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Abstract
Background  Chronic obstructive pulmonary disease (COPD) complicated by atrial fibrillation (AF) in ICU patients is 
associated with higher risks of adverse outcomes. The red cell distribution width to albumin ratio (RAR), may predict 
mortality in critical illness, yet its link to 28-day mortality in ICU patients with COPD and AF remains unclear.

Methods  This retrospective cohort study analyzed 693 ICU patients with COPD and AF from the Medical Information 
Mart for Intensive Care IV (MIMIC-IV) database, grouped by RAR tertiles. The primary endpoint was 28-day mortality, 
with secondary endpoints including 90-day, 365-day, and ICU mortality. Multivariate cox models estimated 
hazard ratios (HRs) for mortality, while restricted cubic spline regression assessed the linearity of the RAR-mortality 
relationship. Kaplan-Meier curves compared survival across tertiles, and subgroup analyses explored RAR’s impact 
across age, gender, race, and comorbidities.

Results  Our study included 693 ICU patients with both COPD and AF, with an average age of 74.9 years. The 28-day 
mortality was 30.7%. Patients in the highest RAR tertile had significantly worse 28-day survival (p < 0.0001). Higher RAR 
was linearly associated with increased 28-day mortality (p for non-linearity > 0.05), with each 1-unit increase in RAR 
linked to an 18% rise in mortality risk (95% CI: 1.08–1.29). Sensitivity analyses confirmed RAR’s relevance for 90-day, 
365-day, and ICU mortality.

Conclusions  RAR is independently associated with 28-day mortality in COPD patients with AF. Elevated RAR levels 
correlate with higher 28-day mortality rates in this population.

Clinical trial number  Not applicable.
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Introduction
Chronic obstructive pulmonary disease (COPD), as 
defined by the Global Initiative for Chronic Obstructive 
Lung Disease (GOLD) [1], is a progressive respiratory 
disorder characterized by persistent airflow limitation, 
diagnosed by a post-bronchodilator FEV1/FVC ratio of 
less than 0.7 [2]. According to the Global Burden of Dis-
ease (GBD) study, COPD affected 251  million people 
worldwide in 2016. By 2030, it is projected to become 
the third leading cause of death globally [3]. Atrial fibril-
lation (AF), the most common sustained heart arrhyth-
mia, affects 2–4% of the global population and frequently 
complicates the clinical course of COPD, resulting in 
higher hospitalization rates, poorer quality of life, and 
increased mortality [4, 5]. The coexistence of these two 
conditions is common due to shared risk factors such as 
smoking, aging, and systemic inflammation [6]. COPD 
patients are particularly vulnerable to developing AF, as 
the chronic hypoxia, inflammation, and hemodynamic 
changes associated with COPD can trigger arrhyth-
mogenesis, while AF can worsen COPD outcomes by 
impairing pulmonary function and gas exchange [5, 7].

In recent years, the red cell distribution width to albu-
min ratio (RAR) has emerged as a novel biomarker with 
potential prognostic value across various diseases. The 
red cell distribution width (RDW), which reflects the 
variability in red blood cell size [8], is a marker of sys-
temic inflammation, oxidative stress, and nutritional 
deficits—all of which are prevalent in COPD [9]. Albu-
min, a negative acute-phase protein, is a well-established 
marker of both inflammation and nutritional status. 
Low plasma albumin levels are a significant predictor of 
increased mortality in COPD and are robustly associated 
with cardiovascular diseases [10, 11]. The combination of 
these two parameters into a single ratio, RAR, provides 
a more comprehensive assessment of both inflammatory 
burden and nutritional status. High RAR levels have been 
identified as independent risk factors for poor outcomes 
in non-ischemic heart failure and are significantly associ-
ated with increased in-hospital mortality in patients with 
atrial fibrillation. Additionally, elevated RAR is linked to 
worse clinical prognosis in sepsis [12–15].

However, the specific relationship between RAR and 
outcomes in patients with COPD complicated by AF 
remains underexplored. Understanding this relationship 
is crucial given the significant impact both diseases have 
on patient prognosis. In this study, we aim to investigate 
the association between RAR and 28-day mortality in 
patients with COPD and AF.

