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Background and Aims: The red blood cell distribution width (RDW) to albumin (ALB) ratio (RAR) has been identified as
a prognostic indicator for mortality in critically ill patients across various diseases. Nevertheless, the impact of RAR on clinical
functional prognosis in Acute ischemic stroke (AIS) remains uncertain. This study aimed to evaluate the prognostic significance of
RAR in AIS patients.

Methods: A secondary analysis was performed on a cohort study, involving 1906 AIS patients recruited from a South Korean
academic hospital. Both univariate and multivariate logistic regression was employed to assess the connections between RAR and
negative functional results in AIS. To explore potential non-linear relationships in this association, a generalized additive model
(GAM) and smooth curve fitting were utilized. Further, a mediation analysis was performed to identify possible mediators.

Results: Out of the 1906 eligible patients, 546 (28.65%) were found to have an unfavorable prognosis. Patients with elevated RAR
had a higher likelihood of facing a negative prognosis in AIS (all P<0.001). RAR demonstrated a dose-response relationship with the
probability of poor functional prognosis. When analysis of RAR as a continuous variable, an increase in RAR was correlated with
a higher risk of adverse prognosis.When RAR was analyzed as quartile variables, the highest RAR remained an independent
contributing factor for both 3-month unfavorable outcomes (adjusted OR, 1.4; 95% CI: 1.0-2.1, P=0.046) and 3-month mortality
(adjusted OR, 5.2; 95% CI, 2.0-13.9; p<0.001). More interestingly, the presence of a pro-inflammatory state may serve as a mediator
in the connections between RAR and adverse functional outcomes.

Conclusion: Given its cost-effectiveness and ease of measurement, baseline RAR holds promise as a valuable biomarker for early
risk assessment in AIS patients.
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Introduction

Stroke is still the second most common cause of death and the main reason for adult-onset disability worldwide, leading
to substantial economic and medical challenges for both individuals and society."” From 1990 to 2019, the Global
Burden of Diseases (GBD) data revealed significant increases in stroke statistics: incident strokes rose by 70%, prevalent
strokes by 85%, stroke-related deaths by 43%, and DALY's by 32%. In 2010 in China, the estimated prevalence of stroke
was 2.6%, with an incidence rate of 505.2 per 100,000 person-years and a mortality rate of 343.4 per 100,000 person-
years.> Acute ischemic stroke (AIS), stemming from cerebral artery occlusion or ischemic cerebral hypoperfusion,
constitutes over 80% of all strokes.* Research has shown that 40% of AIS patients fail to achieve functional indepen-
dence despite advancements in therapeutic approaches.’ The identification of precise predictors of functional prognosis in
AIS patients has the potential to optimize treatment decisions, enhance clinical care, and simplify recovery and discharge
planning.® Hence, finding a dependable prognostic indicator to forecast the functional outlook of AIS patients is crucial.
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Routine blood tests often include an assessment of the red blood cell distribution width (RDW). It provides an accurate and
objective reflection of the size variability of peripheral red blood cells. The typical range of RDW in most clinical laboratories
falls between 11% and 15%,” and an elevation in RDW may indicate involvement in various detrimental biological pathways,
such as inflammation,® oxidative stress,” telomere shortening,'® nutritional deficiencies,'' and erythropoietin deficiency or
dysfunction.'? There is evidence that elevated RDW levels are closely correlated to the occurrence and recurrence of AIS,"* '3
and higher RDW values were linked with poorer functional outcomes and higher mortality rates.'®!'” RDW can serve as an
adverse biomarker for assessing stroke severity and predicting the prognosis of AIS patients.

Serum albumin (ALB), the predominant water-soluble protein in plasma, is synthesized in the liver and plays a vital
role in regulating plasma colloid osmotic pressure and maintaining nutritional balance in the body.'® The serum albumin
concentration indicates the host’s nutritional and inflammatory status,'® and its reduction is linked to a higher risk of
stroke and poor prognosis in AIS.?

The red blood cell distribution width to albumin ratio (RAR) is viewed as an innovative and informative marker that
may have prognostic significance in cardiovascular and respiratory conditions.'**' In addition, RAR appears to be
nonspecific indicators capable of effectively stratifying risk in patients with serious conditions, such as type 2 diabetes
and foot ulcers,”” acute kidney injury,” severe acute pancreatitis,”* and elderly Survivors with Sepsis.*® In the field of
stroke, prior studies have suggested its ability to forecast 30-day all-cause death in severely ill patients with AIS.*
Nevertheless, the influence of RAR on clinical functional prognosis in AIS patients remains uncertain. To fill this gap, we
performed a secondary analysis utilizing information from a study group in Korea to investigate the relationship between
RAR and negative functional results in patients with AIS.

Methods
Study Design and Data Source

A post hoc analysis was conducted on publicly available research data from a prospective cohort study by Kang, Kim,
Kim et al “Geriatric nutritional risk index predicts poor outcomes in patients with acute ischemic stroke-automated
undernutrition screen tool”.?” The article is freely available and released under the Creative Commons Attribution
License, permitting unrestricted use, distribution, and reproduction as long as the original author and source are
acknowledged.”” Here, We express our gratitude to the authors for their contribution.

Study Population

From January 2010 to December 2016, 2084 individuals diagnosed with AIS within a week of symptom onset were included
in the initial study. The criteria for exclusion were specified as: (i) no evaluation for swallowing difficulties or test results
within 24 hours of being admitted to the hospital (n=72); (ii) missing a modified Rankin Scale (mRS) score 90 days after being
admitted (n=106). Finally, the initial study encompassed a cohort of 1906 individuals. Given that the data of interest, such as
ALB and RDW values were complete in the original study, all 1906 individuals were ultimately included in the current
analysis.?” The participant selection process is outlined in Figure 1. The initial study was carried out with the authorization of
the Institutional Review Board at Seoul National University Hospital, which exempted the need for patient consent (IRB
No.1009-062-332). As a result, ethical approval was deemed unnecessary for the current secondary analysis. Furthermore, the
initial research adhered to the Declaration of Helsinki guidelines, ensuring all protocols complied with relevant norms and
regulations, as detailed in the Declarations section.?” This secondary analysis followed the same approach.

