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Abstract: An excessive inflammatory response and coagulation disorder promote the occurrence and de-
velopment acute respiratory distress syndrome (ARDS). The ratio of the red blood cell distribution width to
the platelet count (RPR) is a novel predictor of mortality in patients with ARDS. The purpose of this study
was to determine the association between RPR and all-cause mortality in patients with ARDS. This study
analyzed data obtained from the Medical Information Mart for Intensive Care-1II database. The clinical end-
point was 28-day mortality. Restricted cubic splines were used to determine the relationship between RPR
and 28-day mortality. A Cox proportional-hazards model and subgroup analysis were used to determine
the association between RPR tertiles and 28-day all-cause mortality. The 3742 included patients comprised
1128, 1384, and 1230 in the low-RPR (RPR <0.05), moderate-RPR (RPR >0.05 and <0.08), and high-RPR
(RPR >0.08) groups, respectively. The mean age of the patients was 61.00 years (age range=49.00-73.00
years). Dose—response analysis indicated a V-shaped curve (nonlinear p<0.0001) between RPR and 28-day
mortality in patients with ARDS. The high-RPR group had a higher mortality risk (hazard ratio=1.432, 95%
confidence interval=1.176—1.743, p<0.001). The subgroup analysis indicated that RPR did not interact with
other factors in the 28-day mortality of patients with ARDS. These results indicated that RPR, as a conve-
nient laboratory parameter, is of great value in evaluating the prognosis of patients with ARDS. Higher RPR
is associated with increased mortality.

1. Introduction pancreatitis'”, acute kidney injury”, and COVID-19"). Increased RDW may

As a result of a variety of intrapulmonary or extrapulmonary factors, acute
respiratory distress syndrome (ARDS) causes a diffuse inflammatory lung
injury in the lungs"!. An excessive inflammatory response plays a decisive
role in ARDS pathogenesis, leading to pulmonary endothelial cell injury, and
increases in capillary permeability and diffuse pulmonary edema, resulting in
reduction of the effective pulmonary ventilation area™. Despite many efforts,
there is still no treatment method targeting the ARDS pathogenesis, and its
mortality rate is still as high as 40%"). At present, diagnosis and treatment of
infection, respiratory support, fluid management, and general support are all
important aspects of ARDS management™. It is therefore necessary to identify
a biomarker that can expediently and reliably forecast the prognoses of pa-
tients with ARDS.

The red blood cell distribution width (RDW) is an index that judges the vol-
ume difference of red blood cells (RBCs) in peripheral blood, and is often
used to identify anemia in clinical practice!. RDW has high predictive value
in many inflammatory-response-related diseases, including sepsis'™, acute

be related to increased mortality in patients with ARDS".. Platelets are bio-
logically active small clumps that break off the cytoplasm of bone marrow
megakaryocytes''”. As a common intersection between inflammatory response,
coagulation cascade, and endothelial cells, platelets seem to be an attractive
mediator and possible therapeutic target in ARDS"". RDW and the platelet
count are important parameters in the circulatory system pathophysiology,
and are both related to inflammatory response, and their changes can affect
each other. Hence, the RDW-to-platelet ratio (RPR) has recently been found
to be associated with the prognosis of diversified diseases, including neonatal

121 strokes'™), acute pancreatitis"*, and breast cancer."”. However, no

sepsis
study has shown its relationship with the prognosis of patients with ARDS.
We therefore investigated the relationship between RPR and the prognosis of
patients with ARDS within 24 hours of intensive care unit (ICU) admission.
Recent studies have demonstrated the prognostic utility of RPR in a variety
of conditions, including cardiovascular diseases (e.g., myocardial infarction,

heart failure), infections (e.g., neonatal sepsis, bacteremia), and malignancies.
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Figure 1. Flow chart for study participants.

These findings support RPR as a generalizable biomarker reflecting systemic
inflammation and coagulopathy and provide a rationale for its investigation in
ARDS.

