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A simple marker with strong signals: the RDW/albumin ratio and its
predictive role in acute coronary syndrome
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Abstract

Aim: This study aimed to investigate the prognostic value of the red cell distribution width/albumin ratio (RAR) in patients
diagnosed with acute coronary syndrome (ACS).

Material and Methods: This retrospective, two-center study included 677 patients who were followed with a diagnosis of
ACS between January 1, 2020, and June 1, 2025, at the cardiology departments of Necmettin Erbakan University Faculty of
Medicine and Konya Beyhekim Training and Research Hospital. Of the study population, 63.5% (n = 430) had STEMI, 27.5%
(n = 186) had NSTEMI, and 9.0% (n = 61) were classified as unstable angina pectoris (UAP). Demographic, clinical, and
laboratory parameters were retrospectively recorded. RAR values were calculated using the formula: RDW (%) / Albumin
(g/dL). Patients were divided into two groups according to in-hospital mortality and compared.

Results: The overall mean RAR was 4.03 + 0.92. RAR was significantly higher in patients who died compared with survivors
(4.76 £ 1.01 vs. 3.95 + 0.84; p < 0.001). In logistic regression analysis, age (OR 1.05; p =0.001), ejection fraction (OR 0.93; p <
0.001), and RAR (OR 2.87; p < 0.001) were identified as independent predictors of in-hospital mortality. ROC curve analysis
demonstrated an AUC of 0.864 (95% Cl: 0.810-0.917) for RAR, with a sensitivity of 93.2% and a specificity of 71.2% at the
cut-off value of > 0.373.

Conclusion: RAR is a strong biomarker for predicting mortality and adverse clinical outcomes in patients with ACS. As a
practical, low-cost parameter easily derived from routine blood tests, RAR may assist clinicians in early risk stratification.
These findings support the importance of inflammation and nutritional status in determining cardiovascular prognosis.
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Oz
Amag: Bu calisma, akut koroner sendrom (AKS) tanisi alan hastalarda eritrosit dagilim genisligi/albtiimin oraninin (RAR)
prognostik degerini arastirmayr amaclamistir.

Gereg ve Yontemler: Bu retrospektif, iki merkezli calismaya, 1 Ocak 2020 ile 1 Haziran 2025 tarihleri arasinda Necmettin
Erbakan Universitesi Tip Fakiiltesi ve Konya Beyhekim Egitim ve Arastirma Hastanesi kardiyoloji kliniklerinde AKS tanisi ile
izlenen 677 hasta dahil edildi. Calisma popiilasyonunun %63,5'i (n = 430) STEMI, %27,5'i (n = 186) NSTEMI ve %9,0' (n =
61) instabil angina pektoris (UAP) olarak siniflandiriidi. Demografik, klinik ve laboratuvar parametreleri retrospektif olarak
kaydedildi. RAR degerleri su formil kullanilarak hesaplandi: RDW (%) / Albimin (g/dL). Hastalar hastane ici mortaliteye
gore iki gruba ayrildi ve karsilastirildi.

Bulgular: Genel ortalama RAR 4,03 £ 0,92 idi. Eksitus olan hastalarda RAR, hayatta kalanlara gore anlamli derecede yiiksekti
(4,76 £ 1,01'e karsi 3,95 + 0,84; p < 0,001). Lojistik regresyon analizinde yas (OR 1,05; p = 0,001), ejeksiyon fraksiyonu (OR
0,93; p < 0,001) ve RAR (OR 2,87; p < 0,001) hastane ici mortalitenin bagimsiz dngérduricileri olarak belirlendi. ROC egrisi
analizi, RAR icin 0,864'liik bir AUC (%95 GA: 0,810-0,917) gosterdi; > 0,373 kestirim degerinde duyarlilik %93,2 ve 6zg(illiik
%71,2 olarak saptandi.

Sonuglar: RAR, AKS'li hastalarda mortaliteyi ve advers klinik sonuclari 6ngérmek icin giicli bir biyobelirtectir. Rutin
kan testlerinden kolayca elde edilen pratik ve dusiik maliyetli bir parametre olarak RAR, klinisyenlere erken risk
siniflandirmasinda yardimci olabilir. Bu bulgular, kardiyovaskiler prognozun belirlenmesinde inflamasyonun ve beslenme

durumunun 6nemini desteklemektedir.