Data Collection

Data on age, gender, anthropometric measurements (BMI), medical histories, and clinical and laboratory data were
collected for analysis. From the electronic medical record, various laboratory parameters were extracted, including red
blood cell (RBC), hemoglobin (HGB), hematocrit (HCT), white blood cell (WBC), platelet (PLT), aspartate amino-
transferase (AST), alkaline phosphatase (ALP), serum total protein, blood urea nitrogen (BUN), serum creatinine (Scr),
fasting blood glucose (FBG), hemoglobin A1C (HBAIlc), fibrinogen (FIB), international normalized ratio (INR), and
high-sensitivity C-reactive protein (Hs-CRP). Patients’ medical backgrounds were extensively recorded, including past
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Patients diagnosed with AIS from January 2010 to December
2016 based on a single-center prospective registery system in South
Korea (N=2084)

Excluded participants (N =178):

1.lack of laboratory information or dysphagia test within
24 hours of admission (N = 72)

2. no modified 3-month Rankin Scale (mRS) score
data after hospitalization (N =106)

Patients enrolled in the final study
(N=1906)

Figure | Flow chart of the study.
Abbreviations: AlS, acute ischemic stroke; RDW, red cell distribution width; ALB, albumin.

experiences of stroke/TIA, diabetes mellitus (DM), dyslipidemia, atrial fibrillation (AF), and coronary heart disease
(CHD). Furthermore, information from clinical records including pre-existing modified Rankin Scale (mRS) rating and
smoking habits (last cigarette within 6 months) were gathered. Upon arrival, neurological severity was initially assessed
using the National Institutes of Health Stroke Scale (NIHSS) score. The cause of the stroke was additionally classified
according to the Trial of Org 10172 in Acute Stroke Treatment (TOAST) guidelines.?®

RAR calculated as the ratio of RDW to ALB, is treated as a continuous variable for AIS patients within the first
24 hours of admission, with data sourced from electronic medical records.?” For analytical purposes, RAR was divided
into quartiles: Q1 (<2.98), Q2 (2.98-3.22), Q3 (3.22-3.58), and Q4 (=3.58).

Outcome Measures

In line with the research referenced,”’ this study primarily examined the short-term outlook following an AIS event, as
indicated by the mRS score at the 3-month follow-up achieved via outpatient visits or scheduled phone calls. Patients
were segregated into two distinct groups based on their respective outcomes: those exhibiting a favorable prognosis
(mRS score < 3) and those with unfavorable prognoses at the 3-month mark (mRS score > 3).*’ The secondary outcome
was 3-month mortality, which was delineated by a mRS score of 6 at 90 days after AIS onset.

Statistical Analysis
The baseline characteristics of all patients were categorized based on RAR quartiles. Mean and standard deviation (SD)
or median (interquartile range [IQR]) were used to represent continuous variables, while categorical variables were
shown as frequency or percentage. Statistical analyses included the chi-square test, one-way ANOVA, and the Kruskal—
Wallis test to compare categorical, normally distributed, and non-normally distributed continuous variables, respectively.

Univariate and multivariate logistics regression models were utilized to evaluate the association between the RAR and
adverse functional outcomes in patients with AIS. Three distinct models were utilized: a crude model without adjustments;
model I adjusted for age and sex; and model I which built upon model I by further adjusting for BMI, history of previous
stroke or TIA, hypertension, DM, dyslipidemia, smoking, AF, CHD, initial NIHSS, premorbid mRS and stroke etiology.
The selection of covariates was informed by clinical expertise and scholarly literature. Odds ratios (ORs) and 95%
confidence intervals (95% CI) were utilized to compute and present effect sizes. Furthermore, E values were calculated
to investigate the potential presence of hidden confounding in the association between RAR and adverse results.*®

In addition, generalized additive models (GAM) and curve-fitting techniques were employed to evaluate the nonlinear
correlation between RAR and negative functional results in AIS patients. Subgroup analysis was conducted to explore the
influence of RAR on unfavorable prognosis within various subgroups, including age, sex, BMI, stroke etiology, and

International Journal of General Medicine 2024:17 htps: 4409

Dove:


https://www.dovepress.com
https://www.dovepress.com

Ding et al Dove

medical histories. The modifications and interactions within these subgroups were examined using the likelihood ratio
test. In light of the recognition of the pro-inflammatory state as a potential mechanism by which RAR influences the
progression of AIS, our study sought to examine the potential mediation of hs-CRP in the correlation between RAR and
negative outcomes in AIS. The Sobel test was employed to evaluate the mediating effect of hs-CRP in the examined

association.’!  Statistical analysis was conducted using R (http://www.R-project.org, The R Foundation) and

EmpowerStats (http://www.empowerstats.com, X&Y Solutions, Inc, Boston, MA), with significance set at a two-sided
p-value < 0.05.

Results

Participants Baseline Characteristics

The final analysis included 1906 participants, with 1168 (61.28%) male patients, 546 (28.65%) had an unfavorable
prognosis, and 91 (4.77%) died at 3 months after AIS onset. The baseline characteristics of participants were stratified by
RAR quartiles and presented in Table 1. Patients with higher RAR levels (Q3-Q4), compared to those in the low RAR
(Q1-Q2), were typically older, no smokers, and have a higher prevalence of AF, CHD, and previous stroke or TIA.
Additionally, they exhibited elevated baseline levels of BUN, Creatinine, AST, ALP, and FIB, but lower levels of RBC
count, Hemoglobin, Hematocrit, Platelet count, ALT, and BMI. Their stroke etiology was predominantly cardio-embolic
or other determined causes. Moreover, these individuals showed higher initial NIHSS scores, discharge NIHSS scores,
and premorbid mRS scores, and had a greater chance of facing unfavorable functional results.

Association Between RAR and Adverse Functional Outcomes

The unadjusted and multivariable-adjusted regression analyses were utilized to assess the prognostic value of RAR on
adverse functional outcomes in AIS, as detailed in Table 2. The study findings showed that higher RAR levels, when
examined as a continuous factor, were linked to increased chances of negative functional results at 3 months (odds ratio
range 1.5-2.2, p<0.001) and 3-month mortality (odds ratio range 1.9-2.6, p<0.001). Moreover, examining RAR as
quartile categories, while adjusting for age and gender, showed that the top RAR (Q4 compared to Q1) was associated

