characteristic (ROC) curve of red blood cell
distribution width (RDW) for predicting in-hospital mortality

Puc. 1. Kpuas pabounx xapaktepuctuk npuemHuka (ROC) Ans LwnpuHsbl
pacnpepenexus aputpoumutos (RDW) npu NporHo3vpoBaHnm rocnuTarb-
HOW neTanbHOCTH

Subgroup assessment was performed to explore the
relationship between RDW and in-hospital mortality rate
depending on anemia status, MCV level and renal function
(Table 2). There were no interactions in anemia status
and RDW related to outcome. In contrast, in normocytic
MCV subgroup, for every 1% increase in RDW values, the
OR for in-hospital increased by 1.58. In both low and high
MCV subgroups, no remarkable interaction was observed
(p = 0.471 and 0.462, respectively). The same result was
observed for renal dysfunction subgroup (p = 0.402).

Table 2. Logistic regression analysis for in-hospital mortality according to RDW
in different clinical subgroups

Ta6nuua 2. JlorncTuyeckuii perpeCcCUOHHbI aHanmna rocnnTanbHOW neTanbHO-
CTu B 3aBUcMocTn oT RDW B pa3anunyHbIX KNMHUYECKUX Noarpynnax

Odds ratio (95%

Variables confidence interval) p value
Anem|a ...................................
Present 1.07 (0.86-1.32) 0.547
Absent 1.27 (0.88-1.83) 0.205
MCV level
Microcytic 0.81(0.46-1.43) 0.471
Normocytic 1.58 (1.24-2.02) < 0.001
Macrocytic 0.66 (0.22—-1.99) 0.462
Renal dysfunction

Present 1.11 (0.87-1.42) 0.402
Absent 1.50 (1.17—-1.94) 0.002

Note: CAD — coronary artery disease; Cl — confidence interval.

Univariate logistic analysis revealed that RDW, age,
female sex, ST elevation, diabetes mellitus, atrial fibrillation,
anemia, LVEF, three-vessel coronary artery disease (CAD)
were associated with in-hospital mortality (Table 3).
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Table 3. Univariate logistic regression analysis of the predictor of in-hospital
mortality in acute myocardial infarction

Ta6bnuua 3. OgHOMaKTOPHBIA NOrMCTUYECKUIA PErPECCUMOHHBIN aHanua npe-
AVKTOPOB rocnuTanbHON neTanbHOCTU Ny OCTPOM MHapkTe Muokapaa

Variables Odds ratio (95% CI) p value
= DW% .............................. ; 27(1 07_150) ......... oo

Age, years 1.10 (1.07-1.15) <0.001
Sex, female 2.23(1.07-4.65) 0.032
ST elevation 2.47 (1.14-5.34) 0.022
Diabetes mellitus 2.39 (1.13-5.07) 0.023
Atrial fibrillation 3.17 (1.35-7.43) 0.008
Anemia 5.48 (2.56-11.73) <0.001
LVEF < 40% 7.82 (3.04-20.09) <0.001
Three-vessel CAD 4.08 (1.65-10.09) 0.002

Note: CAD — coronary artery disease; Cl — confidence interval; LVEF —
left ventricular ejection fraction; RDW — red blood cell distribution width.

Based on BMA method, we identified 3 most parsimonious
models for predicting the risk of in-hospital mortality with
appropriate posterior probability, BIC, and values of area
under the ROC curves (Table 4, Fig. 2). The three models
included following factors: RDW at admission, presence of
ST elevation on ECG, anemia, and age. The AUC of three
models were comparable with the average AUC ranging from
0.812 (Model I, 1) to 0.832 (Model Ill). Based on the BIC as a
metric of model selection, it appeared that the model Il was
the most parsimonious with the lowest values of BIC.

