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ABSTRACT

Background: The hemoglobin-to-red blood cell distribution width ratio (HRR) is a new 
inflammatory marker in evaluating tumor prognosis. However, its application in cardio-
vascular diseases (CVDs) is relatively limited. This research was designed to illuminate the 
relationship between HRR and mortality in patients with aortic dissection (AD).

Methods: The Medical Information Mart for Intensive Care-IV (MIMIC-IV) database was 
applied in this retrospective cohort study. The primary outcome was the 30-day mor-
tality rate. The Cox proportional hazards model was utilized to explore the relationship 
between HRR and mortality in AD patients. Through restricted cubic splines (RCS), the 
relationship between mortality and HRR levels was analyzed. The ROC curves were 
graphed to evaluate the prognostic value of HRR.

Results: This retrospective cohort study included 292 patients. A significant negative link-
age between HRR quartiles and 30-day mortality was identified (P < .05). Kaplan-Meier 
analysis demonstrated that participants in the low-HRR group exhibited worse survival 
rates than those in the high-HRR group (Q1 vs. Q2, log-rank P = .005; Q1 vs. Q3, log-rank 
P < .001; Q1 vs. Q4, log-rank P = .014). No great difference was observed between other 
groups. In RCS analysis, a non-linear linkage between HRR and 30-day mortality rate 
was observed (P < .05). Through analyzing ROC curves, HRR was found to perform well in 
predicting AD mortality, with AUC values of 0.628, 0.662, and 0.669 at 7, 14, and 30 days, 
respectively.

Conclusion: Low levels of HRR may elevate the risk of death in AD patients. The research 
pinpointed the potential of HRR as a prognostic biomarker for AD patients, which can 
provide reliable auxiliary indicators for clinical routine and interventional treatment.

Keywords: Aortic dissection, hemoglobin-to-red blood cell distribution width ratio, 
Medical Information Mart for Intensive Care-IV, survival analysis

INTRODUCTION

Aortic dissection (AD) is a life-threatening, serious cardiovascular disease (CVD) 
characterized by the tearing of the intimal layer of the aorta or hemorrhage 
within the aortic wall, leading to the separation of the aortic layers and the for-
mation of a false lumen, which in severe cases can result in aortic rupture or other 
fatal complications.1,2 This disease usually has a rapid onset, manifested as sudden 
and severe chest pain, which often catches patients off guard and makes it dif-
ficult to identify the cause in time. In addition, the mortality rate of acute AD is 
high. It causes half of the AD patients to die before arriving at specialized centers, 
seriously threatening their life and health.3-5 Although achievements in surgery 
and the application of intravascular stents have greatly elevated the survival rate 
of AD patients in recent years,6,7 the treatment effectiveness of some patients is 
still disappointing due to the insidious onset and invasive prognosis of AD, as well 
as its complex and variable condition.8 Therefore, innovating a fast, non-invasive, 
accurate, and timely diagnosis is instrumental for the prognosis of AD patients.
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Hematological parameters are now widely applied in diag-
nosing and predicting the prognosis of diseases, garnering 
growing attention in clinical practice.9-11 Red blood cell dis-
tribution width (RDW) is a readily available parameter rep-
resenting the volume of red blood cells, primarily used for the 
differentiation and diagnosis of anemia.12 For AD patients, 
higher RDW is considered a strong risk factor affecting mor-
tality and prognosis.13,14 Similar to RDW, hemoglobin (Hb) is 
also an essential component of hematological parameters. 
It reflects, to some extent, the decline of the host immune 
response and malnutrition, which is linked to the patient’s 
resistance to external invasion.15 Preoperative Hb levels 
are prognostic markers for long-term adverse outcomes in 
patients with acute type B AD after thoracic aortic endo-
vascular repair.16

The Hb-to-RDW ratio (HRR) is a simple yet powerful com-
posite indicator, initially used to predict the prognosis of 
cancer.17 With the deepening of research, it has become a 
new independent prognostic marker for many CVDs, such as 
stroke, cerebral hemorrhage, coronary atherosclerotic heart 
disease, and other patients.18-21 It performed well in predic-
tion. However, there seems to be no current data linking HRR 
to the prognosis of AD patients. Therefore, this research was 
intended to analyze the linkage between HRR and the prog-
nosis of AD patients.

METHODS

AI statement: This article was not written using AI.

Database
The Medical Information Mart for Intensive Care-IV 
(MIMIC-IV) database provides an extensive collection of 
intensive care data.22 It is essential for supporting in-depth 
studies in epidemiology, machine learning, and clinical infor-
matics. This database is an updated version of MIMIC-III that 
incorporates new data and improves upon many features 
of the original dataset. As stated in the ethical declaration, 
since all protected health information was de-identified and 
the study had no effect on clinical care, the need for individ-
ual patient agreement was waived.23

Inclusion and Exclusion Criteria
This research screened 455 patients with a diagnosis code 
of 4410 (ICD9) or I710 (ICD10)24,25 where AD was the primary 
diagnosis. Patients who met the following exclusion crite-
ria were excluded: (1) multiple hospitalizations; (2) individu-
als under 18 years of age; and (3) individuals with Marfan 
syndrome (75982, Q874), Ehlers-Danlos syndrome (75683, 
Q796), and congenital aortic valve abnormalities (7464, 

Q231). A total of 292 patients were ultimately enrolled in this 
research. The selection process of participants is shown in 
Figure 1.

Data Collection
Based on existing literature and clinical judgment, the 
authors gathered the intensive care unit (ICU) variables, 
including demographic data, laboratory measurements, 
severity scores, and medical history, which were considered 
confounding factors for AD outcomes. Vital signs, severity 
scores, and laboratory measurements conducted multiple 
times during the ICU stay were all determined by the values 
corresponding to the most severe level collected within the 
first 24 hours following ICU admission.