Materials and methods
Data source
This retrospective study utilized data from the Medi-
cal Information Mart for Intensive Care IV (MIMIC-IV, 

Version 3.0) database. MIMIC-IV includes records from 
over 94,000 patients admitted to the intensive care units 
at Beth Israel Deaconess Medical Center in Boston, MA, 
between 2008 and 2022. The database is approved by the 
Institutional Review Boards of the Massachusetts Insti-
tute of Technology (Cambridge, MA, USA) and Beth 
Israel Deaconess Medical Center (Boston, MA, USA) 
[16]. To ensure patient privacy, all personally identifiable 
information has been removed. Access to this database is 
restricted to individuals who have completed the Collab-
orative Institutional Training Initiative (CITI) program. 
Due to the retrospective study design and the use of a 
public database, informed consent was not required.

Study subjects
The study included a cohort of adult patients (age > 18 
years) diagnosed with COPD and AF, who were admit-
ted to the ICU using data from the MIMIC-IV database. 
COPD and AF diagnoses were identified using Interna-
tional Classification of Diseases (ICD) codes [17], with 
chronic obstructive pulmonary disease classified under 
ICD-10 codes J44, J440, J441, and atrial fibrillation under 
ICD-10 codes I480, I481, I482, and I4891. Detailed ICD 
codes are provided in the supplementary materials in 
Table S1. For patients with multiple ICU admissions, 
only data from the first admission were used. Patients 
were excluded if key data, such as albumin or RDW, were 
missing, or if survival information was incomplete. Addi-
tional exclusion criteria included an ICU stay of less than 
24  h. Ultimately, 693 patients with complete RDW and 
albumin data, diagnosed with both COPD and AF, were 
included in the final cohort (Fig. 1).

Demographical and laboratory variables
Patient data from the MIMIC-IV database were extracted 
using structured query language (SQL). The extracted 
data included demographics (age, gender, race, height, 
weight), vital signs (heart rate, respiratory rate, mean 
arterial pressure (MAP)), laboratory values (hemoglo-
bin, white blood cell count, pH, partial pressure of car-
bon dioxide in arterial blood (PaCO2), partial pressure 
of oxygen in arterial blood (PaO2), creatinine, lactate, 
albumin, RDW), comorbidities (hypertension, congestive 
heart failure), clinical severity scores (Acute Physiology 
Score III (APSIII), Charlson Comorbidity Index (CCI)), 
and information on medications or procedures such as 
vasoactive agents and invasive mechanical ventilation 
(IMV). For variables with multiple measurements, the 
first recorded value was utilized. Body Mass Index (BMI) 
was calculated by dividing weight (kg) by height squared 
(m²). To handle missing data, multiple imputation was 
conducted, creating and analyzing five datasets.
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RAR assessment and outcomes
RAR was calculated as [RDW (%)/serum albumin (g/
dL)]. The primary outcome was 28-day mortality, while 
secondary endpoints included 90-day, 365-day, and ICU 
mortality.

Statistical analysis
Continuous variables were summarized as mean ± stan-
dard deviation (SD) if normally distributed, otherwise as 
median with interquartile range (IQR). While categorical 
variables were represented as counts and percentages. 
Continuous variables were evaluated with either ANOVA 
or the Kruskal-Wallis test, as appropriate, while categori-
cal variables were compared using the chi-square test. 
Multivariate Cox proportional hazards models were uti-
lized to estimate hazard ratios (HRs) and 95% confidence 
intervals (CIs) for the association between RAR and 
28-day mortality. Three models were developed: Model 
1 was unadjusted, while Model 2 was adjusted for age, 
gender, race, and BMI; and Model 3 included additional 
adjustments for heart rate, respiratory rate, MAP, WBC, 
hemoglobin, creatinine, lactate, pH, PaO2, PaCO2, hyper-
tension, CHF, APACHE II, CCI, IMV, and vasoactive 
agent use. Restricted cubic spline (RCS) regression was 
employed to explore the relationship between RAR and 
28-day mortality. Kaplan-Meier curves were generated 
to compare survival probabilities across different RAR 
groups, and subgroup analyses were performed based on 
age, gender, race, CHF, hypertension, and IMV. To assess 
the robustness of RAR’s significance, sensitivity analyses 
were performed for 90-day, 365-day, and ICU mortality 

