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Background: Patients with rheumatic diseases have an increased likelihood of
being admitted to the intensive care unit (ICU), highlighting the importance of
promptly identifying high-risk individuals to enhance prognosis. This study aimed
to assess the correlation of red blood cell distribution width to albumin ratio
(RAR) with the 90-days and 360-days survival rates among critically ill rheumatic
patients.

Methods: Adult rheumatic patients admitted to the ICU from the Medical
Information Mart for Intensive Care IV (MIMIC-IV) database were included. The
participants were categorized into two groups, survivors (n=436) and non-
survivors (n =192), based on their 90-days survival outcome. The population was
further classified into tertiles using RAR values, with RAR < 4.63 (n = 208), 4.63-6.07
(n=211), and>6.07 (n=209). Kaplan—Meier curves were utilized to evaluate the
cumulative survival rates at 90-days and 360-days. The association between RAR
and mortality was assessed using restricted cubic splines (RCS) and multivariate
Cox regression analysis. Additional subgroup analyses and sensitivity analyses
were conducted to further explore the findings. Receiver operating characteristic
(ROC) curves were generated to evaluate the predictive performance of RAR.

Results: This study involved 628 critically ill patients with rheumatic diseases, and
they had an all-cause mortality of 30.57% at 90-days and 38.69% at 360-days.
Kaplan—Meier analysis showed a gradual decrease in both 90-days and 360-
days cumulative survival with increasing RAR (2 =24.400, p<0.001; x2 = 35.360,
p<0.001). RCS revealed that RAR was linearly related to 90-days and 360-
days all-cause mortality risk for critically ill patients with rheumatic diseases
(x2=4.360, p=0.225; y2=1900, p=0.594). Cox regression analysis indicated
that elevated RAR (>6.07) was significantly correlated with mortality. The ROC
curves demonstrated that an optimal cut-off value of RAR for predicting 90-days
mortality was determined to be 5453, yielding a sensitivity of 61.5% and specificity
of 60.3%.

Conclusion: Elevated RAR (> 6.07) was associated with all-cause mortality at 90-
days and 360-days among critically ill patients with rheumatic diseases, serving as
an independent risk factor for unfavorable prognosis.
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Introduction

As a chronic inflammatory disorder involving multiple systems
and organs, rheumatic disease is usually accompanied by
immunological disturbances. In addition, immunosuppressive
medications are often required for treatment, so such patients are
prone to severe acute multiple organ failure. Patients with rheumatic
diseases have a higher risk and mortality rate of admission to the
intensive care unit (ICU) compared to the general population (1, 2).
The mortality rate of ICU population with rheumatic diseases has
been reported to be 30.5-48% (3-5), which was greater than that of
the common ICU patients (1, 6). Thus, early identification for
rheumatic patients at high risk of mortality is critical to improving
prognosis and optimizing healthcare resource utilization.

Red blood cell distribution width (RDW), that represents
erythrocyte volume heterogeneity, increases during systemic
inflammation and is useful for monitoring the disease activity in
autoimmune diseases (7). RDW has been demonstrated to be a
powerful indicator of all-cause mortality in critically ill patients (8),
and it is also related to disease activity and outcomes in multiple
rheumatic diseases (9, 10). An unclear mechanism, related perhaps to
inflammation response, may underlie this process (11). Like C-reactive
protein (CRP), RDW may be a useful tool when it comes to
distinguishing from articular inflammatory and non-inflammatory
joint diseases (9). Albumin, produced by the liver, is also known as the
negative acute phase reactant and represents nutritional levels as well
as inflammatory status (12, 13). Lower serum albumin levels are
linked to clinical prognosis among critical illness, as per recent data
(14, 15).

The ratio of red blood cell distribution width to albumin (RAR) is
a simple and innovate biomarker of inflammation calculated from
RDW and albumin. Previous research have demonstrated that RAR
can be used as an important prognostic indicator among patients with
sepsis (16), cancer (17), burn surgery (18), diabetic foot ulcers (19),
heart failure (20), and acute respiratory distress syndrome (21).
Rheumatic diseases are primarily distinguished by persistent
inflammation and immune dysregulation (22), prompting us to
hypothesize a potential association between RAR and the prognosis
of this population. However, the absence of pertinent studies
necessitates our own investigation into the correlation between RAR
and all-cause mortality among ICU patients with rheumatic diseases.

