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Purpose: The red blood cell distribution width-to-albumin ratio (RAR) is an emerging biomarker that reflects systemic inflammation
and nutritional status. However, its prognostic value in patients with chronic obstructive pulmonary disease (COPD) remains unclear.
This study aimed to evaluate the predictive value of RAR for 1-year all-cause mortality in patients with COPD and to explore its
clinical relevance.

Patients and methods: We conducted a retrospective analysis using two independent cohorts: hospitalized COPD patients from the
MIMIC-IV database (2008-2019, n = 2649) and community-dwelling individuals with COPD from the NHANES database (2003—
2018, n = 2415). RAR levels were stratified into quartiles (Q1—Q4). Multivariable logistic regression models were used to examine the
association between RAR and 1-year all-cause mortality. Generalized additive models (GAMs) assessed nonlinear relationships.
Receiver operating characteristic (ROC) analysis evaluated the predictive performance of RAR compared with other markers such as
NLR, PLR, and RDW.

Results: Higher RAR levels were independently associated with an increased risk of 1-year all-cause mortality in patients with
COPD. In the MIMIC-IV cohort, the highest quartile (Q4) had an OR of 7.90 (95% CI: 6.05-10.32; P < 0.001) compared to Q1. In the
NHANES cohort, the OR for Q4 was 11.16 (95% CI: 4.42-28.18; P < 0.001). ROC analysis revealed that RAR achieved a higher area
under the curve (AUC) (0.801 in MIMIC-IV and 0.787 in NHANES) than other markers, indicating superior discriminatory ability.
Conclusion: RAR serves as an independent predictor of 1-year all-cause mortality in patients with COPD. By integrating indicators
of systemic inflammation and nutritional status, RAR provides a reliable tool for clinical risk stratification.
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Chronic obstructive pulmonary disease (COPD) is a chronic condition characterized by persistent airway obstruction,
with high global prevalence and mortality rates, posing a significant public health challenge. COPD is currently the third
leading cause of death worldwide and severely impacts patients’ quality of life and life expectancy.! Due to its
heterogeneous nature, the disease progression and prognosis of COPD vary significantly among individuals. Early
identification of high-risk patients is therefore essential for optimizing management strategies and improving outcomes.
Despite the availability of several biomarkers, there remains a lack of integrated indicators that simultaneously reflect
both systemic inflammation and nutritional status in COPD. Inflammation and nutritional status play critical roles in the
development, progression, and prognostic evaluation of COPD.?

In recent years, several inflammatory markers, such as the neutrophil-to-lymphocyte ratio (NLR) and platelet-to-
lymphocyte ratio (PLR), have been widely used to assess systemic inflammation in COPD patients.” ® Meanwhile, serum
albumin level, as an indicator of nutritional status, has also been associated with disease severity and mortality risk. Red
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cell distribution width (RDW), a measure of the variability in red blood cell size, has been linked to systemic
inflammation and poor prognosis in various chronic diseases. The red cell distribution width-to-albumin ratio (RAR)
is a composite index that reflects both inflammatory and nutritional status simultaneously. This index combines RDW,
which tends to increase under inflammatory and hypoxic conditions, and albumin, which decreases in malnourished or
catabolic states, making RAR a potentially useful prognostic indicator. Previous studies have demonstrated the prog-
nostic value of RAR in a variety of diseases.'® '® However, evidence regarding its predictive value for all-cause mortality
in COPD remains limited, and large-scale, multicenter database studies to validate its clinical utility are still lacking.

Therefore, in this study, we utilized two authoritative databases (MIMIC-IV and NHANES) to systematically evaluate
the predictive value of RAR for 1-year mortality risk in patients with COPD. We also compared RAR with other
established inflammatory and nutritional indicators, aiming to provide a novel and practical tool for the clinical
assessment and management of COPD patients.

Materials and Methods

Data Sources and Study Population

The MIMIC-1V database contains data on hospitalized patients from the Beth Israel Deaconess Medical Center between
2008 and 2019. Patients diagnosed with chronic obstructive pulmonary disease (COPD) were identified based on the
International Classification of Diseases, Ninth and Tenth Revisions (ICD-9 codes: 49120, 49,121, 49122, and 496; ICD-
10 codes: J44, J440, J441, and J449). After excluding individuals with missing data, a total of 2,649 patients were
included. Baseline information from the patients’ first hospitalization, including age, sex, and laboratory test results, was
extracted to assess 1-year mortality risk.