Statistical Analysis
Continuous variables are represented by mean ± SD or 
median (interquartile range). The normal distribution was 
determined through the Kolmogorov–Smirnov test and 
combined with a histogram and Q-Q chart for comprehen-
sive judgment. According to the distribution characteristics 
of the data, the t-test was used for inter-group compari-
sons that satisfy normal distribution and homogeneity of 
variance; otherwise, the Mann–Whitney U-test was used. 
To compare categorical variables, the chi-squared test was 
undertaken, and differences were expressed in percent-
ages (%). Multiple and univariate Cox regression analyses 
were undertaken to assess the hazard ratio of HRR on the 
30-day mortality of patients with AD. Multiple Cox prog-
nostic models were created by comprising statistically 
significant variables determined by multiple regression 
analysis. Kaplan–Meier (K-M) survival curves were applied 
to assess the mortality outcomes between groups, and 
the log-rank test was employed for evaluation. By utilizing 
restricted cubic splines (RCS), the linkage between HRR and 
the 30-day mortality of AD patients was dissected, with 
4 knots placed at the 5th, 35th, 65th, and 95th percentiles of 
HRR.26 To further demonstrate the predictive efficacy of 
HRR for AD mortality at various follow-up time points, the 
receiver operating characteristic (ROC) curves of HRR were 
plotted.

The database lacked certain biological parameters. 
Variables with missing values that made up less than 5% 
of the entire sample were filled using the Random Forest 
(RF) approach throughout the parameter extraction pro-
cedure. The proportion of missing variables is displayed in 
Supplementary Table 1.

Data in this research were collected from the MIMIC-IV 
(Version 2.2) database with SQL (Structured Query 
Language) and analyzed by utilizing the R (Version 4.2.3) 
software, including R packages rms, timeROC, mice, jskm, 
and tableone (2-sided P-value < .05: statistically significant).

RESULTS

Baseline Characteristics
The median age of the enrolled 292 patients was 67.35 ± 
13.47 years. A total of 168 were men (57.5%). Based on the 
30-day survival status of the patients, 2 groups of partici-
pants were formed: the survival group (n = 261) and the death 

HIGHLIGHTS
•	There is a negative correlation between HRR width ratio 

and 30-day mortality risk in AD patients.
•	The relationship between HRR width ratio and the 

30-day mortality rate in AD patients is non-linear.
•	The HRR width ratio has a good predictive value for 

mortality in AD patients.
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group (n = 31). The death group had higher respiratory rates 
and blood glucose levels, higher SAPS II, SOFA, LODS, and 
SIRS scores, as well as elevated levels of anion gap, lactate, 

BUN, potassium ions, creatinine, ALT, AST, and pCO2 (P < .05). 
Hemoglobin-to-RDW ratio was lower than that in the sur-
vival group (0.57 ± 0.22 vs. 0.68 ± 0.19, P = .004) (Table 1).

Figure 1.  Flowchart of the selection process of patients.

Table 1.  Baseline Characteristics of Patients

Characters
Total

(n = 292)
Survivor
(n = 261)

Non-survivors
(n = 31) P

Age (years) 67.35 (13.47) 67.33 (13.12) 67.48 (16.40) .953

Gender ​ ​ ​ .369

  Female 124 (42.5) 108 (41.4) 16 (51.6) ​

  Male 168 (57.5) 153 (58.6) 15 (48.4) ​

Race ​ ​ ​ .079

  White 155 (53.1) 143 (54.8) 12 (38.7) ​

  Black 39 (13.4) 36 (13.8) 3 (9.7) ​

  Other race 98 (33.6) 82 (31.4) 16 (51.6) ​

Marital status ​ ​ ​ .737

  Married 126 (43.2) 114 (43.7) 12 (38.7) ​

  Unmarried 166 (56.8) 147 (56.3) 19 (61.3) ​

LOS (days) 3.67 [2.16, 7.49] 3.62 [2.09, 7.13] 4.26 [2.44, 15.56] .298

Height (cm) 170.59 (11.25) 170.91 (11.16) 168.04 (11.88) .239

Weight (kg) 84.21 (22.41) 83.56 (21.78) 89.59 (26.92) .164

Smoking status 60 (20.5) 55 (21.1) 5 (16.1) .683

Heart rate (times/min) 77.74 (12.03) 77.75 (11.98) 77.71 (12.71) .988

SBP (mm Hg) 114.63 (11.20) 114.68 (10.94) 114.22 (13.44) .83

DBP (mm Hg) 59.74 (8.72) 59.59 (8.24) 61.01 (12.16) .391

MBP (mm Hg) 76.10 (8.72) 75.97 (8.29) 77.21 (11.84) .453

Breath rate (times/min) 18.19 (2.90) 17.98 (2.73) 19.94 (3.63) <.001

Temperature 36.65 (0.55) 36.66 (0.54) 36.55 (0.58) .361

SpO2 96.67 (1.92) 96.64 (1.91) 97.01 (1.99) .319

Glucose (mg/dL) 131.15 [117.56, 143.45] 130.67 [116.85, 142.80] 137.13 [126.62, 146.07] .049

SAPSII 38.24 (12.66) 37.39 (12.19) 45.39 (14.40) .001

(Continued)
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Characters
Total

(n = 292)
Survivor
(n = 261)

