Li et al. BMC Infectious Diseases (2023) 23:696 BMC Infectious Diseases
https://doi.org/10.1186/s12879-023-08692-0

Relation between red blood cell distribution o
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Abstract

Background Epidemiological studies have demonstrated an association between red blood cell distribution
width (RDW) and the prognosis of pneumonia-associated diseases. However, prognostic value of RDW in patients
with ventilator-associated pneumonia (VAP) has yet to be investigated. This study aimed to explore the association
between RDW and in-hospital mortality in VAP patients and explore predictive value of RDW for VAP patients.

Methods This retrospective cohort study included 1,543 VAP patients from the Medical Information Mart for Inten-
sive Care IV database 2008-2019. The primary outcome was considered to 30-day in-hospital mortality of VAP
patients in this study. Non-high RDW level group was defined as <15 %, and high RDW level group as >15%. The
possible confounding factors were screened by least absolute shrinkage and selection operator regression. Univari-
ate and multivariate COX regression analyses were used for the assessment on the association of RDW and 30-day
in-hospital mortality in VAP patients. We also performed subgroup analyses. Furthermore, a comparative analysis

of RDW and sequential organ failure assessment (SOFA) score and simplified acute physiology score Il (SAPS 1) were
performed by receiver operating characteristic (ROC) curves.

Results The 30-day in-hospital mortality of VAP patients was approximately 19.05%. After adjusting all confound-

ing factors, high RDW was associated with 30-day in-hospital mortality among VAP patients by using non-high

RDW as the reference [hazard ratio (HR) =1.29, 95% confidence interval (Cl): 1.01-1.63]. Additionally, the relationship
was also robust in several populations, such as patients were younger than 60 years, or had not a history of congestive
heart failure, or had a history of sepsis, or had not received renal replacement therapy, or had a duration of mechani-
cal ventilation for more than 7 days. The result of ROC indicated that RDW had a better prognostic value in predicting
30-day in-hospital mortality for VAP patients than SOFA score and SAPS Il score.

Conclusion High RDW level is associated with an increased 30-day in-hospital mortality. The RDW is a promising
biomarker in predicting 30-day in-hospital mortality for patients admitted to the ICU, regardless of VAP,
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mortality rate attributed to ventilator-associated pneu-
monia (VAP) is estimated at 13% [2], with patients diag-
nosed with VAP having a twofold higher mortality rate
compared to those without a diagnosis of VAP [3]. VAP
has the consequence of lengthening the patient’s hospi-
tal stays, increasing medical expenses and mortality risk
[4]. Therefore, it is crucial to focus on the mortality risk
of VAP patients for assessing disease severity and imple-
ment appropriate treatment measures.

Red blood cell distribution width (RDW) is a hema-
tological parameter that reflects variability of circulat-
ing red blood cells (RBC) size and has traditionally been
utilized as a diagnostic index for anemia [5, 6]. Recently,
new evidence suggests that RDW is associated with the
prognosis of various diseases [7, 8]. Increased RDW indi-
cates a severe dysregulation in erythrocyte homeostasis,
which may be attributed to inflammation and oxidative
stress [9]. In the study of Deniz M, et al., they pointed out
that RDW levels were higher in patients who died in the
ICU than in those who survived, and RDW has a good
prognostic value in predicting the prognosis and mor-
tality in patients admitted to the ICU [10]. In addition, a
retrospective case study indicated that higher RDW was
related to short-term adverse outcomes in community-
acquired pneumonia patients [11]. However, to the best
of our knowledge, prognostic value of RDW in patients
with VAP has not been investigated so far.

Herein, we designed a retrospective cohort study with
the aim of evaluating the association between RDW and
30-day in-hospital mortality in VAP patient, as well as
exploring the predictive value of RDW for these patients.

VAP patients over 18 years of age in
MIMIC-1V database (n=1622)
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Methods

Study participants

This retrospective cohort study utilized data extracted
from the Medical Information Mart for Intensive Care IV
(MIMIC-1V) database from 2008 to 2019. The MIMIC-
IV database contains the medical records of all patients
who were admitted to the ICU at Beth Israel Deaconess
Medical Center from 2008 to 2019 [12]. Because all data
used in this study were obtained from publicly available
database, this study did not require an approval of Tai-
cang First People’s Hospital ethics committee.