Introduction

Acute coronary syndrome (ACS) remains one of the leading
causes of cardiovascular mortality worldwide. Early diagnosis
and accurate risk stratification are essential components
Although
conventional risk scores such as TIMI and GRACE are useful,

for improving outcomes in these patients.
the incorporation of novel biomarkers that can be easily
calculated from routine laboratory tests has gained increasing
importance in clinical practice [1,2]. Inflammation, oxidative
stress, and malnutrition are known to play pivotal roles in
both the pathogenesis and prognosis of ACS [3]. Therefore,
biomarkers that simultaneously reflect inflammatory and
nutritional status may provide valuable insights into disease
severity and mortality risk.

Red cell distribution width (RDW) is a simple and inexpensive
hematological parameter that reflects the heterogeneity
in erythrocyte volume. Recent studies have reported that
elevated RDW is associated with systemic inflammatory
processes and may be linked to increased cardiovascular
mortality [4,5]. Albumin, on the other hand, is a negative acute
phase reactant that reflects systemic inflammation, oxidative

stress, and nutritional status [6]. Low serum albumin levels
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have been associated with adverse cardiovascular outcomes
and increased mortality. The RDW/Albumin Ratio (RAR),
derived from the combination of these two parameters, has
thus emerged as a composite indicator of both inflammatory
and nutritional status [7].

Recent research has demonstrated that RAR is a powerful
prognostic marker in various clinical conditions, including
sepsis, heart failure, malignancies, and acute myocardial
infarction [8,9]. Increased RAR has been closely associated
with mortality, reinfarction, and major adverse cardiac events
(MACE). However, the number of studies evaluating the
prognostic significance of RAR specifically in patients with ACS
remains limited. This gap underscores the need to investigate
whether RAR may serve as a potential biomarker to support
early risk stratification in ACS [10].

In this study, we aimed to evaluate the prognostic significance
of the RAR in patients diagnosed with ACS. By analyzing the
relationship between RAR and clinical, laboratory, and in-
hospital mortality parameters, we sought to determine the
role of this index in predicting short-term outcomes in ACS.
Given that RAR can be easily derived from routine biochemical
and hematological tests, it may serve as a simple yet powerful

biomarker for risk assessment in daily clinical practice.



Material and Methods

This study was designed as a retrospective, two-center
observational analysis. A total of 800 patients who were
followed with a diagnosis of acute coronary syndrome (ACS)
between January 1, 2020, and June 1, 2025, at the cardiology
departments of Necmettin Erbakan University Faculty of
Medicine and Konya Beyhekim Training and Research Hospital
were screened using the hospital information management
system. Patients with missing laboratory data (n = 72), chronic
inflammatory or malignant diseases (n = 41), or who did not
meet the study criteria (n = 20) were excluded. Thus, the final
analysis was performed on 677 patients.

The diagnostic distribution of the study population was as
follows: ST-elevation myocardial infarction (STEMI): 63.5% (n =
430), non-ST-elevation myocardial infarction (NSTEMI): 27.5%
(n =186), unstable angina pectoris (UAP): 9.0% (n = 61)

The study was conducted in accordance with the principles of
the Declaration of Helsinki. Ethical committee approval for the
study was obtained from the Necmettin Erbakan University
Board with decision number 2025/6171 dated December 12,
2025. Because of the retrospective design, the requirement
for informed consent was waived by the ethics committee.

The study population was selected based on clearly defined
inclusion and exclusion criteria. Patients aged 18 years
and older who were diagnosed with STEMI, NSTEMI, or
UAP according to clinical presentation, ECG findings, and
biochemical markers were included in the study. Additionally,
the availability of complete hematological and biochemical
data, including RDW and albumin levels at admission, was
required for inclusion. Conversely, patients under the age of
18 or those with active infection, malignancy, hematologic
disorders, or chronic inflammatory diseases were excluded.
Other exclusion criteria comprised chronic liver or renal failure,
the use of corticosteroids or immunosuppressive therapy, and
patients receiving albumin replacement therapy. Furthermore,
individuals with missing clinical or laboratory data and
recurrent admissions were excluded; for the latter, only the first
admission of the patient was included in the analysis.