Non-survivors
(n = 31) P

SOFA 4.00 [2.00, 8.25] 4.00 [2.00, 8.00] 9.00 [4.00, 12.00] <.001

GCS 13.94 (2.88) 13.95 (2.91) 13.81 (2.64) .788

LODS 5.00 [2.00, 8.00] 4.00 [2.00, 7.00] 7.00 [4.00, 9.50] .002

SIRS 2.17 (0.92) 2.14 (0.92) 2.48 (0.89) .048

HRR 0.66 (0.20) 0.68 (0.19) 0.57 (0.22) .004

Chloride (mmol/L) 107.24 (4.98) 107.16 (4.94) 107.94 (5.35) .412

Hematocrit (μmol/L) 28.69 (6.74) 28.98 (6.56) 26.25 (7.75) .033

Hemoglobin (g/dL) 9.60 (2.31) 9.72 (2.23) 8.52 (2.71) .006

Potassium (K/μL) 4.61 (0.82) 4.57 (0.78) 4.88 (1.03) .048

Anion gap (mEq/L) 15.69 (3.97) 15.29 (3.29) 19.03 (6.80) <.001

Bicarbonate (mEq/L) 22.11 (3.13) 22.37 (2.86) 19.97 (4.33) <.001

Sodium (mEq/L) 138.05 (3.50) 13800 (3.39) 138.48 (4.40) .468

PTT (s) 36.50 [30.00, 52.30] 36.00 [30.02, 51.82] 45.30 [29.95, 63.65] .199

INR 1.59 (0.73) 1.58 (0.74) 1.70 (0.70) .386

PT (s) 15.30 [12.70, 19.20] 15.20 [12.70, 18.70] 16.70 [12.90, 20.70] .136

Lactate (mmol/L) 4.75 [2.30, 7.23] 4.60 [2.30, 6.77] 7.10 [3.05, 9.98] .011

Platelets (K/μL) 142.50 [92.75, 186.75] 147.00 [100.00, 190.00] 96.00 [73.50, 144.50] .006

WBC (K/μL) 12.91 (5.01) 12.79 (4.96) 13.89 (5.40) .249

RBC (M/μL) 3.20 (0.82) 3.24 (0.80) 2.86 (0.89) .013

pO2 (mm Hg) 77.66 (33.96) 79.90 (34.25) 62.35 (27.92) .013

pCO2 (mm Hg) 53.37 (13.62) 52.48 (12.74) 59.46 (17.67) .014

pH 7.26 (0.12) 7.27 (0.11) 7.17 (0.13) <.001

Base excess (mEq/L) −5.00 [−8.00, −1.00] −4.67 (4.67) −9.58 (5.87) <.001

MCH (pg) 29.74 (2.27) 29.81 (2.26) 29.15 (2.27) .124

MCHC (g/dL) 32.75 (1.57) 32.88 (1.49) 31.62 (1.72) <.001

MCV (fL) 89.06 (5.81) 89.05 (5.89) 89.13 (5.19) .946

RDW 14.75 (1.77) 14.68 (1.77) 15.28 (1.73) .076

Open chest surgery 136 (46.6) 120 (46.0) 16 (51.6) .686

BUN (mg/dL) 20.00 [15.75, 27.00] 20.00 [15.00, 26.00] 25.00 [20.00, 32.00] .006

Creatinine (mg/dL) 1.20 [0.90, 1.63] 1.10 [0.90, 1.60] 1.50 [1.15, 2.40] .005

ALT (U/L) 22.00 [16.00, 42.75] 21.00 [15.00, 38.75] 42.50 [24.50, 174.75] .007

ALP (U/L) 61.00 [45.00, 83.00] 61.00 [44.50, 81.50] 65.50 [47.25, 88.75] .452

AST (U/L) 33.00 [21.00, 71.00] 29.50 [21.00, 59.00] 68.00 [30.00, 276.75] .015

Bilirubin (mg/dL) 0.60 [0.40, 1.20] 0.60 [0.40, 1.20] 1.00 [0.43, 1.62] .261

Site ​ ​ ​ .802

  Abdominal 34 (11.6) 31 (11.9) 3 (9.7) ​

  Thoracic 192 (65.8) 170 (65.1) 22 (71.0) ​

  Thoracoabdominal 60 (20.5) 54 (20.7) 6 (19.4) ​

  Unspecified 6 (2.1) 6 (2.3) 0 (0.0) ​

Myocardial infarct 18 (6.2) 17 (6.5) 1 (3.2) .745

Diabetes 40 (13.7) 35 (13.4) 5 (16.1) .889

Coronary artery disease 53 (18.2) 46 (17.6) 7 (22.6) .667

Congestive heart failure 44 (15.1) 37 (14.2) 7 (22.6) .331

Liver disease 15 (5.1) 11 (4.2) 4 (12.9) .101
Continuous variables are presented as mean (SD) or median [interquartile range]; categorical variables are presented as n (%).
BUN, blood urea nitrogen; DBP, diastolic blood pressure; GCS, Glasgow Coma Score; HRR, hemoglobin-to-red blood cell distribution width ratio; 
INR, International Normalized Ratio; LODS, Logistic Organ Dysfunction System scoring; LOS, length of stay; MBP, mean blood pressure; PT, 
prothrombin time; PTT, partial thromboplastin time; RBC, red blood cell; RDW, red cell volume distribution width; SAPSII, Simplified Acute 
Physiology Score II; SBP, systolic blood pressure; SIRS, systemic inflammatory response syndrome; SOFA, Sequential Organ Failure Assessment; 
SpO2, percutaneous oxygen saturation; WBC, white blood cell; Po2, Partial pressure of oxygen; Pco2, Partial pressure of carbon dioxide; MCH, Mean 
corpuscular hemoglobin; MCHC, Mean corpuscular hemoglobin concentration; MCV, Mean corpuscular volume; ALT, Alanine aminotransferase; 
ALP, Alkaline phosphatase; AST, Aspartate aminotransferase.