2. Results

2.1 Population and Baseline Characteristics

The specific selection process for the 3742 patients is illustrated in Figure 1.
The baseline characteristics were analyzed according to the RPR tertiles (Table
1). There were 1128, 1384, and 1230 patients in the low-RPR (RPR <0.05),
moderate-RPR (RPR >0.05 and <0.08), and high-RPR (RPR >0.08) groups.
The mean age of the patients was 61.00 years (age range=49.00-73.00 years),
2351 (62.8%) patients were male, and 2631 (70.3%) were white. Vasoactive
drugs were used to treat 1917 (51.2%) patients, and only 131 (3.5%) patients
were treated using CRRT. Patients with RPR >0.08 were more likely to have
comorbidities, including hypertension, chronic lung disease, diabetes, liver
disease, renal failure, and higher values of SAPSII, APSIII, SOFA score, chlo-
ride, creatinine, potassium, sodium, BUN, INR, PT, APTT, RDW, and lower
values of AG, bicarbonate, glucose, hematocrit, hemoglobin, platelets, RBCs,
WBCs, heart rate, SBP, MBP, DBP, and RR. Figure 2 illustrates a difference
in the survival curves of 28-day mortality between different RPR groups of
patients with ARDS (p<0.0001).

2.2 Univariate and Multivariate Cox Regression Analyses

Two multivariate Cox models were constructed: model I was only adjusted
for age, gender, and ethnicity, whereas model II was adjusted for confounding
factors including age, gender, ethnicity, pulmonary circulatory disease, hy-
pertension, chronic lung disease, diabetes, liver disease, renal failure, anemia,
AG, bicarbonate, chloride, glucose, potassium, sodium, creatinine, BUN,
RBCs, WBCs, hematocrit, hemoglobin, INR, PT, APTT, CRRT use, vasopres-
sor use, SAPSII, APSIII, SOFA score, SBP, MBP, DBP, temperature, RR, and
heart rate. The univariate and the two multivariate Cox models indicated that
the high-RPR group had the highest 28-day mortality risk. In the univariate
model, model I, and model 11, with the low-RPR group as a reference, the HRs
of the high-RPR group were 1.432 (95% CI=1.176-1.743, p<0.001), 1.332

(95% CI=1.092-1.626, p=0.005), and 1.434 (95% CI=1.135-1.812, p=0.003),
respectively, whereas the moderate-RPR group did not show significant differ-
ences among the three models (p=0.155, p=0.059, and p=0.751, respectively;
Table 2).

2.3 Association Between RPR and Mortality

Figure 3 illustrates the relationship between RPR and mortality using a
restricted cubic spline (RCS) model. Dose-response analysis indicated a
V-shaped curve (nonlinear p<0.0001) between RPR and 28-day mortality in
patients with ARDS (Figure 3a). We also constructed an RCS model corre-
sponding to model II in the Cox regression. After adding the covariates in
model II, the dose—response curve of RPR and mortality still had a nonlinear
relationship (nonlinear p=0.022, Figure 3b).

2.4 Subgroup Analyses

The subgroup analysis indicated that the relationship between RPR and 28-day
mortality was similar in all subgroups of patients with ARDS (Table 3), with
no significant interaction (p=0.185-0.980). This indicates that there were no
other factors affecting the association between RPR and mortality.

3. Discussion

This study analyzed 3742 patients with ARDS to determine the relationship
between RPR and 28 days all-cause mortality. The mortality risk in patients
with ARDS was higher in the high-RPR group (RPR >0.08) than in the low-
RPR group (RPR <0.05). After the adjustment in models I and II, the cor-
relations were still significant. Higher RPR was associated with increased
mortality, and the dose-response analysis indicated a V-shaped curve between
RPR and mortality in patients with ARDS. The observed increase in mortality
at low RPR might indicate conditions such as reactive thrombocytosis or sup-
pressed RDW due to acute inflammation, both associated with severe systemic
inflammatory responses seen in ARDS. These results mean that RPR, as a
convenient laboratory parameter, is of high value in evaluating the prognosis
of patients with ARDS. ARDS pathogenesis includes lung endothelial and epi-
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Table 1. Characteristics of the study patients according to RPR.