Patients who met the diagnostic criteria of VAP and
were older than 18 years were included in the study. The
diagnostic criteria for VAP in the MIMIC-IV database
were considered as International Classification of Dis-
eases (ICD)-9 codes of 4957, 99731 and ICD-10 codes
of J95851. The exclusion criteria of participants as fol-
lows: (1) admission time <24h in the ICU; (2) missing
data on RDW or death time or mechanical ventilation
time; (3) abnormal data on weight (weight=0.99kg or
weight=299kg). A total of 1,543 patients diagnosed with
VAP are eventually included in this study. The selection
process of participants was shown in Fig. 1. All methods
were performed in accordance with the Declaration of
Helsinki [13].

Outcome

In this study, patients who died within 30 days of hospi-
tal admission were considered as primary outcome event.
Maximum follow-up time was 30.00 (30.00, 30.00) days.

\4
Included patients

Y

Excluded:

1. admission time <24h in the ICU (n=45)

2. missing data on RDW (n=15)

3. missing data on death time (n=1)

4. missing data on mechanical ventilation time (n=17)
5. abnormal data on weight (n=1)

(n=1543)
Y Y
Survival group Death group
(n=1249) (n=294)

Fig. 1 The selection process of participants
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RDW assessment

RDW was obtained from the first record within 24h after
admission to the ICU in the present study. The normal
RDW value was 10%-15% [9]. In our study, non-high
RDW group was defined as <15%, and high RDW group
as >15%.

Data collection

We extracted some data of participants from the MIMIC-
IV database. Demographic information: age (years),
gender, weight (kg), ethnicity, marital status, and insur-
ance. The vital signs and laboratory data from the first
record within 24h after admission to the ICU: systolic
blood pressure (SBP, mmHg), diastolic blood pressure
(DBP, mmHg), heart rate (bpm), respiratory rate (bpm),
temperature (°C), white blood cell count (WBC, K/uL),
platelet count (PLT, K/uL), hemoglobin (g/dL), RDW
(%), creatinine (mg/dL), international normalized ratio
(INR), blood urea nitrogen (BUN, mg/dL), glucose (mg/
dL), pulse oxygen saturation (SpO2, %), and anion gap
(mEq/L). Comorbidities: congestive heart failure, sepsis,
and respiratory failure. Severity score: Charlson comor-
bidity index (CCI), Glasgow Coma Scale (GCS) score,
sequential organ failure assessment (SOFA) score and
simplified acute physiology score II (SAPS II). Therapy:
vasopressor, renal replacement therapy (RRT), thia-
mine, antibiotics use, pathogen (Gram-negative bacteria,
Gram-positive bacteria, and Fungus), and duration of
mechanical ventilation (hour).

Statistical analysis

Normally distributed continuous variables were
expressed as Mean + standard deviation (SD), and t-test
was used to compare between two groups. Non-nor-
mally distributed continuous variables were described
as median and quartiles [M (Q1, Q3)], Mann-Whitney
U rank sum test was used for comparison between two
groups. Categorical variables were expressed as number
of cases and composition ratio [n (%)], and they were
compared by adopting chi-square test. In this study,
the missing values were interpolated using interpola-
tion method, and sensitivity analysis was performed on
the data before and after interpolation (Supplemental
Table 1). SAS 9.4 software (SAS Institute Inc., Cary, NC,
USA) and R 4.2.1 software performed all analysis.

In the present study, we used least absolute shrinkage
and selection operator (LASSO) regression to screen the
possible confounding factors. Univariate and multivari-
ate COX regression analyses were used for the assess-
ment on the association of RDW and 30-day in-hospital
mortality of VAP patients. We constructed two models:
Model 1 did not adjust any variables; Model 2 adjusted

Page 3 of 9

for age, BUN, vasopressor, RRT and duration of mechani-
cal ventilation. Additionally, we also performed subgroup
analyses based on age, congestive heart failure, sepsis,
respiratory failure, RRT and duration of mechanical ven-
tilation. Hazard ratio (HR) and 95% confidence interval
(CI) was calculated. Furthermore, a comparative analysis
of RDW and sequential organ failure assessment (SOFA)
score and simplified acute physiology score II (SAPS II)
were performed by receiver operating characteristic
(ROC) curves. P<0.05 was deemed to possess statistical
significance.

Results

Baseline characteristics

The study ultimately included 1,543 VAP patients, with
1,249 in the survival group and 294 in the death group.
The baseline characteristic of 1,543 patients is displayed
in Table 1. Furthermore, we also compared the differ-
ences in characteristics between survival group and death
group. Patients in the death group were older than those
in the survival group (68.39 + 13.27 vs 60.01 + 16.40,
P<0.001). We also found that the survival group had
lower RDW level than death group (15.06 + 2.29 vs 15.59
+ 2.46, P<0.001). Compared with the survival group, VAP
patients in the death group had higher creatinine, INR,
CCI score, SOFA score and SAPSII score. Please see
Table 1 for details.