Materials and methods
Data sources

Medical Information Mart for Intensive Care IV (MIMIC-IV,
v2.0) database, which contains a substantial amount of free medical
data, was used for this retrospective study. As a new version of
MIMIC-III, MIMIC-IV contains 76,943 ICU admissions from 2008
t0 2019 (23). We had permission to access this database (certification
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number: 51774135; 36142713). The Massachusetts Institute of
Technology and Beth Israel Deaconess Medical Center provided their
approval for the database. All personal identifiers have already been
deleted to afford privacy protection for participants. Consequently,
this study waived consent requirements for individual patients.
We extracted eligible rheumatic patients from MIMIC-IV database
and conducted the study based on the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) Statement (24).

Study participants

Adult ICU participants (age > 18years) suffering from rheumatic
diseases in the MIMIC database were enrolled in our study. We just
adopted the initial one when the participants had multiple ICU
admission data. The following were the exclusion criteria: (1) Died
within one day after admission to ICU and (2) Missing critical
information such as RDW and albumin.

Variable extraction

To identify rheumatic diseases, we utilized the Charlson Index as
outlined on the official website of the MIMIC database. Subsequently,
specific rheumatic disease types were extracted from patient records
using Structured Query Language (SQL) queries incorporating ICD-9
and ICD-10 codes. Variables were gathered as age, sex, Acute
Physiology and Chronic Health Evaluation (APACHE) II score,
sequential organ failure assessment (SOFA) score, coexisting diseases,
additional acute organ dysfunction, continuous renal replacement
therapy (CRRT) use, mechanical ventilation (MV) use, all-cause
mortality at 90-days and 360-days, and lengths of stay (ICU, hospital).
At the same time, laboratory parameters including RDW, albumin, red
blood cell (RBC), white blood cell (WBC), platelet, mean corpuscular
volume (MCV), anion gap (AG), serum creatinine (Scr), blood urea
nitrogen (BUN), blood glucose, serum potassium, total serum
calcium, serum phosphorus were extracted. The RAR was determined
as follows: RDW (%) divided by albumin (g/dL). The SOFA score and
laboratory variables were extracted based on data available during the
initial 24 h after ICU admission.

Groups and outcomes

The participants were categorized into two groups, survivors
(n=436) and non-survivors (n=192), based on their 90-days survival
outcome. Additionally, the population was further classified into
tertiles using RAR values, with tertile 1 having RAR values less than
4.63 (n=208), tertile 2 having RAR values between 4.63 and 6.07
(n=211), and tertile 3 having RAR values greater than 6.07 (n=209).
The endpoints were all-cause mortality at 90-days and 360-days
following admission to ICU.
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Statistical analysis

Continuous variables with normal distribution were presented as
mean *standard deviation (SD), while non-normally distributed
variables were expressed as median (interquartile range, IQR). One
sample t-test and Wilcoxon rank-sum test were applied for the
analysis. Chi-square test was applied to examine categorical variables,
which were described as numbers (%).

Kaplan-Meier curves were utilized to evaluate the cumulative
survival rates at 90-days and 360-days for each group. The correlation
between RAR and all-cause mortality risk was assessed using
restricted cubic spine (RCS). Then we constructed multivariate Cox
regression models that comprised covariates with p<0.10 in the
univariate analysis and Hazard ratios (HR) with 95% confidence
intervals (CI) were expressed. We did not adjust Model I for any
covariates. Model II was adjusted for malignancy, congestive heart
failure (CHF), chronic kidney disease (CKD), acute kidney injury
(AKT), sepsis, MV use, and CRRT use. Model III was adjusted for
model II plus age, SOFA score, WBC, Scr, BUN, AG, potassium,
and phosphorus.

Subgroup analyses were performed to determine the association
between RAR and 90-days mortality across different subgroups, such
as age, sex, malignant tumor, CKD, CHEF, AKI, sepsis, and the use of
MYV and CRRT. Several sensitivity analyses were conducted to evaluate
the reliability of our findings. Receiver operating characteristic (ROC)
curves were also generated to evaluate the predictive
performance of RAR.