The NHANES database provides health data from a nationally representative sample of the US population collected
between 2003 and 2018. COPD diagnosis was based on a positive response to at least one of the following questions in
the NHANES medical condition questionnaire: “Has a doctor ever told you that you had COPD?”, “Has a doctor ever
told you that you had chronic bronchitis?”, or “Has a doctor ever told you that you had emphysema?”. This diagnostic
method has been validated in several previous studies using NHANES data.'” ' Participants with a COPD diagnosis and
available 1-year follow-up data were included, resulting in a total of 2,415 individuals. Demographic characteristics,
clinical diagnoses, and laboratory measurements were collected. The primary variable of interest was the red cell
distribution width-to-albumin ratio (RAR). Additional markers included the neutrophil-to-lymphocyte ratio (NLR),
platelet-to-lymphocyte ratio (PLR), monocyte-to-lymphocyte ratio (MLR), systemic immune-inflammation index (SII),
and systemic inflammation response index (SIRI).

Methods

To evaluate the association between the red cell distribution width-to-albumin ratio (RAR) and 1-year mortality risk,
RAR was categorized into quartiles (Q1-Q4). Logistic regression models were used to assess this association, and odds
ratios (ORs) with corresponding 95% confidence intervals (Cls) were reported. A trend test (P for trend) was performed
to examine dose—response relationships across quartiles. To explore potential nonlinear associations between RAR and
mortality probability, a generalized additive model (GAM) was fitted and visualized.

Receiver operating characteristic (ROC) curves were used to evaluate the predictive performance of RAR, and the
area under the curve (AUC), Youden index, sensitivity, and specificity were calculated for both the unadjusted model
(Crude model) and the model adjusted for age and sex (Model 1). Comparative analyses were also performed with other
inflammatory markers. Continuous variables were summarized as mean + standard deviation, and categorical variables
were expressed as counts and percentages. All statistical analyses were conducted using R software (version 4.4.1), and
two-sided P-values < 0.05 were considered statistically significant.

Definitions of Inflammatory Markers
RAR (Red Cell Distribution Width-to-Albumin Ratio): Calculated by dividing the red cell distribution width (RDW) by
the serum albumin concentration.
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NLR (Neutrophil-to-Lymphocyte Ratio): Calculated as the neutrophil count divided by the lymphocyte count.

PLR (Platelet-to-Lymphocyte Ratio): Calculated as the platelet count divided by the lymphocyte count.

MLR (Monocyte-to-Lymphocyte Ratio): Calculated as the monocyte count divided by the lymphocyte count.

Systemic Immune-Inflammation Index (SII): Defined as the neutrophil count multiplied by the platelet count and
divided by the lymphocyte count, ie, (neutrophil count x platelet count) / lymphocyte count.

Systemic Inflammation Response Index (SIRI): Defined as the neutrophil count multiplied by the monocyte count and
divided by the lymphocyte count, ie, (neutrophil count x monocyte count) / lymphocyte count.

Results

Baseline Characteristics

In the MIMIC-IV cohort (N = 2,649), the mean age was 69 + 16 years in the survival group and 74 + 15 years in the
mortality group, with a statistically significant difference (P < 0.001). There was no significant difference in sex
distribution between the survival and mortality groups (P = 0.16). Among males, 868 survived and 533 died; among
females, 807 survived and 441 died. The red cell distribution width (RDW) was 14.6 £ 2.5 in the survival group and 15.5
+ 3.2 in the mortality group (P < 0.001). Serum albumin (ALB) was 34 + 9 g/L in the survival group and 30 + 8 g/L in
the mortality group, also showing a significant difference (P < 0.001).

In the NHANES cohort (N = 2,415), the mean age was 63 + 20 years in the survival group and 73 + 14 years in the
mortality group (P < 0.001). A significant difference in sex distribution was observed between the two groups (P =
0.002). Among males, 1,007 survived and 60 died; among females, 1,307 survived and 41 died. RDW was 13.4 + 1.6 in
the survival group and 14.3 + 2.2 in the mortality group (P < 0.001). ALB was 41 £ 4 g/L in the survival group and 39 +
5 g/L in the mortality group (P < 0.001) (Table 1).

Association Between RAR and I-Year Mortality Risk in COPD Patients

In the MIMIC-IV cohort, compared with the lowest RAR quartile (Q1, reference), patients in quartiles Q2, Q3, and
Q4 had hazard ratios (HRs) of 2.58 (95% CI: 1.98-3.37), 4.04 (95% CI: 3.11-5.24), and 7.47 (95% CI: 5.75-9.70),
respectively, in the unadjusted (crude) model (P for trend < 0.001). After adjusting for age and sex (Model 1), the HRs
remained statistically significant at 2.53 (95% CI: 1.93-3.31), 3.98 (95% CI: 3.05-5.19), and 7.90 (95% CI: 6.05-10.32),
respectively (P for trend < 0.001).

