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Abstract

BACKGROUND: Hemoglobin-to-red cell distribution width ratio (HRR) has
shown good prognostic value in various cancers. However, the relationship
between HRR and outcomes in critically ill patients with traumatic brain injury
(TBI) remains unclear. This study aimed to investigate the association between
HRR and mortality among critically ill patients with TBI.

METHODS: The Medical Information Mart for Intensive Care-IV (MIMIC-IV)
database was utilized to conduct this retrospective cohort study. TBI patients were
divided into four quartiles according to their HRR values. The primary outcome
was 30-day mortality, whereas the secondary outcomes were 60-day and 120-day
mortality. Univariable and multivariable Cox proportional risk models were
performed to evaluate the hazard ratio (HR) and 95% confidence interval (CI)
for the relationship between HRR and mortality. Receiver operating characteristic
(ROC) curves were conducted to assess the prognostic value of HRR.

RESULTS: For 30-day mortality, after adjustment for all potential covariates,
the relationship remained significant with HRR treated as a continuous variable
(HR, 95% CI: 0.87 [0.81, 0.92]; p < 0.001). In the fully adjusted model, the HR
with 95% CI for the second, third, and fourth quartile groups were 0.67 (0.5, 0.9),
0.65 (0.46, 0.94), and 0.5 (0.32, 0.79), respectively, compared to the first quartile
group. A similar relationship was also observed for 60-day mortality and 120-day
mortality. HRR had a better predictive value than hemoglobin and red cell distri-
bution width (RDW).

CONCLUSIONS: A lower level of HRR is significantly associated with higher all-
cause mortality among critically ill patients with TBI.

..................................................................................................
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Abbreviations:

HRR - Hemoglobin-to-red cell distribution width ratio
TBI - traumatic brain injury

MIMIC-IV - Medical Information Mart for Intensive Care-IV
HR - hazard ratio

cl - confidence interval

ROC - receiver operating characteristic

RDW - red cell distribution width
ICU - intensive care unit

STROBE - Strengthening the Reporting of Observational
Studies in Epidemiology

GCS - Glasgow coma scale

ICP - intracranial pressure

BIDMC - Beth Israel Deaconess Medical Center

CHF - congestive heart failure

cdal - Charlson comorbidity index

SOFA - sequential organ failure assessment

SAPS I - simplified acute physiology score Il

WBC - white blood cell

INR - international normalized ratio

PT - prothrombin time

PTT - partial thromboplastin time

BUN - blood urea nitrogen

Mv - mechanical ventilation

RRT - renal replacement therapy

RBC - red blood cell

SD - standard deviation

IQR - interquartile range

AUC - area under the curves.

INTRODUCTION

Globally, traumatic brain injury (TBI) is a severe
public health and socioeconomic issue (Roozenbeek
et al. 2013). Each year, more than 50 million people
suffer a TBI worldwide, with an estimated economic
cost of $400 billion (Maas et al. 2017). Moreover, the
prevalence of TBI is increasing globally, primarily due
to accidents associated with the increased use of motor
vehicles, especially in middle- and low-income nations
(Roozenbeek et al. 2013). TBI has both short- and
long-term poor clinical outcomes, including death and
disability. In the United States, TBI is a major cause
of mortality, accounting for almost one third of all
injury-related deaths (Taylor et al. 2017). Even though
clinical management has greatly improved over the
past few decades, a number of clinical problems still
need to be resolved.

Risk stratification is important for effective manage-
ment of TBI patients in the intensive care unit (ICU).
Early identification of disease severity not only
contributes to improving treatment decisions for TBI
patients but also helps family members prepare for
possible situations. The Glasgow coma scale (GCS) is
a traditional score used to assess the severity of TBI.
However, GCS is not an objective indicator since it can
be influenced by various factors, including mechanical
ventilation, alcohol use, and pre-existing neurological
disease (Murray et al. 2018). Intracranial pressure
(ICP) monitoring is sometimes used in the manage-
ment of severe TBI patients, but its invasiveness and
the complexity of the resulting patterns limit its clinical
use (Schweingruber et al. 2022; Yang et al. 2022). In

recent years, various studies have focused on devel-
oping prognostic biomarkers for TBI patients (Czeiter
et al. 2020; Frankel et al. 2019). However, many
biomarkers are not widely used in clinical work for
various reasons.

Recently, some studies have focused on the associa-
tion between various parameters of routine blood tests
taken upon admission and outcomes in TBI patients
(Dolmans et al. 2020; Wang et al. 2020). Previous
studies have shown that hemoglobin-to-red cell distri-
bution width ratio (HRR) is correlated with outcomes
in various cancers (Chi et al. 2022; Zhai et al. 2021).
In addition, a few studies on the relationship between
HRR and the outcomes of non-neoplastic diseases have
been reported (Rahamim et al. 2022; Yu et al. 2022).
However, to our knowledge, the relationship between
HRR and outcomes in ICU patients with TBI remains
unclear. Lower hemoglobin after admission has been
shown to be associated with poor outcomes among
patients with TBI (Litofsky et al. 2016). Another study
found that red cell distribution width (RDW) on
admission is independently associated with mortality
in TBI patients (Lorente et al. 2021). HRR, a parameter
that incorporates hemoglobin and RDW, may be inde-
pendently associated with mortality in TBI patients.
Thus, we conducted a cohort study with a relatively
large sample size using the Medical Information Mart
for Intensive Care-IV (MIMIC-IV) database to explore
the association between HRR and mortality in criti-
cally ill patients with TBI.

MATERIAL AND METHODS

Data Source

The data for this retrospective cohort study came from
the MIMIC-IV database (version 2.0), a publicly acces-
sible database containing the clinical information on
more than 76,000 ICU stays at Beth Israel Deaconess
Medical Center (BIDMC) between 2008 and 2019.
This database has been approved by the Massachusetts
Institute of Technology and the BIDMC Institutional
Review Board, and any researcher who has finished the
“Protection of Human Subjects” program can request
access to the database (Johnson et al. 2018). Duo Yang,
one of the authors, has obtained access to the database
(certification number: 48247201). This study adhered
to the Declaration of Helsinki and the guidelines for
Strengthening the Reporting of Observational Studies
in Epidemiology (STROBE).

Study Population

The inclusion criteria for our study were adult patients
(age > 18 years) diagnosed with traumatic brain injury
based on the ninth or tenth revision of the International
Classification of Diseases code (Taylor et al. 2017).
Patients were excluded if they had no records of key
data on the first day admitted to the ICU, including
hemoglobin, RDW, and GCS. Moreover, for patients
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76943 ICU admissions in MIMIC-IV
database (version 2.0)

l

3856 adult patients with traumatic
brain injury

Fig. 1. Flowchart of the study
cohort. Abbreviations: ICU,
intensive care unit; MIMIC-1V,
Medical Information Mart for
Intensive Care-IV, RDW, red cell
distribution width; GCS, Glasgow
coma scale.

Y (n=28)

Excluded:
v - Readimissions (n=701)
3155 unique patients
Excluded:

Patients with no hemoglobin or
P RDW recorded on the first day

3127 patients

Excluded:
$=| Patients with unavailable GCS
v recorded on the first day (n=312)

2815 patients

who had multiple ICU admissions, only the data of the
first ICU admission were collected for the analysis.