Association of RDW and 30-day in-hospital mortality

in VAP patients

The result of LASSO regression indicated that age, BUN,
vasopressor, RRT and duration of mechanical ventila-
tion might be confounding factors for this study (Fig. 2).
Table 2 provides the results regarding the correlation
analysis between RDW and 30-day in-hospital mortal-
ity. In the univariate COX regression analysis (Table 2),
we found that high RDW was a risk factor of 30-day in-
hospital mortality of VAP patients (Model 1: HR=1.62,
95%CI: 1.28-2.03, P<0.001). After adjusting all confound-
ing factors (Table 2), multivariate COX regression anal-
yses showed that high RDW level was still associated
with 30-day in-hospital mortality of VAP patients by
using non-high RDW group as the reference (Model 2:
HR=1.29, 95%CI: 1.01-1.63, P=0.040).

Subgroup analyses

The subgroup analyses were performed with 30-day in-
hospital mortality as the outcome, RDW level as the
independent variable, and non-high RDW level as the
reference. Table 3 shows the result of subgroup analyzes
based on age, congestive heart failure, sepsis, respiratory
failure, RRT and duration of mechanical ventilation. The
relationship of high RDW level and 30-day in-hospital
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Table 1 Baseline characteristics of patients with VAP
Variables Total (n=1543) Survival group (n=1249) Death group (n=294) P
Age, year, Mean £ SD 61.61+16.19 60.01 + 16.40 6839+ 1327 <0.001
Gender, n (%) 0.690

Female 567 (36.75) 456 (36.51) 111 (37.76)

Male 976 (63.25) 793 (63.49) 183 (62.24)
Ethnicity, n (%) 0.024

White 892 (57.81) 733 (58.69) 159 (54.08)

Black 168 (10.89) 143 (11.45) 25 (8.50)

Other 177 (11.47) 143 (11.45) 34 (11.56)

Unknown 306 (19.83) 230(18.41) 76 (25.85)
Insurance, n (%) 0.019

Medicaid 143 (9.27) 120 (9.61) 23(7.82)

Medicare 664 (43.03) 516 (41.31) 148 (50.34)

Other 736 (47.70) 613 (49.08) 123 (41.84)
Marital status, n (%) <0.001

Divorced 123(7.97) 88 (7.05) 35(11.90)

Married 758 (49.13) 604 (48.36) 154 (52.38)

Single 505 (32.73) 437 (34.99) 68 (23.13)