Demographic data (age, sex, comorbidities, smoking status),
clinical characteristics, laboratory parameters (RDW, albumin,
hemoglobin, leukocyte and platelet counts, creatinine, troponin,
CRP, and others), and echocardiographic measurements
were retrospectively obtained from hospital records. The RAR
was calculated using the following formula: RAR = RDW (%)
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/ Albumin (g/dL). Patients were classified into two groups
based on in-hospital mortality (survivors vs. non-survivors).
Additionally, subgroup analyses were performed according to
RAR values to compare clinical and laboratory features.

Statistical Analysis

All analyses were performed using IBM SPSS Statistics version
26.0 (Chicago, IL, USA). The Kolmogorov-Smirnov test was
used to assess the normality of distribution for continuous
variables. Normally distributed variables were expressed as
mean * standard deviation, and non-normally distributed
variables as median (interquartile range). Categorical variables
were presented as frequency (percentage). For comparisons
between groups: Student’s t-test was used for normally
distributed continuous variables. Mann-Whitney U test was
used for non-normally distributed continuous variables. Chi-

square or Fisher’s exact test was used for categorical variables.

To identify independent predictors of mortality, univariable
logistic regression analysis was first performed, followed
by multivariable logistic regression including variables
with statistical significance in the univariable model. Model
calibration was assessed using the Hosmer-Lemeshow test, and

model explanatory power was evaluated using Nagelkerke R’.

Receiver operating characteristic (ROC) curve analysis was
performed to compare the predictive performance of RAR,
age, TIMI, HEART, and SYNTAX scores for mortality. For RAR, the
AUC was 0.864 (95% Cl: 0.810-0.917). The optimal cut-off value
was > 0.373, yielding a sensitivity of 93.2% and specificity of
71.2%. A p-value < 0.05 was considered statistically significant.

Based on previous literature indicating a moderate effect size
for the association between RAR and mortality (Cohen’s d =
0.4), a G*Power analysis with a 95% confidence level and 80%
power indicated that a minimum of 480 patients would be
required. The current sample size (n = 677) provides sufficient
statistical power for the analyses performed.

Results

A total of 677 patients were included in the study. Among
them, 63.5% (n = 430) were diagnosed with STEMI, 27.5% (n =
186) with NSTEMI, and 9.0% (n = 61) with UAP. The mean age
was 62.8 + 11.4 years, and 68.5% (n = 464) of the patients were
male. The most common comorbidities were hypertension
(54.2%) and diabetes mellitus (37.4%). The mean body mass
index was 27.1 + 4.6 kg/m?, and the mean ejection fraction was
48.9 + 8.2%. Baseline clinical and demographic characteristics
are summarized in table 1.
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The mean RDW for the entire cohort was 14.85 + 1.72%, and the
mean albumin level was 3.72 + 0.46 g/dL. Accordingly, the mean
RAR was calculated as 4.03 £ 0.92. Patients with high RAR values
had significantly higher levels of CRP, troponin-T, creatinine,

and leukocyte count, while hemoglobin and albumin levels
were significantly lower (all p < 0.001). Detailed laboratory
comparisons between groups are presented in table 2.

The overall in-hospital mortality rate in the study population
was 10.9% (n = 74). Patients who died were significantly older
(67.5 £ 10.8 vs. 62.2 £ 11.2 years; p = 0.003), had higher RAR
values (4.76 + 1.01 vs. 3.95 + 0.84; p < 0.001), and lower ejection
fraction (42.8 £7.5% vs.49.7 £ 7.9%; p < 0.001) compared with
survivors. In addition, the non-survivor group demonstrated
significantly higher rates of inotropic support, mechanical
ventilation requirement, and Killip class > Il (all p < 0.001). A
summary of the clinical characteristics is provided in table 3.
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RAR showed a positive correlation with age (r = 0.42; p <
0.001), CRP (r = 0.51; p < 0.001), and troponin-T (r = 0.39; p <
0.001). Conversely, a negative correlation was observed with
ejection fraction (r = —0.36; p < 0.001) and albumin (r = -0.58;
p < 0.001). The correlation results are summarized in table 4.