A similar trend was observed in the NHANES cohort. In the crude model, the HRs for Q2, Q3, and Q4 were 2.70
(95% CI: 0.96-7.61), 5.43 (95% CI: 2.07-14.24), and 12.70 (95% CI: 5.05-31.91), respectively (P for trend < 0.001).
After adjusting for age and sex, the HRs remained elevated at 2.43 (95% CI: 0.86—6.88), 4.68 (95% CI: 1.78-12.35), and
11.16 (95% CI: 4.42-28.18), respectively (P for trend < 0.001) (Table 2).

In addition, generalized additive models (GAMs) were applied to further confirm this association. Both cohorts
showed a consistent positive association between higher RAR values and increased 1-year mortality risk (Figure 1).

Table | Baseline Characteristics of Participants in the MIMIC-IV and NHANES Cohorts

Variable MIMIC-IV MIMIC-IV P Value | NHANES NHANES P Value
Survival (n=1,675) | Death (n=974) Survival (n=2,314) | Death (n=101)
Age, years 69 + 16 74 + 15 <0.001 63 + 20 73+ 14 <0.001
Sex, n (%) 0.16 0.002
Male 868 533 1007 60
Female 807 441 1307 41
RDW 14.6 £2.5 155 +3.2 <0.001 134+ 1.6 143 £22 <0.001
Albumin, g/L | 34 £ 9 30+8 <0.001 41 £ 4 395 <0.001
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Table 2 Association Between RAR Quartiles and |-Year Mortality in COPD Patients in the MIMIC-IV and NHANES

Cohorts
Dataset Model Quartile 1 (Ref) Quartile 2 HR Quartile 3 HR Quartile 4 HR P for Trend
(95% CI) (95% CI) (95% CI)
MIMIC-IV | Crude 1.00 2.58 (1.98-3.37) | 4.04 (3.11-5.24) 7.47 (5.75-9.70) <0.001
MIMIC-IV | Model | 1.00 2.53 (1.93-3.31) 3.98 (3.05-5.19) 7.90 (6.05-10.32) <0.001
NHANES | Crude 1.00 2.70 (0.96-7.61) | 5.43 (2.07-14.24) 12.70 (5.05-31.91) | <0.001
NHANES | Model | 1.00 2.43 (0.86-6.88) | 4.68 (1.78-12.35) 11.16 (4.42-28.18) | <0.001

Notes: This table presents the association between RAR quartiles (QI-Q4) and the |-year mortality risk in patients with chronic obstructive
pulmonary disease (COPD). QI was used as the reference group, and hazard ratios (HRs) with 95% confidence intervals (Cls) for Q2, Q3, and Q4
were calculated to assess differences in risk. The crude model includes no covariate adjustments and reflects the unadjusted association between RAR
and mortality risk. Model | is adjusted for age and sex.P for trend was calculated to assess the linear trend between RAR quartiles and mortality risk.
A P value < 0.001 indicates a statistically significant trend.

Predictive Performance of RAR for |-Year Mortality in COPD Patients

Univariate predictive models were applied using both the MIMIC-IV and NHANES datasets to evaluate the ability of
various inflammatory markers to predict 1-year mortality in patients with chronic obstructive pulmonary disease (COPD).
RAR consistently demonstrated the highest predictive performance in both datasets. In the MIMIC-IV dataset, the area
under the receiver operating characteristic curve (AUC) for RAR was 0.697, which was notably higher than that of other
markers (NLR: 0.618; MLR: 0.614; PLR: 0.551; SII: 0.569; SIRI: 0.605; RDW: 0.627; ALB: 0.678). Similarly, in the
NHANES dataset, the AUC of RAR was 0.733, again exceeding those of other markers (NLR: 0.684; MLR: 0.675; PLR:
0.614; SII: 0.639; SIRI: 0.682; RDW: 0.697; ALB: 0.680).

After adjusting for age and sex, the predictive ability of RAR further improved, with AUCs increasing to 0.724 in the
MIMIC-IV dataset and 0.787 in the NHANES dataset, indicating its stability and reliability in predicting mortality risk in
COPD (Figure 2). Sensitivity and specificity were also assessed for each univariate model. RAR-containing models
consistently demonstrated stronger discriminatory capacity and greater clinical applicability than other biomarkers
(Table 3).