Widowed 157 (10.17) 120 (9.61) 37(12.59)
Weight, kg, Mean + SD 85.16 £ 26.67 85.69 £27.11 8292 +£2462 0.089
Heart rate, bpm, Mean + SD 90.71 £21.48 90.82 +21.40 90.23 £21.86 0.677
SBP, mmHg, Mean + SD 124.70 + 26.60 125.02 £ 2641 12335+ 2741 0332
DBP, mmHg, Mean + SD 69.08 £ 1849 69.61 +£1849 66.81 1832 0.019
Respiratory rate, bpm, Mean + SD 19.88 £6.12 19.78 £ 6.14 20.28 +6.02 0.212
Temperature, ‘C, Mean + SD 36.74 +1.01 36.77 +£0.99 36.58 + 1.07 0.004
WBC, K/uL, M (Q,, Q3) 11.90 (8.70, 16.30) 11.90 (8.70, 16.10) 12.20(9.10,17.50) 0.155
PLT, K/uL, M (Q;, Q) 193.00 (135.00, 254.00) 194.00 (135.00, 254.00) 187.50 (135.00, 257.00) 0.989
Hemoglobin, g/dL, Mean + SD 1090 £ 243 1098 £ 243 10.57 £242 0.010
RDW, %, Mean + SD 1516 £2.33 15.06 £2.29 1559+ 246 <0.001
Creatinine, mg/dL, M (Q;, Q;) 1.00 (0.80, 1.60) 1.00 (0.70, 1.60) 1.30 (0.80, 1.90) <0.001
INR, ratio, M (Q;, Q3) 1.20(1.10, 1.50) 1.20(1.10, 1.50) 1.30(1.10, 1.70) 0.008
BUN, mg/dL, M (Q;, Q3) 21.00 (14.00, 34.00) 20.00 (13.00, 31.00) 26.00 (17.00, 45.00) <0.001
Glucose, mg/dL, M (Q;, Q;) 139.00(111.00, 181.00) 139.00(111.00, 181.00) 138.50 (112.00, 187.00) 0.535
SPO2, %, Mean + SD 96.92 +£4.56 96.97 £4.57 96.68 +4.49 0314
Anion gap, mEg/L, Mean + SD 1543 +4.82 1525+ 476 1620 + 501 0.002
Congestive heart failure (Yes), n (%) 502 (32.53) 374 (29.94) 128 (43.54) <0.001
Sepsis (Yes), n (%) 1248 (80.88) 1003 (80.30) 245 (83.33) 0.235
Respiratory failure (Yes), n (%) 851 (55.15) 664 (53.16) 187 (63.61) 0.001
GCS, score, M (Q;, Q) 8.00 (4.00, 12.00) 8.00 (5.00, 12.00) 7.00 (3.00, 11.00) <0.001
CCl, score, M (Q;, Q3) 3.00 (1.00, 4.00) 2.00 (1.00, 4.00) 4.00 (2.00, 5.00) <0.001
SOFA, score, M (Q;, Qs) 8.00 (5.00, 11.00) 8.00 (5.00, 11.00) 9.00 (6.00, 12.00) <0.001
SAPSII, score, M (Q;, Q3) 40.00 (31.00, 50.00) 38.00 (30.00, 48.00) 46.00 (37.00, 56.00) <0.001
Vasopressors (Yes), n (%) 1044 (67.66) 818 (65.49) 226 (76.87) <0.001
RRT (Yes), n (%) 293 (18.99) 210 (16.81) 83 (28.23) <0.001
Thiamine (Yes), n (%) 254 (16.46) 214(17.13) 40 (13.61) 0.142
Antibiotics use

Vancomycin (Yes), n (%) 1382 (89.57) 1114 (89.19) 268 (91.16) 0.321

Cephalosporins (Yes), n (%) 1228 (79.59) 994 (79.58) 234 (79.59) 0.998

Penicillin (Yes), n (%) 721 (46.73) 598 (47.88) 123 (41.84) 0.062

Aminoglycoside (Yes), n (%) 207 (13.42) 174 (13.93) 33(11.22) 0.221
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Table 1 (continued)
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Survival group (n=1249) Death group (n=294) P

Variables Total (n=1543)
Others, n (%) 1055 (68.37)
Pathogen
Gram-negative bacteria
Escherichia coli (Yes), n (%) 185 (11.99)
Klebsiella pneumoniae (Yes), n (%) 172 (11.15)
Pseudomonas aeruginosa (Yes), n (%) 224 (14.52)
Serratia marcescens (Yes), n (%) 61 (3.95)
Proteus (Yes), n (%) 50 (3.24)
Acinetobacter (Yes), n (%) 53(343)
Haemophilus influenzae (Yes), n (%) 115 (7.45)
Gram-positive bacteria
Methicillin resistant staph aureus (Yes), n (%) 102 (6.61)
Staph aureus coag + (Yes), n (%) 477 (30.91)
Streptococcus pneumoniae (Yes), n (%) 37 (2.40)
Fungus (Yes), n (%) 133 (8.62)

Duration of mechanical ventilation, hour, M (Q;, Q;)

Follow-up, day, M (Q,, Q) 30.00 (30.00, 30.00)

151.53 (76.00, 268.27)

849 (67.97) 206 (70.07) 0487
154 (12.33) 31(10.54) 0.396
138 (11.05) 34 (11.56) 0.800
188 (1 5.05) 36 (12. 24) 0.219
49 (3.92) 12 (4.08) 0.900
2(3.36) 8(2.72) 0.576
38 (3.04) 15(5.10) 0.081
7(7.77) 18(6.12) 0.334
78 (6.24) 24 (8.16) 0.234
389 (31.14) 88 (29.93) 0.686
30 (2.40) 7(2.38) 0.983
101 (8.09) 32(10.88) 0.124
153.00 (78.00, 278.50) 146.38 (67.18, 233.50) 0.014
30.00 (30.00, 30.00) 13.27 (9.14,18.55) <0.001