Table 1.  Baseline Characteristics of Patients (Continued)
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The Linkage between Hemoglobin-to-Red Blood Cell 
Distribution and 30-Day Mortality in Aortic Dissection 
Patients
By constructing Cox regression models adjusted and unad-
justed for confounding factors, the authors dissected the 
impact of HRR on the mortality of AD patients (Table 2). The 
constructed Crude (OR: 0.55, P = .005, 95% CI: 0.36-0.83) and 
Adjusted (OR: 0.55, P = .028, 95% CI: 0.32-0.94) models indi-
cated a great negative linkage between HRR and the mor-
tality risk of AD patients.

Subsequently, the authors grouped HRR into quartiles and 
treated it as a categorical variable in the multiple Cox analy-
sis, using the lowest quartile as the reference. When HRR 
was considered as a categorical variable, Q2 (OR: 0.25, P 
= .014, 95% CI: 0.08-0.75) and Q3 (OR: 0.15, P = .005, 95% CI: 
0.04-0.56) after adjustments for confounding factors dem-
onstrated a lower mortality compared to the lowest quar-
tile Q1.

The K-M survival curve manifested that with prolonged fol-
low-up time, the survival rate of the Q1 group was consider-
ably lower than that of the other groups (Q1 vs. Q2, log-rank 
P = .005; Q1 vs. Q3, log-rank P < .001; Q1 vs. Q4, log-rank 
P = .014) (Figure 2). Survival differences among the Q2, Q3, 
and Q4 groups were not significant (all P > .05).

The Nonlinear Linkage between Hemoglobin-to-Red Blood 
Cell Distribution and 30-Day Mortality Risk in Aortic 
Dissection Patients
The above data suggested that there may be a non-linear 
linkage between HRR and AD mortality risk. The authors 
therefore conducted an RCS analysis to evaluate the rela-
tion between the two. The RCS curves indicated a significant 
overall trend between HRR and AD mortality risk (P = .0092), 
with a non-linear association (P-non-linear = 0.0214) in the 
model adjusted for all confounding factors, and two inflec-
tion points at 0.63 and 0.93, respectively (Figure 3).

Table 2.  Multivariate Cox Regression Models Evaluating the 
Association between Hemoglobin-to-Red Blood Cell 
Distribution Width Ratio and Hazard Ratios (95% Confidence 
Intervals) for 30-Day Mortality

Outcomes HR (95% CI) P

HRR (Per 1 SD increment) ​ ​

Crude 0.55 (0.36-0.83) .005

Adjusta 0.55 (0.32-0.94) .028

Quartilesa ​ ​

  Q1 <0.509 (n = 73) Ref. ​

  Q2 0.509-0.631 (n = 73) 0.25 (0.08-0.75) .014

  Q3 0.631-0.818 (n = 73) 0.15 (0.04-0.56) .005

  Q4 ≥ 0.818 (n = 73) 0.36 (0.11-1.24) .105

Ptrend ​ .018
aAdjusted model: adjust for age, gender, race, smoking status, heart 
rate, weight, mean blood pressure, percutaneous oxygen saturation, 
platelets, partial thromboplastin time, prothrombin time, mean 
corpuscular volume, white blood cell, sodium, systemic inflammatory 
response syndrome, coronary artery disease, diabetes, and site. HRR, 
hemoglobin-to-red blood cell distribution width ratio.

Figure 2.  Kaplan-Meier survival curve of hemoglobin-to-red 
blood cell distribution.

Figure 3.  Association between hemoglobin-to-red blood cell 
distribution and 30-day mortality of participants. The Cox 
regression modela had an restricted cubic splines showing a 
linear relationship between HRR and the risk of 30-day 
mortality in the patients. The solid and shadow represented 
the estimated values and their corresponding 95% CIs, 
respectively. Modela: the adjusted model with adjustments 
for age, gender, race, smoking status, heart rate, weight, 
mean blood pressure, percutaneous oxygen saturation, 
platelets, partial thromboplastin time, prothrombin time, 
MCV, white blood cell, sodium, systemic inflammatory 
response syndrome, coronary artery disease, diabetes, and 
site.
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 Receiver Operating Characteristic Curve Analysis of 
Hemoglobin-to-Red Blood Cell Distribution’s Predictive 
Value in 30-Day Mortality of Aortic Dissection Patients
The time-dependent ROC analysis was undertaken to probe 
into the predictive effect of HRR on the 30-day survival sta-
tus of AD patients. The AUC values of HRR for 7 days, 14 
days, and 30 days were 0.628, 0.662, and 0.669, respectively. 
In sum, HRR has good predictive value for AD mortality and 
can function as a promising predictor of AD patient mortal-
ity (Figure 4).

DISCUSSION

The objectives of this research were to figure out the link-
age between HRR, a novel indicator, and the prognosis of AD 
patients and to make several important discoveries. First, 
the authors demonstrated that after adjustments for pos-
sible confounding factors, HRR was adversely linked with 
30-day mortality. Secondly, the RCS results indicated a non-
linear linkage between HRR and AD. Thirdly, the authors 
applied ROC to evaluate the predictive results of HRR for AD 
and discovered that HRR had good predictive value for AD 
mortality, indicating HRR’s potential as an inexpensive and 
easily accessible prognostic factor for AD patients.

To our knowledge, the linkage between inflammation levels 
and mortality has long been a concern for AD patients.27,28 
Previous studies have also shown the essential function of 
inflammatory cell infiltration in AD occurrence and devel-
opment.29-31 The destruction of aortic tissue triggered by 
dissection and thrombus in the false lumen may induce 

inflammatory reactions. Activated circulating white blood 
cells will adhere to the endothelium and be destroyed by toxic 
oxygen compounds and proteolytic enzymes. This change 
can lead to further necrosis and apoptosis of smooth mus-
cle cells and degeneration of elastic tissue, resulting in aor-
tic rupture.32,33 As an indicator that combines Hb and RDW, 
HRR is closely related to inflammatory response levels and 
is readily obtainable from standard laboratory databases 
without the need for any additional equipment or expense. 
Compared with Hb and RDW alone, HRR has higher specific-
ity and sensitivity and can better predict early inflammation 
levels in patients. It has become a new biomarker associated 
with mortality in many CVDs.34,35 An investigation based on 
the MIMIC-IV database revealed that lower HRR in patients 
with non-traumatic subarachnoid hemorrhage is linked 
with an elevated risk of death.19 In ischemic stroke patients, 
a study focusing on the relationship between HRR and all-
cause mortality also discovered that lower HRR is linked to 
higher mortality in these patients.36 These results are simi-
lar to the authors’ findings, where the authors also discov-
ered the linkage between lower levels of HRR and elevated 
30-day mortality in AD patients.