using the same multivariate Cox models employed in the 
primary analysis for 28-day mortality. We constructed 
receiver operating characteristic (ROC) curves and cal-
culated the area under the curve (AUC) to compare the 
predictive abilities of the APACHE II, SOFA score, lac-
tate, and RAR for 28-day mortality.

All statistical analyses were performed using R software 
version 4.2.2 (http://www.R-project.org, R Foundation) 
and Free Statistics version 2.0, with statistical significance 
set at P < 0.05.

Results
Baseline characteristics of study subjects
After screening, the study included 693 patients with 
COPD and AF who were admitted to the ICU (Fig.  1). 
The baseline characteristics were categorized according 
to RAR tertiles (Table 1), with 231 patients in each tertile: 
tertile 1 (T1), tertile 2 (T2), and tertile 3 (T3). The mean 
age of the participants was 74.9 years, comprising 297 
females and 396 males. No significant differences were 
observed in age, gender, race, BMI, respiratory rate, pH, 
PaO2, PaCO2, creatinine, lactate, hypertension, or CHF 
among the three groups. However, patients in the high 
tertile exhibited lower MAP, higher heart rates, reduced 
hemoglobin and albumin levels, increased leukocyte 
counts and RDW, as well as elevated CCI and APACHE 
II scores. This group also received more vasoactive agents 
and IMV and had higher rates of 28-day, 90-day, 365-day, 
and ICU mortality.

Fig. 1  Flow chart of the study population. Abbreviations: COPD, chronic obstructive pulmonary disease; MIMIC IV, Medical Information Mart for Intensive 
Care IV; ICU, intensive care unit; AF, atrial fibrillation; RDW, red cell distribution width; RAR, red cell distribution width to albumin ratio. T, tertile
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Associations between RAR and 28-day mortality
In Fig. 2, Kaplan-Meier survival curves demonstrate that 
patients in the highest RAR tertile (T3) had the worst 
survival outcomes (p < 0.0001). A significant positive lin-
ear relationship exists between RAR and 28-day mortality 
in patients with COPD and AF (p for non-linearity > 0.05, 
Fig. 3).

The multivariate cox regression analysis demonstrates 
a notable correlation between RAR and 28-day mortality. 
The hazard ratio (HR) for RAR was significant in all mod-
els when treated as a continuous variable (p < 0.001). Each 
1-unit increase in RAR corresponds to an 18% increase in 
the 28-day mortality rate (95% CI 1.08–1.29). Addition-
ally, when RAR is categorized into tertiles in Model 1, the 

adjusted HRs for T2 (4.51–5.64) and T3 (5.65–7.51) com-
pared to T1 (3.02–4.51) were 1.42 (95% CI: 0.98–2.05, 
p = 0.065) and 2.31 (95% CI: 1.64–3.26, p < 0.001), respec-
tively. Even after adjusting for various factors—including 
age, gender, race, BMI, heart rate, respiratory rate, MAP, 
WBC, hemoglobin, creatinine, lactate, pH, PaO2, PaCO2, 
hypertension, CHF, APACHE II, CCI, IMV, and vasoac-
tive agents—a consistent trend was observed. Specifi-
cally, as RAR tertiles increased, the 28-day mortality rate 
correspondingly increased (p for trend < 0.05) (Table 2).