1g1na

Or

Variables RPR p
<0.05 > 0.05,<0.08 > 0.08
total N=3742 N=1128 N=1384 N=1230
gender (%) <0.001
MALE 2351 (62.8) 699 (56.1) 809 (64.9) 843 (67.5)
FEMALE 1391 (37.2) 548 (43.9) 438 (35.1) 405 (32.5)
ethnicity (%) 0.242
WHITE 2631 (70.3) 899 (72.1) 875 (70.2) 857 (68.7)
BLACK 256 (6.8) 82 (6.6) 85(6.8) 89(7.1)
ASIAN 58(1.5) 18(1.4) 13(1.0) 27(2.2)
HISPANIC/LATINO 118 (3.2) 41(3.3) 43(3.4) 34(2.7)
OTHER 679 (18.1) 207 (16.6) 231 (18.5) 241 (19.3)
vasopressor (%) <0.001
NO 1825 (48.8) 680 (54.5) 632 (50.7) 513 (41.1)
YES 1917 (51.2) 567 (45.5) 615 (49.3) 735 (58.9)
CRRT (%) <0.001
NO 3611 (96.5) 1227 (98.4) 1217 (97.6) 1167 (93.5)
YES 131 (3.5) 20(1.6) 30(2.4) 81 (6.5)
pulmonary circulation (%) 0.88
NO 3585 (95.8) 1195 (95.8) 1192 (95.6) 1198 (96.0)
YES 157 (4.2) 52(4.2) 55(4.4) 50 (4.0
hypertension (%) <0.001
NO 2017 (53.9) 735 (58.9) 616 (49.4) 666 (53.4)
YES 1725 (46.1) 512 (41.1) 631 (50.6) 582 (46.6)
chronic pulmonary (%) <0.001
NO 3120 (83.4) 1011 (81.1) 1025 (82.2) 1084 (86.9)
YES 622 (16.6) 236 (18.9) 222 (17.8) 164 (13.1)
diabetes (%) <0.001
NO 2923 (78.1) 1018 (81.6) 938 (75.2) 967 (77.5)
YES 819 (21.9) 229 (18.4) 309 (24.8) 281 (22.5)
renal failure (%) <0.001
NO 3427 (91.6) 1187 (95.2) 1151 (92.3) 1089 (87.3)
YES 315(8.4) 60 (4.8) 96 (7.7) 159 (12.7)
liver disease (%) <0.001
NO 3296 (88.1) 1185 (95.0) 1163 (93.3) 948 (76.0)
YES 446 (11.9) 62 (5.0 84 (6.7) 300 (24.0)
anemias (%) 0.573
NO 3617 (96.7) 1200 (96.2) 1209 (97.0) 1208 (96.8)
YES 125(3.3) 47 (3.8) 38(3.0) 40(3.2)
age (median [IQR]) 61.00 [49.00, 73.00] 59.00 [46.00, 72.00] 61.00 [50.00, 73.00] 62.00 [51.00, 73.00] <0.001
SAPSII (median [IQR]) 37.00 [28.00, 47.00] 36.00 [27.00, 46.00] 34.00 [27.00, 44.00] 39.00 [29.00, 50.00] <0.001
APSIII (median [IQR]) 42.00 [30.00, 60.00] 42.00 [31.00, 56.00] 39.00 [28.00, 54.00] 47.00 [32.00, 68.00] <0.001
SOFA (median [IQRY]) 5.00 [3.00, 7.00] 4.00 [2.00, 6.00] 4.00 [3.00, 6.00] 6.00 [4.00, 9.00] <0.001
AG (median [IQR]) 15.00 [12.00, 17.00] 16.00 [13.00, 18.00] 15.00 [12.00, 17.00] 14.00 [12.00, 17.00] <0.001
bicarbonate (median [IQR]) 24.00 [21.00, 27.00] 24.00 [21.00, 27.00] 24.00 [22.00, 27.00] 23.00 [21.00, 26.00] <0.001
chloride (median [IQR]) 104.00 [100.00, 108.00] 103.00 [99.00, 107.00] 104.00 [100.00, 108.00] 105.00 [100.00, 110.00] <0.001
creatinine (median [IQR]) 1.00 [0.70, 1.30] 0.90 [0.70, 1.20] 0.90 [0.70, 1.20] 1.00 [0.80, 1.60] <0.001
glucose (median [IQR]) 129.00 [106.00, 165.00] 133.00 [108.00, 171.00] 134.00 [109.00, 166.00] 124.00 [101.00, 158.00] <0.001
potassium (median [IQR]) 4.20 [3.80, 4.60] 4.20 [3.80, 4.70] 4.10 [3.80, 4.60] 4.20 [3.80, 4.70] <0.001
sodium (median [IQR]) 139.00 [136.00, 141.00] 139.00 [136.00, 141.00] 139.00 [137.00, 141.00] 139.00 [136.00, 141.00] 0.001
BUN (median [IQR]) 18.00 [13.00, 28.00] 18.00 [13.00, 26.00] 18.00 [13.00, 25.50] 20.00 [14.00, 33.00] <0.001
HCT (median [IQR]) 34.60 [30.20, 39.20] 36.30 [31.90, 40.40] 35.60 [31.70, 39.80] 31.90 [27.70, 36.70] <0.001
hemoglobin (median [IQR]) 11.70 [10.10, 13.40] 12.20[10.60, 13.90] 12.10 [10.70, 13.70] 10.90 [9.47, 12.50] <0.001
INR (median [IQR]) 1.20[1.10, 1.50] 1.20[1.10, 1.30] 1.20[1.10, 1.40] 1.40[1.20, 1.70] <0.001
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platelet (median [IQR])
PT (median [IQR])
APTT (median [IQR])
RDW (median [IQR])
RBC (median [IQR])
WBC (median [IQR])

heart rate (median [IQR])

