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Purpose: High levels of red blood cell distribution width (RDW) and hypoalbuminemia are markers of poor prognosis in chronic
obstructive pulmonary disease (COPD) patients. However, few studies have shown that the red blood cell distribution width—albumin
ratio (RAR) is related to the mortality of COPD. This study aimed to explore the relationship between RAR and hospital mortality in
COPD patients admitted to the intensive care unit (ICU).

Patients and Methods: Patients were retrospectively incorporated from the Medical Information Mart for Intensive Care IV
(MIMIC-1V) database and divided into two groups by a cutoff value of RAR. Propensity score matching (PSM) was performed to
adjust for the imbalance of covariates. Logistic regression models and subgroup analyses were carried out to investigate the
relationship between RAR and hospital mortality. The receiver operating characteristic (ROC) curve was used to evaluate the
predictive performance of RAR and decision curve analysis (DCA) to assess the clinical utility.

Results: In total, 1174 patients were finally identified from the MIMIC-IV database. The cutoff value for RAR was 5.315%/g/dL.
After PSM at a 1:1 ratio, 638 patients were included in the matched cohort. In the original and matched cohorts, the high RAR group
had higher hospital mortality and longer hospital stays. Logistic regression analysis suggested that RAR was an independent risk factor
for hospital mortality. The areas under the ROC curve in the original and matched cohorts were 0.706 and 0.611, respectively, which
were larger than applying RDW alone (the original cohort: 0.600, the matched cohort: 0.514). The DCA indicated that RAR had
a clinical utility.

Conclusion: A higher RAR (>5.315%/g/dL) was associated with hospital mortality in COPD patients admitted to ICU. As an easily
available peripheral blood marker, RAR can predict hospital mortality in critically ill patients with COPD independently.
Keywords: chronic obstructive pulmonary disease, red blood cell distribution width, albumin, hospital mortality, MIMIC-IV

Introduction

Chronic obstructive pulmonary disease (COPD), a common respiratory disease, is a progressive inflammatory disease of the
airways, alveoli, and microvascular system characterized by irreversible airflow limitation." Epidemiological statistics show
that, in 2015, estimated 299 million people worldwide suffered from COPD, and more than 3 million died of the disease.>
COPD is the third leading cause of death worldwide after ischemic heart disease and cerebrovascular disease.” Many COPD
patients need admission to intensive care units (ICU) due to acute respiratory failure, where the clinical course may be
complicated by concurrent multiple organ dysfunction, which has a high mortality.** Moreover, in the ICU, higher mortality
was observed in patients with COPD compared with patients without COPD.® Therefore, accurate assessment of prognosis is
vital for the clinical management of COPD patients admitted to the ICU, and the development of a certain easily accessible
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marker associated with hospital mortality is also necessary, which can help clinicians detect patients with high hospital
mortality early and take more aggressive action.

The red blood cell distribution width—albumin ratio (RAR, %/g/dl) is equal to the red blood cell distribution width
(RDW) divided by serum albumin. RDW reflects the degree of heterogeneity in red blood cell volume and is
traditionally used for the identification of anemia, while recent evidence indicates that elevated RDW levels are also
common in inflammatory diseases, such as cardiovascular disease, community-acquired pneumonia, and COPD.” Early
studies have shown that elevated RDW levels are associated with the severity of stable COPD and the risk of death, as
well as the prognosis after hospitalization for acute exacerbation of COPD (AECOPD).*'® Serum albumin is
commonly applied clinically to assess malnutrition status, and prior studies have demonstrated that a low level of
albumin is an important predictor of increased mortality in COPD.'"'? Given this, we conjecture that RAR is
a negatively correlated indicator of COPD prognosis. Previous studies have also indicated that RAR is associated
with mortality in patients with stroke,'® diabetes,'* severe pneumonia,'> and acute respiratory distress syndrome.'®
However, there are few studies that explore the relationship between RAR and the prognosis of COPD patients. Hence,
this study aimed to investigate the association between RAR and hospital mortality of COPD patients admitted to the
ICU, to provide a reference for the clinical management of critically ill patients with COPD.

Materials and Methods

Data Sources
This study was retrospective, and data were obtained from the Medical Information Mart for Intensive Care IV (MIMIC-1V)
Database (version 1.0) (https://physionet.org/content/mimiciv/1.0/), an open-access single-center critical care clinical data-

base containing information on patients admitted to Beth Israel Deaconess Medical Center (Boston, Massachusetts) from
2008 to 2019."7 This database was approved by the Institutional Review Board of the Massachusetts Institute of Technology.
Our study was conducted following the Declaration of Helsinki, and the first author (Yuanjie Qiu) completed an online
training course and a human research participant protection examination at the National Institutes of Health (NIH), with
permission to extract data from the MIMIC-IV database (Record ID: 46544414). Given the nature of the retrospective study
and the use of de-identified patient data extracted from public databases, patient informed consent was not applicable. This
study was deemed exempt from review by the Ethics Committee of The First Affiliated Hospital of Xi’an Jiaotong University.
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Selection of Study Population

Patients diagnosed with COPD according to the tenth revision of the International Classification of Diseases (ICD10)
(J44, 1440, J441, J449). Patients older than 18 years were included in this study. For patients with multiple admissions,
this study included only first-time admissions and first-time ICU admissions. Patients who stayed in the ICU for less than
24 hours and those with missing values for study variables were excluded.