Subgroup analysis
The subgroup analyses shown in Fig. 4 conducted strati-
fied assessments to examine potential modifiers of the 

Table 1  The clinical characteristics of critically ill patients with COPD and AF according to RAR levels
Variables RAR T1(3.02–4.51) T2(4.51–5.64) T3(5.65–7.51) P 

value
Total (n = 693) [%/(g/
dL)]

[%/(g/ dL)] (n = 231) [%/(g/ dL)] (n = 231) [%/(g/ dL)] (n = 231)

General characteristics
Gender, (female), n (%) 297 (42.9) 87 (37.7) 106 (45.9) 104 (45) 0.146
Age, (years) 74.9 ± 10.4 74.8 ± 10.4 75.7 ± 9.9 74.3 ± 10.8 0.336
Race, (white), n(%) 473 (68.3) 160 (69.3) 156 (67.5) 157 (68) 0.917
BMI, (kg/m2) 29.7 ± 8.7 30.1 ± 8.7 29.5 ± 8.4 29.4 ± 9.0 0.628
Vital signs
Heart rate, (beats/min) 111.1 ± 26.1 109.4 ± 24.8 108.2 ± 25.3 115.8 ± 27.8 0.004
Respiratory rate, (breaths/min) 29.4 ± 6.1 29.7 ± 6.0 28.9 ± 5.8 29.7 ± 6.5 0.255
MAP, (mmHg) 56.2 ± 13.2 58.9 ± 14.9 56.1 ± 13.5 53.6 ± 10.3 < 0.001
Laboratory parameters
WBC, (10^9/L) 13.1 (9.1, 18.8) 13.3 (9.4, 18.8) 12.2 (8.7, 16.8) 14.1 (9.4, 20.0) 0.044
Hemoglobin, (g/dL) 9.9 ± 2.3 11.1 ± 2.1 9.9 ± 2.3 8.9 ± 2.0 < 0.001
pH 7.3 ± 0.1 7.3 ± 0.1 7.3 ± 0.1 7.3 ± 0.1 0.117
PaO2, (mmHg) 73.0 (56.0, 94.0) 74.0 (61.0, 100.5) 73.0 (55.0, 93.0) 72.0 (55.0, 92.0) 0.21
PaCO2, (mmHg) 50.0 ± 15.3 51.3 ± 15.9 49.2 ± 14.3 49.3 ± 15.7 0.254
Lactate, (mmol/L) 1.9 (1.4, 3.1) 2.0 (1.4, 3.2) 1.9 (1.3, 3.0) 1.9 (1.4, 3.3) 0.688
Creatinine, (mg/ dL) 1.4 (1.0, 2.2) 1.4 (1.0, 1.8) 1.4 (0.9, 2.2) 1.5 (1.0, 2.5) 0.092
Comorbidities
Hypertension, n (%) 525 (75.8) 177 (76.6) 183 (79.2) 165 (71.4) 0.138
CHF, n (%) 441 (63.6) 147 (63.6) 155 (67.1) 139 (60.2) 0.302
Disease severity scores
CCI, (scores) 8.1 ± 2.5 7.8 ± 2.3 8.0 ± 2.4 8.6 ± 2.7 0.003
APACHE II, (scores) 23.2 ± 7.2 21.4 ± 6.9 23.0 ± 6.9 25.3 ± 7.2 < 0.001
Medication or procedures on the first 
day of ICU admission
Vasoactive agent, n (%) 275 (39.7) 67 (29) 88 (38.1) 120 (51.9) < 0.001
IMV, n (%) 339 (48.9) 105 (45.5) 106 (45.9) 128 (55.4) 0.054
Outcomes
Mortality of 28-day 213 (30.7) 49 (21.2) 67 (29.0) 97 (42.0) < 0.001
Mortality of 90-day 264 (38.1) 69 (29.9) 78 (33.8) 117 (50.6) < 0.001
Mortality of 365-day 355 (51.2) 96 (41.6) 111 (48.1) 148 (64.1) < 0.001
Mortality of ICU 126 (18.2) 27 (11.7) 37 (16.0) 62 (26.8) < 0.001
COPD, chronic obstructive pulmonary disease; AF, atrial fibrillation; RAR, ratio of red cell distribution width to albumin; BMI, body mass index; T, tertile; MAP, mean 
arterial pressure; WBC, White Blood Cell Count; pH, potential of hydrogen; PaO2, partial pressure of oxygen in arterial blood; PaCO2, partial pressure of carbon 
dioxide in arterial blood; CHF, congestive heart failure; APACHE II, acute physiology and chronic health evaluation II; CCI, Charlson Comorbidity Index; IMV, invasive 
mechanical ventilation; ICU, Intensive Care Unit
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relationship between RAR and 28-day mortality. Vari-
ous subgroups were analyzed, including age, gender, race, 
hypertension, heart failure, and IMV. The impact of RAR 
on 28-day mortality was consistent across these sub-
groups, with no significant interaction effects detected (p 
for interaction > 0.05).