SBP (median [IQR])
MBP (median [IQR])
RR (median [IQR])

temperature (median [IQR])

DBP (median [IQR])

223.00 [157.00, 296.75]
13.70 [12.80, 15.40]
29.00 [25.50, 35.20]
14.10 [13.30, 15.60]

3.85[3.33, 4.40]
11.40 [8.00, 16.20]
90.00 [79.00, 106.00]

120.00 [103.00, 136.00]
78.00 [66.67, 90.67]
18.00 [14.00, 23.00]
36.83 [36.11, 37.50]
59.00 [49.00. 71.00]

333.00 [291.00, 412.50]
13.40 [12.70, 14.50]
27.30 [24.40, 31.75]
13.80 [13.00, 15.00]

4.05[3.57, 4.57]
13.70 [9.80, 19.05]
93.00 [80.00, 108.00]

122.00 [105.00, 139.00]
80.00 [68.33, 92.17]
18.00 [14.00, 24.00]
36.83 [36.11, 37.56]
60.00 [51.00, 72.00]

222.00 [198.50, 247.00]
13.40 [12.70, 14.60]
28.20 [24-90, 32.90]
13.80 [13.20, 14.90]

4.01[3.50, 4.51]
11.60 [8.40, 15.60]
89.00 [77.00, 104.00]

120.00 [104.00, 135.00]
78.00 [67.00, 90.33]
17.00 [14.00, 22.00]
36.83 [36.11, 37.50]
59.00 [49.00. 71.00]

131.00 [93.00, 157.00]
14.70 [13.30, 17.00]
32.90 [28.20, 40.90]
14.90 [13.70, 17.10]

3.49[3.02, 4.01]
9.20 [6.30, 13.40]
89.00 [80.00, 106.00]

117.00 [100.00, 134.00]
76.00 [65.00, 88.33]
17.00 [13.00, 23.00]
36.72 [36.11, 37.44]
57.00 [47.00, 69.00]

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
0.135
<0.001

RPR: RDW-to-platelet ratio; CRRT: continuous renal replacement therapy; SAPSII: Simplified Acute Physiology Score-1I; APSIII: Acute Physiology
Score-11I; SOFA: Sequential Organ Failure Assessment; BUN: blood urea nitrogen; INR: international normalized ratio; PT: prothrombin time; APTT: activated partial

thromboplastin time; RDW: red blood cell distribution width; RBC: red blood cell; WBC: white blood cells; SBP: systolic blood pressure; MBP: mean blood pressure; RR: respiratory rate; DBP: diastolic blood pres-

sure.
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Figure 2. Kaplan—Meier survival curves showing 28-day mortality across three RPR tertile groups (<0.05, >0.05 to <0.08, and >0.08).

Log-rank test p-value <0.0001. “Number at risk” shown below the plot.

thelial cell injuries, an excessive inflammatory response, coagulation disorder,
fibrosis, and apoptosis®?. Two previous studies that utilized the MIMIC-III
database found that RDW and platelet count are risk factors for ARDS mortal-
ity ). However, the samples in those two studies were small. Both RDW and
platelet count are also related to inflammatory response, and their changes can
affect each other. RPR can reflect the severity of systemic inflammation. An
excessive inflammatory response plays a decisive role in ARDS progression,
indicating that RPR may be related to ARDS.