Table | Baseline Characteristics of Participants

Variables Total (n =1906) RAR P-value
QI (<2.98) N=470 Q2 (2.98-3.22) N=480 Q3 (3.22-3.58) N=479 Q4 (23.58) N=477
Demographics
Male, n(%) 1168 (61.28) 290 (61.70) 318 (66.25) 278 (58.04) 282 (59.12) 0.044
Age(years), n(%) <0.001
<50 161 (8.45) 75 (15.96) 34 (7.08) 24 (5.01) 28 (5.87)
50 to <70 780 (40.92) 237 (50.43) 225 (46.88) 169 (35.28) 149 (31.24)
270 965 (50.63) 158 (33.62) 221 (46.04) 286 (59.71) 300 (62.89)
Anthropometric
BMI (kg/m2) 23.50 £ 3.25 24.31 £ 3.19 23.69 £ 3.12 2342 + 321 22.58 + 3.26 <0.001
Laboratory parameters
RBC count (10%/L) 4.32 £ 0.64 4.64 + 0.48 4.47 + 052 4.29 £ 0.54 3.90 £ 0.74 <0.001
Hemoglobin (g/dL) 13.48 + 2.00 1454 + 1.42 1401 + 1.53 13.46 £ 1.65 11.92 £227 <0.001
Hematocrit (%) 40.07 £ 5.59 42.65 + 4.05 41.49 + 4.44 40.12 £ 4.73 36.05 + 6.47 <0.001
WBC count (10%/L) 8.14 + 2.89 8.46 + 2.87 781 +£234 7.97 +2.69 832 + 349 <0.001
Platelet count (|09/L) 223.61 = 71.31 237.46 + 65.38 224.59 + 58.13 217.69 + 59.93 214.94 + 93.97 <0.001
BUN (mg/dL) 16.00 (12.00-20.00) 14.00 (12.00-17.00) 15.00 (13.00-19.00) 16.00 (13.00-20.00) 17.00 (13.00-23.00) <0.001
Creatinine (mEq/L) 0.89 (0.74-1.08) 0.86 (0.73-1.00) 0.90 (0.76-1.08) 0.89 (0.74-1.08) 0.91 (0.72-1.23) <0.001
AST(U/L) 23.00 (18.00-29.75) 23.00 (18.25-28.00) 22.00 (18.00-27.00) 23.00 (19.00-30.00) 24.00 (19.00-32.00) <0.001
ALT(U/L) 18.00 (13.00-26.00) 20.00 (15.00-29.00) 18.00 (14.00-24.00) 17.00 (13.00-26.00) 17.00 (11.00-25.00) <0.001
ALP(U/L) 68.00 (56.00-85.00) 67.00 (56.00-81.00) 67.00 (56.00-80.00) 68.00 (55.00-85.00) 74.00 (59.00-95.00) <0.001
Total protein (g/dL) 701 £ 061 742 =042 7.15 £ 042 6.93 + 0.46 6.55 + 0.73 <0.001
(Continued)
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Table | (Continued).

Variables Total (n =1906) RAR P-value

QI (<2.98) N=470 | Q2 (2.98-3.22) N=480 | Q3 (3.22-3.58) N=479 | Q4 (23.58) N=477

FBG (mmol/L) 106.85 + 38.25 108.98 + 39.32 104.47 + 35.71 105.42 + 35.69 106.00 + 36.77 <0.001
HBAlc (%) 6.37 = .15 6.30 = 1.09 6.25 + 0.97 6.35 + 1.08 6.29 + 1.02 <0.001
Hs-CRP (mg/dL) 0.16 (0.06-0.60) 0.12 (0.05-0.19) 0.16 (0.06-0.27) 0.16 (0.08-0.38) 0.51 (0.16-3.34) 0.267
INR 1.05 + 0.32 1.03 + 0.27 1.02 + 0.20 1.03 + 0.26 1.13 £ 046 0.484
FIB (mg/L) 334.19 + 85.21 31631 + 62.79 321.04 + 64.76 331.92 + 75.41 366.69 + 115.58 <0.001
RAR 13.40 + 1.54 2.80 +0.12 3.09 £ 0.07 339+0.10 429 £ 0.84 <0.001
RDW(10°/L) 4.02 + 043 12.39 + 0.50 12.90 + 0.53 13.35 £ 0.58 14.93 +2.23 <0.001
Albumin (g/dL) 3.39+£0.70 443 +£0.20 4.17 £ 0.19 394 +0.19 3.53 £ 043 <0.001
Comorbidities, n(%)

Previous stroke/TIA 402 (21.09) 81 (17.23) 97 (20.21) 104 (21.71) 120 (25.16) 0.026
Hypertension 1211 (63.54) 294 (62.55) 305 (63.54) 307 (64.09) 305 (63.94) 0.961
Diabetes Mellitus 614 (32.21) 135 (28.72) 147 (30.63) 164 (34.24) 168 (35.22) 0.109
Dyslipidemia 699 (36.67) 198 (42.13) 188 (39.17) 176 (36.74) 137 (28.72) <0.001
Atrial fibrillation 407 (21.35) 59 (12.55) 90 (18.75) 113 (23.59) 145 (30.40) <0.001
CHD 220 (11.54) 36 (7.66) 48 (10.00) 71 (14.82) 65 (13.63) 0.002
Smoking status 750 (39.35) 208 (44.26) 191 (39.79) 183 (38.20) 168 (35.22) 0.038
Scoring systems

Initial NIHSS 3.00 (1.00-7.00) 3.00 (1.00-5.00) 2.00 (1.00-5.00) 4.00 (1.50-9.00) 5.00 (2.00-11.00) <0.001
Discharge NIHSS 2.00 (0.00-4.00) 1.00 (0.00-3.00) 1.00 (0.00-3.00) 2.00 (0.00-5.00) 2.00 (1.00-8.00) <0.001
Premorbid mRS score, n(%) <0.001
mRS score<3 1679 (88.14) 437 (92.98) 427 (88.96) 411 (85.80) 404 (84.87)

mRS score 23 226 (11.86) 33 (7.02) 53 (11.04) 68 (14.20) 72 (15.13)

Stroke etiology, n(%) <0.001
LAA 606 (31.79) 172 (36.60) 168 (35.00) 147 (30.69) 119 (24.95)

NYe] 365 (19.15) 100 (21.28) 126 (26.25) 83 (17.33) 56 (11.74)

CE 493 (25.87) 77 (16.38) 109 (22.71) 150 (31.32) 157 (32.91)

Other determined 171 (8.97) 39 (8.30) 19 (3.96) 33 (6.89) 80 (16.77)

Undetermined 271 (14.22) 82 (17.45) 58 (12.08) 66 (13.78) 65 (13.63)

Outcomes, n(%)

3-month unfavorable outcomes 546 (28.65) 91 (19.36) 100 (20.83) 150 (31.32) 205 (42.98) <0.001
3-month mortality 91 (4.77) 5 (1.06) 8 (1.67) 13 2.71) 65 (13.63) <0.001

Abbreviations: RAR, red blood cell distribution width/albumin ratio; BMI, body mass index; RBC, red blood cell; BUN, blood urea nitrogen; AST, aspartate amino-
transferase; ALT, alanine aminotransferase; ALP, alkaline phosphatase; FBG, fasting blood glucose; Hs-CRP, Hs-C-reactive protein; INR, international normalized ratio; FIB,
fibrinogen; RDWV, red blood cell distribution width; TIA, transient ischemia attack; CHD, coronary heart disease; NHISS, National Institutes of Health Stroke Scale; mRS,
modified rankin scale; LAA, large artery atherosclerosis; SVO, small vessel occlusion; CE, cardioembolism.

Table 2 Relationship Between RAR and Adverse Functional Outcomes in Multiple Regression Model

Different outcomes Unadjusted Model Model | Model Il

OR (95% Cl) | P-value | OR (95% Cl) | P-value | OR (95% CIl) | P-value
3-month unfavorable outcomes
RAR 2.2 (1.9, 2.5) <0.001 2.0 (1.8,24) <0.001 1.5 (1.3, 1.8) <0.001
RAR(quartile)
QI (<2.98) Reference Reference Reference
Q2 (2.98-3.22) 1.1 (0.8, 1.5) 0.572 1.0 (0.7, 1.4) 0.924 1.0 (0.7, 1.4) 0.839
Q3 (3.22-3.58) 1.9 (1.4, 2.6) <0.001 1.6 (1.2,2.2) 0.003 1.1 (0.8, 1.6) 0.605
Q4 (23.58) 3.1 (23,42 <0.001 2.6 (2.0, 3.6) <0.001 1.4 (1.0, 2.1) 0.046
P for trend <0.001 <0.001 0.028

(Continued)
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Table 2 (Continued).