VAP ventilator-associated pneumonia, SBP systolic blood pressure, DBP diastolic blood pressure, WBC white blood cell count, PLT platelet count, RDW red blood cell
distribution width, INR international normalized ratio, BUN blood urea nitrogen, SpO2 pulse oxygen saturation, CC/ Charlson comorbidity index, GCS Glasgow Coma
Scale, SOFA sequential organ failure assessment, SAPS Il simplified acute physiology score II, RRT renal replacement therapy, SD standard deviation.

mortality was statistically significant for VAP patients
who were younger than 60 years (HR=1.77, 95%CI: 1.08-
2.92, P=0.024), had not a history of congestive heart
failure (HR=1.37, 95%CI: 1.00-1.88, P=0.049), had the
history of sepsis (HR=1.35, 95%CI: 1.04-1.76, P=0.026),
had not received RRT (HR=1.37, 95%CI: 1.04-1.81,
P=0.027) and had a duration of mechanical ventila-
tion for more than 7 days (HR=1.75, 95%CI: 1.21-2.54,
P=0.003).

Comparisons of RDW and SOFA score and SAPS Il score

in predicting the 30-day in-hospital mortality for VAP
patients

To investigate whether RDW is a good predictor in pre-
dicting the 30-day in-hospital mortality for VAP patients,
we performed a comparative analysis of RDW and SOFA
score and SAPS II score. As shown in Table 4, the area
under curve (AUC) value of RDW was 0.705 (95%CI:
0.689-0.721), was higher than SOFA score (AUC=0.589,
95%CI: 0.572-0.606, P<0.001) and SAPS II score
(AUC=0.646, 95%CI: 0.626-0.663, P<0.001), respectively.
The result indicated that RDW had a better prognostic
value in predicting 30-day in-hospital mortality for VAP
patients than SOFA score and SAPS II score.

Discussion

In this study, we investigated the correlation between
RDW and 30-day in-hospital mortality in VAP patients,
and explored predictive value of RDW for VAP patients.

Its significant finding was that high RDW level was
identified as a risk factor of 30-day in-hospital mortal-
ity among VAP patients. Moreover, the RDW exhibited
a better prognostic value compared to both SOFA and
SAPS II scores in predicting 30-day in-hospital mortality
of VAP patients.

RDW has been regarded as an indicator of inflam-
mation, which could be easily obtained by routine
blood tests [14]. It is well known that an elevated RDW
level may indicate the presence of anemia, iron defi-
ciency, hematopoietic abnormalities, or congenital
erythrocyte disorders [15, 16]. Previous studies have
suggested that RDW was associated with a variety of
diseases, including cardiovascular diseases [8], coro-
navirus disease 2019 [17], cervical cancer [18], sepsis
[19] and critical illness admitted in the ICU [20]. Han
YQ, et al. reported that among 36,532 adults with criti-
cal illness, an increased RDW level was significantly
associated with higher in-hospital and 4-year mortal-
ity [20]. Additionally, a study conducted by Zhang L,
et al demonstrated that alterations in RDW levels may
serve as a mediator for the impact of bronchoscopy on
VAP patient prognosis [21]. Nevertheless, the relation-
ship between RDW and VAP remains unclear based
on published studies. In the present study cohort, we
observed that VAP patients in the death group exhib-
ited higher levels of RDW, which was consistent with
previous studies [22, 23]. Importantly, we performed
COX regression analyses to investigate the prognostic
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Fig. 2 Screening of confounding factors by the least absolute shrinkage and selection operator regression

Table 2 The association of RDW and 30-day in-hospital mortality
in VAP patients by using univariate and multivariate COX
regression analyses

Variables Model 1 Model 2
HR(95%Cl) P HR(95%Cl) P
RDW
Non-high level Ref Ref
group

High level group 1.62(1.28-2.03) <0.001 1.29(1.01-1.63) 0.040

VAP ventilator-associated pneumonia, RDW red blood cell distribution width, HR
hazard ratio, Cl confidence interval, Ref reference

Model 1 did not adjust any variables

Model 2 adjusted for age, blood urea nitrogen, vasopressor, renal replacement
therapy and duration of mechanical ventilation.

value of RDW for VAP patients, and observed that
high RDW level was a risk factor for 30-day in-hospital
mortality in VAP patients. In addition, the relationship
was also robust in several populations, such as patients
were younger than 60 years, or had not a history of
congestive heart failure, or had a history of sepsis, or
had not received RRT, or had a duration of mechani-
cal ventilation for more than 7 days. Additionally, we
also assessed the relationship of RDW and 30-day in-
hospital mortality among non-VAP patients. Our find-
ings indicated that high RDW levels were significantly
associated with an increased risk of 30-day in-hospital
mortality in non-VAP patients (Supplemental Table 2;
HR=1.71, 95% CI: 1.59-1.83; P<0.001). Furthermore,
we conducted a mediating analysis to investigate the
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Table 3 Subgroup analyses based on age, congestive heart
failure, sepsis, respiratory failure, RRT and duration of mechanical
ventilation