There are at least two possible reasons for the relationship between increased
RPR and increased ARDS mortality. When the platelet count is constant,
increased RDW will lead to increased RPR. The pathophysiological mecha-

Table 2. HRs (95% ClIs) for 28-day mortality across groups of RPR.

nism of the relationship between RDW and ARDS is not clear, but it may be
related to an excessive inflammatory response. Many studies have found that
an increased level of pro-inflammatory cytokines, neutrophil accumulation,
and the destruction of capillary barriers of pulmonary endothelial and epithe-
lial cells may be the mechanisms leading to ARDS" " **. Under pathological
conditions, especially under the stimulation of inflammatory factors, immature
RBCs and reticulocytes are excessively generated and released into the periph-
eral blood circulation, causing increased RDW'™™. On the other hand, when
RDW is constant, a decreased platelet count will also lead to increased RPR.
The enhanced inflammatory response in patients with sepsis will lead to the
release of platelet-leukocyte complexes and cell adhesion molecules, which

Variables Nonadjusted Model I Model II
HR 95%Cl P value HR 95%CIL P value HR 95%Cl P value
28-day all-cause mortality
Tertiles
<0.05 Reference Reference Reference
> 0.05, <0.08 0.857 0.693-1.060 0.155 0.814 0.657-1.008 0.059 1.037 0.829-1.296 0.751
> (.08 1.432 1.176-1.743 < 0.001 1.332 1.092-1.626 0.005 1.434 1.135-1.812  0.003

HR: hazard ratio; CI: confidence interval. Models were derived from Cox proportional hazards regression models. Nonadjusted model
adjusted for none. Adjust

I model adjusted for age, gender, ethnicity. Adjust II model adjusted for age, gender, ethnicity, pulmonary circulatory disease, hyperten-
sion, chronic lung disease, diabetes, liver disease, renal failure, anemia, AG, bicarbonate, chloride, glucose, potassium, sodium, creat-
inine, BUN, RBCs, WBCs, hematocrit, hemoglobin, INR, PT, APTT, CRRT use, vasopressor use, SAPSII, APSIII, SOFA score, SBP,
MBP, DBP, temperature, RR, and heart rate.

Figure 3. Restricted cubic spline model illustrating the nonlinear relationship between RPR and 28-day mortality. A V-shaped associa-
tion is observed, with increased mortality at both low and high ends of RPR. (a) Unadjusted model; (b) Fully adjusted model (Model II).
Shaded areas indicate 95% confidence intervals.
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Table 3. Subgroup analysis of the associations between the RPR and 28-day all-cause mortality.