In univariable logistic regression analysis, age, sex, ejection
fraction, creatinine, CRP, troponin-T, and RAR were all
significantly associated with in-hospital mortality (p < 0.05).
However, in multivariable logistic regression, only age (OR
1.05; 95% ClI 1.02-1.08; p = 0.001), ejection fraction (OR 0.93;
95% Cl 0.89-0.96; p < 0.001), and RAR (OR 2.87; 95% Cl 1.64-
5.01; p < 0.001) remained independent predictors of mortality
(Table 5). The model demonstrated good explanatory power
(Nagelkerke R® = 0.42) and appropriate calibration (Hosmer-
Lemeshow p =0.61).
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Receiver operating characteristic (ROC) curve analysis revealed
that RAR had a strong predictive performance for in-hospital
mortality. The AUC for RAR was 0.864 (95% Cl: 0.810-0.917; p <
0.001) (Figures 1,2 and table 6). The optimal cut-off value was RAR
> 0.373, providing a sensitivity of 93.2% and specificity of 71.2%.
The AUC of RAR was significantly higher than those of age (AUC =
0.726), troponin-T (AUC = 0.705), CRP (AUC = 0.674), and ejection
fraction (AUC = 0.657) (all p < 0.001). According to ROC analysis, a
cut-off value of > 0.373 was used for risk stratification.

When patients were stratified by RAR tertiles (low-medium-
high), the high-RAR group exhibited significantly higher rates
of mortality, major adverse cardiovascular events (MACE), and
prolonged hospital stay (all p < 0.001). Furthermore, CRP and
troponin levels were markedly elevated, and albumin levels
were significantly reduced in the high-RAR tertile.

ROC Curve
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Figure 1. ROC analysis scheme on mortality for the RAR parameter.
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Figure 2. ROC analysis scheme on mortality for ACS scores.
Discussion

In this study, we evaluated the prognostic value of the
red cell distribution width/albumin ratio (RAR) in patients
diagnosed with acute coronary syndrome (ACS). Our findings
demonstrated that elevated RAR levels were significantly
associated with in-hospital mortality, major adverse cardiac
events (MACE),
Importantly, RAR emerged as a strong predictor of mortality

and other adverse clinical outcomes.
independent of conventional prognostic markers such as age,
troponin, C-reactive protein (CRP), and left ventricular ejection
fraction. These results reinforce the growing evidence that
systemic inflammation and nutritional status play a critical role
in the clinical course and prognosis of ACS [11,12]. Although
STEMI is characterized by a more intense acute inflammatory
response, NSTEMI patients often present with a higher burden
of chronic inflammation and comorbid conditions. Since RAR
reflects both inflammatory activity and nutritional status, its
magnitude may be influenced not only by acute myocardial
injury but also by underlying chronic inflammatory processes,
which could explain the comparable or even higher values
observed in NSTEMI patients.

Inflammatory activation is known to contribute to both
atherosclerotic plaque rupture and subsequent platelet
aggregation in ACS [13]. Increased neutrophil and platelet

activity, along with reduced lymphocyte counts, leads to a

systemic inflammatory milieu characterized by heightened
oxidative stress and tissue hypoperfusion. Inflammation also
suppresses hepatic albumin synthesis, resulting in decreased
plasma oncotic pressure and diminished antioxidant capacity
[14]. elevated RDW
erythropoiesis and enhanced oxidative stress within the

Simultaneously, reflects impaired
bone marrow [15]. Therefore, RAR combines two biologically
relevant pathways systemic inflammation and nutritional
status providing an integrated reflection of the overall
inflammatory burden [16]. Although hemoglobin levels were
significantly lower in female patients, RDW values did not differ
between sexes. This finding may be explained by the fact that
RDW reflects variability in erythrocyte size rather than absolute
hemoglobin concentration and is more strongly influenced
by inflammation, oxidative stress, and bone marrow response
than by baseline anemia alone. Therefore, the observed
sex-related differences in hemoglobin were considered a
physiological finding rather than a determinant of RAR, which
is mainly driven by inflammatory burden and nutritional status.