Variable Extraction

Using the Navicat Premium 12 software and Structure
Query Language, the following data were extracted from
the MIMIC-IV database: (1) demographics: age, sex,
race; (2) chronic comorbidity: hypertension, diabetes,
congestive heart failure (CHF), cerebrovascular disease,
chronic pulmonary disease, renal disease, liver disease,
and malignancy; (3) severity scoring system: Charlson
comorbidity index (CCI), sequential organ failure
assessment (SOFA), simplified acute physiology score I
(SAPSII), and GCS on the first day admitted to ICU; (4)
the first value of laboratory data after ICU admission:
hemoglobin, RDW, white blood cell (WBC), platelet,
international normalized ratio (INR), prothrombin
time (PT), partial thromboplastin time (PTT), anion
gap, bicarbonate, glucose, blood urea nitrogen (BUN),
creatinine; (5) use of mechanical ventilation (MV),
renal replacement therapy (RRT) and vasopressors
during ICU hospitalization; (6) Neurosurgery and
red blood cell (RBC) transfusion during hospitaliza-
tion. Neurosurgery includes therapeutic craniotomy,
ventriculostomy, and burr hole drainage. In addition,
the mean hemoglobin and mean RDW on the first day
admitted to the ICU were also extracted for sensitivity
analysis. In this study, HRR was defined as hemoglobin
(g/L) divided by RDW (%). Given the varied optimal

HRR cutoff values in previous studies, the cutoff value
was not specified in our study. Instead, the HRR values
were divided into quartiles. The primary outcome was
all-cause 30-day mortality, whereas the secondary
outcomes were all-cause 60-day mortality and 120-day
mortality after ICU admission.

Statistical Analysis

Patient characteristics were analyzed based on the HRR
quartiles. Categorical variables were represented as
numbers (percentages) and were compared using the
chi-square test. Continuous variables were described
as mean * standard deviation (SD) for normal distri-
butions or median and interquartile range (IQR) for
skewed distributions. One-way analysis of variance
or Kruskal-Wallis H-test was applied to evaluate the
difference between continuous variables. Survival
analysis was visualized using Kaplan-Meier curves and
compared with a Log-rank test.

According to the principles of the STROBE state-
ment, univariable and multivariable Cox proportional
risk models were performed to evaluate the hazard ratio
(HR) and 95% confidence interval (CI) for the relation-
ship between HRR and mortality. For multivariable Cox
analyses, covariates were chosen according to previous
findings. We also adjusted for covariates that, when
added to the model, changed the matched odds ratio
by at least 10% (Jaddoe ef al. 2014). In the multivariable
model, we adjusted for age, sex, and race in model 1. In
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Tab. 1. Baseline characteristics of the study population according to HRR

HRR
Characteristics Total Quartile 1 Quartile 2 Quartile 3 Quartile 4 p-Value
<7.79 7.79 -9.27 9.28 - 10.52 >10.52
N 2815 703 704 702 706
Age (years) 62.2 +22.1 71.1+17.8 68.1 +20.5 60.8 +21.8 48.8+21.2 < 0.001
Sex (male) 1757 (62.4) 353(50.2) 345 (49) 447 (63.7) 612 (86.7) < 0.001
Race (White) 1822 (64.7) 487 (69.3) 461 (65.5) 472 (67.2) 402 (56.9) < 0.001
Chronic comorbidity
Hypertension 1174 (41.7) 310 (44.1) 340 (48.3) 309 (44) 215 (30.5) < 0.001
Diabetes 501 (17.8) 192 (27.3) 152 (21.6) 92 (13.1) 65(9.2) < 0.001
CHF 297 (10.6) 156 (22.2) 88(12.5) 39 (5.6) 14 (2) <0.001
Cerebrovascular disease 265 (9.4) 73(10.4) 85(12.1) 60 (8.5) 47 (6.7) 0.004
g.hm“ic pulmonary 321(11.4) 118(16.8) 89(12.6) 62 (8.8) 52(7.4) <0.001
isease
Renal disease 238 (8.5) 135(19.2) 68 (9.7) 25 (3.6) 10(1.4) < 0.001
Liver disease 159 (5.6) 99 (14.1) 29 (4.1) 19(2.7) 12(1.7) <0.001
Malignancy 107 (3.8) 67 (9.5) 24 (3.4) 12(1.7) 4(0.6) < 0.001
Disease severity score
cal 4.0(1.0,5.0) 5.0 (4.0,7.0) 4.0 (3.0,6.0) 3.0(1.0,5.0) 2.0(0,4.0) < 0.001
SOFA 3.0(2.0,5.0) 4.0 (3.0,6.0) 3.0(2.0,5.0) 3.0 (2.0,4.0) 3.0(1.0,4.0) < 0.001
SAPS I 31.0+124 36.8+123 33.5+12.0 286+11.3 249+£10.5 < 0.001
GCS 11.8x35 11.3+38 11.6+35 12.2+3.1 120+33 <0.001
Laboratory parameter
Hemoglobin (g/L) 123.7£21.8 96.6 £15.9 118.6 £9.0 131.7+78 147.9+£9.9 < 0.001
RDW (%) 140+ 1.8 159+24 139+1.0 13.3+0.7 12.8+£0.6 < 0.001
WBC (x109/L) 10.8 (8.0,14.7) 9.5(6.7,13.1) 109(7.9,146) 11.1(83,149) 12.1(9.1,16.3) < 0.001

model 2, we further adjusted for CHEF, cerebrovascular
disease, renal disease, CCI, SOFA, SAPS II, GCS, WBC,
PTT, BUN, creatinine, MV, RRT, vasopressors, neuro-
surgery, and RBC transfusion.

Curve-fitting was performed to evaluate the linear
relationship between HRR and 30-day mortality of TBI
patients. Subgroup analyses were conducted by age,
sex, race, hypertension, diabetes, CHF, cerebrovascular
disease, chronic pulmonary disease, MV, neurosur-
gery, and the first-day GCS (9-15, mild-moderate TBI;
3-8, severe TBI). The likelihood ratio tests were used
to examine interactions between subgroups. To further
assess the accuracy of the HRR in predicting mortality
of TBI, receiver operating characteristic (ROC) curves
were constructed. Moreover, DeLong tests were used
to compare the area under the curves (AUC) between
HRR and single parameters (hemoglobin and RDW).

Multiple imputation was used to account for missing
data. In addition, the missing data for each variable
is listed in Supplementary Table 1. Several sensitivity
analyses were conducted to evaluate the robustness

of our results. Multiple interpolation analyses were
conducted to assess whether covariates with missing
data introduced bias in our findings. Considering the
possible impact of RBC transfusion on hemoglobin and
RDW, we reanalyzed the association between HRR and
mortality after excluding participants with RBC trans-
fusion. In addition, the mean values of hemoglobin
and RDW on the first day admitted to the ICU were
also extracted to calculate HRR, and the relationship
between HRR and mortality was reanalyzed.