Variable Extraction

Navicat Premium 15 (version 15.0.12) was used to build a data management platform and extract research data. STATA 14.0
software was exercised to merge data. We extracted study variables including demographic characteristics (age, gender,
weight), vital signs [respiratory rate (HR), heart rate (RR), mean non-invasive blood pressure (NBPm)], initial laboratory data
[peripheral leukocyte, erythrocyte, platelets, hemoglobin, serum creatinine, blood urea nitrogen (BUN), aspartate transferase
(AST), RDW, albumin], and assisted respiration conditions (high-flow oxygen inhalation, non-invasive mechanical ventila-
tion, invasive mechanical ventilation). Acute Physiological Score III (APS III), Oxford Acute Severity of Illness Score
(OASIS), and Sequential Organ Failure Assessment (SOFA) scores were also extracted. RAR (%/g/dL) was calculated as
RDW (%) divided by serum albumin (g/dL).

We identified comorbidities by the ninth or tenth revision of the International Classification of Diseases (ICD-9/10),
including myocardial infarct, congestive heart failure, peripheral vascular disease, cerebrovascular disease, mild liver
disease, moderate-to-severe liver disease, diabetes without chronic complication, diabetes with chronic complication,
renal disease, malignant tumor, acute respiratory failure. Chronic hepatitis or cirrhosis without portal hypertension was
considered mild liver disease, whereas cirrhosis with portal hypertension, with or without a history of variceal
hemorrhage, was classified as moderate-to-severe liver disease.'® The age-adjusted Charlson comorbidity index (CCI)
determined by the ICD-9/10 was an assessment tool specifically designed to predict long-term mortality.'®>!

The primary outcome of this study was hospital mortality. Secondary outcomes encompassed length of hospital stay
and length of ICU stay.

Outliers
In our study, values above 99% or below 1% of continuous variables were considered outliers, and we replaced outliers
with 99% or 1% of the point values. Outliers were processed using STATA 14.0 software.

Statistical Analysis

Based on the principle of maximizing the sum of specificity and sensitivity of the receiver operating characteristic curve
(ROCQ), the optimal cutoff value of RAR was determined, and the subjects were divided into the low RAR and the high
RAR group. Continuous variables meeting the normal distribution and homogeneity were expressed as mean + standard
deviation, and the differences were analyzed using the #-test. Continuous variables not meeting the normal distribution or
homogeneity were presented as median [interquartile range], and the Wilcoxon rank-sum test was applied to analyze the
differences. Categorical variables were reported as numbers (percentage), and the chi-square test was exerted to compare
the two groups’ differences.

A 1:1 propensity score matching (PSM) was applied to adjust for the imbalance of covariates between the two groups
to ensure the robustness of our results. Univariate and multivariate logistic regression analyses were also performed on
the original and matched cohorts to investigate the association between RAR and hospital mortality by calculating
adjusted odds ratios (ORs). In Model 1, adjusted for age, gender, and weight; in Model 2, adjustments were made for the
variables in Model 1 plus comorbidities; in Model 3, covariates included the variables in Model 2 plus the scoring system
and comorbidity index; in Model 4, the covariates in Model 3 plus both vital signs and laboratory data were adjusted. We
further carried out an exploratory subgroup analysis in the original cohort to investigate whether RAR remained

a prognostic factor in certain patient subgroups.
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The ROC curve was utilized to compare the predictive performance of RAR and RDW in predicting hospital
mortality. Decision curve analysis (DCA) was used to assess the clinical utility of RAR. All analyses were performed
using R software (version 4.1.2) and P<0.05 was considered statistically significant.

Results

Patient Characteristics

According to the above criteria, 1174 COPD patients admitted to the ICU were finally identified from the MIMIC-IV database
(version 1.0) (Figure 1). Baseline clinical characteristics of patients in the original cohort before PSM are presented in Table 1 in
detail. The cutoff value for RAR was 5.315%/g/dL in accordance with the maximization of the sum of specificity and sensitivity
of the ROC curve. Following this, the enrolled patients were divided into the low RAR group (<5.315%/g/dL) and the high RAR
group (>5.315%/g/dL). Age, gender, weight, platelet, congestive heart failure, peripheral vascular disease, cerebrovascular
disease, diabetes without chronic complication, renal disease, high-flow oxygen therapy, and noninvasive ventilation did not
differ significantly between the two groups. However, there were significant differences between groups in RR (P<0.001), HR