Different outcomes Unadjusted Model Model | Model Il

OR (95% Cl) | P-value | OR (95% CI) | P-value | OR (95% CIl) | P-value
3-month mortality
RAR 2.6 (22, 32) <0.001 2.6 (2.1, 3.2) <0.001 1.9 (1.5, 2.4) <0.001
RAR(quartile)
Ql (<2.98) Reference Reference Reference
Q2 (2.98-3.22) 1.6 (0.5, 4.9) 0.428 1.5 (0.5, 4.6) 0.487 1.3 (0.4, 4.3) 0.644
Q3 (3.22-3.58) 2.6 (0.9, 7.3) 0.072 2.2 (0.8, 6.4) 0.132 1.3 (0.4, 3.8) 0.687
Q4 (23.58) 14.7 (5.9, 36.8) | <0.001 12.7 (5.0, 32.0) | <0.001 5.2 (2.0, 13.9) | <0.00l
P for trend <0.001 <0.001 <0.001

Notes: Model | adjusted for age and sex. Model Il adjusted for age, sex, BMI, history of previous stroke or transient ischemia attack, hypertension,
diabetes mellitus, dyslipidemia, smoking, atrial fibrillation, coronary heart disease, initial NIHSS, premorbid mRS, and stroke etiology.
Abbreviations: OR, odds ratio; Cl, confidence interval; RAR, red blood cell distribution width/albumin ratio.

with a higher likelihood of 3-month adverse results (adjusted odds ratio, 2.6; 95% confidence interval [CI], 2.0-3.6;
p<0.001) and 3-month death (adjusted odds ratio, 12.7; 95% CI, 5.0-32.0; p<0.001). In model II, after adjusting for more
confounding variables, the highest RAR remained a significant independent predictor for 3-month unfavorable outcomes
(adjusted OR,1.4; 95% CI: 1.0-2.1, P=0.046) and 3-month mortality (adjusted OR, 5.2; 95% CI, 2.0-13.9; p<0.001),
with a statistically significant trend observed (P<0.001).

Additionally, the E-value was computed to evaluate the potential influence of unobserved variables on the relationship
between RAR and adverse prognosis in AIS. The calculated E-value of 1.75 (lower confidence limit, 1.47) suggests
a lower likelihood of unmeasured confounding variables influencing the observed association in AIS.

The Dose-Response Relationship Addressed by the generalized Additive Model

We further investigated to determine the presence of a non-linear relationship between RAR and adverse prognosis in
cases with AIS. By employing the generalized additive model (GAM) and fitting smooth curves, we identified a dose-
response correlation between RAR and the probability of negative results after 3 months. Our findings indicate that as
RAR levels rose, the probability of experiencing unfavorable outcomes at 3 months progressively and consistently
increased (Figure 2).

Subgroup Analysis
Stratified analyses were then conducted to assess the stability of the association between RAR and unfavorable functional
outcomes at 3 months in AIS patients (Figure 3 and Supplementary Table 1). The results indicated that subgroup analyses

stratified by age, sex, BMI, stroke etiology, and history of chronic diseases consistently yielded similar outcomes, with no
significant interactions observed (all p>0.05).

Mediator Analysis

During the assessment of potential mediation effects on the relationship between RAR and adverse functional prognosis
in AIS, it was found that hs-CRP played a crucial role as a mediator in this connection, as indicated by the Sobel test. The
analysis revealed a notable indirect effect of hs-CRP on the association between RAR and the likelihood of 3-month
unfavorable prognosis and 3-month mortality, with the mediation accounting for 13.51% and 15.92% of the association,
respectively (Figure 4 and Table 3).

Discussion
We herein identified that elevated RAR at baseline was significantly linked to a higher risk of negative prognosis in
a cohort of 1906 patients with AIS, even after controlling for potential confounding factors. And this association
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Figure 2 The smoothing curves illustrating the relationship between RAR and the probability of 3-month unfavorable outcomes in patients with acute ischemic stroke.
A dose-response relationship between RAR and probability of 3-month unfavorable outcomes was detected after adjusting for age, sex, BMI, history of previous stroke or
transient ischemia attack, hypertension, diabetes mellitus, dyslipidemia, smoking, atrial fibrillation, coronary heart disease, initial NIHSS, premorbid mRS and stroke etiology.

remained consistent across subgroup analyses, with no significant interactions detected. More interestingly, our results
indicate that the presence of a pro-inflammatory state may act as a mediator in the heightened connection between RAR
and negative functional outcomes in AIS patients. Thus, RAR could be considered a novel, prevalent, and readily
available biomarker for clinicians to evaluate the prognostic outlook of individuals with AIS.

Previous studies have verified the impact of RAR on death rates in severely ill patients with AIS. An examination of
information from the MIMIC-1V Database showed that RAR was a predictive element for 30-day all-cause mortality in
severe AIS patients.”® A separate study on critically ill stroke patients from the same database demonstrated a notable
correlation between baseline RAR levels and the occurrence of stroke-associated infections and mortality.>? Nevertheless,
the prognostic value of RAR has been demonstrated in various critically ill conditions, and its impact on adverse
functional outcomes in AIS is not yet fully understood. The current investigation demonstrates that RAR at baseline is
elevated with increasing stroke severity on initial NIHSS scores, a 1% increase in RAR is linked to a 50% elevated
likelihood of adverse functional outcomes among individuals with AIS. These results support and build upon previous
research indicating that a higher initial RAR is a potential predictor for stroke severity and unfavorable prognosis of AIS.