Data analyses were conducted using the statistical
software package R. version 3.4.3 (R Foundation,
Vienna, Austria) and Free Statistics software version
1.7.1. Differences with a two-sided p < 0.05 were
considered to be statistically significant.

RESULTS

Patient selection

Of 76,943 ICU admissions, 3,155 patients with TBI
were identified. A flowchart of this study is presented

Copyright © 2023 Neuroendocrinology Letters ISSN0172-780X « www.nel.edu
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HRR

Characteristics Total Quartile 1 Quartile 2 Quartile 3 Quartile 4 p-Value

<7.79 7.79 -9.27 9.28 - 10.52 >10.52
Platelet (x109/L) 220.1 £89.5 197.7 £109.3 216.6 £ 959 226.7 £73.6 2394 +£67.6 <0.001
INR 1.1(1.0,1.2) 1.2(1.1,1.5) 1.1(1.0,1.3) 1.1(1.0,1.2) 1.1(1.0,1.1) <0.001
PT (s) 13.8+6.6 156£9.3 143+£7.6 13.1£4.1 123 £2.7 <0.001
PTT (s) 28.6+89 30.2£10.1 289+11.1 27.8+6.8 275+6.3 <0.001
Anion gap (mmol/L) 156+3.7 154+43 15.1+35 156+3.6 16.1+3.5 <0.001
Bicarbonate (mmol/L) 234 +3.7 233+43 23.4+3.7 23.6+34 233+33 0.37
Glucose (mg/dL) 137.2+£60.3 142.8 £81.1 139.6 £57.0 134.9+49.9 131.4+46.3 0.002
BUN (mg/dL) 16.0 (12.0,22.0) 19.0(13.0,29.0) 17.0(12.0,24.0) 15.0(11.0,20.0) 14.0(11.0, 18.0) <0.001
Creatinine (mg/dL) 0.9(0.7,1.1) 0.9(0.7,1.3) 0.9 (0.7, 1.1) 0.9 (0.7, 1.0) 0.9(0.8,1.1) <0.001
Organ support therapy
MV 1003 (35.6) 258 (36.7) 258 (36.6) 211 (30.1) 276 (39.1) 0.003
RRT 42 (1.5) 35(5) 3(0.4) 3(0.4) 1(0.1) <0.001
Vasopressors 406 (14.4) 151 (21.5) 98 (13.9) 74 (10.5) 83(11.8) <0.001
Neurosurgery 597 (21.2) 132(18.8) 156 (22.2) 147 (20.9) 162 (22.9) 0.243
RBC transfusion 29(1.0) 15(2.1) 7 (1) 5(0.7) 2(0.3) 0.005
Outcomes
30-day mortality 309 (11.0) 148 (21.1) 84(11.9) 50(7.1) 27 (3.8) < 0.001
60-day mortality 367 (13.0) 179 (25.5) 100 (14.2) 56 (8) 32 (4.5) <0.001
120-day mortality 435 (15.5) 211 (30) 121 (17.2) 65 (9.3) 38(5.4) <0.001

Note: Variables are presented as mean + SD, median (IQR), or N (%).

Abbreviations: HRR, hemoglobin-to-red cell distribution width ratio; CHF, congestive heart failure; CCl, Charlson comorbidity index; SOFA,
sequential organ failure assessment; SAPS II, simplified acute physiology score II; GCS, Glasgow coma scale; RDW, red cell distribution
width; WBC, white blood cell; INR, international normalized ratio; PT, prothrombin time; PTT, partial thromboplastin time; BUN, blood urea
nitrogen; MV, mechanical ventilation; RRT, renal replacement therapy; RBC, red blood cell.

in Figure 1. The cohort for the final analysis included
2,815 participants.

Baseline characteristics of participants

The baseline characteristics of the participants stratified
using HRR values are shown in Table 1. According to the
HRR values, 703, 704, 702, and 706 patients belonged to
the Quartile 1, Quartile 2, Quartile 3, and Quartile 4
groups, respectively. The mean age of all participants
was 62.2 + 22.1 years, with males accounting for 62.4%.
GCS scores averaged 11.8 + 3.5, mechanical ventila-
tion treatment accounted for 35.6%, and neurosurgical
operation accounted for 21.2%. The patients in the
Quartile 1 group were older, had a higher CCI, SOFA,
and SAPS I, and were more likely to use RRT and vaso-
pressors. Patients with higher HRR had lower 30-day,
60-day, and 120-day all-cause mortality.

Association Between HRR and Mortality of TBI

The Kaplan-Meier curves for 30-day, 60-day, and
120-day survival are presented in Figure 2 (all p values

for Log-rank tests < 0.0001). Both univariable and multi-
variable Cox proportional risk models were performed
to investigate the relationship between the HRR and all-
cause mortality in TBI patients. In Table 2, we show both
the crude model and the adjusted models. In the crude
model and model 1 (adjusted for age, sex, and race),
HRR was negatively associated with 30-day mortality.
Even after adjustment for all potential confounders
(model 2), the association remained significant with
HRR treated as a continuous variable (HR, 95% CI: 0.87
[0.81, 0.92]; p <0.001). A similar relationship was also
observed for 60-day mortality and 120-day mortality.
In model 2, higher HRR was independently associated
with decreased 60-day (HR, 95% CI: 0.85 [0.8, 0.9];
p < 0.001) and 120-day (HR, 95% CI: 0.85 [0.8, 0.89];
p < 0.001) all-cause mortality. We also considered HRR
as a categorical variable (the four quartiles) and used
the first quartile as a reference group for comparison
with other groups in the correlation analyses. For
30-day mortality, in the fully adjusted model (model 2),
the HR with 95% CI for the second, third, and fourth
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Tab. 2. Relationship between HRR and all-cause mortality among patients with TBI
Model 1

Crude model Model 2

HR (95% Cl) p-value HR (95% Cl) p-value HR (95% Cl) p-value
30-day mortality
HRR 0.75(0.72,0.79) <0.001 0.8 (0.76, 0.85) <0.001 0.87 (0.81,0.92) <0.001
HRR quartiles
Quartile 1 1(Ref) 1(Ref) 1(Ref)
Quartile 2 0.54(0.42,0.71) <0.001 0.57 (0.44, 0.75) <0.001 0.67 (0.5, 0.9) 0.007
Quartile 3 0.32(0.23,0.44) <0.001 0.42(0.3,0.58) <0.001 0.65 (0.46, 0.94) 0.022
Quartile 4 0.17 (0.11, 0.25) <0.001 0.32(0.21,0.49) <0.001 0.5(0.32,0.79) 0.003
P for trend <0.001 <0.001 0.001
60-day mortality
HRR 0.74 (0.71,0.77) <0.001 0.79 (0.75, 0.83) <0.001 0.85(0.8,0.9) <0.001
HRR quartiles
Quartile 1 1(Ref) 1(Ref) 1(Ref)
Quartile 2 0.53(0.41, 0.68) <0.001 0.56 (0.43,0.71) <0.001 0.64 (0.49, 0.83) 0.001
Quartile 3 0.29(0.21,0.39) <0.001 0.38(0.28,0.51) <0.001 0.58 (0.42,0.82) 0.002
Quartile 4 0.16 (0.11,0.23) <0.001 0.3 (0.2,0.45) <0.001 0.47 (0.31,0.71) <0.001
P for trend <0.001 <0.001 <0.001
120-day mortality
HRR 0.74(0.71,0.77) <0.001 0.79(0.75,0.82) <0.001 0.85 (0.8, 0.89) <0.001
HRR quartiles
Quartile 1 1(Ref) 1(Ref) 1(Ref)
Quartile 2 0.53(0.43,0.67) <0.001 0.56 (0.45,0.7) <0.001 0.63(0.5,0.81) <0.001
Quartile 3 0.28 (0.21, 0.36) <0.001 0.37 (0.28, 0.49) <0.001 0.56 (0.41, 0.76) <0.001
Quartile 4 0.16 (0.11,0.22) <0.001 0.31(0.22,0.44) <0.001 0.47 (0.32, 0.69) <0.001
P for trend <0.001 <0.001 <0.001