COPD patients from MIMIC-
[V(v 1.0) based on ICD10
N=14250

A

Excluded repeated admissions (n=6789)

Patients admitted to hospital for
the first time
N=7461

Excluded not admitted to the ICU (n=4664)

A

v

Excluded repeated ICU admissions (n=350)

Patients admitted to the [CU for
the first time
N=2447

% Hospital stays/ICU stays <24h (n=405)

Patients with ICU stay longer
than 24 hours
N=2042

Excluded patients with a missing value
1 (n=868)

COPD patients included in this
study
N=1174

Figure | Flowchart for Patient Inclusion. Note: A total of 1174 COPD patients admitted to the ICU were included in this study.
Abbreviations: COPD, chronic obstructive pulmonary disease; MIMIC-IV, Medical Information Mart for Intensive Care IV; v1.0, version 1.0; ICU, intensive care unit.
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Table | Baseline Characteristics from the Original Cohort of COPD Admitted to the ICU

Characteristics Overall Low RAR High RAR P
N=1174 N =708 N = 466
Demographics
Age, year 71.00 [63.00, 79.00] 71.00 [63.75, 79.00] 72.00 [63.00, 80.00] 0.657
Male 637 (54.3) 390 (55.1) 247 (53.0) 0.51
Weight, kg 79.90 [64.40, 96.47] 81.60 [66.00, 96.43] 77.00 [63.00, 96.52] 0.06
Vital signs
RR, beats/min 19.50 [16.00, 24.00] 19.00 [16.00, 23.00] 20.00 [16.00, 25.00] <0.001
HR, beats/min 85.00 [75.00, 100.00] 84.00 [74.00, 97.00] 89.00 [76.00, 105.00] <0.001
NBPm, mmHg 79.00 [69.00, 92.00] 82.00 [71.75, 94.00] 76.00 [67.00, 87.00] <0.001
Laboratory parameters
RDW, % 15.30 [13.90, 17.20] 14.40 [13.40, 15.50] 17.30 [15.60, 19.50] <0.001
Serum albumin, g/dL 3.20 [2.70, 3.60] 3.50 [3.20, 3.80] 2.60 [2.40, 2.90] <0.001
Leukocyte, 107 cells/L 10.10 [7.60, 13.90] 9.60 [7.47, 13.00] 11.20 [8.00, 16.10] <0.001
Erythrocyte, 10'2 cells/L 3.40 [2.86, 3.99] 3.62 [3.10, 4.18] 3.03 [2.67, 3.57] <0.001
Hemoglobin, g/dL 9.90 [8.40, 11.70] 10.80 [9.30, 12.43] 8.70 [7.80, 10.10] <0.001
Platelet, 10° cells/L 194.00 [140.00, 254.00] 197.00 [149.00, 248.00] 189.00 [109.25, 280.25] | 0.057
Creatinine, mg/dL 1.00 [0.70, 1.60] 1.00 [0.70, 1.40] 1.20 [0.70, 1.90] <0.001
BUN, mg/dL 23.00 [15.00, 37.00] 21.00 [14.00, 31.00] 27.00 [16.00, 45.00] <0.001
AST, IU/L 29.00 [19.00, 58.00] 27.00 [18.00, 45.25] 35.00 [20.00, 70.75] <0.001
Comorbidity
Myocardial infarct 327 (27.9) 217 (30.6) 110 (23.6) 0.009
Congestive heart failure 594 (50.6) 363 (51.3) 231 (49.6) 0.591
Peripheral vascular disease 220 (18.7) 126 (17.8) 94 (20.2) 0.321
Cerebrovascular disease 189 (l6.1) 124 (17.5) 65 (13.9) 0.105
Mild liver disease 143 (12.2) 56 (7.9) 87 (18.7) <0.001
Moderate-to-severe liver disease | 72 (6.1) 22 (3.1) 50 (10.7) <0.001
DM without complication 306 (26.1) 177 (25.0) 129 (27.7) 0.309
DM with complication 210 (17.9) 113 (16.0) 97 (20.8) 0.036
Renal disease 324 (27.6) 181 (25.6) 143 (30.7) 0.062
Malignant tumor 171 (14.6) 77 (10.9) 94 (20.2) <0.001
Acute respiratory failure 454 (38.7) 213 (30.1) 241 (51.7) <0.001
Assisted respiration
High flow 139 (11.8) 74 (10.5) 65 (13.9) 0.079
Non-invasive ventilation 139 (11.8) 91 (12.9) 48 (10.3) 0.197
Invasive ventilation 616 (52.5) 344 (48.6) 272 (58.4) 0.001
Scoring system
Ccl 7.00 [6.00, 9.00] 7.00 [6.00, 9.00] 8.00 [6.00, 10.00] <0.001
SOFA 2.00 [1.00, 5.00] 2.00 [0.00, 4.00] 3.00 [1.00, 6.00] <0.001
OASIS 35.00 [29.00, 41.00] 33.00 [28.00, 39.00] 38.00 [31.00, 44.00] <0.001
APS I 50.00 [37.00, 67.00] 43.00 [32.00, 58.00] 60.00 [47.00, 81.00] <0.001