Although the current analysis yielded robust evidence indicating the predictive value of elevated RAR in adverse endpoints of
AIS, the underlying mechanism remains uncertain. Oxidative stress (OS) and subsequent sub-clinical inflammation are posited
as significant pathophysiological factors contributing to this clinical observation. Initially, OS leads to the overproduction of
reactive oxygen species, which in turn stimulates erythropoiesis, resulting in anisocytosis and an elevation in RDW.*?
A longitudinal study involving 786 women with moderate and severe disabilities revealed a direct relationship between
increasing RDW levels and heightened serum oxidant levels,” with ALB identified as a holistic marker of antioxidant

capacity.34 Ischemia and reperfusion injury are known to be triggers for 0S.% The imbalance between oxidative stress injury
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Subgroup Total Event(%) : OR(95%) P for interaction
All Patients 1906 546(28.65) Ve 1.52 (1.27 to 1.82)
Sex L 0.0813
Male 1168 287 (24.57) , +—e— 1.74 (1.37 to 2.23)
Female 738 259 (35.09) +—e— 1.32 (1.00 to 1.72)
1
Age : 0.1899
<50 yr 161  25(15.53) . o> 4.24 (0.99 to 18.21)
50 to <70yr 780 168 (21.54) !+—e— 1.49 (1.10 to 2.02)
>=70 yr 965 353(36.58) | +—e— 1.48 (1.16 to 1.89)
Body-mass index - 0.7897
<18.5 104 47 (45.19) <e— 0.75 (0.21 to 2.72)
18.5 to <25 1235 362(29.31) 1 —e— 1.59 (1.27 to 2.00)
1
>=25 567 137 (24.16) — 1.35 (0.92 to 1.98)
Previous stroke/TIA ! 0.1013
No 1504 390(25.93) | +—e— 1.67 (1.34 to 2.06)
Yes 402 156 (38.81) ++e— 1.17 (0.83 to 1.66)
Hypertension : 0.0731
No 695 173(24.89) | —e—— 1.87 (1.32 to 2.64)
Yes 1211 373 (30.80) i+—e— 1.38 (1.11to 1.71)
Diabetes Mellitus g 0.9288
No 1292 338 (26.16) ! —e— 1.54 (1.21 to 1.96)
Yes 614 208 (33.88) |+—e— 1.50 (1.14 to 1.98)
Dyslipidemia ‘ 0.2920
No 1207 367 (30.41) | +—e— 1.63 (1.30 to 2.05)
Yes 699 179 (25.61) +—e—— 1.35 (0.98 to 1.86)
Atrial fibrillation 0.1037
No 1499 381(25.42) ! +—e— 1.65 (1.33 to 2.05)
Yes 407 165 (40.54) +-—e— 1.23 (0.88to0 1.71)
CHD | 0.9932
No 1686 482 (28.59) |, —e— 1.52 (1.25 to 1.85)
Yes 220 64 (29.09) ——— 1.71 (1.00 to 2.93)
Smoking 0.9534
No 1156 376 (32.53) Lo 1.56 (1.25 to 1.95)
Yes 750 170 (22.67) '—e— 1.51 (1.09 to 2.07)
Stroke etiology ] 0.7780
LAA 606 163(26.90) —e— 1.45 (0.98 to 2.15)
SVO 365 68 (18.63) ——— 1.49 (0.88 to 2.55)
CE 493 175 (35.50) +—e— 1.43 (1.04 to 1.97)
Other determined 171 74 (43.27) S — 1.87 (1.17 to 2.98)
Undetermined 271 66 (24.35) : T 1.83 (1.03 to 3.28)
{' T T T
1.0 2.0 3.0 4.0
favt;able outcomes unfavorable outcomes

Figure 3 Forest plot of the association between RAR and probability of 3-month unfavorable outcomes in terms of age, sex, BMI, history of previous stroke or transient
ischemia attack, hypertension, diabetes mellitus, dyslipidemia, smoking, atrial fibrillation, coronary heart disease, and stroke etiology.

and levels of antioxidants has been shown to impact neuronal damage or protection in cases of cerebral ischemia and reperfusion,
ultimately affecting the functional outcomes and mortality rates of AIS.*® Thus, we speculate that higher levels of RAR may
indicate an imbalance between OS damage and antioxidation, which were related to the poor functional outcomes of AIS.
Numerous studies have established a correlation between inflammation and the progression of AIS, encompassing the
stages of initial ischemia, infarction, and subsequent reparative processes.>’** During stroke-induced inflammation, the
release of diverse cytokines impacts erythropoiesis, erythropoietin (EPO) synthesis, and the suppression of erythroid
progenitors, which is reflected by the elevation of RDW.>* Moreover, previous studies have demonstrated a positive
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effect

Indirect

$=0.0051,

Indirect  effect

P=0.0600

$=0.0059, P=0.0060

P i i :13.519
ropertos: fedietsd <12.91% Proportion mediated :15.92%

Sobel test : p=0.0060

3-month
unfavorable outcomes

Sobel test : p=0.0600

3-month mortality

Direct effect

effect

Direct

8<0.0324, P=0.0020 $=0.0.0310, P<0.001

Figure 4 Mediation analysis of the association between RAR and 3-month unfavorable outcomes (A) or 3-month mortality (B) in acute ischemic stroke.
Abbreviations: RAR, red blood cell distribution width/albumin ratio; Hs-CRP, high-sensitivity C-reactive protein.

correlation between RDW and plasma inflammatory biomarkers, including C-reactive protein (CRP),® erythrocyte
sedimentation rate (ESR),® and interleukin (IL)-6.%°

the inflammatory response, resulting in poorer outcomes following AIS.'”*! Additionally, ALB is commonly utilized to

Elevated RDW levels, even within the normal range, may exacerbate

evaluate nutritional status and systemic inflammation.** Low levels of albumin, known as hypoalbuminemia, have been
linked to prognosis in a variety of diseases and the general population.*> Hashem’s** research identified ALB as
a significant prognostic factor following AIS, while a separate study® from China utilizing a nomogram chart prediction
model highlighted ALB as a predictor of mortality within 6 months of stroke onset. Therefore, the concurrent assessment
of RDW and ALB may exhibit a stronger correlation with adverse outcomes in AIS compared to individual indicators.

Our study found a correlation between elevated RAR and increased hs-CRP levels, indicating a potential association
between high RAR levels and a pro-inflammatory state (Supplementary Table 2). Mediation analyses revealed that hs-

CRP concentrations mediated the relationship between RAR and adverse functional outcomes in AIS. The results offer
additional support for the theory that the increased RAR levels may contribute to the advancement of AIS by triggering
a systemic inflammatory response.

Although there is growing evidence supporting the predictive significance of RDW and ALB for cerebrovascular diseases,
our study is the first to examine the novel combined biomarker, RAR for negative functional outcomes in AIS. This

Table 3 The Mediating Effect of Hs-CRP Between RAR and 3-Month Unfavorable Outcomes/3-Month Mortality in AlS

Unadjusted Model Model | Model Il

Estimate P -value Estimate P -value Estimate P -value
The mediation effect of Hs-CRP between RAR and 3-month unfavorable outcomes
Total effect 0.1026 (0.0851, 0.1212) <0.001 0.0930 (0.0747, 0.1114) <0.001 0.0375 (0.0198, 0.0564) <0.001
Mediation effect 0.0185 (0.0111, 0.0268) <0.001 0.0170 (0.0100, 0.0251) <0.001 0.0051 (—0.0002, 0.0110) 0.0600
Direct effect 0.0840 (0.0636, 0.1036) <0.001 0.0761 (0.0558, 0.0964) <0.001 0.0324 (0.0136, 0.0518) 0.0020
Proportion mediated | 0.1805 (0.1041, 0.2727) <0.001 0.1826 (0.1018, 0.2871) <0.001 0.1351 (—0.0054, 0.3739) 0.0600
The mediation effect of Hs-CRP between RAR and 3-month mortality
Total effect 0.0566 (0.0407, 0.0720) <0.001 0.0549 (0.0386, 0.0710) <0.001 0.0369 (0.0202, 0.0537) <0.001
Mediation effect 0.0107 (0.0052, 0.0180) <0.001 0.0103 (0.0047, 0.0177) <0.001 0.0059 (0.0016, 0.0121) 0.0060
Direct effect 0.0459 (0.0306, 0.0613) <0.001 0.0446 (0.0293, 0.0603) <0.001 0.0310 (0.0138, 0.0483) <0.001
Proportion mediated | 0.1885 (0.0921, 0.3183) <0.001 0.1868 (0.0874, 0.3230) <0.001 0.1592 (0.0437, 0.3992) 0.0060