Note: Crude model was adjusted for none; Model 1 was adjusted for age, sex and race; Model 2 was further adjusted (from Model 1) for CHF,
cerebrovascular disease, renal disease, CCl, SOFA, SAPS I, GCS, WBC, PTT, BUN, creatinine, MV, RRT, vasopressors, neurosurgery, and RBC
transfusion.

Abbreviations: HRR, hemoglobin-to-red cell distribution width ratio; TBI, traumatic brain injury; HR, hazard ratio; Cl, confidence interval;
Ref, reference; CHF, congestive heart failure; CCl, Charlson comorbidity index; SOFA, sequential organ failure assessment; SAPS Il, simplified
acute physiology scorell; GCS, Glasgow coma scale; WBC, white blood cell; PTT, partial thromboplastin time; BUN, blood urea nitrogen; MV,
mechanical ventilation; RRT, renal replacement therapy; RBC, red blood cell.

quartile groups were 0.67 (0.5, 0.9), 0.65 (0.46, 0.94),
and 0.5 (0.32, 0.79), respectively, compared to the first

sex, race, GCS, hypertension, diabetes, CHF, cerebro-
vascular disease, chronic pulmonary disease, MV, and

quartile group (p for trend = 0.001). A similar trend
was also observed for 60-day mortality and 120-day
mortality. Using curve-fitting, a linear relationship was
found between HRR and 30-day mortality in patients
with TBI (Supplementary Figure 1).

Subgroup analyses and ROC curves

Stratified and interaction analyses were performed
to see whether the relationship between HRR and
30-day mortality was stable in different subgroups. The
interaction tests were not statistically significant for age,

neurosurgery (Figure 3). The ROC curves were utilized
to assess the capacity of HRR to predict mortality in
ICU patients with TBI. For 30-day mortality, the AUCs
of HRR, hemoglobin, and RDW were 0.694, 0.671,
and 0.663, respectively (Figure 4). Using DeLong tests
to compare AUCs, we found that HRR had a better
predictive value than hemoglobin (p = 0.002) and RDW
(p=0.017). For 60-day and 120-day mortality, the AUCs
of HRR reached 0.707 and 0.713, respectively. In addi-
tion, similar results from DeLong tests were observed
for 60-day and 120-day mortality.

Copyright © 2023 Neuroendocrinology Letters ISSN0172-780X « www.nel.edu
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Fig. 2. Kaplan-Meier curves for 30-day (A), 60-day (B), and 120-day (C) survival of TBI patients according to the HRR levels. Abbreviations:

HRR, hemoglobin-to-red cell distribution width ratio; TBI, traumati

Sensitivity analyses

In the sensitivity analyses, results remained robust using
multiple interpolation (Supplementary Table 2). We
reanalyzed the association between HRR and all-cause
mortality after excluding the patients with RBC trans-
fusion and found that the association between HRR and
mortality remained reliable (Supplementary Table 3).
In addition, the reanalysis of the relationship between
HRR and mortality using the mean hemoglobin and
mean RDW on the first day admitted to the ICU showed
the robustness of our results (Supplementary Table 4).

DISCUSSION

The current study focused on the relationship between
routine blood tests taken upon ICU admission and
all-cause mortality among critically ill patients with
TBI. We detected a negative correlation between HRR
level and the risk of mortality in TBI patients, even
after adjustments for essential confounders. Curve-
fitting, stratified analyses, and sensitivity analyses
suggested the robustness of our findings. In addi-
tion, we constructed ROC curves to evaluate the
value of HRR as a stand-alone predictor and found
that HRR has good predictive value for 60-day and
120-day mortality on its own. More importantly, HRR
may be a better biomarker than hemoglobin and RDW
for predicting mortality in patients with TBI. Our
findings will contribute to an in-depth understanding
of the relationship between HRR and mortality in ICU
patients with TBI, thereby strengthening the physi-
cian’s ability to risk-stratify patients and improving
treatment decisions. Compared with some disease
severity scores, such as CCI, SOFA, SAPS II, and GCS,
HRR is more objective and accessible, which makes
HRR directly applicable in the assessment of the prog-
nosis of ICU patients with TBI.

Anemia is common following TBI, occurring in
approximately 50% of TBI patients (Utter et al. 2011).

¢ brain injury.

Many studies have reported that hemoglobin levels
may be closely associated with the prognosis of TBI
patients, and lower hemoglobin could independently
predict poor outcomes in TBI patients (Baltazar et al.
2015; Florez-Perdomo et al. 2021; Litofsky et al. 2016).
The pathophysiological mechanisms underlying the
association between worse prognoses and decreased
hemoglobin levels are not exactly clear. A possible
pathway by which anemia may cause secondary cere-
bral injury is by decreasing oxygen transport ability
and brain tissue oxygen tension (Oddo et al. 2012).
Anemia-induced tissue hypoxia is mechanistically
demonstrated by the observations of increased expres-
sion of hypoxia-related molecules such as erythropoi-
etin, endothelium-derived factors, and neuronal nitric
oxide synthase (Hare, 2004). On the other hand, as
anemia causes brain vasodilation mediated by nitric
oxide, this may exacerbate cerebral oedema and elevate
ICP (LeRoux, 2013). However, the association between
anemia and adverse outcomes in TBI patients remains
controversial due to inconsistencies in the definition
of anemia and the timing of hemoglobin measure-
ments in different studies. Some studies on anemia
and TBI outcomes have not observed a consistent risk
of harm (Dolmans et al. 2020; East et al. 2018). These
studies suggest that a single indicator of hemoglobin
may not accurately predict poor outcomes in patients
with TBIL