ROC curve analysis
In our ROC curve analysis (Fig. S1) for predicting 
28-day mortality in COPD patients with atrial fibrilla-
tion, the RAR demonstrated a moderate predictive abil-
ity with an AUC of 62.26% (95% CI: 57.71–66.81%). The 
APACHE II score outperformed with a higher AUC of 
69.00% (95% CI: 64.77–73.23%). Meanwhile, the SOFA 
score and lactate levels had lower AUCs of 60.75% (95% 

Table 2  Associations between RAR and 28-day all-cause mortality in the multiple cox regression model
Variable Total (n) 28-day mortality n (%) Model I HR (95%CI) P-value Model II HR (95%CI) P-value Model III HR (95%CI) P-value
RAR [%/(g/dL)] 693 213 (30.7) 1.30 (1.20 ~ 1.40) < 0.001 1.32 (1.22 ~ 1.43) < 0.001 1.18 (1.08 ~ 1.29) < 0.001
RAR (tertiles)
T1 (3.02–4.51) 231 49 (21.2) 1(Ref ) 1(Ref ) 1(Ref )
T2 (4.51–5.64) 231 67 (29.0) 1.42 (0.98 ~ 2.05) 0.065 1.37 (0.94 ~ 1.98) 0.098 1.30 (0.89 ~ 1.91) 0.173
T3 (5.65–7.51) 231 97 (42.0) 2.31 (1.64 ~ 3.26) < 0.001 2.31 (1.63 ~ 3.25) < 0.001 1.73 (1.18 ~ 2.53) 0.005
P for trend < 0.001 < 0.001 0.004
Model I: Unadjusted

Model II: Adjusted for gender, age, race, and BMI

Model III: Model II plus heart rate, respiratory rate, MAP, WBC, hemoglobin, creatinine, lactate, pH, PaO2, PaCO2, hypertension, CHF, APACHE II, CCI, IMV, and 
vasoactive agent

HR: hazard ratio, CI: confidence interval, Ref: reference, RAR; ratio of red cell distribution width to albumin; BMI, body mass index; T, tertile; MAP, mean arterial 
pressure; WBC, White Blood Cell Count; pH, potential of hydrogen; PaO2, partial pressure of oxygen in arterial blood; PaCO2, partial pressure of carbon dioxide in 
arterial blood; CHF, congestive heart failure; APACHE II, acute physiology and chronic health evaluation II; CCI, Charlson Comorbidity Index; IMV, invasive mechanical 
ventilation; ICU, Intensive Care Unit

Fig. 3  Linear dose-response relationship between RAR and 28-day mor-
tality of ICU patients with both COPD and AF. Note: This figure demon-
strates multivariable adjusted HRs for all-cause mortality of 28 days in ICU 
according to levels of RAR on a continuous scale [%/(g/dL)]. Solid deep 
red lines are multivariable-adjusted HRs. Light red areas are the 95% con-
fidence intervals derived from restricted cubic spline regressions with 4 
knots. Dashed black lines are reference lines for no association at a hazard 
ratio of 1.0. All-cause mortality of 28 days is increased as RAR increased. 
Only 99.5% of the data is shown. All-cause mortality of 28 days analysis 
is adjusted for gender, age, race, BMI, heart rate, respiratory rate, MAP, 
WBC, hemoglobin, creatinine, lactate, pH, PaO2, PaCO2, hypertension, 
CHF, APACHE II, CCI, IMV, vasoactive agent. ICU, intensive care unit; COPD, 
chronic obstructive pulmonary disease; AF, atrial fibrillation; RAR, ratio of 
red cell distribution width to albumin; HR, hazard ratio; BMI, body mass 
index; T, tertile; MAP, mean arterial pressure; WBC, white blood cell count; 
pH, potential of hydrogen; PaO2, partial pressure of oxygen in arterial 
blood; PaCO2, partial pressure of carbon dioxide in arterial blood; CHF, 
congestive heart failure; APACHE II, acute physiology and chronic health 
evaluation II; CCI, charlson comorbidity index; IMV, invasive mechanical 
ventilation