Table 4. Association of risk factors of selected models and in-hospital mortality:
results from multivariate analysis and Bayesian Model Averaging

Ta6bnuua 4. Ces3b (hakTOPOB pucka BblIOpaHHbIX Mogenen U rocnuTanbHon
netanbHOCTW: pe3ynbTaTbl MHOrOakTOpHOro aHanusa 1 6anecoBckoro Moae-
NMPOBaHus

Models l Unit l Odds ratio (95% Cl) l p value

Model | (BIC = —29.01), post prob = 0.743, AUC = 0.812 (95% CI 0.749—
0.875, p < 0.001)

Age (years) +1 1.08 (1.04-1.13) <0.001
Presence of ST elevation Yes 3.08 (1.37-6.92) 0.007
Presence of anemia Yes 3.29 (1.40-7.34) 0.006
Model Il (BIC = —-26.43), post prob = 0.204, AUC = 0.812 (95% ClI
0.750-0.875, p < 0.001)

Age (years) +1 1.08 (1.04-1.13) <0.001
Presence of anemia Yes 2.92 (1.29-6.59) 0.01

Model Il (BIC = —23.72), post prob = 0.053, AUC = 0.832 (95% ClI
0.779-0.885, p < 0.001)

Age (years) +1 1.10 (1.06-1.14) <0.001
Presence of ST elevation Yes 3.22 (1.41-7.35) 0.006
RDW (%) +1 1.26 (1.04-1.53) 0.021

Note: AUC — area under the curve; BIC — Bayesian information criteria;
Cl — confidence interval; post prob — posterior probability; RDW — red
blood cell distribution width.

Using the estimated variables of the Model lll, a nomogram
was established for predicting the risk of in-hospital death in
AMI patients. The risk of in-hospital death in AMI patients was
assessed according to the following equation:

Risk = 1/((1 + e*(-2)) );

where Z = -13.525 + 0.093 x Age + 1.168 x presence of
ST elevation + 0.229 x RDW at admission.

Models selected by BMA

Female gender

«
Diabetes mellitus

Atrial fibrillation

Anemia
RDW
LV EF =40%

Three-vessel CAD
Model #

Fig. 2. Bayesian Model Average analysis to identify most optimal models for
prediction of in-hospital mortality in acute myocardial infarction

Note: CAD — coronary artery disease; LVEF — left ventricular ejection
fraction; RDW — red blood cell distribution width.

Puc. 2. AHanu3 GaiiecoBckol cpefiHell Moaenu Ans BbisIBNEHNUS Haubonee
onTUManbHbIX MOAenen Ans NPOrHo3MPOBaHUS rOCMMTANbHO neTanbHOCTN
npu OCTPOM MH(apKTe Muokapaa

Mpumevanue: UBC — nwemunyeckan 6onesHb cepaua, PB JK — dpakums
BbIGpoca nesoro xenygodka, RDW — WwuvpuHa pacnpeaeneHnst aputpoLm-
TOB.

In ROC curves analysis of a developed nomogram for
predicting in-hospital mortality, the AUC was 0.832 (95% CI:
0.779-0.885, p < 0.001). The sensitivity and specificity were
87.1% and 72.2%, respectively (Fig. 3). Anomogram showed
good calibration (chi-square 6.132, p for Hosmer-Lemeshow
test 0.632).

Discussion

Our study found that RDW was an independent predictor of
in-hospital mortality among patients with AMI. Using Bayesian
approach, the prognostic value of RDW was confirmed in the
predictive model for in-hospital mortality that included age,
presence of ST elevation and RDW, demonstrating excellent
discriminatory ability in this population. These results
advocate the use of admission RDW in risk stratifying AMI
patients since it is easier and more valuable to be included in
the initial clinical evaluation and risk scoring.

Previous studies have consistently demonstrated an
association between RDW and an unfavorable prognosis
in patients with acute coronary syndrome (ACS). Uyarel et
al. [10] conducted a study involving 2,506 patients with ST-
segment elevation myocardial infarction (STEMI) undergoing
primary PCI. Their findings revealed that patients presenting
with elevated RDW (16.1%) at admission exhibited a higher
in-hospital mortality rate compared to those with normal RDW
(7.6% vs. 3.6%; p<0.001). In a cross-sectional study including
3,101 patients with AMI, RDW was found to be as a significant
predictor of in-hospital mortality, even after adjusting for age,
sex, and various clinical and laboratory variables. Specifically,
the hazard ratio for in-hospital mortality in the highest RDW
tertile (= 14.2%) versus the lowest tertile (< 13.2%) was 2.3
(95% CI 1.39-4.01; p for trend < 0.05) [11]. Additionally, S.
Khaki et al. [12] conducted a longitudinal study involving
649 patients with AMI over a 6-month follow-up period. Their
results indicated a significantly higher 6-month mortality
rate in patients with elevated RDW (= 14.6%) compared
to those with lower RDW (< 14.6%) (24.3% vs. 7.9%;
p < 0.001). These findings underscore the consistent
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Fig. 3. Nomogram for prediction of in-hospital mortality in acute myocardial infarction. The nomogram included three variables, including age, presence of ST