1g1na

Or

RPR P for interaction
Characteristics No. of patients <0.05 HR (95% CI) > (.05,<0.08 HR (95% CI) > (.08 HR (95% CI)
vasopressor 0.185
YES 1917 1.0 (ref) 1.031(0.776-1.370) 1.440(1.068-1.942)
NO 1825 1.0 (ref) 0.954(0.659-1.381) 1.324(0.882-1.987)
CRRT 0.732
YES 131 1.0 (ref) — —
NO 3611 1.0 (ref) 1.023(0.812-1.288) 1.437(1.124-1.837)
pulmonary circulation 0.836
YES 157 1.0 (ref) — —
NO 3585 1.0 (ref) 1.038(0.825-1.307) 1.430(1.122-1.823)
hypertension 0.889
YES 1725 1.0 (ref) 0.846(0.602-1.189) 1.064(0.730-1.553)
NO 2017 1.0 (ref) 1.140(0.841-1.545) 1.780(1.309-2.419)
chronic pulmonary 0.355
YES 622 1.0 (ref) — —
NO 3120 1.0 (ref) 1.099(0.850-1.422) 1.538(1.183-1.999)
diabetes 0.824
YES 819 1.0 (ref) — —
NO 2923 1.0 (ref) 1.087(0.850-1.399) 1.554(1.196-2.019)
renal failure 0.227
YES 315 1.0 (ref) 0.887(0.377-2.085) 0.512(0.221-1.185)
NO 3427 1.0 (ref) 1.078(0.852-1.364) 1.631(1.274-2.089)
liver disease 0.704
YES 446 1.0 (ref) 1.856(0.930-3.704) 1.441(0.745-2.787)
NO 3296 1.0 (ref) 1.027(0.809-1.305) 1.398(1.078-1.812)
anemias 0.980
YES 125 1.0 (ref) — —
NO 3617 1.0 (ref) 1.063(0.847-1.334) 1.450(1.143-1.839)
gender 0.633
MALE 2351 1.0 (ref) 1.024(0.758-1.385) 1.405(1.030-1.917)
FEMALE 1391 1.0 (ref) 1.070(0.761-1.506) 1.495(1.027-2.176)
ethnicity 0.458
WHITE 2631 1.0 (ref) 0.822(0.621-1.089) 1.224(0.915-1.638)
BLACK 256 1.0 (ref) 1.186(0.395-3.557) 1.678(0.523-5.380)
ASIAN 58 1.0 (ref) — —
HISPANIC/LATINO 118 1.0 (ref) — —
OTHER 679 1.0 (ref) 1.859(1.162-2.972) 2.224(1.353-3.655)
age (year) 0.414
< 6l 1851 1.0 (ref) 1.117(0.736-1.696) 1.528(0.991-2.356)
>61 1891 1.0 (ref) 0.957(0.730-1.253) 1.402(1.050-1.873)
SAPSII 0.905
<37 1856 1.0 (ref) 1.300(0.810-2.085) 1.006(0.550-1.841)
>37 1886 1.0 (ref) 0.982(0.761-1.267) 1.517(1.167-1.970)
APSIII 0.374
< 42 1812 1.0 (ref) 0.998(0.622-1.602) 1.231(0.689-2.198)
>42 1930 1.0 (ref) 1.138(0.879-1.473) 1.576(1.209-2.053)
SOFA 0.942
<5 1738 1.0 (ref) 1.091(0.769-1.549) 1.049(0.626-1.757)
>5 2004 1.0 (ref) 1.036(0.772-1.390) 1.580(1.188-2.102)
AG 0.261
<15 1781 1.0 (ref) 0.701(0.457-1.076) 1.309(0.846-2.025)
>15 1961 1.0 (ref) 1.202(0.924-1.564) 1.645(1.235-2.190)
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0.715
1.520(1.081-2.137)
1.026(0.736-1.430) 1778
bicarbonate (mg/dL) <24 1717 L9 (reD 0.991(0.730-1.344) 1.268(0.904-1.778) 0.949
>24 2025 : 1.693(1.254-2.286)
. 1.0 (ref) 1.275(0.959-1.695) 1 smMo.q%-_.m@
chloride (mmol/L) . 1711 0 (re 0.756(0.523-1.095) : 0415
>104 2031 1.0 (ref) B
. — -1.949
creatinine () <I 1859 g 1.088(0.809-1.463) 1.436(1.059-1.949) 0.839
>1 1883 : 1.269(0.917-1.756)
1.0 (ref) 0.857(0.611-1.201) U570 1042249)
glucose (mg/dL) <129 1832 o mwv 1.236(0.910-1.679) : 0.229
>129 1910 . 1.250(0.859-1.820)
. 1.0 (ref) 1.087(0.765-1.544) 1 &NM_.E-N.S@
potassium (mmol/L) <42 1792 o mwv 0.999(0.743-1.344) : 0.748
>4.2 1950 : 1.873(1.352-2.594)
. 1.0 (ref) 1.174(0.855-1.612) 1 omoMo.EqL.ﬁ@
sodium (mmol/L) <139 1696 o mw@ 0.876(0.636-1.207) : 0.605
>139 2046 : 1.113(0.647-1.916)
. 0 (ref) 1.016(0.652-1.584) 1 ﬁwr._ow-_.mo“v
BUN (median [IQR]) <18 1732 w.o mmv 1.032(0.794-1.343) ’ 0.674
>18 2010 : 3(0.856-1.607)
- 0.942(0.679-1.308) #.Wwommabﬁ&
HCT (%) <34.6 1856 10 mmw 1.177(0.859-1.613) . 0.722
>34.6 1886 : 1.261(0.924-1.721)
. , 0.921(0.664-1.278) 1770(1.221.2.566)
hemoglobin (median [IQR]) <117 1827 #w Mﬁ% 1.204(0.876-1.656) SIS 0.934
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temperature (median [IQR]) 0.872
<36.83 1856 1.0 (ref) 1.098(0.807-1.492) 1.272(0.920-1.760)
>36.83 1886 1.0 (ref) 1.017(0.723-1.429) 1.761(1.235-2.513)

DBP (median [IQR]) 0.509
<59 1841 1.0 (ref) 1.084(0.778-1.511) 1.621(1.169-2.247)
>59 1901 1.0 (ref) 1.033(0.758-1.408) 1.298(0.913-1.845)

RPR: RDW-to-platelet ratio; CRRT: continuous renal replacement therapy; SAPSII: Simplified Acute Physiology Score-II; APSIII: Acute Physiology