The great link between lower HRR and the severity of AD 
suggested complex underlying mechanisms, which can be 
elucidated by analyzing the effects of increased RDW and 
decreased Hb associated with AD. The value of RDW in CVDs 
is implicated in multiple mechanisms in the pathophysiologi-
cal process. Firstly, an increase in RDW implies impaired red 
blood cell maturation and a potential inflammatory state 
in the patient’s body, which has a bearing on adverse out-
comes.37-39 By altering erythrocyte homeostasis, compro-
mising iron metabolism, and suppressing erythropoietin 
synthesis, these inflammatory substances can interfere with 
erythrocyte maturation and cause hemolytic anemia.12,40 
Secondly, oxidative stress and microcirculation damage play 
essential roles.41 Red blood cell survival and homeostasis are 
strongly influenced by oxidative stress, and when exposed 
to high inflammatory and oxidative stress environments, 
changes in red blood cell size may transform into pro-oxi-
dants, further exacerbating oxidative load and reinforcing 
damage to AD.42,43 The rise of RDW may lead to the loss of 
red blood cell deformability and changes in the half-life of 
red blood cells in circulation, causing high heterogeneity of 
red blood cell size,41 which may hinder blood flow through 
the microcirculation, exacerbate ischemia, affect tissue 
oxygen transport, and affect the “antioxidant” function of 
blood vessels.44 At present, higher RDW levels are proven to 
influence death and prognosis in AD patients,13,14 which are 
considered strong risk factors for predicting survival. Finally, 
another element that could contribute to increased RDW 
and unfavorable prognosis is shear stress. A previous study 
showed that high shear stress can trigger intimal tearing, 
which can develop into AD.45 Shear stress can also damage 
red blood cell deformation and facilitate hemolysis, leading 
to an elevation in RDW.46

The primary determinant of oxygen-carrying capacity is Hb 
levels, and the majority of CVDs are thought to be caused by 
alterations in blood flow patterns or viscosity linked to Hb, 

Figure 4.  Time-dependent receiver operating characteristic 
curves of hemoglobin-to-red blood cell distribution width 
ratio.
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as well as decreased oxygen-carrying ability.47,48 A decline 
in Hb indicates a great reduction in oxygen delivery to the 
aorta, and limited tissue oxygenation may contribute to 
multiple organ dysfunction, influencing increased short-
term mortality.49 A relatively small retrospective study sug-
gested that a drop in Hb in hospitalized patients with acute 
stroke may be linked with dismal outcomes,50 while another 
study on atrial fibrillation confirmed the presence of ane-
mia; even mild anemia (males: 10 ≤ Hb<13g/dL and females: 
10 ≤ Hb < 12 g/dL) can be an independent risk factor for hos-
pitalization.51 An existing study in AD indicated that preop-
erative Hb levels are tightly linked with all-cause mortality 
and adverse cardiovascular events, and patients with low Hb 
levels seem to have a lower likelihood of survival compared 
to those with higher Hb levels.16 Furthermore, changes in Hb 
levels can be influenced by inflammatory reactions in various 
ways,52 which can affect the body’s red blood cell produc-
tion, shorten red blood cell survival, and reduce the produc-
tion of erythropoietin.

The authors’ findings are consistent with the increasing evi-
dence of blood biochemical markers in CVD, indicating that 
HRR is a significant and independent predictor of mortality in 
AD patients. Its routine availability and low cost can become 
a practical tool for early risk stratification and prognosis 
judgment in clinical practice. However, there are certain 
limitations in the authors’ research. Firstly, as a retrospec-
tive single-center study, the study failed to illuminate causal 
linkage or extend the results to participants in other regions. 
Moreover, acute stress and medications are two examples 
of missing data that could have an impact on the model but 
were not analyzed because of MIMIC database restrictions. 
Notably, the potential outcomes of these variables tend to 
be biased towards zero, leading to an underestimation of the 
linkage between HRR and mortality. Finally, since the authors 
only investigated short-term results and the MIMIC-IV data-
base did not include long-term follow-up events, more stud-
ies are necessary to evaluate long-term effects.

CONCLUSION

The authors’ results confirmed that HRR is an easily obtain-
able and cost-effective biomarker that can independently 
correlate with AD patients’ grim prognosis. Integrating 
HRR into clinical risk models can improve early prognosis 
and guide management decisions. To clarify the underlying 
molecular mechanisms and validate the clinical usefulness of 
HRR, further investigation is necessary.

Ethics Committee Approval: Ethical approval and consent were not 
required as this study was based on publicly available data.

Peer-review: Externally peer reviewed.

Author Contributions: J.W. and Z.Z. contributed to data analysis, 
drafting and revising the article, gave final approval of the version to 
be published, and agreed to be accountable for all aspects of the 
work.

Declaration of Interests: The authors have no conflicts of interest to 
declare.

Funding: The authors declare that this study received no financial 
support.