Variables HR (95% ClI) P
Age

<60 1.77 (1.08-2.92) 0.024

>60 1.20 (0.91-1.58) 0.198
Congestive heart failure

No 1.37(1.00-1.88) 0.049

Yes 1.13(0.78-1.64) 0511
Sepsis

No 1.12(0.62-2.01) 0.716

Yes 1.35(1.04-1.76) 0.026
Respiratory failure

No 1.29 (0.87-1.92) 0211

Yes 1.27 (0.94-1.71) 0.122
RRT

No 1.37 (1.04-1.81) 0.027

Yes 0.98 (0.61-1.57) 0.924
Duration of mechanical ventilation

<7 days 1.07 (0.78-1.47) 0.670

>7 days 1.75(1.21-2.54) 0.003

HR hazard ratio, C/ confidence interval, RRT renal replacement therapy

Table 4 Comparisons of RDW and SOFA score and SAPS Il score
in predicting the 30-day in-hospital mortality for VAP patients

Variables AUC 95% Cl P
RDW level 0.705 0.689-0.721 Ref
SOFA 0.589 0.572-0.606 <0.001
SAPSII 0.646 0.629-0.663 <0.001

RDW red blood cell distribution width, SOFA sequential organ failure assessment,
SAPS Il simplified acute physiology score II, VAP ventilator-associated
pneumonia, AUC area under curve, C/ confidence interval, Ref reference

mediator role of VAP in the association of RDW level
and 30-day in-hospital mortality. The findings indicated
that the mediating effect did not significant (Supple-
mental Table 3; percentage Mediated= -0.020, 95%CI:
-0.069, 0.029; P=0.423), suggesting that VAP may not
serve as a mediator between RDW and 30-day in-hos-
pital mortality.

A variety of severity scores have been utilized for
the prognosis of VAP patients so far [24—26]. Boeck
L, et al.,, showed that SOFA score might be a predic-
tor of VAP [25]. However, we also compared the prog-
nostic value of RDW and severity scores (including
SOFA score and SAPS II score), which revealed that
RDW exhibited superior predictive power in predicting
30-day in-hospital mortality for VAP patients compared
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to both SOFA and SAPS II scores. Overall, RDW, as a
simple and inexpensive parameter, might be helpful in
assessing 30-day in-hospital mortality in VAP patients.

The underlying mechanisms responsible for the asso-
ciation between high RDW levels and 30-day in-hospital
mortality among VAP patients remain unknown. Some
reports have indicated that RBC homeostasis may be
effect in VAP patients, resulting in an elevation of the
RDW level [21, 27]. Similarly, inflammation might play a
crucial role in the association between RDW and 30-day
in-hospital mortality in VAP patients.

Inflammation may impede the maturation process of
red blood cells, leading to reticulocytosis and an elevated
level of RDW [28, 29]. Further investigation is warranted
to elucidate this mechanism.

To our knowledge, this is the first study to show an
association between RDW and 30-day in-hospital mor-
tality in VAP patients, providing a reference for the
screening and clinical management of prognostic mark-
ers for VAP. However, there are some limitations for
our study. Firstly, due to the design of the retrospective
cohort study, there might be a selection bias in this study.
In addition, MIMIC-1V database did not record informa-
tion on the diseases that led to ventilation, which could
introduce further selection bias. A multicenter prospec-
tive study is needed to validate our results. Secondly,
due to MIMIC-IV database limitations, the RDW data
collected in this study only came from measurements
taken within the first day (24 h) of patient admission in
the ICU. Although mediation analysis suggests that VAP
is not a mediating factor between RDW and 30-day in-
hospital mortality, we still need to acknowledge this limi-
tation. Future research may require collecting RDW data
over a longer period after admission to verify the prog-
nostic value of RDW in 30-day in-hospital mortality of
VAP patients.

Conclusion

RDW may be identified as a significant biomarker for
30-day in-hospital mortality for patients admitted to the
ICU, regardless of VAP. In addition, RDW also exhibited
a superior predictive value for 30-day in-hospital mor-
tality of VAP patients compared to SOFA and SAPS II
scores.
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