 

Fig. 2  Kaplan–Meier survival analysis for 28-day mortality with RAR in 
three groups
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CI: 56.34–65.15%) and 57.16% (95% CI: 52.49–61.83%), 
respectively. These findings suggest that RAR has notable 
predictive potential, even though APACHE II remains 
the most accurate measure.

Sensitivity analysis
Elevated RAR levels were significantly linked to higher 
90-day, 365-day, and ICU mortality across all models. For 
90-day mortality, the adjusted HRs for the highest RAR 
tertile remained elevated (Model 3  HR: 1.67, 95% CI: 
1.19–2.32, p = 0.003). Similar trends were observed for 
365-day mortality (Model 3 HR: 1.64, 95% CI: 1.23–2.19, 
p = 0.001) and ICU mortality (Model 3 HR: 1.69, 95% CI: 
1.02–2.81, p = 0.043) (Table S2).

Discussion
This study demonstrated a significant positive linear 
relationship between the RAR and 28-day mortality in 
patients with COPD combined with AF. For each unit 
increase in RAR, the 28-day mortality rate increases by 
18% (95% CI 1.08–1.29). Even after considering potential 

confounders, RAR continues to show an independent 
association with 28-day mortality among these patients. 
The subgroup analysis showed no significant interac-
tions within the subgroups, and sensitivity analyses fur-
ther supported its relevance for 90-day, 365-day, and ICU 
mortality.

COPD and AF frequently coexist, leading to worsened 
clinical outcomes. AF can exacerbate COPD by worsen-
ing gas exchange and inflammation, which complicates 
management and increases mortality risk [18, 19]. Studies 
have shown that COPD patients are more susceptible to 
AF due to chronic hypoxia, systemic inflammation, and 
elevated pulmonary pressures [6, 18]. The presence of AF 
further exacerbates gas exchange issues and inflamma-
tion in COPD, complicating management and increasing 
the risk of cardiovascular events and thromboembolic 
complications [5, 20]. Despite these risks, effective prog-
nostic tools for identifying high-risk patients with both 
conditions are still lacking.

Previous studies have identified RDW as a signifi-
cant prognostic marker in various diseases, including 

Fig. 4  Subgroup analyses of the association between RAR and 28-day all-cause mortality with different characteristics. HR: hazard ratio, CI: confidence 
interval, CHF, congestive heart failure; IMV, invasive mechanical ventilation; RAR, red cell distribution width to albumin ratio
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cardiovascular disorders and chronic inflammatory con-
ditions [8, 9, 21, 22]. For instance, Zinellu and Mangoni 
highlighted RDW’s predictive capacity in COPD [23], 
while Qin demonstrated its association with all-cause 
mortality in ischemic stroke patients with AF [24]. In 
contrast to these studies, our research extends the cur-
rent literature by exploring the relationship between RAR 
and 28-day mortality in COPD patients with AF, high-
lighting the potential of RAR as an important marker in 
this specific population.

While RDW alone is recognized as a marker of poor 
prognosis, integrating albumin into RAR provides a 
comprehensive view of a patient’s inflammatory and 
nutritional status. This combination enhances predictive 
accuracy, particularly in complex comorbid conditions 
like COPD and AF, where both systemic inflammation 
and malnutrition are critical to disease progression [21, 
25, 26].