RDW is an indicator of the size heterogeneity
of erythrocytes, with higher values representing
a larger disparity. It has recently received a lot of atten-
tion as a biomarker of inflammation and a promising
prognostic indicator for various nonhematologic
diseases (Anand et al. 2022; Salvagno et al. 2015).
In another study, RDW was suggested to reflect the
patient’s nutritional status and tolerance ability (Yazici
et al. 2017). In addition, it has also been reported
that increased RDW is associated with inferior health
status, which denotes a reduced capacity for systemic
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Fig. 3. Stratified analyses of the
Subgroup Total, (n) Event, n(%) HR (95%Cl) P for interaction associations between HRR and
30-day mortality. HRs were
Overall adjusted for age, sex, race, CHF,
Crude 0.75 (0.72, 0.79) - cerebrovascular disease, renal
) disease, CCl, SOFA, SAPS II, GCS,
Adjusted 0.8710.81,0.92) e WBC, PTT, BUN, creatinine, MV,
Sex 0.052 RRT, vasopressors, neurosurgery,
and RBC transfusion.
Female 1058  142(13.4) 0.8(0.72, 0.89) —_—— Abbreviations: HRR, hemoglobin-
Male 1757 167 (9.5)  0.922 (0.847, 1.005) —_— to-red cell distribution width
ratio; HR, hazard ratio; CHF,
Age(years) b498 congestive heart failure; CCl,
<65 1377 57 (4.1) 0.81(0.7, 0.93) —— Charlson comorbidity index;
N SOFA, sequential organ failure
265 1438  252(17.5) 0.89 (0.82, 0.96) —_— assessment; SAPS II, simplified
Race 0.175 acute physiology score Il;
) GCS, Glasgow coma scale;
White 1822 205(11.3) 0.87 (0.8, 0.94) —_— WBC, white blood cell; PTT,
Other 993 104 (10.5) 0.89 (0.79, 1.01) —_— partial thromboplastin time;
BUN, blood urea nitrogen; MV,
Ges 0.056 mechanical ventilation; RRT,
3-8 527 187 (35.5) 0.85(0.78, 0.93) — renal replacement therapy; RBC,
red blood cell.
9-15 2288  122(5.3) 0.89(0.81,0.99) — -
Hypertension 0.138
No 1641 163(9.9)  0.88 (0.81,0.96) —_—
Yes 1174  146(12.4) 0.84 (0.76, 0.93) —
Diabetes 0.433
No 2314  229(9.9) 0.87 (0.8, 0.93) —
Yes 501 80 (16) 0.77 (0.66, 0.9) —
CHF 0.826
No 2518  237(9.4) 0.88(0.81,0.94) —.
Yes 297 72(24.2) 0.855(0.733,0.997) ——=——
Cerebrovascular disease 0.439
No 2550  255(10)  0.86 (0.8, 0.93) —
Yes 265 54 (20.4)  0.82(0.69, 0.97) —_—
Chronic pulmonary disease 0.523
No 2494 269 (10.8) 0.87 (0.81,0.94) —
Yes 321 40(125) 0.83(0.66,1.05) ——8—
mv 0.091
No 1812 133(7.3) 0.88(0.8,0.98) —_—
Yes 1003 176(17.5) 0.89(0.82, 0.98) —_——
Neurosurgery 0.158
No 2218 249(11.2) 0.86(0.79,0.92) —
Yes 597 60(10.1)  0.93 (0.8, 1.08) —_—
T T T T T
06 07 08 09 1 1.1
HR (95%Cl)

recovery and oxygenation (Sun et al. 2016). The study ~ with RDW and mortality (Lorente et al. 2021). Based
by Zhang et al. indicated that RDW is considered tobe  on the above considerations, the impact of RDW on
a predictor of mortality in TBI patients (Zhang & the prognosis of TBI patients may be related to various
Zhao, 2015). Lorente et al. conducted a study focused factors.

on the relationship between RDW at admission and When compared to hemoglobin and RDW, HRR
mortality in TBI patients and found that higher has a better predictive value, as evidenced by the
RDW can lead to an increased risk of mortality. In  AUCs. The advantage of combining hemoglobin
their research, inflammation and oxidative stress are and RDW into a prognostic indicator was reported
considered to be the main mechanisms associated in previous studies, suggesting it as a potential
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Fig. 4. ROC curve analyses for HRR, hemoglobin, and RDW based on 30-day (a), 60-day (b), and 120-day (c) mortality. Abbreviations: ROC,

receiver operating characteristic; HRR, hemoglobin-to-red cell distribution width ratio; RDW, red cell distribution width.

prognostic biomarker in various cancers (Petrella
et al. 2021; Yilmaz et al. 2020, 2021). Other studies
have found that HRR is independently associated
with prognosis in non-neoplastic diseases such as
heart failure, decompensated cirrhosis, and ischemic
stroke (Qin et al. 2022; Rahamim et al. 2022; Yu et al.
2022). In addition, the baseline HRR at admission has
been demonstrated to be an independent predictor
of poor prognosis following percutaneous coronary
intervention (Xiu et al. 2022). In our study, a linear
relationship was found between HRR and the primary
outcome. However, the relationship between mortality
and the HRR values was non-linear in two previous
studies (Huang et al. 2022; Qin et al. 2022). In these
two studies, the study populations were not exactly
the same as ours. Therefore, the results do not repre-
sent the relationship between HRR and mortality in
critically ill patients with TBI. Nevertheless, the results
showed that lower HRR was associated with increased
all-cause mortality in these two studies. The study by
Yu et al. suggested that both hemoglobin and RDW are
affected by various factors, including inflammation,
malnutrition, and aging. Compared to hemoglobin
or RDW alone, HRR may be a more stable and accu-
rate prognostic biomarker since it is a ratio (Groarke
& Young, 2019; Yu et al. 2022). Taken together, it is
not unexpected that HRR is independently associated
with mortality among patients with TBI.

One advantage of our study is the relatively large
sample size from the MIMIC-IV database, which
improves the statistical power and accuracy of data
analyses. In addition, various robustness tests were
performed to enhance the reliability of our findings.
However, our study had certain shortcomings. Firstly,
data from the MIMIC-IV database did not include
long-term follow-up events or the Glasgow Outcome

Scale. Secondly, we did not adjust for ICP in the multi-
variable Cox proportional risk models since it was
only measured in a minority of participants. Thirdly,
baseline values of hemoglobin and RDW were evalu-
ated after ICU admission, and dynamic HRR values
were not available in our study, so we could not assess
the relationship between variation values of HRR
and prognosis. Finally, as a single-center retrospec-
tive study, it might have been prone to selection bias.
A prospective multicenter study is therefore required.
Our findings should serve as a basis for future well-
designed research to investigate the impact of HRR on
prognosis and causality in TBI patients. Despite these
shortcomings, this is the first study to explore the rela-
tionship between HRR and mortality among critically
ill patients with TBI.

CONCLUSIONS

In conclusion, a lower level of HRR is significantly asso-
ciated with higher all-cause mortality among critically
ill patients with TBI. More studies are required to eval-
uate the prognostic value of HRR in critically ill patients
with TBI.

ETHICS APPROVAL AND INFORMED
CONSENT

The Massachusetts Institute of Technology and BIDMC
approved the establishment of this database. The insti-
tutional review boards of the Massachusetts Institute
of Technology and BIDMC both approved the use of the
database for research. Informed consents were waived
since the information of all patients in this database was
anonymous. We also complied with all relevant ethical
regulations regarding the use of the data in our study.

Neuroendocrinology Letters Vol.44 No.4 2023 - Article available online: www.nel.edu

231



Yang et al: HRR and mortality in TBI patients

DATA AVAILABILITY

All the data used to support this study are available
from the corresponding author upon request.