REFERENCES

1.	 Levy D, Sharma S, Grigorova Y, Farci F, Le JK, Dissection A. Stat-
Pearls. 2024.

2.	 Sheng W, Qiao H, Wang Z, Niu Z, Lv X. Analysis of prognosis and 
risk factors for postoperative hepatic dysfunction in patients 
with acute Type A aortic dissection. Anatol J Cardiol. 
2023;27(4):197-204. [CrossRef]

3.	 Writing Committee Members, Isselbacher  EM, Preventza  O, 
Hamilton Black J. et al. 2022 ACC/AHA guideline for the diagno-
sis and management of aortic disease: a report of the American 
Heart Association/American College of Cardiology Joint Com-
mittee on Clinical Practice Guidelines. J Thorac Cardiovasc 
Surg. 2023;166(5):e182-e331. [CrossRef]

4.	 Ashur  C, Norton  E, Farhat  L, et  al. Higher admission rates and 
in-hospital mortality for acute type A aortic dissection during 
Influenza season: a single center experience. Sci Rep. 
2020;10(1):4723. [CrossRef]

5.	 Mahase E. Half of patients with acute aortic dissection in Eng-
land die before reaching a specialist centre. BMJ. 2020;368:m304. 
[CrossRef]

6.	 Shiraishi Y, Yambe T, Narracott AJ, et al. Modeling approach for 
an aortic dissection with endovascular stenting. Annu Int Conf 
IEEE Eng Med Biol Soc. 2020;2020:5008-5011. [CrossRef]

7.	 Narayan  P, Potdar  S, Choudhury  SR, Saha  A. Hybrid approach 
for management of type B dissection involving the aortic arch. 
Kardiochir Torakochirurgia Pol. 2019;16(1):42-43. [CrossRef]

8.	 Sayed A, Munir M, Bahbah EI. Aortic dissection: a review of the 
pathophysiology, management and prospective advances. Curr 
Cardiol Rev. 2021;17(4):e230421186875. [CrossRef]

9.	 Mao W, Wu J. Haematologic indices in hepatitis B virus-related 
liver disease. Clin Chim Acta. 2020;500:135-142. [CrossRef]

10.	 Zinellu A, Mangoni AA. The emerging clinical significance of the 
red cell distribution width as a biomarker in chronic obstructive 
pulmonary disease: a systematic review. J Clin Med. 
2022;11(19):5642. [CrossRef]

11.	 Zinellu A, Mangoni AA. Platelet and red blood cell volume indi-
ces in patients with rheumatoid arthritis: a systematic review 
and meta-analysis. Diagnostics (Basel). 2022;12(11):2633. 
[CrossRef]

12.	 Salvagno  GL, Sanchis-Gomar  F, Picanza  A, Lippi  G. Red blood 
cell distribution width: a simple parameter with multiple clini-
cal applications. Crit Rev Clin Lab Sci. 2015;52(2):86-105. 
[CrossRef]

13.	 Yu  D, Chen  P, Zhang  X, et  al. Association of lymphopenia and 
RDW elevation with risk of mortality in acute aortic dissection. 
PLoS One. 2023;18(3):e0283008. [CrossRef]

14.	 Jiang C, Liu A, Huang L, Liu Q, Liu Y, Geng Q. Red blood cell dis-
tribution width: a prognostic marker in patients with Type B 
aortic dissection undergoing endovascular aortic repair. Front 
Cardiovasc Med. 2022;9:788476. [CrossRef]

15.	 Lee SK, Ding JL. A perspective on the role of extracellular hemo-
globin on the innate immune system. DNA Cell Biol. 2013;32(2):36-
40. [CrossRef]

16.	 Gao  Z, Qin  Z, An  Z, Hou  C, Wang  L, Jin  J. Prognostic value of 
preoperative hemoglobin levels for long-term outcomes of 
acute Type B aortic dissection post-thoracic endovascular aor-
tic repair. Front Cardiovasc Med. 2020;7:588761. [CrossRef]

17.	 Sun P, Zhang F, Chen C, et al. The ratio of hemoglobin to red cell 
distribution width as a novel prognostic parameter in esopha-
geal squamous cell carcinoma: a retrospective study from 
southern China. Oncotarget. 2016;7(27):42650-42660. [CrossRef]

https://doi.org/10.14744/AnatolJCardiol.2022.2644
https://doi.org/10.1016/j.jtcvs.2023.04.023
https://doi.org/10.1038/s41598-020-61717-5
https://doi.org/10.1136/bmj.m304
https://doi.org/10.1109/EMBC44109.2020.9176423
https://doi.org/10.5114/kitp.2019.83945
https://doi.org/10.2174/1573403X16666201014142930
https://doi.org/10.1016/j.cca.2019.10.007
https://doi.org/10.3390/jcm11195642
https://doi.org/10.3390/diagnostics12112633
https://doi.org/10.3109/10408363.2014.992064
https://doi.org/10.1371/journal.pone.0283008
https://doi.org/10.3389/fcvm.2022.788476
https://doi.org/10.1089/dna.2012.1897
https://doi.org/10.3389/fcvm.2020.588761
https://doi.org/10.18632/oncotarget.9516


Wu and Zou. The Prognostic Value of HRR in AD Patients� Anatol J Cardiol 2026; 30(2): 83-90

90

18.	 Feng  X, Zhang  Y, Li  Q, Wang  B, Shen  J. Hemoglobin to red cell 
distribution width ratio as a prognostic marker for ischemic 
stroke after mechanical thrombectomy. Front Aging Neurosci. 
2023;15:1259668. [CrossRef]

19.	 Liu  J, Wang  J. Association between hemoglobin-to-red blood 
cell distribution width ratio and hospital mortality in patients 
with non-traumatic subarachnoid hemorrhage. Front Neurol. 
2023;14:1180912. [CrossRef]