We used Statal4.0 software along with R language (version 4.2.0)
for analysis. The differences were regarded as statistically significant

at a two-sided p-value less than 0.05.

Results

Study population and baseline
characteristics

The flowchart for study participants enrollment was noted in
Figure 1. Ultimately, this study involved 628 critically ill patients with
rheumatic diseases. There were 330 (52.55%) patients with RA, 122

ICU of MIMIC-1V database

[ 76,943 admission records in the ]

(" Only adopted the initial )

l———‘ ICU admission

[ Adult patients with rheumatic ] \(excluded, n =23.374) J

disease (n=1,725) ( Died within one day

after admission to ICU
l'_—_‘ (n=16)

Final analysis Adult patients without
(n=628) RDW .or serum
albumin data after ICU
\.admission (n=1,081) /
N
Survivors Non-survivors
(n=436) (n=192)
J
FIGURE 1

The flowchart for study participants enrollment.
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(19.43%) patients with SLE, and 187 (29.78%) patients with other
rheumatic diseases. The average age was 69.49 years among patients,
and 70.20% of them were female. RAR had an average baseline value
of 5.68 £ 1.94. The main acute organ dysfunction were sepsis (64.97%)
and AKI (62.74%). Non-survivors had higher age, APACHE II score,
SOFA score, RDW, RAR, WBC, Scr, BUN, AG, serum potassium, and
serum phosphorus, compared with survivors. Among non-survivors,
the incidence rates of malignancy, CKD, CHE, AKI, and sepsis were
greater. In contrast, survivors had significantly higher albumin level
and shorter ICU stay. The clinical characteristics and laboratory
variables for study participants are listed in Table 1.

RAR and all-cause mortality

The all-cause mortality rates for the entire study population at
90-days and 360-days were 30.57 and 38.69%, respectively, as specified
in Table 2. Using RAR values, the population was divided into tertiles
(< 4.63, 4.63-6.07, > 6.07). Differences in 90-days mortality for the
three groups were statistically significant (2 =24.706, p<0.001), and
patients who had elevated RAR (>6.07) died at a rate that was
noticeably higher (42.11%). Similar results were obtained in the
comparison of 360-days mortality among the three groups.

Kaplan—Meier survival curve analysis

Stratified by RAR tertiles, we plotted 90-days and 360-days
survival curves for patients to evaluate cumulative survival at various
RAR values. As displayed in Figures 2A,B, Kaplan-Meier analysis
showed a gradual decrease in both 90-days and 360-days cumulative
survival with increasing RAR (log-rank test, y2=24.400, p<0.001;
¥2=35.360, p<0.001).

Elevated RAR was significantly correlated
with all-cause mortality

For critically ill patients with rheumatic diseases, it was observed
that RAR was linearly related to 90-days and 360-days all-cause
mortality risk (2 =4.360, p=0.225; ¥2=1.900, p=0.594). We observed
a gradual increase in 90-days and 360-days mortality risk with
increasing RAR, as indicated in Figures 3A,B.

In model I adjusted for not any variable, the HR (95% CI) of
90-days mortality for the second and third group were 1.610 (1.087-
2.386) and 2.445 (1.687-3.543), respectively. In model III, even after
adjustment for a range of confounders, the HR (95% CI) of 90-days
and 360-days mortality were 2.016 (1.360-2.988) and 2.351 (1.649-
3.352) for the third group. The multivariate Cox regression analysis
indicated that elevated RAR (>6.07) was significantly correlated with
90-days and 360-days all-cause mortality, as shown in Table 3.

Subgroup analyses
Subgroup analyses were performed to determine the association

between RAR and 90-days mortality across different subgroups, as
shown in Figure 4. Multivariable Cox regression analysis in subgroups
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TABLE 1 The basic clinical characteristics and laboratory variables for study participants.