FUNDING

None received.

COMPETING INTERESTS

The authors declare that they have no competing
interests.

AUTHORS’ CONTRIBUTIONS

DY wrote the manuscript; JL conducted data analyses;
RX conducted data interpretation; KZ and SY conducted
data curation and visualization; ZH edited tables and
pictures; LZ reviewed the manuscript. All authors
contributed to study design and interpretation. All
authors have read and approved the final manuscript.

REFERENCES

1

232

Anand S, Krishnan N, Juki¢ M, Krizanac Z, Llorente Mufioz CM,
Pogoreli¢ Z (2022). Utility of Red Cell Distribution Width (RDW) as
a Noninvasive Biomarker for the Diagnosis of Acute Appendicitis:
A Systematic Review and Meta-Analysis of 5222 Cases. Diagnostics
(Basel). 12.

Baltazar GA, Pate AJ, Panigrahi B, Sharp A, Smith M, Chendrasekhar
A (2015). Higher haemoglobin levels and dedicated trauma
admission are associated with survival after severe traumatic brain
injury. Brain Inj. 29: 607-611.

Chi G, Lee JJ, Montazerin SM, Marszalek J (2022). Prognostic value
of hemoglobin-to-red cell distribution width ratio in cancer: a sys-
tematic review and meta-analysis. Biomark Med. 16: 473-482.
Czeiter E, Amrein K, Gravesteijn BY, Lecky F, Menon DK, Mondello
S, et al. (2020). Blood biomarkers on admission in acute traumatic
brain injury: Relations to severity, CT findings and care path in the
CENTER-TBI study. EBioMedicine. 56: 102785.

Dolmans R, Hulsbergen A, Gormley WB, Broekman M (2020). Rou-
tine Blood Tests for Severe Traumatic Brain Injury: Can They Predict
Outcomes. World Neurosurg. 136: e60-e67.

East JM, Viau-Lapointe J, McCredie VA (2018). Transfusion practices
in traumatic brain injury. Curr Opin Anaesthesiol. 31: 219-226.
Florez-Perdomo WA, Garcia-Ballestas E, Martinez-Perez R, Agrawal
A, Deora H, Joaquim AF, et al. (2021). Hemoglobin levels as a trans-
fusion criterion in moderate to severe traumatic brain injury: a sys-
tematic review and meta-analysis. Br J Neurosurg. 1-7.

Frankel M, Fan L, Yeatts SD, Jeromin A, Vos PE, Wagner AK; et al.
(2019). Association of Very Early Serum Levels of S100B, Glial
Fibrillary Acidic Protein, Ubiquitin C-Terminal Hydrolase-L1, and
Spectrin Breakdown Product with Outcome in ProTECT IIl. J Neu-
rotrauma. 36: 2863-2871.

Groarke EM, Young NS (2019). Aging and Hematopoiesis. Clin Geri-
atr Med. 35:285-293.

Hare GM (2004). Anaemia and the brain. Curr Opin Anaesthesiol.
17:363-369.

Huang X, Yuan S, Ling Y, Tan S, Huang T, Cheng H, et al. (2022).
The Hemoglobin-to-Red Cell Distribution Width Ratio to Predict
All-Cause Mortality in Patients with Sepsis-Associated Encepha-
lopathy in the MIMIC-IV Database. Int J Clin Pract. 2022: 7141216.

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

Jaddoe VW, de Jonge LL, Hofman A, Franco OH, Steegers EA, Gail-
lard R (2014). First trimester fetal growth restriction and cardiovas-
cular risk factors in school age children: population based cohort
study. BMJ. 348:g14.

Johnson AE, Stone DJ, Celi LA, Pollard TJ (2018). The MIMIC Code
Repository: enabling reproducibility in critical care research. J Am
Med Inform Assoc. 25: 32-39.

LeRoux P (2013). Haemoglobin management in acute brain injury.
Curr Opin Crit Care. 19: 83-91.

Litofsky NS, Martin S, Diaz J, Ge B, Petroski G, Miller DC, et al.
(2016). The Negative Impact of Anemia in Outcome from Trau-
matic Brain Injury. World Neurosurg. 90: 82-90.

Lorente L, Martin MM, Ruiz C, Abreu-Gonzélez P, Pérez-Cejas A,
Gonzalez-Rivero AF, et al. (2021). Red blood cell distribution width
as mortality biomarker in patients with traumatic brain injury.
Acta Neurol Belg. 121: 715-720.

Maas A, Menon DK, Adelson PD, Andelic N, Bell MJ, Belli A, et al.
(2017). Traumatic brain injury: integrated approaches to improve
prevention, clinical care, and research. Lancet Neurol. 16: 987-
1048.

Murray GD, Brennan PM, Teasdale GM (2018). Simplifying the use
of prognostic information in traumatic brain injury. Part 2: Graphi-
cal presentation of probabilities. J Neurosurg. 128: 1621-1634.
Oddo M, Levine JM, Kumar M, Iglesias K, Frangos S, Maloney-
Wilensky E, et al. (2012). Anemia and brain oxygen after severe
traumatic brain injury. Intensive Care Med. 38: 1497-1504.
Petrella F, Casiraghi M, Radice D, Cara A, Maffeis G, Prisciandaro E,
et al. (2021). Prognostic Value of the Hemoglobin/Red Cell Distri-
bution Width Ratio in Resected Lung Adenocarcinoma. Cancers
(Basel).13.

Qin Z, Liao N, Lu X, Duan X, Zhou Q, Ge L (2022). Relationship
Between the Hemoglobin-to-Red Cell Distribution Width Ratio
and All-Cause Mortality in Ischemic Stroke Patients with Atrial
Fibrillation: An Analysis from the MIMIC-IV Database. Neuropsychi-
atr Dis Treat. 18:341-354.

Rahamim E, Zwas DR, Keren A, Elbaz-Greener G, Ibrahimli M, Amir
0O, et al. (2022). The Ratio of Hemoglobin to Red Cell Distribution
Width: A Strong Predictor of Clinical Outcome in Patients with
Heart Failure. J Clin Med. 11.

Roozenbeek B, Maas Al, Menon DK (2013). Changing patterns
in the epidemiology of traumatic brain injury. Nat Rev Neurol.
9:231-236.

Salvagno GL, Sanchis-Gomar F, Picanza A, Lippi G (2015). Red
blood cell distribution width: A simple parameter with multiple
clinical applications. Crit Rev Clin Lab Sci. 52: 86-105.
Schweingruber N, Mader M, Wiehe A, Rder F, Gottsche J, Kluge
S, et al. (2022). A recurrent machine learning model predicts
intracranial hypertension in neurointensive care patients. Brain.
145:2910-2919.

Sun P, Zhang F, Chen C, Bi X, Yang H, An X, et al. (2016). The ratio
of hemoglobin to red cell distribution width as a novel prognostic
parameter in esophageal squamous cell carcinoma: a retrospec-
tive study from southern China. Oncotarget. 7: 42650-42660.
Taylor CA, Bell JM, Breiding MJ, Xu L (2017). Traumatic Brain
Injury-Related Emergency Department Visits, Hospitalizations,
and Deaths - United States, 2007 and 2013. MMWR Surveill Summ.
66: 1-16.