20.	 Xiu WJ, Zheng YY, Wu TT, et al. Hemoglobin-to-red-cell distri-
bution width ratio is a novel predictor of long-term patient out-
comes after percutaneous coronary intervention: a retrospective 
cohort study. Front Cardiovasc Med. 2022;9:726025. [CrossRef]

21.	 Kanzaki Y, Minamisawa M, Motoki H, et al. Prognostic impact of 
the ratio of hemoglobin to red blood cell distribution width in 
patients after acute decompensated heart failure. Intern Med. 
2025;64(6):807-816. [CrossRef]

22.	 Johnson  AEW, Bulgarelli  L, Shen  L, et  al. MIMIC-IV, a freely 
accessible electronic health record dataset. Sci Data. 
2023;10(1):1. [CrossRef]

23.	 Medical information mart for intensive care. Available at: 
https://​mimic.ph​ysionet.​org/abou​t/mimic/.

24.	 Chen  Y, Ouyang  T, Yin  Y, et  al. The prognosis of patients with 
postoperative hyperglycemia after Stanford type A aortic dis-
section surgery and construction of prediction model for post-
operative hyperglycemia. Front Endocrinol (Lausanne). 
2023;14:1063496. [CrossRef]

25.	 Lei  J, Zhang  Z, Li  Y, et  al. Machine learning-based prognostic 
model for in-hospital mortality of aortic dissection: insights 
from an intensive care medicine perspective. Digit Health. 
2024;10:20552076241269450. [CrossRef]

26.	 Zheng R, Qian S, Shi Y, Lou C, Xu H, Pan J. Association between 
triglyceride-glucose index and in-hospital mortality in critically 
ill patients with sepsis: analysis of the MIMIC-IV database. Car-
diovasc Diabetol. 2023;22(1):307. [CrossRef]

27.	 Jia  Y, Li  D, Yu  J, et  al. Prognostic value of interleukin-33, sST2, 
myeloperoxidase, and matrix metalloproteinase-9 in acute aor-
tic dissection. Front Cardiovasc Med. 2022;9:1084321. [CrossRef]

28.	 Chen  Y, Lin  Y, Zhang  H, Peng  Y, Li  S, Huang  X. Relationship of 
platelet counts and inflammatory markers to 30-day mortality 
risk in patients with acute Type A aortic dissection. BioMed Res 
Int. 2020;2020:1057496. [CrossRef]

29.	 Wu  D, Choi  JC, Sameri  A, et  al. Inflammatory cell infiltrates in 
acute and chronic thoracic aortic dissection. Aorta (Stamford). 
2013;1(6):259-267. [CrossRef]

30.	 Wang X, Zhang H, Cao L, He Y, Ma A, Guo W. The role of mac-
rophages in aortic dissection. Front Physiol. 2020;11:54. [CrossRef]

31.	 Li B, Yao BC, Guo ZG, et al. Mechanism of action of resolvin D1 in 
inhibiting the progression of aortic dissection in mice. Ann Transl 
Med. 2021;9(19):1498. [CrossRef]

32.	 Yin  ZQ, Han  H, Yan  X, Zheng  QJ. Research progress on the 
pathogenesis of aortic dissection. Curr Probl Cardiol. 
2023;48(8):101249. [CrossRef]

33.	 Xu  H, Du  S, Fang  B, et  al. VSMC-specific EP4 deletion exacer-
bates angiotensin II-induced aortic dissection by increasing 
vascular inflammation and blood pressure. Proc Natl Acad Sci U 
S A. 2019;116(17):8457-8462. [CrossRef]

34.	 Chen J, Wu Y, Zhao H, Ruan G, Qin S. Ratio of hemoglobin to red 
cell distribution width: an inflammatory predictor of survival in 
AIDS-related DLBCL. Front Immunol. 2024;15:1354325. [CrossRef]

35.	 Zhao  WX, Wu  ZY, Zhao  N, Diao  YP, Lan  Y, Li  YJ. Novel systemic 
inflammatory markers predict all-cause mortality in patients 
undergoing endovascular abdominal aortic aneurysm repair. 
Rev Cardiovasc Med. 2024;25(6):202. [CrossRef]

36.	 Qin Z, Liao N, Lu X, Duan X, Zhou Q, Ge L. Relationship between 
the hemoglobin-to-red cell distribution width ratio and all-
cause mortality in ischemic stroke patients with atrial fibrilla-
tion: an analysis from the MIMIC-IV database. Neuropsychiatr 
Dis Treat. 2022;18:341-354. [CrossRef]

37.	 Peng S, Li W, Ke W. Association between red blood cell distribu-
tion width and all-cause mortality in unselected critically ill 
patients: analysis of the MIMIC-III database. Front Med (Laus-
anne). 2023;10:1152058. [CrossRef]

38.	 Förhécz  Z, Gombos  T, Borgulya  G, Pozsonyi  Z, Prohászka  Z, 
Jánoskuti L. Red cell distribution width in heart failure: predic-
tion of clinical events and relationship with markers of ineffec-
tive erythropoiesis, inflammation, renal function, and nutritional 
state. Am Heart J. 2009;158(4):659-666. [CrossRef]

39.	 Patel  HH, Patel  HR, Higgins  JM. Modulation of red blood cell 
population dynamics is a fundamental homeostatic response to 
disease. Am J Hematol. 2015;90(5):422-428. [CrossRef]

40.	 Tamura K, Tatsuishi W, Konishi Y, Konno N, Kato Y, Abe T. Hemo-
lytic anemia caused by kinked graft 6 months after aortic dis-
section repair. J Cardiothorac Surg. 2022;17(1):308. [CrossRef]

41.	 Joosse HJ, van Oirschot BA, Kooijmans SAA, et al. In-vitro and 
in-silico evidence for oxidative stress as drivers for RDW. Sci 
Rep. 2023;13(1):9223. [CrossRef]