Notes: Model | adjusted for age and sex. Model Il adjusted for age, sex, BMI, history of previous stroke or transient ischemia attack, hypertension, diabetes mellitus,
dyslipidemia, smoking, atrial fibrillation, coronary heart disease, initial NIHSS, premorbid mRS, and stroke etiology.
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investigation holds substantial clinical significance. Firstly, RAR may serve as a straightforward yet relatively reliable parameter
for risk stratification in early AIS patients, potentially even before hospital admission, within the emergency department. This
could enhance the granularity of existing risk scores, thereby aiding medical personnel in making accurate clinical decisions and
delivering tiered nursing care at the earliest possible stage. Secondly, due to its simplicity, rapidity, and cost-effectiveness, RAR
does not necessitate specialized skills or equipment for monitoring, making it suitable for diverse clinical settings, including
economically underdeveloped areas. Thirdly, our study also identifies potential targets for therapeutic intervention aimed at
improving outcomes for patients with AIS. Nonetheless, this hypothesis necessitates validation in future research endeavors.
Lastly, age, sex, BMI, stroke etiology, and chronic disease histories were selected for stratified analysis to analyze in more detail
the impact of RAR on adverse functional outcomes in diverse AIS populations. However, the study’s limitations must be
recognized. Firstly, the assessment of RAR was only conducted solely at the time of admission, without considering changes
over time, which warrants further investigation. Secondly, the research was carried out at a sole tertiary academic medical center,
which could introduce bias in selection, highlighting the need for validation of results in future multi-center studies. Thirdly, as
a secondary analysis utilizing published data, there may be unknown factors not accounted for in the data set that could have
influenced the results, such as intravenous thrombolysis or endovascular thrombectomy information, details for the treatment of
hemorrhagic transformation, baseline ASPECT score, onset-to-door time (ODT), and hyperglycemia medication specifics.
Although based on our evaluation of the E-value, it appears that any unmeasured or uncontrolled variables had minimal impact
on our findings. We will commence a new study to gather more variable information.

Conclusions

In summary, the current study offers compelling evidence supporting the correlation between RAR levels and negative
functional outcomes in AIS, with the involvement of a pro-inflammatory state mediating this association. Furthermore,
a dose-response relationship was observed between baseline RAR levels and unfavorable outcomes at the 3 months in
AIS patients. Overall, given its cost-effectiveness and availability as a hematological marker, baseline RAR shows
promise as a valuable biomarker for early risk assessment in AIS patients.
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attack; CHD, coronary heart disease; NHISS, National Institutes of Health Stroke Scale; mRS, modified Rankin scale;
LAA, large artery atherosclerosis; SVO, small vessel occlusion; CE, cardioembolism.

Data Sharing Statement

The publicly available datasets presented in the present study were available at the website: https://journals.plos.org/plosone/.

Ethics Approval and Consent to Participate

The studies involving human participants were reviewed and approved by the Institutional Review Board of Seoul
National University Hospital. And the Institutional Review Board waived the need for informed consent (IRB
No. 1009-062-332).

Acknowledgments

As this is a secondary study, the data and methodology explanation are primarily sourced from the following study: Kim
Y, Nam K-W, Jeong H-Y, Kang MK, Kim TJ, Kim SK et al (2020) ”Automated undernutrition screen tool: Geriatric
nutritional risk score predicts poor outcomes in individuals with acute ischemic stroke” published in PLoS ONE 15(2):
€0228738. We are appreciative of the study’s whole authorship team.

4416 e International Journal of General Medicine 2024:17

Dove!


https://journals.plos.org/plosone/
https://www.dovepress.com
https://www.dovepress.com

Dove Ding et al

Author Contributions
All authors made a significant contribution to the work reported, whether that is in the conception, study design,

execution, acquisition of data, analysis, and interpretation, or in all these areas; took part in drafting, revising, or

critically reviewing the article; gave final approval of the version to be published; have agreed on the journal to which the

article has been submitted; and agree to be accountable for all aspects of the work.

Funding

This research was supported by grants from the general program of Changde City Science Foundation (2020S014).

Disclosure
The authors declare that they have no competing interests in this work.

References

1.

2.

3.

Prabhakaran S, Ruff I, Bernstein RA. Acute stroke intervention: a systematic review. JAMA. 2015;313(14):1451-1462. doi:10.1001/
jama.2015.3058

Feigin VL, Stark BA, Johnson CO. GBD 2019 Stroke Collaborators. Global, regional, and national burden of stroke and its risk factors, 1990-2019:
a systematic analysis for the Global Burden of Disease Study 2019. Lancet Neurol. 2021;20(10):795-820. doi:10.1016/S1474-4422(21)00252-0
Tu WIJ, Zhao Z, Yin P, et al. Estimated Burden of Stroke in China in 2020. JAMA Network Open. 2023;6(3):€231455. doi:10.1001/
jamanetworkopen.2023.1455