10.3389/fmed.2023.1199861

Variable Overall population | Survivors (n = 436) Non-survivors

(n =628) (n =192)
Age (years) 69.49+15.82 67.09+15.74 74.96+14.62 —5.896 <0.001
Female, n (%) 441 (70.20) 312 (71.56) 129 (67.19) 1.219 0.270
SOFA score 5.00 (3.00, 8.00) 4.00 (2.00, 7.00) 7.00 (5.00, 11.00) —7.675 <0.001
APACHE II score 22.26+7.74 20.54+6.83 26.19+8.25 —8.946 <0.001
RDW (%) 15.80+2.52 15.46£2.30 16.57+2.83 —5.175 <0.001
Albumin (g/dL) 2.96+0.64 3.03+0.63 2.79+0.63 4.543 <0.001
RAR (%/g/dL) 5.68+1.94 5.38+1.63 6.37+2.37 —6.128 <0.001
WBC (x10°/L) 11.00 (7.10, 15.70) 10.45 (6.80, 14.90) 12.20 (8.15, 17.55) —2.829 0.005
RBC (x10'%/L) 3.43+0.70 3.45+0.69 3.38+0.72 1.187 0.236
Platelet (x10°/L) 194 (125, 266) 195 (127, 263) 188 (119, 275) 0.144 0.886
MCV (fl) 91.95+7.06 91.86+6.77 92.16£7.70 —0.480 0.631
BUN (mg/dL) 22(14, 36) 20(13,32) 29 (19, 50) —5.527 <0.001
Scr (umol/L) 88.40 (61.88, 150.28) 79.56 (61.88, 123.76) 106.08 (70.72, 176.80) —3.987 <0.001
AG (mmol/L) 15.38+4.24 14.96+4.11 16.33+4.38 —3.784 <0.001
Glucose (mmol/L) 6.97 (5.50, 9.08) 6.92 (5.50, 8.92) 7.08 (5.53,9.31) —0.788 0.430
Potassium (mmol/L) 4.24+0.83 4.19+0.84 4.33£0.79 —1.965 0.049
Total calcium (mmol/L) 2.05+0.23 2.06+0.22 2.04+0.24 0.676 0.499
Phosphorus (mmol/L) 1.26£0.51 1.21+0.47 1.37£0.59 —3.500 <0.001
CRRT use, 1 (%) 41 (6.53) 18 (4.13) 23 (11.98) 13.463 <0.001
MV use, 1 (%) 355 (56.53) 215 (49.31) 140 (72.92) 30.224 <0.001
Type, n (%)
RA 330 (52.55) 243 (55.73) 87 (45.31) 5.806 0.016
SLE 122 (19.43) 89 (20.41) 33(17.19) 0.886 0.347
Others 187 (29.78) 114 (26.15) 73 (38.02) 8.988 0.003
Coexisting diseases, n (%)
Hypertension 262 (41.72) 184 (42.20) 78 (40.63) 0.136 0.712
Diabetes 160 (25.48) 116 (26.61) 44 (22.92) 0.955 0.328
malignant tumor 69 (10.99) 33(7.57) 36 (18.75) 17.040 <0.001
CKD 135 (21.50) 81 (18.58) 54 (28.13) 7.200 0.007
Chronic pulmonary disease 210 (33.44) 143 (32.80) 67 (34.90) 0.264 0.608
Myocardial infarct 126 (20.06) 81 (18.58) 45 (23.44) 1.963 0.161
CHF 215 (34.24) 133 (30.50) 82 (42.71) 8.818 0.003
Additional acute organ dysfunction, n (%)
AKI 394 (62.74) 253 (58.03) 141 (73.44) 13.541 <0.001
Sepsis 408 (64.97) 255 (58.49) 153 (79.69) 26.326 <0.001
Length of ICU stay (days) 3.12 (1.72, 6.25) 2.86 (1.61,5.51) 4.94 (2.02, 8.37) —4.439 <0.001
Length of hospital stay 9.42 (5.81, 16.75) 9.44 (6.29, 16.98) 9.31(5.10, 15.33) 1.468 0.142
(days)