elevation and red cell distribution with at admission

Note: RDW — red blood cell distribution width. Instruction for usage: A total score was generated by using the number of the points of each factor on the

corresponding axis with drawing a vertical line to “Points” axis. Summary the

points of all the factors and drawing a vertical line to the “Risk of in-hospital

mortality” line to determine the individual’s probability of death during hospitalization.
Puc. 3. Homorpamma Anst NpOrHO3npOBaHUs FOCMMTArbHON NETarbHOCTU NPU OCTPOM MHapKkTe MUokapaa. HomMorpamMma BKtoYaeT Tpy NepeMeHHbIe: BO3-

pacT, Hannune nogbema cermeHTa ST W LIMPWHY pacnpeaeneHnst 3pUTPOLIMTOB

npu nocTynneHnn

Mpvmeyanve: RDW — wmpuHa pacnpeaeneHuns aputpoumnToB. MIHCTPyKUMs no npumeHeHunto: O6Lwas oueHka bbina nonyyeHa ¢ UCNosib3oBaHMEM KONu4ecTsa
6annoB Kaxgoro gpakTopa Ha COOTBETCTBYIOLLEN OCY C NPOBeAEHNEM BEPTUKANbHOW NUHUK K ocn «Bannei». Cymmupyiite 6annbl Bcex hakTopoB 1 NpoBeau-
Te BepTUKanbHY NUHUIO K NIMHUN «PUCK BHYTPUGOIBHUYHON CMEPTHOCTUY, YTOObI ONpefeniTb BepoATHOCTb CMEPTH YenoBeka BO BPEMS rocnnTannsaLmm.

association between elevated RDW levels and adverse
outcomes in patients with ACS, reinforcing the potential
prognostic value of RDW in this clinical context.

Although RDW has traditionally served as a diagnostic
indicator for hematological disorders, such as chronic anemia
resulting from vitamin deficiencies, liver dysfunction, or kidney
failure, recent investigations have explored the involvement
of RDW in the etiology of non-hematological disorders.
Previous studies has identified a significant association
between elevated RDW levels and an increased risk of
hypertension, atrial fibrillation, AMI, heart failure, stroke, and
mortality [3, 4]. Consistent with findings from other studies,
our results indicate that heightened RDW is associated with a
higher prevalence of additional risk factors, such as advanced
age, arterial hypertension, prior CVA, atrial fibrillation, and
PAD. Furthermore, our findings reveal a correlation between
elevated RDW, low level of hemoglobin, reduced LVEF, and
higher GRACE score, aligning with previous studies [3, 12,
13]. S. Huang et al. [11] studied the association between
RDW and in-hospital mortality among 3101 patients with
AMI found that, compared to patients in first tertile (RDW <
13.2%), patients in third tertile (RDW = 14,2%) had a lower
of hemoglobin on admission (10.9 vs. 12.8 g/dL, p < 0.001)
and a higher PCl rate (29.73% vs. 20%, p < 0.001). However,
data on angiographic characteristics were not shown in this
study. In our study, the lower level of PCl among high RDW
group may be explained by lower 1-vessel CAD among these
patients. There was no observed difference in the severity
of CAD (2- or 3-vessel) between groups, although RDW has
been shown to be positively correlated with the severity of
CAD among AMI patients [14]. The association between
RDW and left ventricular dysfunction may be explained by
the trend toward higher arterial hypertension, atrial fibrillation
and prior myocardial infarction rates in patients with high
RDW in our cohort and in previous studies [4, 10, 13].