Utter GH, Shahlaie K, Zwienenberg-Lee M, Muizelaar JP (2011).
Anemia in the setting of traumatic brain injury: the arguments for
and against liberal transfusion. J Neurotrauma. 28: 155-165.
Wang R, He M, Ou X, Xie X, Kang Y (2020). CRP Albumin ratio is
positively associated with poor outcome in patients with trau-
matic brain injury. Clin Neurol Neurosurg. 195: 106051.

Xiu WJ, Zheng YY, Wu TT, Hou XG, Yang Y, Ma YT, et al. (2022).
Hemoglobin-to-Red-Cell Distribution Width Ratio Is a Novel Pre-
dictor of Long-Term Patient Outcomes After Percutaneous Coro-
nary Intervention: A Retrospective Cohort Study. Front Cardiovasc
Med. 9: 726025.

Yang F, Peng C, Peng L, Wang P, Cheng C, Zuo W, et al. (2022).
Group-based trajectory modeling of intracranial pressure in
patients with acute brain injury: Results from multi-center ICUs,
2008-2019. CNS Neurosci Ther. 28: 1218-1228.

Copyright © 2023 Neuroendocrinology Letters ISSN0172-780X « www.nel.edu



32

33

34

35

Yazici P, Demir U, Bozkurt E, Isil GR, Mihmanli M (2017). The role
of red cell distribution width in the prognosis of patients with gas-
tric cancer. Cancer Biomark. 18: 19-25.

Yu Z, Zhang T, Shen J (2022). Low Hemoglobin-to-Red Cell Distri-
bution Width Ratio Is Associated with Mortality in Patients with
HBV-Related Decompensated Cirrhosis. Biomed Res Int. 2022:
5754790.

Yilmaz A, Yilmaz H, Tekin SB, Bilici M (2020). The prognostic sig-
nificance of hemoglobin-to-red cell distribution width ratio in
muscle-invasive bladder cancer. Biomark Med. 14: 727-738.
Yilmaz H, Yilmaz A, Demirag G (2021). Prognostic significance
of hemoglobin-to-red cell distribution width ratio in patients with
metastatic renal cancer. Future Oncol. 17: 3853-3864.

36

37

Yang et al: HRR and mortality in TBI patients

Zhai Z, Gao J, Zhu Z, Cong X, Lou S, Han B, et al. (2021). The Ratio
of the Hemoglobin to Red Cell Distribution Width Combined with
the Ratio of Platelets to Lymphocytes Can Predict the Survival
of Patients with Gastric Cancer Liver Metastasis. Biomed Res Int.
2021: 8729869.

Zhang B, Zhao J (2015). Red blood cell distribution width as
a prognostic biomarker for mortality in traumatic brain injury. Int J
Clin Exp Med. 8:19172-19175.

Neuroendocrinology Letters Vol.44 No.4 2023 - Article available online: www.nel.edu

233



Yang et al: HRR and mortality in TBI patients

Supplementary Table 1 (online only).
Description of missing data

Variables Non-missing Missing
Age 2815 0
Sex 2815 0
Race 2815 0
Hypertension 2815 0
Diabetes 2815 0
CHF 2815 0
Cerebrovascular disease 2815 0
Chronic pulmonary disease 2815 0
Renal disease 2815 0
Liver disease 2815 0
Malignancy 2815 0
cdal 2815 0
SOFA 2815 0
SAPS I 2815 0
GCS 2815 0
Hemoglobin 2815 0
RDW 2815 0
WBC 2815 0
Platelet 2815 0
INR 2699 116
PT 2699 116
PTT 2691 124
Anion gap 2787 28
Bicarbonate 2787 28
Glucose 2788 27
BUN 2809 6
Creatinine 2812 3
Mv 2815 0
RRT 2815 0
Vasopressors 2815 0
Neurosurgery 2815 0
RBC transfusion 2815 0
30-day mortality 2815 0
60-day mortality 2815 0
120-day mortality 2815 0

Abbreviations: CHF, congestive heart failure; CCl, Charlson comorbidity index; SOFA, sequential organ failure assessment; SAPS II, simplified
acute physiology score II; GCS, Glasgow coma scale; RDW, red cell distribution width; WBC, white blood cell; INR, international normalized
ratio; PT, prothrombin time; PTT, partial thromboplastin time; BUN, blood urea nitrogen; MV, mechanical ventilation; RRT, renal replacement
therapy; RBC, red blood cell.
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Supplementary Table 2 (online only).
Relationship between HRR and all-cause mortality among patients with TBI after multiple imputation

Crude model Model 1 Model 2

HR (95% CI) p-value HR (95% Cl) p-value HR (95% CI) p-value
30-day mortality
HRR 0.75(0.72,0.79) <0.001 0.8 (0.76, 0.85) <0.001 0.87 (0.82,0.93) <0.001
HRR quartiles
Quartile 1 1(Ref) 1(Ref) 1(Ref)
Quartile 2 0.54 (0.42,0.71) <0.001 0.57 (0.44, 0.75) <0.001 0.71(0.53,0.94) 0.019
Quartile 3 0.32(0.23,0.44) <0.001 0.42(0.3,0.58) <0.001 0.74 (0.52, 1.05) 0.096
Quartile 4 0.17 (0.11, 0.25) <0.001 0.32(0.21,0.49) <0.001 0.53(0.34,0.83) 0.006
60-day mortality
HRR 0.74(0.71,0.77) <0.001 0.79(0.75, 0.83) <0.001 0.85(0.8,0.9) <0.001
HRR quartiles
Quartile 1 1(Ref) 1(Ref) 1(Ref)
Quartile 2 0.53(0.41, 0.68) <0.001 0.56 (0.43,0.71) <0.001 0.68 (0.52,0.88) 0.003
Quartile 3 0.29 (0.21, 0.39) <0.001 0.38(0.28,0.51) <0.001 0.64 (0.46, 0.89) 0.008
Quartile 4 0.16 (0.11, 0.23) <0.001 0.3(0.2,0.45) <0.001 0.48 (0.32,0.73) 0.001
120-day mortality
HRR 0.74(0.71,0.77) <0.001 0.79 (0.75, 0.82) <0.001 0.85(0.81,0.9) <0.001
HRR quartiles
Quartile 1 1(Ref) 1(Ref) 1(Ref)
Quartile 2 0.53(0.43,0.67) <0.001 0.56 (0.45,0.7) <0.001 0.67 (0.53, 0.85) 0.001
Quartile 3 0.28 (0.21, 0.36) <0.001 0.37(0.28, 0.49) <0.001 0.6 (0.45,0.81) 0.001
Quartile 4 0.16(0.11, 0.22) <0.001 0.31 (0.22,0.44) <0.001 0.48 (0.33,0.71) <0.001

Note: Crude model was adjusted for none; Model 1 was adjusted for age, sex and race; Model 2 was further adjusted (from Model 1) for CHF,
cerebrovascular disease, renal disease, CCl, SOFA, SAPS Il, GCS, WBC, PTT, BUN, creatinine, MV, RRT, vasopressors, neurosurgery, and RBC
transfusion.