Notes: Continuous variables are represented as median [IQR]; Categorical variables are represented as n (%).
Abbreviations: COPD, chronic obstructive pulmonary disease; ICU, intensive care unit; RAR, red blood cell distribution width—albumin ratio; RR,
respiratory rate; HR, heart rate; NBPm, mean non-invasive blood pressure; RDWV, red blood cell distribution width; BUN, blood urea nitrogen; AST, aspartate
transferase; DM, diabetes mellitus; CCl, Charlson comorbidity index; SOFA, sequential organ failure assessment; OASIS, oxford acute severity of illness score;

APS lI, acute physiological score lll.

(P<0.001), NBPm (P<0.001), peripheral leukocyte (P<0.001), erythrocyte (P<0.001), hemoglobin (P<0.001), serum creatinine
(P<0.001), BUN (P<0.001), AST (P<0.001), myocardial infarction (P=0.009), liver disease (P<0.001), diabetes with chronic
complication (P=0.036), malignant tumor (P<0.001), acute respiratory failure (P<0.001), invasive ventilation (P=0.001), and
scoring system (P<0.001).
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We then matched the following covariates: age, gender, weight, vital signs, scoring system, CCI, comorbidities, and
assisted respiration. After PSM at a 1:1 ratio, a total of 638 COPD patients were included in a matched cohort and
assigned to the low RAR and the high RAR group (Table 2). Compared with the low RAR group, the peripheral blood
leukocytes (9.50¥1079/L vs 11.00¥10"9/L, P=0.002) and AST (28.00IU/L vs 34.00IU/L, P=0.013) in the high RAR
group were significantly higher, while erythrocyte (3.51*10"12/L vs 3.10%10"12/L, P<0.001) and hemoglobin (10.50g/

dL vs 8.80g/dL, P<0.001) were significantly lower.

Table 2 Baseline Characteristics from the Matched Cohort of COPD Admitted to the ICU

Characteristics Overall Low RAR High RAR P
638 319 319
Demographics
Age, year 72.00 [64.00, 80.00] 72.00 [65.00, 80.00] 73.00 [63.00, 81.00] 0.716
Male 333 (52.2) 168 (52.7) 165 (51.7) 0.874
Weight, kg 78.00 [62.65, 94.20] 78.50 [63.00, 93.40] 77.00 [62.55, 95.70] 0.757
Vital signs
RR, beats/min 20.00 [16.00, 24.75] 20.00 [16.00, 25.00] 20.00 [16.00, 24.00] 0.886
HR, beats/min 86.50 [75.00, 102.75] 87.00 [75.50, 102.00] 86.00 [73.00, 103.00] 0.859
NBPm, mmHg 78.00 [68.00, 92.00] 80.00 [69.00, 94.00] 77.00 [68.00, 90.00] 0.138
Laboratory parameters
RDW, % 15.60 [14.30, 17.60] 14.60 [13.60, 15.70] 17.20 [15.55, 19.30] <0.001
Serum albumin, g/dL 3.10 [2.60, 3.50] 3.50 [3.20, 3.80] 2.60 [2.40, 2.90] <0.001
Leukocyte, 107 cells/L 10.10 [7.60, 14.17] 9.50 [7.30, 13.25] 11.00 [8.10, 15.40] 0.002
Erythrocyte, 10'? cells/L 3.30 [2.83, 3.86] 3.51 [3.00, 4.12] 3.10 [2.71, 3.63] <0.001
Hemoglobin, g/dL 9.50 [8.30, 11.28] 10.50 [9.00, 12.20] 8.80 [7.90, 10.10] <0.001
Platelet, 10° cells/L 199.00 [140.00, 265.75] | 198.00 [149.00, 252.00] | 200.00 [126.50, 288.50] | 0.905
Creatinine, mg/dL 1.00 [0.70, 1.60] 1.00 [0.70, 1.60] 1.00 [0.70, 1.70] 0.896
BUN, mg/dL 24.00 [15.00, 39.00] 24.00 [16.00, 38.00] 24.00 [15.00, 40.50] 0.624
AST, IU/L 31.00 [19.25, 62.00] 28.00 [19.00, 52.50] 34.00 [20.00, 68.00] 0.013
Comorbidities
Myocardial infarct 169 (26.5) 84 (26.3) 85 (26.6) |
Congestive heart failure 347 (54.4) 178 (55.8) 169 (53.0) 0.525
Peripheral vascular disease 135 (21.2) 72 (22.6) 63 (19.7) 0.438
Cerebrovascular disease 96 (15.0) 49 (15.4) 47 (14.7) 0912
Mild liver disease 83 (13.0) 42 (13.2) 41 (12.9) |
Moderate-to-severe liver disease | 36 (5.6) 16 (5.0) 20 (6.3) 0.607
Diabetes without complication | 170 (26.6) 83 (26.0) 87 (27.3) 0.788
Diabetes with complication 122 (19.1) 62 (19.4) 60 (18.8) 0.92
Renal disease 203 (31.8) 106 (33.2) 97 (30.4) 0.497
Malignant cancer 111 (17.4) 57 (17.9) 54 (16.9) 0.835
Acute respiratory failure 280 (43.9) 141 (44.2) 139 (43.6) 0.936
Assisted respiration
High flow 76 (11.9) 42 (13.2) 34 (10.7) 0.392
Non-invasive ventilation 76 (11.9) 41 (12.9) 35 (11.0) 0.541
Invasive ventilation 350 (54.9) 172 (53.9) 178 (55.8) 0.691
Scoring system
Ccl 8.00 [6.00, 10.00] 8.00 [6.00, 10.00] 8.00 [6.00, 10.00] 0.249
SOFA 3.00 [1.00, 5.00] 3.00 [1.00, 5.00] 3.00 [1.00, 5.00] 0.99
OASIS 35.50 [30.00, 42.00] 35.00 [30.50, 42.00] 36.00 [30.00, 42.00] 0.905
APSIII 54.00 [43.00, 67.75] 54.00 [42.00, 67.00] 55.00 [43.00, 68.00] 0.728