Anemia has been identified as a robust prognostic
indicator for unfavorable outcomes in patients with AMI,

demonstrating its predictive efficacy in both short-term and
long-term outcomes [15]. This observation implies that the
prognostic utility of RDW in CAD may be contingent upon the
presence of anemia. Nevertheless, it would be inaccurate to
assert that the predictive capacity of RDW for major adverse
events in ACS patients is solely attributable to anemia.
S. Dabbah et al. [16] demonstrated that the prognostic
significance of RDW in ACS patients remains independent
of anemia, and an increase in RDW during hospitalization
was associated with an unfavorable prognosis, indicating a
dynamic nature of RDW. This finding aligns with a study by E.
Cavusoglu et al. [17], wherein the predictive value of elevated
RDW was evident in both anemic and non-anemic patients,
consistent with our own results.

RDW may serve as a marker of renal insufficiency, a well-
established risk factor for CAD. Elevated RDW has been
associated with declining kidney function [3, 4]. However, in
our study, no significant association was observed between
higher serum creatinine levels and elevated RDW. Moreover,
no discernible interaction between renal insufficiency
and RDW concerning in-hospital mortality was identified.
Consequently, the association between RDW and in-hospital
mortality in AMI patients may be attributed to alternative
mechanisms.

Previous studies have established an association
between RDW with various inflammatory markers [7, 9,
18]. In the context of atherosclerosis, inflammatory factors
influence RBCs, prompting the production of numerous
immature RBCs from the bone marrow, resulting in elevated
RDW levels and ineffective hematopoiesis [3]. The rupture of
an unstable fibrous cap induces thrombosis, diminishing the
deformability of RBCs entrapped within a fibrin clot, thereby
elevating RDW. Furthermore, several pathophysiological
mechanisms linking RDW to cardiovascular diseases, such
as microvascular disorders, inflammatory cytokines, oxidative
stress, free cholesterol, thrombosis, and involvement of
neurohumoral and adrenergic systems, have been postulated
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in the context of AMI [3, 4].

The GRACE risk score has demonstrated clear
prognostic significance for in-hospital death stratification in
patients with AMI, earning endorsement in current guidelines
[15], with an AUC of 0.84 for predicting in-hospital mortality
in the validation cohort. In our study, we identified age, ST
elevation, and RDW as significant predictors of in-hospital
death, yielding an AUC of 0.832. Consequently, our model's
prognostic performance is comparable to that of the GRACE
score with more risk variables. This underscores the potential
role of RDW as a valuable risk factor for risk stratification in
this patient population.

Numerous studies have investigated the additive value
of RDW in the context of AMI. For instance, N. Zhao et al.
[19] conducted a study involving 480 ACS patients over a
median follow-up period of 37.2 months. The inclusion of
RDW alongside the GRACE score resulted in a heightened
AUC of 0.805 compared to the GRACE score alone (AUC =
0.749, p = 0.034) for predicting major adverse cardiac events,
defined as all-cause death or non-fatal AMI. Similar findings
were reported by Chang et al. [20] in a study involving 390
STEMI patients, with a combined AUC of 0.775 for RDW and
the GRACE risk score in predicting Major Adverse Cardiac
Events (MACEs) during a mean follow-up of 33.5 months
These findings suggest that RDW, as a biomarker, holds
potential for assessing short-term outcomes in AMI.

Our study has several limitations. This single-center
investigation, with a relatively small sample size and lacking
nomogram validation, may restrict the generalizability and
clinical application of our findings. The absence of data
on essential variables such as folic acid, vitamin B12, iron
levels, and detailed liver function tests poses a limitation,
as subclinical deficiencies in these factors cannot be
fully excluded. Despite subgroup analysis having shown
no interaction, the cross-sectional design hinders the
establishment of causal mechanisms underlying the observed
association between RDW and mortality. Addressing these
limitations in future research is crucial for a more nuanced
understanding of RDW's predictive role in AMI.

Conclusions

RDW on admission was independently associated with
in-hospital mortality in AMI patients. A nomogram, integrating
age, ST elevation, and RDW, demonstrates excellent
predictive performance for in-hospital death, facilitating the
identification of patients at a heightened risk of adverse
outcome.
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