SOFA, sequential organ failure assessment; APACHE II, acute physiology and chronic health evaluation IT; RDW, red blood cell distribution width; RAR, red blood cell distribution width to
albumin ratio; WBC, white blood cell; RBC, red blood cell; MCV, mean corpuscular volume; Scr, serum creatinine; BUN, blood urea nitrogen; AG, anion gap; CRRT, continuous renal

replacement therapy; MV, mechanical ventilation; RA, rheumatoid arthritis; SLE, systemic lupus erythematosus; CKD, chronic kidney disease; CHE, congestive heart failure; AKI, acute kidney

injury.

adjusted the same covariates as for Model III in Table 3. The results
showed that in most sub-populations, increased RAR level was
associated with 90-days all-cause mortality in critically ill rheumatic
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patients. Rheumatism has a clear predilection for women, and over
70% of included patients in our study were female. The result of
subgroup analysis suggested that our finding was also applicable to the
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TABLE 2 Comparison of all-cause mortality among the three groups.

Variable

Total (n = 628)

RAR<4.63
(n =208)

10.3389/fmed.2023.1199861

RAR 4.63-6.07
(n =211)

RAR >6.07
(n =209)

90-days mortality, n (%) 192 (30.57) 41 (19.71)

63 (29.86) 88 (42.11) 24.706 <0.001

360-days mortality, n (%) 243 (38.69) 50 (24.04)

83 (39.34) 110 (52.63) 35.985 <0.001

RAR, red blood cell distribution width to albumin ratio.

FIGURE 2

RAR values (B). RAR, red blood cell distribution width to albumin ratio.
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Kaplan—Meier curve of 90-days cumulative survival rates at various RAR values (A). Kaplan—Meier curve of 360-days cumulative survival rates at various

main population of patients (HR=2.246, 95% CI: 1.406-3.588).
Additionally, no significant interactions were observed in the
subgroups (p for interaction >0.05).

Sensitivity analyses

Several sensitivity analyses were conducted to evaluate the
reliability of our findings. Initially, we conducted separate COX
regression analyses on 330 critically ill patients with RA, which
indicated a significant association between elevated RAR (>6.07) and
all-cause mortality at both 90 and 360-days (Supplementary Table S1).
Subsequently, a COX regression analysis was performed on 122
critically ill patients with SLE, but no significant findings were
observed (Supplementary Table S2). Furthermore, the potential
impact of human serum albumin infusion on the RAR value should
be considered prior to admission to the ICU. To investigate this, a
sensitivity analysis was conducted, excluding patients who had
received human serum albumin infusion within 48h before being
admitted to the ICU. The findings revealed a persistent association
between elevated RAR and unfavorable clinical outcomes in critically
ill patients with rheumatic diseases (Supplementary Table S3).
Additionally, to address the potential influence of reduced liver
synthetic capacity, another sensitivity analysis was performed,
excluding patients with cirrhosis. The results remained consistent with
the initial finding (Supplementary Table 54).

Comparative analysis of ROC curves
The ROC curves demonstrated that an optimal cut-off value of

RAR for predicting 90-days mortality was determined to be 5.453,
yielding a sensitivity of 61.5% and specificity of 60.3%. The area under
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the curve (AUC) was calculated to be 0.643. Notably, the predictive
performance of RAR was very close to the APACHE II score and the
SOFA score (RAR AUC=0.643; APACHE II score AUC=0.699; SOFA
score AUC=0.691). Furthermore, when RAR was combined with
SOFA and APACHE II score, the predictive performance reached its
peak (AUC=0.733), accompanied by a sensitivity of 77.1% and
of 58.5% Tables S5, Sé6;
Supplementary Figure S1).

specificity (Supplementary

Discussion

Based on MIMIC-IV database, our current study explored the
correlation between RAR and all-cause mortality for critically ill
patients with rheumatic diseases. In contrast to survivors,
we discovered that RAR was higher in non-survivors. Kaplan-Meier
analysis revealed that 90-days and 360-days cumulative survival rates
gradually declined with increasing RAR. It was observed that RAR
was linearly related to 90-days and 360-days mortality risk. Further
analysis of Cox regression indicated that elevated RAR (>6.07) was
significantly correlated with short- and long-term mortality among
critically ill patients with rheumatic diseases. To our knowledge, this
is the first study on the correlation between RAR, a novel integrative
biomarker, and prognosis in critically ill patients with
rheumatic diseases.