Notes: Continuous variables are represented as median [IQR]; Categorical variables are represented as n (%).

Abbreviations: COPD, chronic obstructive pulmonary disease; ICU, intensive care unit; RAR, red blood cell distribution width—albumin ratio; RR,
respiratory rate; HR, heart rate; NBPm, mean non-invasive blood pressure; RDW, red blood cell distribution width; BUN, blood urea nitrogen; AST,
aspartate transferase; DM, diabetes mellitus; CCl, Charlson comorbidity index; SOFA, sequential organ failure assessment; OASIS, oxford acute
severity of illness score; APS I, acute physiological score lIl.
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Clinical Outcomes

The clinical outcomes of COPD patients are shown in Table 3. In the original cohort, hospital mortality was significantly
higher in the high RAR group [130 (27.9%) vs 61 (8.6%), P<0.001]. Similar results were obtained in the matched cohort
[72 (22.6%) vs 44 (13.8%), P=0.005]. The length of hospital stays was also longer in the high RAR group both in the
original (14 days vs 9 days, P<0.001) and matched cohort (13 days vs 10 days, P<0.001). After PSM, the difference in
the length of ICU stays between the two groups was not statistically significant (P=0.133).

Association Between RAR and Hospital Mortality

The results of logistic regression analyses of RAR for predicting hospital mortality are exhibited in Table 4. The raw
model, which did not adjust for any variables, showed that RAR was associated with hospital mortality in COPD patients
(Original cohort: OR 1.51, 95% CI 1.38-1.66, P<0.001; Matched cohort: OR 1.30, 95% CI 1.15-1.46, P<0.001). Model
1, Model 2, Model 3, and Model 4 were adjusted for relevant covariates as described in the methods above. In the
original cohort, the adjusted OR for Model 1, Model 2, Model 3, and Model 4 were 1.53 (95% CI 1.39-1.68, P<0.001),
1.46 (95% CI 1.32-1.62, P<0.001), 1.28 (95% CI 1.15-1.43, P<0.001), and 1.27 (95% CI 1.12-1.43, P<0.001),
respectively. Likewise, the adjusted OR in the matched cohort were 1.30 (95% CI 1.16-1.47, P<0.001), 1.32 (95% CI
1.17-1.50, P<0.001), 1.32 (95% CI 1.16-1.51, P<0.001), and 1.31 (95% CI 1.13-1.52, P<0.001), respectively. These
results suggested that a high level of RAR was an independent risk factor for hospital mortality in COPD patients
admitted to the ICU.

Table 3 Clinical Outcomes of COPD Patients Admitted to the ICU in the Original and Matched

Cohorts
Overall Low RAR High RAR P
Orriginal cohort N=1174 N=708 N=466
Hospital stays, day 10.00 [6.00, 18.00] 9.00 [5.00, 15.00] 14.00 [8.00, 22.75] <0.001
ICU stays, day 3.00 [1.00, 6.00] 2.00 [1.00, 5.00] 4.00 [2.00, 9.00] <0.001
Hospital mortality 191 (16.3) 61 (8.6) 130 (27.9) <0.001
Matched cohort N=638 N=319 N=319
Hospital stays, day 12.00 [7.00, 19.00] 10.00 [6.00, 16.50] 13.00 [7.50, 21.50] <0.001
ICU stays, day 3.00 [2.00, 7.00] 3.00 [1.00, 7.00] 3.00 [2.00, 7.00] 0.133
Hospital mortality 116 (18.2) 44 (13.8) 72 (22.6) 0.005

Notes: Continuous variables are represented as median [IQR]; Categorical variables are represented as n (%).
Abbreviations: COPD, chronic obstructive pulmonary disease; ICU, intensive care unit; RAR, red blood cell distribution width—
albumin ratio.