Multivariate models with and without RAR were further compared. In the MIMIC-IV dataset, the inclusion of RAR
improved the AUC to 0.731, compared with 0.652 for the model without RAR. Similarly, in the NHANES dataset, the
model including RAR achieved an AUC of 0.801, outperforming the model without RAR (AUC = 0.737) (Figure 3).
These results collectively support the added value of RAR in enhancing predictive accuracy and facilitating more precise
risk stratification.

To evaluate the correlation between inflammatory markers, Spearman correlation heatmaps were generated for both
datasets (Figure 4). The results consistently revealed weak correlations between RAR and other markers, indicating low
collinearity. This suggests that RAR may reflect a relatively independent inflammatory profile, supporting its potential
role as an independent predictor of 1-year mortality in COPD patients.

Discussion
Using data from two large-scale cohorts, MIMIC-IV and NHANES, we systematically evaluated the association between
the red cell distribution width-to-albumin ratio (RAR) and 1-year mortality in patients with chronic obstructive
pulmonary disease (COPD). The results showed that RAR significantly outperformed other commonly used inflamma-
tion-related indices, including the neutrophil-to-lymphocyte ratio (NLR), monocyte-to-lymphocyte ratio (MLR), systemic
immune-inflammation index (SII), and systemic inflammation response index (SIRI), in predicting mortality risk among
COPD patients. These findings provide robust evidence for the prognostic value of RAR across distinct clinical settings.
During the pathophysiological progression of COPD, elevated red cell distribution width (RDW) is often closely

20,21

associated with chronic inflammation and hypoxic states.”?** Previous studies have suggested that malnutrition may

also contribute to increased RDW>*%> and decreased albumin levels. Systemic inflammation and chronic hypoxemia
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Figure | Relationship between the RAR value and the |-year mortality probability in patients with chronic obstructive pulmonary disease (COPD). Panels (A) (MIMIC
database) and (B) (NHANES database) depict smoothed curves fitted using generalized additive models (GAMs). The x-axis (RAR) represents the range of RAR values, while

the y-axis (predicted probability) indicates the model-estimated |-year mortality probability. The curve reflects the association between RAR values and mortality risk;
a steeper slope suggests a more substantial change in predicted risk.

stimulate the secretion of erythropoietin (EPO), accelerating erythropoiesis and red blood cell release.”® Under EPO
stimulation, the bone marrow may release immature reticulocytes with larger volumes, thereby increasing RDW.
Inflammatory cytokines can additionally impair erythrocyte membrane integrity, resulting in greater red blood cell
volume heterogeneity.”” At the same time, malnutrition contributes to reduced albumin levels,® and inflammatory
mediators further suppress hepatic albumin synthesis.”**° The combined effects of chronic hypoxia and inadequate
nutritional intake aggravate this imbalance, ultimately leading to elevated RAR levels. Increased RAR may thus reflect

a systemic disturbance involving inflammation, oxygenation, and nutrition, which is particularly relevant in COPD.
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Figure 2 Panels (A) and (B) show the receiver operating characteristic (ROC) curves based on the MIMIC database: Panel (A) presents the univariate model, and Panel (B)
displays the model adjusted for age and sex. Panels (C) and (D) display the corresponding results derived from the NHANES database.

In both the critically ill population from the MIMIC-IV database and the community-based population from the
NHANES database, RAR consistently demonstrated superior predictive performance for 1-year mortality compared to
traditional inflammatory markers such as NLR and PLR. This consistent performance across distinct cohorts highlights
the added value of combining inflammatory and nutritional information in a single index, and supports RAR’s robustness
and generalizability as a prognostic biomarker in COPD.

From a clinical perspective, RAR may complement established prognostic tools such as the GOLD classification and
BODE index. Its low cost, ease of measurement, and availability in routine laboratory testing make it an attractive option
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Table 3 Comparison of the Youden Index, Sensitivity, and Specificity