4. Gittler M, Davis AM. Guidelines for adult stroke rehabilitation and recovery. JAMA. 2018;319(8):820-821. doi:10.1001/jama.2017.22036
5. Luengo-Fernandez R, Paul NL, Gray AM, et al. Population-based study of disability and institutionalization after transient ischemic attack and
stroke: 10-year results of the oxford vascular study. Stroke. 2013;44(10):2854-2861. doi:10.1161/STROKEAHA.113.001584
6. Harvey RL. Predictors of functional outcome following stroke. Phys Med Rehabil Clin N Am. 2015;26(4):583-598. d0i:10.1016/j.pmr.2015.07.002
7. Arkew M, Gemechu K, Haile K, Asmerom H. Red blood cell distribution width as novel biomarker in cardiovascular diseases: a literature review.
J Blood Med. 2022;13:413-424. doi:10.2147/JBM.S367660
8. Lippi G, Targher G, Montagnana M, Salvagno GL, Zoppini G, Guidi GC. Relation between red blood cell distribution width and inflammatory
biomarkers in a large cohort of unselected outpatients. Arch Pathol Lab Med. 2009;133(4):628-632. doi:10.5858/133.4.628
9. Semba RD, Patel KV, Ferrucci L, et al. Serum antioxidants and inflammation predict red cell distribution width in older women: the Women’s
Health and Aging Study I. Clin Nutr. 2010;29(5):600-604. doi:10.1016/j.clnu.2010.03.001
10. Kozlitina J, Garcia CK. Red blood cell size is inversely associated with leukocyte telomere length in a large multi-ethnic population. PLoS One.
2012;7(12):e51046. doi:10.1371/journal.pone.0051046
11. Sun H, Weaver CM. Decreased iron intake parallels rising iron deficiency anemia and related mortality rates in the US population. J Nuzr. 2021;151
(7):1947-1955. doi:10.1093/jn/nxab064
12. Salvagno GL, Sanchis-Gomar F, Picanza A, Lippi G. Red blood cell distribution width: a simple parameter with multiple clinical applications. Crit
Rev Clin Lab Sci. 2015;52(2):86—105. doi:10.3109/10408363.2014.992064
13. Soderholm M, Borné Y, Hedblad B, Persson M, Engstrom G. Red cell distribution width in relation to incidence of stroke and carotid
atherosclerosis: a population-based cohort study. PLoS One. 2015;10(5):¢0124957. doi:10.1371/journal.pone.0124957
14. Lappegérd J, Ellingsen TS, Skjelbakken T, et al. Red cell distribution width is associated with future risk of incident stroke. Tromso Study Thromb
Haemost. 2016;115(1):126-134. doi:10.1160/TH15-03-0234
15. Shen Z, Huang Y, Zhou Y, et al. Association between red blood cell distribution width and ischemic stroke recurrence in patients with acute
ischemic stroke: a 10-years retrospective cohort analysis. Aging. 2023;15(8):3052-3063. doi:10.18632/aging.204657
16. Kara H, Degirmenci S, Bayir A, et al. Red cell distribution width and neurological scoring systems in acute stroke patients. Neuropsychiatr Dis
Treat. 2015;11:733-739. doi:10.2147/NDT.S81525
17. Kim J, Kim YD, Song TJ, et al. Red blood cell distribution width is associated with poor clinical outcome in acute cerebral infarction. Thromb
Haemost. 2012;108(2):349-356. doi:10.1160/TH12-03-0165
18. Jahanban-Esfahlan A, Ostadrahimi A, Jahanban-Esfahlan R, Roufegarinejad L, Tabibiazar M, Amarowicz R. Recent developments in the detection
of bovine serum albumin. Int J Biol Macromol. 2019;138:602—617. doi:10.1016/j.ijbiomac.2019.07.096
19. Don BR, Kaysen G. Serum albumin: relationship to inflammation and nutrition. Semin Dial. 2004;17(6):432-437. doi:10.1111/j.0894-
0959.2004.17603.x
20. Kiboshi R, Satoh S, Mikami K, et al. Serum albumin, body mass index, and preceding xa and P2Y12 inhibitors predict prognosis of recurrent
ischemic stroke. J Stroke Cerebrovasc Dis. 2021;30(5):105681. doi:10.1016/j.jstrokecerebrovasdis.2021.105681
21. Gu YL, Yang D, Huang ZB, Chen Y, Dai ZS. Relationship between red blood cell distribution width-to-albumin ratio and outcome of septic patients
with atrial fibrillation: a retrospective cohort study. BMC Cardiovasc Disord. 2022;22(1):538. doi:10.1186/s12872-022-02975-1
22. Hong J, Hu X, Liu W, et al. Impact of red cell distribution width and red cell distribution width/albumin ratio on all-cause mortality in patients with
type 2 diabetes and foot ulcers: a retrospective cohort study. Cardiovasc Diabetol. 2022;21(1):91. doi:10.1186/512933-022-01534-4
23. Gao C, Peng L. Association and prediction of red blood cell distribution width to albumin ratio in all-cause mortality of acute kidney injury in
critically ill patients. Front Med Lausanne. 2023;10:1047933. doi:10.3389/fmed.2023.1047933
24. Wang X, Zhu L, Tao K, et al. Red cell distribution width to serum albumin ratio as an early prognostic marker for severe acute pancreatitis:
a retrospective study. Arab J Gastroenterol. 2022;23(3):206-209. doi:10.1016/j.aj2.2022.06.001
International Journal of General Medicine 2024:17 htps: 4417

Dove:


https://doi.org/10.1001/jama.2015.3058
https://doi.org/10.1001/jama.2015.3058
https://doi.org/10.1016/S1474-4422(21)00252-0
https://doi.org/10.1001/jamanetworkopen.2023.1455
https://doi.org/10.1001/jamanetworkopen.2023.1455
https://doi.org/10.1001/jama.2017.22036
https://doi.org/10.1161/STROKEAHA.113.001584
https://doi.org/10.1016/j.pmr.2015.07.002
https://doi.org/10.2147/JBM.S367660
https://doi.org/10.5858/133.4.628
https://doi.org/10.1016/j.clnu.2010.03.001
https://doi.org/10.1371/journal.pone.0051046
https://doi.org/10.1093/jn/nxab064
https://doi.org/10.3109/10408363.2014.992064
https://doi.org/10.1371/journal.pone.0124957
https://doi.org/10.1160/TH15-03-0234
https://doi.org/10.18632/aging.204657
https://doi.org/10.2147/NDT.S81525
https://doi.org/10.1160/TH12-03-0165
https://doi.org/10.1016/j.ijbiomac.2019.07.096
https://doi.org/10.1111/j.0894-0959.2004.17603.x
https://doi.org/10.1111/j.0894-0959.2004.17603.x
https://doi.org/10.1016/j.jstrokecerebrovasdis.2021.105681
https://doi.org/10.1186/s12872-022-02975-1
https://doi.org/10.1186/s12933-022-01534-4
https://doi.org/10.3389/fmed.2023.1047933
https://doi.org/10.1016/j.ajg.2022.06.001
https://www.dovepress.com
https://www.dovepress.com

Ding et al Dove

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.
38.

39.

40.

41.

42.

43.
44.

45.