Table 4 Logistic Regression Analysis of RAR for Predicting Hospital
Mortality in COPD Patients Admitted to the ICU

Original Cohort Matched Cohort
OR (95% CI) P OR (95% CI) P
Unadjusted 1.51(1.38-1.66) <0.001 1.30(1.15—1.46) <0.001
Model | 1.53(1.39-1.68) <0.001 1.30(1.16-1.47) <0.001
Model 2 1.46(1.32-1.62) <0.001 1.32(1.17-1.50) <0.001
Model 3 1.28(1.15-1.43) <0.001 1.32(1.16-1.51) <0.001
Model 4 1.27(1.12-1.43) <0.001 1.31(1.13-1.52) <0.001

Notes: Model | adjusted for age, gender, and weight. Model 2 adjusted for model | plus
comorbidities. Model 3 adjusted for model 2 plus scoring system and CCI. Model 4 adjusted for
model 3 plus vital signs and laboratory parameters.

Abbreviations: RAR, red blood cell distribution width—albumin ratio; COPD, chronic obstruc-
tive pulmonary disease; ICU, intensive care unit; OR, odds ratio; 95% Cl, 95% confidence index;
CCl, Charlson comorbidity index.
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To further investigate whether RAR remained a risk factor for hospital mortality in certain disease subgroups, an
exploratory subgroup analysis was performed on the original cohort. The Forest plot expressed that high RAR was a risk
factor for hospital mortality in all disease subgroups except those with moderate-to-severe liver disease (Figure 2).

Variables N OR (95%Cl) P value
All 1174 — 1.51(1.38-1.66)  <0.001
Age

<65y 332 —_— 1.41(1.20-1.65) <0.001

>=65y 842 — 1.60 (1.43-1.80)  <0.001
Gender

Male 637 — 1.53 (1.36-1.74)  <0.001

Female 537 — 1.48(1.29-1.72)  <0.001
Myocardial infarction

Yes 327 — 1.46 (1.23-1.74)  <0.001

No 847 — 1.54 (1.38-1.72)  <0.001
Congestive heart failure

Yes 594 —_— 1.49 (1.30-1.72)  <0.001

No 580 — 1.53(1.35-1.74)  <0.001
Peripheral vascular disease

Yes 220 ' 1.58 (1.30-1.96)  <0.001

No 954 — 1.50 (1.35-1.66)  <0.001
Cerebrovascular disease

Yes 189 ' 1.76 (1.38-2.30)  <0.001

No 985 — 1.49 (1.35-1.65)  <0.001
Mild liver disease

Yes 143 1.44 (1.17-1.81)  0.001

No 1031 — 1.53(1.38-1.70)  <0.001
Moderate-to-severe liver disease

Yes 72 ¢ | 1.17 (0.89-1.55)  0.249

No 1102 — 1.54 (1.39-1.70)  <0.001
Diabetes without chronic complication

Yes 306 —_— 1.44 (1.20-1.74)  <0.001

No 868 — 1.54 (1.38-1.72)  <0.001
Diabetes with chronic complication

Yes 210 —_— 1.25(1.03-1.51) 0.02

No 964 — 1.60 (1.44-1.79)  <0.001
Renal disease

Yes 324 —_— 1.45(1.23-1.73)  <0.001

No 850 — 1.54 (1.38-1.72)  <0.001
Malignant cancer

Yes 171 | 1.33(1.04-1.72)  0.023

No 1003 — 1.54 (1.39-1.70)  <0.001
Acute respiratory failure

Yes 454 —_— 1.57 (1.37-1.81)  <0.001

No 720 | -—-—Ic | | 1.39 (1.21-1.58)  <0.001

1 1.5 2 25
OR

Figure 2 Subgroup analysis of RAR for predicting hospital mortality.

Notes: The OR values of RAR for predicting hospital mortality in each subgroup were greater than | (P<0.05), indicating that RAR was an independent factor for predicting
hospital mortality, except in the moderate-to-severe liver disease subgroup (OR .17, 95% Cl 0.89—1.55, P=0.249).