Recent studies have consistently shown that RAR possesses
prognostic significance across a range of pathological
conditions. Li et al. [17] reported that elevated RAR levels were
associated with higher in-hospital mortality among patients
with acute myocardial infarction, and that the incorporation
of RAR into the GRACE score significantly improved prognostic
accuracy. Similarly, Pan et al. [18] demonstrated that RAR was
linked to inflammatory burden and adverse prognosis in
patients with atrial fibrillation. By extending these findings
to a broader ACS population, our study contributes novel
evidence that RAR is a powerful predictor of mortality in both
STEMI and NSTEMI subgroups.

Our results further indicate that RAR outperforms other
inflammation-based indices commonly used in ACS, such as
the neutrophil-lymphocyte ratio (NLR), platelet-lymphocyte
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ratio (PLR), and systemicimmune-inflammation index (Sll). The
ROC analysis revealing an AUC of 0.864 underscores the robust
diagnosticand prognostic strength of RAR. Consistent with our
results, Chen et al. [19] reported that RAR was superior to other
inflammatory indices in predicting mortality in patients with
sepsis and cardiovascular disease. This superiority may stem
from RAR integrating both hematological and biochemical
components, thereby more comprehensively reflecting the
interplay between inflammation and nutritional status.

The lack of a significant association between RAR and SYNTAX
score may be explained by the fact that SYNTAX score reflects
anatomical coronary complexity, whereas RAR represents
These
parameters describe different pathophysiological domains

systemic inflammatory and nutritional status.

and therefore may not necessarily correlate.

Previous studies also highlight the broader relevance of RAR in
cardiovascular disorders. Wu et al. [20) showed that elevated
preoperative RAR predicted postoperative complications and
mortality in patients undergoing coronary artery bypass grafting.
Han et al. [21] similarly demonstrated that RAR was a strong
predictor of both short- and long-term mortality in hospitalized
heart failure patients. Wang et al. [22] found that elevated RAR
was significantly associated with the no-reflow phenomenon in
ACS patients undergoing percutaneous coronary intervention.
Moreover, Zhang et al. [23] reported that RAR exhibited higher
prognostic power compared with NLR, PLR, and Sll, whereas
Zhao et al. [24] demonstrated that elevated RAR was closely
associated with the development of left ventricular systolic
dysfunction. Collectively, these data support the Notion also
affirmed in our findings that RAR serves as a comprehensive
indicator of inflammatory burden in cardiovascular disease and
may play an important role in risk stratification.

Limitations of the study

This study has several limitations. First, due to its retrospective
design, causal relationships cannot be established. Second,
although the study was conducted in two centers, the study
population reflects regional characteristics; therefore, the
generalizability of the findings to other geographic or ethnic
populations should be confirmed by larger, prospective
multicenter studies. Additionally, serum albumin levels may be
influenced by factors such as hydration status and acute-phase
responses, which could potentially affect the accuracy of RAR
measurements. Despite these limitations, the study has several
strengths, including a relatively large sample size (n = 677), the
identification of independent predictors through multivariable
analysis, and the demonstration of a robust prognostic cut-off
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value (= 0.373) through ROC analysis. Long-term follow-up
data were not available. Mechanical circulatory or respiratory
support in critically ill patients may contribute to hemolysis
and transient changes in RDW. However, in our cohort, the
proportion of patients receiving mechanical support was
limited, and RAR remained an independent predictor of
mortality after multivariable adjustment, suggesting that its
prognostic value is not solely driven by mechanical factors.
Unrecognized or subclinical infections may have influenced
inflammatory markers and RAR values in some patients, which
represents an inherent limitation of retrospective studies.

In conclusion, this study demonstrates that the red cell
distribution width/albumin ratio (RAR) is a strong prognostic
biomarker in patients with acute coronary syndrome (ACS).
Elevated RAR levels were significantly associated with in-
hospital mortality, major adverse cardiac events (MACE), and
unfavorable clinical outcomes. In multivariable analyses, RAR
independently predicted mortality beyond traditional risk
factors such as age, ejection fraction, and troponin levels. The
high AUC value (0.864) and favorable sensitivity—specificity
profile observed in ROC analysis further support the clinical
utility of this parameter. Given that RAR can be easily calculated
from routine hematological and biochemical tests, it represents
a practical, low-cost, and rapidly obtainable marker that
may assist clinicians in early risk stratification and prognostic
assessment of ACS patients. Future large-scale, prospective
multicenter studies evaluating its association with long-term
outcomes may further strengthen its role in clinical practice.
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