Tan Y, Li Y, Huang X, et al. The ratio of red blood cell distribution width to albumin as a predictor for rehospitalization risk and rehospitalization
all-cause mortality in middle-aged and elderly survivors with sepsis: an ambispective ICU cohort study. J Inflamm Res. 2024;17:1227-1240.
doi:10.2147/JIR.S451769

Liu P, Luo S, Duan XJ, et al. RDW-to-ALB ratio is an independent predictor for 30-day all-cause mortality in patients with acute ischemic stroke:
a retrospective analysis from the MIMIC-IV database. Behav Neurol. 2022;2022:3979213. doi:10.1155/2022/3979213

Kang MK, Kim TJ, Kim Y, et al. Geriatric nutritional risk index predicts poor outcomes in patients with acute ischemic stroke - Automated
undernutrition screen tool. PLoS One. 2020;15(2):¢0228738. doi:10.1371/journal.pone.0228738

Adams HP, Bendixen BH, Kappelle LJ, et al. Classification of subtype of acute ischemic stroke. Definitions for use in a multicenter clinical trial.
TOAST. Trial of Org 10172 in Acute Stroke Treatment. Stroke. 1993;24(1):35—41. doi:10.1161/01.STR.24.1.35

Le Bouc R, Clarengon F, Meseguer E, et al. Efficacy of endovascular therapy in acute ischemic stroke depends on age and clinical severity. Stroke.
2018;49(7):1686—1694. doi:10.1161/STROKEAHA.117.020511

Haneuse S, VanderWeele TJ, Arterburn D. Using the E-value to assess the potential effect of unmeasured confounding in observational studies.
JAMA. 2019;321(6):602—603. doi:10.1001/jama.2018.21554

Bentler PM, Stein JA. Structural equation models in medical research. Stat Methods Med Res. 1992;1(2):159-181. doi:10.1177/
096228029200100203

Zhao N, Hu W, Wu Z, et al. The red blood cell distribution width-albumin ratio: a promising predictor of mortality in stroke patients. /nt J Gen
Med. 2021;14:3737-3747. doi:10.2147/1JGM.S322441

Friedman JS, Lopez MF, Fleming MD, et al. SOD2-deficiency anemia: protein oxidation and altered protein expression reveal targets of damage,
stress response, and antioxidant responsiveness. Blood. 2004;104(8):2565-2573. doi:10.1182/blood-2003-11-3858

Xie KH, Liu LL, Su CY, et al. Low antioxidant status of serum uric acid, bilirubin, albumin, and creatinine in patients with benign paroxysmal
positional vertigo. Front Neurol. 2020;11:601695. doi:10.3389/fneur.2020.601695

Wang X, Lo EH. Triggers and mediators of hemorrhagic transformation in cerebral ischemia. Mol Neurobiol. 2003;28(3):229-244. doi:10.1385/
MN:28:3:229

Warner DS, Sheng H, Batini¢-Haberle 1. Oxidants, antioxidants and the ischemic brain. J Exp Biol. 2004;207(Pt 18):3221-3231. doi:10.1242/
jeb.01022

Anrather J, Tadecola C. Inflammation and stroke: an overview. Neurotherapeutics. 2016;13(4):661-670. doi:10.1007/s13311-016-0483-x

Ramiro L, Simats A, Garcia-Berrocoso T, Montaner J. Inflammatory molecules might become both biomarkers and therapeutic targets for stroke
management. Ther Adv Neurol Disord. 2018;11:1756286418789340. doi:10.1177/1756286418789340

Ferrucci L, Guralnik JM, Woodman RC, et al. Proinflammatory state and circulating erythropoietin in persons with and without anemia. Am J Med.
2005;118(11):1288. doi:10.1016/j.amjmed.2005.06.039

De gonzalo-calvo D, de Luxan-Delgado B, Rodriguez-Gonzalez S, et al. Interleukin 6, soluble tumor necrosis factor receptor I and red blood cell
distribution width as biological markers of functional dependence in an elderly population: a translational approach. Cytokine. 2012;58(2):193—198.
doi:10.1016/j.cyt0.2012.01.005

Zalyesov E, Shugaev I, Prokopov Y, Shahory R, Chirmicci S, Aizen E. Red cell distribution width as a predictor of functional outcome in
rehabilitation of older stroke patients. Ann Geriatr Med Res. 2020;24(3):211-217. doi:10.4235/agmr.20.0042

Soeters PB, Wolfe RR, Shenkin A. Hypoalbuminemia: pathogenesis and clinical significance. JPEN J Parenter Enteral Nutr. 2019;43(2):181-193.
doi:10.1002/jpen.1451

Gatta A, Verardo A, Bolognesi M. Hypoalbuminemia. Intern Emerg Med. 2012;7(3):S193-9. do0i:10.1007/s11739-012-0802-0

Hashem SS, Helmy SM, El-Fayomy NM, et al. Predictors of stroke outcome: the role of hemorheology, natural anticoagulants, and serum albumin.
Egypt J Neurol Psychiatr Neurosurg. 2018;54(1):18. doi:10.1186/s41983-018-0019-x

Wang C, Deng L, Qiu S, et al. Serum albumin is negatively associated with hemorrhagic transformation in acute ischemic stroke patients.
Cerebrovasc Dis. 2019;47(1-2):88-94. doi:10.1159/000498855

International Journal of General Medicine Dove

Publish your work in this journal

The International Journal of General Medicine is an international, peer-reviewed open-access journal that focuses on general and internal
medicine, pathogenesis, epidemiology, diagnosis, monitoring and treatment protocols. The journal is characterized by the rapid reporting of
reviews, original research and clinical studies across all disease areas. The manuscript management system is completely online and includes a
very quick and fair peer-review system, which is all easy to use. Visit http://www.dovepress.com/testimonials.php to read real quotes from
published authors.

Submit your manuscript here: https://www.dovepress.com/international-journal-of-general-medicine-journal

4418 n ) in u Dove International Journal of General Medicine 2024:17


https://doi.org/10.2147/JIR.S451769
https://doi.org/10.1155/2022/3979213
https://doi.org/10.1371/journal.pone.0228738
https://doi.org/10.1161/01.STR.24.1.35
https://doi.org/10.1161/STROKEAHA.117.020511
https://doi.org/10.1001/jama.2018.21554
https://doi.org/10.1177/096228029200100203
https://doi.org/10.1177/096228029200100203
https://doi.org/10.2147/IJGM.S322441
https://doi.org/10.1182/blood-2003-11-3858
https://doi.org/10.3389/fneur.2020.601695
https://doi.org/10.1385/MN:28:3:229
https://doi.org/10.1385/MN:28:3:229
https://doi.org/10.1242/jeb.01022
https://doi.org/10.1242/jeb.01022
https://doi.org/10.1007/s13311-016-0483-x
https://doi.org/10.1177/1756286418789340
https://doi.org/10.1016/j.amjmed.2005.06.039
https://doi.org/10.1016/j.cyto.2012.01.005
https://doi.org/10.4235/agmr.20.0042
https://doi.org/10.1002/jpen.1451
https://doi.org/10.1007/s11739-012-0802-0
https://doi.org/10.1186/s41983-018-0019-x
https://doi.org/10.1159/000498855
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
https://www.dovepress.com
https://www.dovepress.com

	Introduction
	Methods
	Study Design and Data Source
	Study Population
	Data Collection
	Outcome Measures
	Statistical Analysis

	Results
	Participants Baseline Characteristics
	Association Between RAR and Adverse Functional Outcomes
	The Dose-Response Relationship Addressed by the generalized Additive Model
	Subgroup Analysis
	Mediator Analysis

	Discussion
	Conclusions
	Abbreviations
	Data Sharing Statement
	Ethics Approval and Consent to Participate
	Acknowledgments
	Author Contributions
	Funding
	Disclosure