Score-111; SOFA: Sequential Organ Failure Assessment; BUN: blood urea nitrogen; INR: international normalized ratio; PT: prothrombin time; APTT: activated partial
thromboplastin time; RBC: red blood cell; WBC: white blood cells; SBP: systolic blood pressure; MBP: mean blood pressure; RR: respiratory rate; DBP: diastolic blood pressure.
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will reduce platelet counts . At the same time, an excessive inflammatory
response will also lead to platelet-mediated thrombosis, thus promoting the
occurrence and development of ARDS®" >, RPR integrates inflammatory and
coagulation responses, particularly through platelet-leukocyte interactions, en-
dothelial dysfunction, and thrombosis pathways. Recent studies highlight that
elevated RDW correlates with cytokine release and impaired erythropoiesis,
while platelet reduction often reflects consumption due to systemic thrombosis
in severe ARDS or COVID-19. These findings explain the close relationship
between platelets and ARDS. The LRRC16A gene is also considered to be a
quantitative trait locus that regulates platelet count. Studies have found that the
LRRCI16A gene can regulate the basic platelet count in critically ill patients
with ARDSP". Clinicians should therefore pay attention to RPR changes in pa-
tients with ARDS. It is important to note that we include RPR as a new indica-
tor because it does not reflect changes in RDW or platelet alone. When RDW
and platelet rise or fall at the same time, the changes in RPR may differ from
them. RPR reflects the difference in the ratio of RDW to platelet, which may
be new clinical information rather than RDW or platelet. Further studies are
needed to explore the relationship between the ratio and the single parameters.
Although both RDW and platelet count have previously been associated with
ARDS prognosis, they each reflect only a portion of the inflammatory or co-
agulatory status. In our study, RPR, as a composite index, showed stronger
and more consistent associations with 28-day mortality than RDW or platelet
count alone (data not shown). This suggests that RPR may capture synergistic
prognostic information beyond its individual components. Compared with
traditional scoring systems like SOFA, RPR provided additional prognostic
information. Although comprehensive comparisons such as ROC or NRI anal-
yses are beyond the current study’s scope, future studies could further explore
these analyses. After the adjustments in model I and model II, the correlations
were still significant, indicating that our results were highly stable. RPR can be
conveniently incorporated into clinical practice for early risk stratification, dy-
namic patient monitoring, and facilitating timely triage decisions. Its simplici-
ty offers advantages over complex biomarkers requiring specialized testing.
This study also had some limitations. First, the study had a single-center retro-
spective design, which questions the generalizability of the conclusions. Sec-
ond, this study collected the first RDW and platelet counts of patients within
24 hours of ICU admission and no subsequent data, which may have affected
the results. Third, the MIMIC-III database only contains patient information
from 2001 to 2012, and changes in ARDS since then may affect the applicabil-
ity of our conclusions.

4. Materials and Methods

4.1 Data Source

The study included 3742 patients with ARDS. The analyzed data were ob-
tained from the Medical Information Mart for Intensive Care-III (MIMIC-III)
database (version 1.4)"%. This database contains the health-related data of
more than 60,000 ICU patients who presented at the Beth Israel Deaconess
Medical Center from 2001 to 2012 (Boston, USA). The database includes
various parameters, including patient demographic data, as a result of com-
pleting the recognized “Protecting Human Research Participants” course, we
gained access to the database that contains vital sign measurements, laboratory
parameters, procedures, drugs, and imaging reports. (certification record ID:
45438891).

4.2 Participant Selection
Since the MIMIC-III database spans from 2001 to 2012, most patient data
were recorded prior to the publication of the Berlin definition in 2012. To

approximate this definition as closely as possible, we identified ARDS cases
based on a combination of clinical information, including ICD-9 codes (518.5,
518.81, 518.82, 518.85, 786.09), PaO-/FiO: ratios, ventilator parameters (PEEP
> 5 cmH:0), and clinical documentation. Inclusion criteria were as follows:
(1) patients aged >18 years; and (2) ICU admission with ARDS meeting the
Berlin criteria, operationalized as PaO»/FiO: < 300 mmHg with PEEP > 5 cm-
H:0. Because imaging data were not available in the MIMIC-III database, we
excluded patients likely to have cardiogenic pulmonary edema or alternative
diagnoses, using surrogate markers such as pulmonary capillary wedge pres-
sure >18 cmH-O or diagnostic codes indicating pleural effusion, lung collapse,
or pulmonary nodules. Patients were excluded if they had (1) missing RDW or
platelet data within the first 24 hours of ICU admission; (2) ICU stays shorter
than 24 hours; or (3) incomplete comorbidity records. For patients with multi-
ple ICU admissions, only the first ICU stay was included (see Figure 1 for the
patient selection flowchart).