Abbreviations: OR, odds ratio; Cl, confidence interval.
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Clinical Value of RAR

The ROC curves for RAR to predict hospital mortality are presented in Figure 3. In the original cohort (Figure 3A), the
area under the ROC curve (AUC) was 0.706 (95% CI: 0.665—0.747), and the cutoff for RAR to predict hospital mortality
was 5.315%/g/dL, with a specificity of 0.658 and a sensitivity of 0.681. In the matched cohort (Figure 3B), the AUC was
0.611 (95% CI 0.551-0.670), and the cut-off value of RAR was 6.165%/g/dL, with the specificity and sensitivity being
0.739 and 0.491, respectively. The AUC of RAR for predicting hospital mortality was larger than that of RDW alone [the

A Predicting hospital mortality in original cohort B Predicting hospital mortality in matched cohort
e °
o ©
S 7 S 7
5.315 (0.658, 0.661)
© _| ©
= S
> 15.750 (0.607,0.565) >
£ Z
S S 6.165 (0.739, 0.49])
172} 12}
< _| <
o o
17.350/(0.747, 0.336)
—— RAR AUC:0.706 RAR AUC: 0.611
o~ o
o S
P value < 0.001 —— RDW AUC: 0.600 P value < 0.001 —— RDW AUC: 0.514
o ]
S S
T T T T
0.0 0.5 1.0 0.0 0.5 1.0
1 - Specificity 1 - Specificity
Predicting hospital mortality in original cohort Predicting hospital mortality in matched cohort
e <
o ©
S o
3.150 (0.583, 0.738)
315 (0.658, 0.681)
© | © _|
= S
2 2
2 2
% g 5 (0.739, 0.491)
12} 12}
< | <+ | 50 (0.812, 0.422)
S S
—— RAR AUC:0.706 —— RAR AUC: 0611
o~ ~
o 7| S
Pvalue = 0.611 —— ALB AUC:0.699 P value = 0.176 —— ALB AUC: 0.635
o )
S 7 S 7
T T T T T
0.0 0.5 1.0 0.0 05 1.0
1 - Specificity 1 - Specificity

Figure 3 The ROC curves for RAR, RDVY, and serum albumin to predict hospital mortality of COPD patients admitted to ICU in the original cohort (A and C) and the
matched cohort (B and D).

Notes: For RAR, RDVY, and serum albumin to predict hospital mortality in the original cohort, the areas under the ROC curve (AUC) were 0.706, 0.600, and 0.699,
respectively. In the matched cohort, the AUCs for RAR, RDW, and serum albumin to predict hospital mortality were 0.611, 0.514, and 0.635, respectively. RAR had
asubstantially larger AUC than RDW alone (P<0.001).

Abbreviations: RAR, red blood cell distribution width—albumin ratio; RDWY, red blood cell distribution width; ALB, albumin; AUC, the areas under the receiver operating
characteristic curve.
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Figure 4 The DCA for assessing the clinical utility of RAR in COPD patients admitted to ICU in the original cohort (A) and the matched cohort (B).

Notes: RAR added a higher net benefit than the “all treatment” or “none treatment” approach in the original cohort and the matched cohort when the risk threshold
probability was in the range of 0—100%.

Abbreviation: RAR, red blood cell distribution width—albumin ratio.

original cohort (Figure 3A): 0.706 vs 0.600, P<0.001; the matched cohort (Figure 3B): 0.611 vs 0.514, P<0.001],
whereas RAR and serum albumin alone did not significantly differ in predicting hospital mortality [the original cohort
(Figure 3C): 0.706 vs 0.699, P=0.611; the matched cohort (Figure 3D): 0.611 vs 0.635, P=0.176].

The DCA was used to assess the clinical utility of RAR for predicting hospital mortality. As shown in Figure 4A and B,
when the risk threshold probability was in the 0—-100% interval, RAR added more net benefit than the “all treatment” or
“none treatment” strategy in the original cohort and the matched cohort, suggesting that RAR may have a good clinical
utility performance.

Discussion

This study included 1174 critically ill patients diagnosed with COPD in the MIMIC-IV database, and for the first time
explored the relationship between RAR and hospital mortality in COPD patients admitted to the ICU. The findings
suggested that RAR could be used as a marker of poor prognosis in severe COPD patients. Higher RAR levels were
associated with higher hospital mortality and longer hospital stays. After PSM and subgroup analyses, the association of
RAR with hospital mortality remained significant.

RAR is a combined marker of RDW and albumin. Recently, RDW was found to be a prognostic marker for multiple
respiratory diseases that share the common feature of arterial hypoxemia, suggesting a correlation between RDW and
arterial hypoxemia.?>* It is well known that COPD is one of the causes of the global hypoxic burden, and an increase in
RDW predicts poor outcomes in certain diseases, including many hypoxic conditions.** Prior studies have shown higher
RDW in patients requiring long-term oxygen therapy and non-invasive ventilation, and these patients tend to be sicker
and have a worse prognosis, suggesting that high RDW can be used as an indicator of poor prognosis in COPD.* The
exact mechanism is still unclear, but previous research has shown that acute hypoxia can stimulate a significant increase
in serum erythropoietin, thereby inducing the generation of enlarged erythrocytes, resulting in an increase in RDW, which
is a possible explanation.?