AUC Sensitivity Specificity Youden Index
MIMIC
Crude
RAR 0.697 0.6632444 0.6304478 1.293692
NLR 0.618 0.4702259 0.7170149 1.187241
MLR 0.614 0.6252567 0.5558209 1.181078
PLR 0.551 0.5256674 0.5886567 1.114324
NI 0.569 0.4702259 0.6585075 1.128733
SIRI 0.606 0.7556468 0.4101493 1.165796
RDW 0.627 0.5472279 0.6477612 1.194989
ALB 0.678 0.761807 0.4943284 1.256135
MIMIC
Model |
RAR 0.724 0.7392197 0.601194 1.340414
NLR 0.647 0.6252567 0.5874627 1.212719
MLR 0.642 0.6406571 0.5767164 1.217374
PLR 0.625 0.6848049 0.4985075 1.183312
Sl 0.631 0.5903491 0.6035821 1.193931
SIRI 0.639 0.6190965 0.5910448 1.210141
RDW 0.667 0.7546201 0.4937313 1.248351
ALB 0.71 0.7197125 0.5976119 1.317324
NHANES
Crude
RAR 0.733 0.8613861 0.491357 1.352743
NLR 0.684 0.6831683 0.6624892 1.345658
MLR 0.675 0.4950495 0.8120138 1.307063
PLR 0614 0.4554455 0.7484875 1.203933
N 0.639 0.5940594 0.7065687 1.300628
SIRI 0.682 0.7227723 0.6071737 1.329946
RDW 0.697 0.6534653 0.6486603 1.302126
ALB 0.68 0.6930693 0.5574762 1.250546
NHANES
Model |
RAR 0.787 0.7128713 0.707433 1.420304
NLR 0.73 0.8415842 0.5466724 1.388257
MLR 0.73 0.6336634 0.7091616 1.342825
PLR 0.719 0.9405941 0.4295592 1.370153
NI 0.726 0.9009901 0.4749352 1.375925
SIRI 0.728 0.7227723 0.6473639 1.370136
RDW 0.749 0.7425743 0.6503889 1.392963
ALB 0.772 0.7425743 0.6668107 1.409385

Notes: Table 3 presents the comparison of predictive performance among different inflam-
mation-related indices in both MIMIC-IV and NHANES cohorts. Each marker is evaluated in
two models: Crude: Unadjusted model.Model |: Model adjusted for age and sex.

for early risk stratification and personalized management of COPD patients. Incorporating RAR into existing prognostic
models may help clinicians better identify high-risk patients and optimize therapeutic decisions.

Nevertheless, several limitations should be noted. First, the retrospective design precludes causal inference. Second,
although multivariable adjustments were applied, the possibility of residual confounding cannot be excluded. Third, both
MIMIC-IV (2008-2019) and NHANES (2003-2018) datasets represent relatively old cohorts, and advances in COPD
management in recent years may influence generalizability. Future studies should therefore validate these findings in
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Figure 3 Panels (A) (MIMIC database) and (B) (NHANES database) illustrate ROC curves generated from two datasets to compare the contribution of RAR to model
predictive performance. The model including RAR consisted of seven variables: age, sex, RAR, neutrophil-to-lymphocyte ratio (NLR), monocyte-to-lymphocyte ratio (MLR),
platelet-to-lymphocyte ratio (PLR), systemic immune-inflammation index (Sll), and systemic inflammation response index (SIRI). The model excluding RAR contained the
same covariates except RAR. The x-axis (| — Specificity) represents the false positive rate, and the y-axis (Sensitivity) indicates the true positive rate. The red curve (With
RAR) represents the model that includes the RAR variable, while the blue curve (Without RAR) corresponds to the model without the RAR variable. The area under the
curve (AUC) quantifies the model’s discriminatory ability; a larger AUC indicates better predictive performance.
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Figure 4 Panels (A) and (B) show the Spearman correlation coefficients among variables in the MIMIC and NHANES datasets, respectively. The color intensity indicates the
strength of correlation, with blue representing positive correlations and red indicating negative correlations. The color bar represents the range of correlation coefficients,
from —I to I.

large-scale, prospective, multicenter cohorts with updated data. In addition, mechanistic studies are warranted to further
elucidate the role of RAR in inflammatory regulation, nutritional metabolism, and erythropoiesis. Such work may help
clarify the pathophysiological basis of RAR and promote its application in early intervention and individualized
treatment for COPD. Lastly, in the MIMIC-IV cohort, we could not distinguish whether hospital admissions were due
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to acute exacerbation of COPD (AECOPD) or other comorbid conditions, such as infection, heart failure, or procedural
indications. This heterogeneity may have introduced residual confounding, particularly if certain causes disproportio-
nately affected RDW or albumin levels. Such bias may have amplified the observed association between RAR and
mortality. Future studies using datasets with detailed clinical notes or admission diagnoses are needed to confirm our
findings in more homogenous COPD subgroups.

Conclusion

In conclusion, our study demonstrates that the red cell distribution width-to-albumin ratio (RAR) is a robust and
independent predictor of 1-year mortality in patients with COPD. Given its accessibility and integrative reflection of
inflammation and nutritional status, RAR may serve as a valuable tool in clinical risk stratification and decision-making.
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