42.	 Obeagu EI, Igwe MC, Obeagu GU. Oxidative stress’s impact on 
red blood cells: unveiling implications for health and disease. 
Med (Baltimore). 2024;103(9):e37360. [CrossRef]

43.	 Song  W, Chen  Y, Qin  L, et  al. Oxidative stress drives vascular 
smooth muscle cell damage in acute Stanford type A aortic dis-
section through HIF-1alpha/HO-1 mediated ferroptosis. Heli-
yon. 2023;9(12):e22857. [CrossRef]

44.	 Besedina NA, Skverchinskaya EA, Ivanov AS, et al. Microfluidic 
characterization of red blood cells microcirculation under oxi-
dative stress. Cells. 2021;10(12):3552. [CrossRef]

45.	 Taguchi  E, Nishigami  K, Miyamoto  S, Sakamoto  T, Nakao  K. 
Impact of shear stress and atherosclerosis on entrance-tear 
formation in patients with acute aortic syndromes. Heart Ves-
sels. 2014;29(1):78-82. [CrossRef]

46.	 Horobin  JT, Sabapathy  S, Simmonds  MJ. Repetitive supra-
physiological shear stress impairs red blood cell deformability 
and induces hemolysis. Artif Organs. 2017;41(11):1017-1025. 
[CrossRef]

47.	 Lim  WH, Choi  EK, Han  KD, Lee  SR, Cha  MJ, Oh  S. Impact of 
hemoglobin levels and their dynamic changes on the risk of 
atrial fibrillation: a nationwide population-based study. Sci Rep. 
2020;10(1):6762. [CrossRef]

48.	 Lee G, Choi S, Kim K, et al. Association of hemoglobin concen-
tration and its change with cardiovascular and all-cause mor-
tality. J Am Heart Assoc. 2018;7(3):e007723. [CrossRef]

49.	 Ahmed  MH, Ghatge  MS, Safo  MK. Hemoglobin: structure, 
function and allostery. Subcell Biochem. 2020;94:345-382. 
[CrossRef]

50.	 Abe  A, Sakamoto  Y, Nishiyama  Y, et  al. Decline in hemoglobin 
during hospitalization may be associated with poor outcome in 
acute stroke patients. J Stroke Cerebrovasc Dis. 2018;27(6):1646-
1652. [CrossRef]

51.	 Hashimoto K, Kimura T, Ikemura N, et al. Burden of Mild (<13 g/
dl) anemia in Patients with atrial fibrillation (A Report from a 
Multicenter Registry With Patient-Reported Outcomes). Am J 
Cardiol. 2021;157:48-55. [CrossRef]

52.	 Schaaf KR, Landstreet SR, Pugazenthi S, et al. Cell-free hemo-
globin triggers macrophage cytokine production via TLR4 and 
MyD88. Am J Physiol Lung Cell Mol Physiol. 2024;326(1):L29-L38. 
[CrossRef]

https://doi.org/10.3389/fnagi.2023.1259668
https://doi.org/10.3389/fneur.2023.1180912
https://doi.org/10.3389/fcvm.2022.726025
https://doi.org/10.2169/internalmedicine.3691-24
https://doi.org/10.1038/s41597-022-01899-x
https://mimic.physionet.org/about/mimic/
https://doi.org/10.3389/fendo.2023.1063496
https://doi.org/10.1177/20552076241269450
https://doi.org/10.1186/s12933-023-02041-w
https://doi.org/10.3389/fcvm.2022.1084321
https://doi.org/10.1155/2020/1057496
https://doi.org/10.12945/j.aorta.2013.13-044
https://doi.org/10.3389/fphys.2020.00054
https://doi.org/10.21037/atm-21-3986
https://doi.org/10.1016/j.cpcardiol.2022.101249
https://doi.org/10.1073/pnas.1902119116
https://doi.org/10.3389/fimmu.2024.1354325
https://doi.org/10.31083/j.rcm2506202
https://doi.org/10.2147/NDT.S350588
https://doi.org/10.3389/fmed.2023.1152058
https://doi.org/10.1016/j.ahj.2009.07.024
https://doi.org/10.1002/ajh.23982
https://doi.org/10.1186/s13019-022-02079-z
https://doi.org/10.1038/s41598-023-36514-5
https://doi.org/10.1097/MD.0000000000037360
https://doi.org/10.1016/j.heliyon.2023.e22857
https://doi.org/10.3390/cells10123552
https://doi.org/10.1007/s00380-013-0328-z
https://doi.org/10.1111/aor.12890
https://doi.org/10.1038/s41598-020-63878-9
https://doi.org/10.1161/JAHA.117.007723
https://doi.org/10.1007/978-3-030-41769-7_14
https://doi.org/10.1016/j.jstrokecerebrovasdis.2018.01.026
https://doi.org/10.1016/j.amjcard.2021.06.045
https://doi.org/10.1152/ajplung.00123.2023


Supplementary Table 1.  Proportion of missing values

Variables Proportion

Height 26%

Weight 4.80%

Heart Rate 0.30%

SBP 0.30%

DBP 0.30%

MBP 0.30%

Breath rate 0.30%

Temperature 27.70%

Spo2 0.70%

Anion gap 0.30%

Lactate 35.60%

Potassium 0.30%

PTT 1%

INR 1%

PT 1%

Sodium 0.30%

Po2 30.50%

Pco2 30.50%

pH 30.50%

Base excess 30.50%

ALT 44.50%

ALP 43.50%

AST 43.80%

Bilirubin 44.90%

GCS 0.30%
SBP, systolic blood pressure; DBP, diastolic blood pressure; MBP, mean 
blood pressure; SpO2, percutaneous oxygen saturation; PT, 
prothrombin time; PTT, partial thromboplastin time; INR, International 
Normalized Ratio; GCS, Glasgow Coma Score.