Numerous studies have revealed that RDW can be tightly linked to COPD severity and mortality and that a higher
level of RDW can independently predict poor COPD outcomes. Tertemiz et al found a significant difference in RDW
between COPD grades (GOLD 1 13.5%; GOLD 2 13.9%; GOLD 3 14.4%; GOLD 4 15.7%; P <0.001), and that the high
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RDW group also had worse survival than the low RDW group (31% vs 75%).® Ekrem Cengiz Seyhan et al also
retrospectively analyzed 270 patients with stable COPD and concluded that elevated RDW levels were associated with an
increased risk of death (OR 1.12; 95% CI 1.01-1.24; P = 0.01).° Similar research findings were also found in
AECOPD.'? Although the pathophysiological mechanisms underlying the relationship between high levels of RDW
and poor prognosis are not fully understood, studies have demonstrated that erythrocyte sedimentation rate (ESR) and
high-sensitivity C-reactive protein (Hs-CRP) can independently predict RDW.?” ESR and Hs-CRP are common markers
of inflammatory activity. Based on these, we speculated that the chronic inflammatory state of COPD might be one of the
mechanisms of high mortality in COPD patients with high levels of RDW.

Serum albumin plays a crucial role in maintaining physiological homeostasis and contributes to anti-inflammatory effects.*®
Hypoalbuminemia is strongly associated with increased inflammation and the risk of malnutrition.”> Albumin is oxidized under
conditions of oxidative stress and chronic inflammation, resulting in marked hypoalbuminemia, which may be involved in the
pathogenesis of inflammatory diseases.’*>' COPD is a common chronic inflammatory disease." Gunen et al prospectively
assessed clinical parameters at admission in 205 consecutive patients hospitalized for AECOPD and found that mortality was
associated with lower serum albumin levels (RR 0.411; 95% CI 0.205-0.824; P = 0.012)."" A study by Tokgoz Akyil et al
reached similar conclusions.'? Previous research also showed that malnutrition affected mortality in patients admitted to ICU.*?
In view of these, a low level of serum albumin might be one of the poor prognostic markers in COPD patients admitted to ICU,
possibly due to inflammatory and malnutrition mechanisms.

Recently, RAR has been gradually found to be associated with mortality from acute respiratory distress syndrome,'®
stroke,'? severe pneumonia,'” and heart failure.*> However, few studies have shown that RAR is related to the mortality
of COPD. Our research illustrated that RAR could predict hospital mortality in COPD patients admitted to ICU. It was
found that patients in the high RAR group had significantly higher levels of peripheral blood leukocytes after PSM
(9.5x10"9 cells/L vs 11.0x10"9 cells/L; P=0.002), indicating that inflammation may be one of the mechanisms of RAR.
Based on the possible mechanisms of RDW and serum albumin, we speculate that the mechanism by which RAR predicts
hospital mortality may be explained by the role of hypoxia, inflammation, and malnutrition. In our study, AUC intuitively
showed that RAR was more effective than RDW in predicting hospital mortality in severe COPD patients (the original
cohort: 0.706 vs 0.600, P<0.001; the matched cohort: 0.611 vs 0.514, P<0.001), while there was no significant difference
between RAR and serum albumin (the original cohort: P=0.611; the matched cohort: P=0.176). DCA also indicated that
RAR may have a good clinical utility performance. To this end, we believe it is necessary to measure RAR by adding the
ratio of RDW and albumin, which is a non-invasive, reproducible, and easily accessible measurement.

The data of this study were derived from MIMIC-IV (version 1.0), and a total of 1174 patients were included, which
had the advantage of large sample size, and its results had some persuasion. In retrospective studies, confounders
inevitably influenced the results; however, we used PSM analysis to adjust for the imbalance of confounding factors, and
after PSM, the two groups were well matched except for hematological parameters. The relationship between RAR and
hospital mortality in critically ill patients with COPD was established both before and after PSM, and the results were
more reliable. Moreover, the subgroup analysis also showed that the results of this study were not affected by age,
gender, or some coexisting diseases.

However, there were some limitations in this study. First, the data were extracted from public databases, and some
indicators had many missing values and were not included in this study. Secondly, this study was designed as a single-
center, with the possibility of selection bias, and it was necessary to further validate the results of this research.
Moreover, we only analyzed the initial admission values of RDW and albumin. We did not analyze the values of their
dynamic evolution, ignoring the impact of dynamic changes in RAR. Finally, our research did not involve mechanistic
studies, and it was necessary to conduct more in-depth mechanisms in the future.

Conclusion

In conclusion, the present study indicated that a higher RAR value (>5.315%/g/dL) was associated with a higher risk of
hospital mortality in COPD patients admitted to the ICU. The RAR could be served as an independent predictor for
hospital mortality in critically ill patients with COPD. Meanwhile, well-designed, prospective, multicenter studies are
warranted to verify our findings in the future.
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