The mechanisms underlying the association between elevated
RAR and rheumatic disease patients admitted in ICU have not been
fully elucidated. Oxidative stress in the body and systemic
inflammatory response can lead to the inhibition of erythropoiesis,
the promotion of erythrocyte apoptosis, the reduction of iron
metabolism, the modifying of erythrocyte membranes and the altering
of erythrocyte morphology (25-30). These pathological changes result

in increased heterogeneity of red blood cell volume, which manifests
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FIGURE 3

RAR, red blood cell distribution width to albumin ratio.
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Association between RAR and the risk of 90-days all-cause mortality (A). Association between RAR and the risk of 360-days all-cause mortality (B).

TABLE 3 Cox regression analysis of the association between RAR and all-cause mortality.

Variable Model | Model Il Model lll
95%Cl 95%Cl 95%ClI
90-days mortality
RAR <4.63 baseline baseline baseline
RAR 4.63-6.07 1.610 1.087-2.386 0.018 1.428 0.960-2.122 0.078 1.297 0.866-1.941 0.207
RAR >6.07 2.445 1.687-3.543 <0.001 1.863 1.278-2.718 0.001 2.016 1.360-2.988 <0.001
360-days mortality
RAR <4.63 baseline baseline baseline
RAR 4.63-6.07 1.789 1.259-2.541 0.001 1.586 1.114-2.260 0.011 1.511 1.054-2.164 0.025
RAR >6.07 2.656 1.901-3.713 <0.001 2.102 1.495-2.955 <0.001 2.351 1.649-3.352 <0.001

Model I was adjusted for no variables.
Model II was adjusted for malignancy, CKD, CHF, AKI, sepsis, MV use, and CRRT use.

Model III was adjusted for model II plus age, SOFA score, WBC, Scr, BUN, AG, potassium, and phosphorus.
HR, hazard ratio; CI, confidence interval; RAR, red blood cell distribution width to albumin ratio; CKD, chronic kidney disease; CHE, congestive heart failure; AKI, acute kidney injury; MV,
mechanical ventilation; CRRT, continuous renal replacement therapy; SOFA, sequential organ failure assessment; WBC, white blood cell; Scr, serum creatinine; BUN, blood urea nitrogen; AG,

anion gap.

as an elevated RDW. Although RDW has historically been used to
differentiate between anemic diseases, it has also been identified in
recent years as an inflammatory marker among various disorders,
such as sepsis (31), rheumatoid arthritis (RA) (32), autoimmune liver
diseases (33), and systemic lupus erythematosus (SLE) (34). As the
most prevalent protein in plasma, serum albumin is essential for
preserving the colloid osmotic pressure of plasma (35). Rheumatic
diseases may involve multiple systems, including the liver, which can
be damaged and result in a reduction in albumin synthesis (36, 37).It
is worth noting that albumin levels decrease as the infection progresses
and are linked to inflammatory response and organ failure (15).
Previous research has demonstrated a significant reduction in
albumin-binding function among critically ill patients suffering from
sepsis or septic shock (38).

The ratio of RDW to albumin, known as RAR, provides a
comprehensive representation of the acute inflammatory response in
patients. When compared to individual markers such as RDW and
albumin, RAR offers a more composite assessment of disease
progression. It was revealed in a study involving 14,639 sepsis
participants that RAR was positively related to mortality at in-hospital,
28-days, and 90-days, as well as their ICU stay and hospital stay (16).
Additionally, RAR has been demonstrated to be a powerful indicator
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of sepsis for patients with diabetic ketoacidosis (HR: 2.9, 95% CI:
2.0-4.1, p<0.001) (39). However, no research has examined the
correlation of RAR with prognosis for critically ill rheumatic patients.
Our current findings showed that RAR and mortality at 90-days and
360-days were in correlation, with higher RAR predicting a worse
clinical outcome.