4.3 Data Extraction
We collected data on demographics, comorbidities, laboratory parameters, vital

signs, clinical scoring systems, and some treatment methods'"”

. Demographics
included age, gender, and ethnicity. Comorbidities include pulmonary circula-
tory disease, hypertension, chronic lung disease, diabetes, liver disease, renal
failure, and anemia. Laboratory parameters included RDW, platelets, anion
gap (AG), bicarbonate, chloride, creatinine, glucose, potassium, sodium, blood
urea nitrogen (BUN), hematocrit, hemoglobin, international normalized ratio
(INR), prothrombin time (PT), activated partial thromboplastin time (APTT),
red blood cells (RBCs) and white blood cells (WBCs).Vital signs included
heart rate, systolic blood pressure (SBP), mean blood pressure (MBP), dia-
stolic blood pressure (DBP), respiratory rate (RR), and temperature. Clinical
scoring systems include Sequential Organ Failure Assessment (SOFA), Simple
Acute Physiology Score-II (SAPSII), and Acute Physiology Score-III (APSIII).
Treatment methods included continuous renal replacement therapy (CRRT)
and vasopressors. The principles of including variables are as follows: (1)
Easy to obtain in the MIMIC database; (2) Easy to obtain in ICU clinical treat-
ment; (3) May interact with RDW or platelet; (4) May interact with ARDS.
We excluded variables with >20% missing values. We collected the first value
within 24 hours of the patient’s admission to the ICU. If no data is obtained
within 24 hours, the value is considered missing. Data related to the diagnosis
of ARDS (e.g. PaO,, FiO,, PEEP, etc.) were obtained at the same time. Other
parameters may not be obtained at the same time, but all within 24 hours of
the patient’s admission to the ICU. The patients were divided into three RPR
tertiles. The endpoint of this study was 28-day all-cause mortality. Missing
data rates for key variables ranged from 1.2% (RDW and platelet counts) to
17.8% (clinical scoring parameters). We assumed data were missing at random
(MAR), and multiple imputation was performed using the ‘mice’ package in R.
Additionally, we conducted sensitivity analyses using complete-case analysis,
finding consistent results.

4.4 Statistical Analyses

RPR tertiles were used to divide the patients into low-, moderate-, and high-
RPR groups"®. The RPR tertile cut-offs (<0.05, 0.05-0.08, >0.08) were deter-
mined based on prior literature that explored RPR as a prognostic biomarker
in related conditions (Cetinkaya et al., 2014; Takeuchi et al., 2019). All cate-
gorical variables were expressed as numbers and percentages, and chi-square
and Fisher’s exact tests were used to identify differences between the three
groups.. We calculated Mann-Whitney U tests for differences among the three
groups by expressing continuous variables as medians and interquartile ranges.
The correlations between the two groups and the outcome were analyzed using
Kaplan-Meier and Cox proportional-hazards regression models. Log-rank tests

X-Disciplinarity



were performed as nonparametric analyses to compare the survival distribu-
tions of the three groups. These results are expressed as hazard ratios (HRs)
with 95% confidence intervals (CIs).

Two Cox models were constructed: model 1 was only adjusted for age, gender,
and ethnicity"®, whereas model IT was adjusted for age, gender, ethnicity, pul-
monary circulatory disease, hypertension, chronic lung disease, diabetes, liver
disease, renal failure, anemia, AG, bicarbonate, chloride, glucose, potassium,
sodium, creatinine, BUN, RBCs, WBCs, hematocrit, hemoglobin, INR, PT,
APTT, CRRT use, vasopressor use, SAPSII, APSIII, SOFA score, SBP, MBP,
DBP, temperature, RR, and heart rate. The association between RPR and 28-
day mortality was analyzed by applying a hierarchical linear regression model
to the subgroups.

All statistical analyses were performed using R software (version 4.1.1, Vi-
enna, Austria). The significance threshold was a bilateral probability value of
p<0.05. We excluded variables with >20% missing values. For the included
variables, we used the “mice” R software package to perform multiple imputa-

tion on missing data’”

. Multiple imputation was conducted under the assump-
tion of missing at random (MAR) using the MICE package in R (§ imputa-
tions, 10 iterations). We also performed a complete-case sensitivity analysis,

which yielded comparable results, indicating robustness.

5. Conclusions

Increased RPR at ICU admission is significantly correlated with a higher risk
of 28-day mortality, suggesting that RPR, as a convenient laboratory param-
eter, is of great value in evaluating the prognosis of patients with ARDS. The
inclusion of PRR in routine evaluations may help doctors to make better clin-
ical decisions for their patients. However, the results of this study need to be
verified in large prospective studies.
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