The RAR has emerged as a novel biomarker for adverse 
outcomes in clinical settings, with studies indicating 
its prognostic value in heart failure, sepsis, COPD and 
chronic kidney disease [12, 14, 27–29]. RDW, reflecting 
erythrocyte size variability, is linked to inflammation and 
oxidative stress, while albumin serves as a negative acute-
phase protein, reflecting nutritional and inflammatory 
status. Elevated RAR has been associated with increased 
mortality in critically ill patients, such as those with isch-
emic stroke and myocardial infarction [15, 24, 30]. How-
ever, the specific role of RAR in COPD patients with AF 
remains underexplored. Our study contributes to this gap 
by establishing that RAR is significantly associated with 
mortality in COPD patients with AF, further supporting 
the role of this biomarker in cardiovascular and respira-
tory comorbidities.

The connection between elevated RAR and 28-day 
mortality in COPD patients with AF may involve sev-
eral biological mechanisms. Increased RDW suggests 
impaired erythropoiesis and abnormal red blood cell 
survival influenced by chronic inflammation and oxida-
tive stress. In COPD, persistent inflammation inhibits 
erythroid maturation, leading to higher RDW levels due 
to the release of immature red blood cells from the bone 
marrow [31]. This process is intensified by pro-inflamma-
tory cytokines that suppress erythroid cell development. 
In patients with both COPD and AF, inflammation is 
amplified, increasing oxidative stress and impairing cellu-
lar function [4–6, 19]. Conversely, serum albumin reflects 
nutritional status and systemic inflammation, with 
decreased levels commonly observed in COPD patients 
due to chronic inflammation and potential liver dys-
function, both linked to poor outcomes [32, 33]. Inflam-
matory processes reduce albumin synthesis, worsening 
the inflammatory state. Therefore, the RAR serves as a 
comprehensive marker, integrating these physiological 

disturbances and helping identify high-risk patients. In 
COPD patients with AF, an elevated RAR likely reflects a 
synergistic effect, with the combination of chronic respi-
ratory inflammation and cardiovascular stress resulting 
in worse prognoses.

Our ROC curve analysis demonstrated that the RAR 
was a stronger predictor of 28-day mortality in COPD 
patients with AF than both the SOFA score and lac-
tate levels. Although the predictive power of RAR was 
slightly lower than that of the APACHE II score, its 
clinical utility lies in its accessibility and ease of use. 
Unlike the APACHE II score, which requires com-
plex calculations and extensive clinical data, RAR can 
be derived from routine blood tests, making it much 
more feasible for clinical practice.

Our study has several strengths. First, it introduces the 
RAR as a novel and comprehensive marker for assessing 
short-term mortality risk in COPD patients with AF. By 
incorporating both inflammatory and nutritional mark-
ers, the RAR provides a more holistic view of the patient’s 
physiological status compared to traditional biomark-
ers. Additionally, the use of data from the MIMIC-IV 
database ensures a large, diverse patient population and 
allows for robust statistical analysis.

However, several limitations should be acknowledged. 
First, the retrospective design of the study limits our 
ability to establish causality between RAR and mortal-
ity. Although we adjusted for numerous potential con-
founders, the observational nature of the study cannot 
fully eliminate the possibility of residual confounding or 
bias, such as the duration and severity of COPD and AF. 
Second, the data originates from a single center, which 
may limit the generalizability of the findings. Multicenter 
studies with diverse patient populations are necessary 
to validate the prognostic value of RAR across different 
healthcare settings and ethnic groups.

Conclusions
In this study, we found that the RAR is a significant inde-
pendent indicator of 28-day mortality in ICU patients with 
COPD and AF. Higher RAR levels were consistently asso-
ciated with increased short-term mortality, and sensitivity 
analyses further supported its relevance for 90-day, 365-day, 
and ICU mortality. These findings suggest that RAR could 
serve as a valuable biomarker for risk stratification in criti-
cally ill COPD patients with AF, aiding in the early identi-
fication of high-risk individuals and potentially guiding 
targeted interventions.
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