Presently, the SOFA score, APACHE score, and SAPS score are
widely employed in the ICU to evaluate patient prognosis. However,
the APACHE 1II score encompasses numerous indicators and is
comparatively intricate. Consequently, numerous scholars have
endeavored to identify cost-effective and readily available prognostic
markers of disease to enhance clinical practice. The present study
contributes to the existing body of literature by confirming the
association between elevated RAR, a novel comprehensive
inflammatory index, and unfavorable prognosis in critically ill patients
with rheumatic diseases. A study conducted on patients with critical
pneumonia receiving MV support demonstrated that individuals with
a RAR cutoff value >5.73 exhibited a significantly higher 28-days
mortality rate compared to those with a RAR cutoff value <5.73 (AUC
0.688). Similarly, another study focusing on patients with coronavirus
diseases 2019 (COVID-19) revealed that the optimal cutoff value of
RAR for predicting mortality was 5.43. Consistent with these findings,
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FIGURE 4

The association between RAR and all-cause mortality in the subgroups. RAR, red blood cell distribution width to albumin ratio.

the ROC curve analysis in the present study indicated that the optimal
cutoff value of RAR for predicting 90-days mortality was 5.453 (AUC
0.643). Furthermore, a comparative analysis was conducted on the
ROC curves of the RAR, SOFA score, and APACHEII score. The
findings revealed that the RAR exhibited a similar level of prognostic
predictive ability as the latter two scores. Additionally, the combination
of the RAR with the two scores enhanced their prognostic
predictive power.

Our research showed that the most common acute organ
dysfunction for ICU rheumatic patients was sepsis (64.97%), and the
incidence of sepsis was higher (79.69%) for non-survivors. These
findings suggested a relationship between infection and ICU
admission in patients with rheumatic diseases. A multicenter
retrospective study involving ten French ICUs also confirmed similar
results. The leading cause for patients with rheumatic diseases to enter
ICU was sepsis, with an incidence rate of 61.6% (40). For patients with
rheumatic diseases, the mortality rate was higher in hospitalized
patients with infectious causes than in those with non-infectious
causes (3, 6). Severe infection in SLE patients is also considered as a
major cause of morbidity and mortality (41, 42). A retrospective
analysis involving individuals with connective tissue disease (CTD)
who were brought to the ICU due to sepsis from 2006 to 2019 showed

Frontiers in Medicine

that sepsis mortality was as high as 40.9% in patients with CTD (43).
The important characteristics of rheumatic diseases are inflammation
response and immune disorder (22, 44), which can be aggravated by
infection, resulting in increased RDW and decreased albumin levels
in the body. This could explain the conclusion of the present study in
one way. The COX regression analyses performed in RA and SLE
patients, respectively, yielded inconsistent conclusions. This
inconsistency may be attributed to the limited sample size of SLE
patients, which hindered the attainment of a statistically valid analysis.
Furthermore, the differences in inflammatory processes between the
two diseases may also contribute to the inconsistent findings. This
needs to be verified by more large prospective studies and in-depth
animal experiments.

The current study has several strengths. First, patients with
rheumatism are easily overlooked in the ICU. In our research,
critically ill patients with rheumatic diseases were taken as the research
object to explore the correlation between RAR and all-cause mortality.
Second, the sample size in our research is relatively large, and these
data originate from MIMIC-IV database, a population-based, real-
world study. Furthermore, RAR is a readily available and inexpensive
parameter that can be applied in various clinical settings, especially in
countries and regions where healthcare resources are scarce.
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Despite this, certain restrictions must be taken into consideration.
First, this study is a retrospective analysis, and selection bias and
confounding bias will inevitably appear in this process. Furthermore,
this study explored the correlation between RAR and clinical
outcomes based on the initial value at ICU admission, and did not
further evaluate the dynamic changes of RAR level. In addition, the
MIMIC-1IV database did not provide details on the specific causes of
death for patients, thus our analysis was limited to all-cause mortality.
Therefore, our findings are exploratory, and prospective studies with
rigorous design in different settings are required to verify the
conclusions of this study.

Conclusion

In conclusion, the current evidence suggested that elevated RAR
(>6.07) was associated with all-cause mortality at 90-days and
360-days among critically ill patients with rheumatic diseases, serving
as an independent risk factor for unfavorable prognosis.
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