Abbreviations: HRR, hemoglobin-to-red cell distribution width ratio; TBI, traumatic brain injury; HR, hazard ratio; Cl, confidence interval;
CHF, congestive heart failure; CCl, Charlson comorbidity index; SOFA, sequential organ failure assessment; SAPS I, simplified acute
physiology score II; GCS, Glasgow coma scale; WBC, white blood cell; PTT, partial thromboplastin time; BUN, blood urea nitrogen; MV,
mechanical ventilation; RRT, renal replacement therapy; RBC, red blood cell.
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Supplementary Table 3 (online only).

Relationship between HRR and all-cause mortality among patients with TBI after excluding the patients with RBC transfusion

Crude model Model 1 Model 2

HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value
30-day mortality
HRR 0.75(0.72,0.79) <0.001 0.81 (0.76, 0.85) <0.001 0.87(0.81,0.92) <0.001
HRR quartiles
Quartile 1 1(Ref) 1(Ref) 1(Ref)
Quartile 2 0.57 (0.44,0.75) <0.001 0.6 (0.46, 0.79) <0.001 0.68 (0.51,0.91) 0.01
Quartile 3 0.31(0.22,0.43) <0.001 0.41(0.3,0.58) <0.001 0.61(0.42, 0.89) 0.01
Quartile 4 0.17(0.11, 0.25) <0.001 0.32(0.21,0.5) <0.001 0.47 (0.3,0.75) 0.001
60-day mortality
HRR 0.74 (0.71,0.78) <0.001 0.79 (0.75,0.83) <0.001 0.85(0.8,0.9) <0.001
HRR quartiles
Quartile 1 1(Ref) 1(Ref) 1(Ref)
Quartile 2 0.54 (0.42, 0.69) <0.001 0.57 (0.45,0.73) <0.001 0.63 (0.48, 0.82) 0.001
Quartile 3 0.28 (0.21, 0.38) <0.001 0.37(0.27,0.51) <0.001 0.55(0.39,0.77) 0.001
Quartile 4 0.16 (0.11,0.23) <0.001 0.3(0.2,0.45) <0.001 0.44 (0.29,0.67) <0.001
120-day mortality
HRR 0.74(0.71,0.77) <0.001 0.79(0.75, 0.83) <0.001 0.85(0.8,0.9) <0.001
HRR quartiles
Quartile 1 1(Ref) 1(Ref) 1(Ref)
Quartile 2 0.54 (0.43, 0.68) <0.001 0.57 (0.46, 0.72) <0.001 0.62 (0.49,0.8) <0.001
Quartile 3 0.27 (0.2, 0.36) <0.001 0.36 (0.27,0.48) <0.001 0.53(0.39,0.72) <0.001
Quartile 4 0.16 (0.11,0.22) <0.001 0.31(0.22,0.45) <0.001 0.45 (0.31, 0.66) <0.001

Note: Crude model was adjusted for none; Model 1 was adjusted for age, sex and race; Model 2 was further adjusted (from Model 1) for CHF,
cerebrovascular disease, renal disease, CCl, SOFA, SAPS I, GCS, WBC, PTT, BUN, creatinine, MV, RRT, vasopressors, and neurosurgery.
Abbreviations: HRR, hemoglobin-to-red cell distribution width ratio; TBI, traumatic brain injury; RBC, red blood cell; HR, hazard ratio; Cl,
confidence interval; CHF, congestive heart failure; CCl, Charlson comorbidity index; SOFA, sequential organ failure assessment; SAPS II,
simplified acute physiology score II; GCS, Glasgow coma scale; WBC, white blood cell; PTT, partial thromboplastin time; BUN, blood urea
nitrogen; MV, mechanical ventilation; RRT, renal replacement therapy.

Cite:

Yang D, Lan J, Xue R, Zhang K, Ye S, Huang Z, Zhang L. Hemoglobin-to-Red Cell Distribution Width
Ratio is Associated with All-Cause Mortality in Critically Ill Patients with Traumatic Brain Injury.
Neuro Endocrinol Lett. 2023 Jul 5;44(4):223-233. PMID: 37466062.

Open Access: www.nel.edu

Supplementary p.3 (223-233)



Yang et al: HRR and mortality in TBI patients

Supplementary Table 4 (online only).

Relationship between HRR (calculated from mean hemoglobin and mean RDW) and all-cause mortality among patients with TBI

Crude model Model 1 Model 2

HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value
30-day mortality
HRR 0.72(0.68, 0.76) <0.001 0.78(0.73,0.82) <0.001 0.86 (0.8,0.92) <0.001
HRR quartiles
Quartile 1 1(Ref) 1(Ref) 1(Ref)
Quartile 2 0.5 (0.38, 0.66) <0.001 0.54 (0.41,0.71) <0.001 0.63 (0.47,0.84) 0.002
Quartile 3 0.32(0.23,0.44) <0.001 0.4 (0.29,0.54) <0.001 0.59 (0.41, 0.85) 0.005
Quartile 4 0.16 (0.11, 0.24) <0.001 0.28 (0.19, 0.43) <0.001 0.51(0.32,0.8) 0.003
60-day mortality
HRR 0.71 (0.68, 0.75) <0.001 0.76 (0.72,0.8) <0.001 0.84 (0.78, 0.89) <0.001
HRR quartiles
Quartile 1 1(Ref) 1(Ref) 1(Ref)
Quartile 2 0.51 (0.4, 0.65) <0.001 0.55(0.43,0.7) <0.001 0.65 (0.5, 0.84) 0.001
Quartile 3 0.3 (0.23,0.41) <0.001 0.38(0.28,0.51) <0.001 0.56 (0.4,0.79) 0.001
Quartile 4 0.16 (0.11,0.23) <0.001 0.27 (0.18,0.4) <0.001 0.49 (0.32,0.74) 0.001
120-day mortality
HRR 0.71 (0.68, 0.74) <0.001 0.76 (0.73,0.8) <0.001 0.84(0.79,0.89) <0.001
HRR quartiles
Quartile 1 1(Ref) 1(Ref) 1(Ref)
Quartile 2 0.52(0.42, 0.66) <0.001 0.56 (0.45,0.71) <0.001 0.67 (0.53, 0.85) 0.001
Quartile 3 0.3(0.23,0.39) <0.001 0.37 (0.28,0.49) <0.001 0.54 (0.4, 0.74) <0.001
Quartile 4 0.15(0.11,0.21) <0.001 0.27 (0.19,0.39) <0.001 0.47 (0.32,0.68) <0.001

Note: Crude model was adjusted for none; Model 1 was adjusted for age, sex and race; Model 2 was further adjusted (from Model 1) for CHF,
cerebrovascular disease, renal disease, CCl, SOFA, SAPS II, GCS, WBC, PTT, BUN, creatinine, MV, RRT, vasopressors, neurosurgery, and RBC
transfusion.

Abbreviations: HRR, hemoglobin-to-red cell distribution width ratio; RDW, red cell distribution width; TBI, traumatic brain injury; HR, hazard
ratio; Cl, confidence interval; CHF, congestive heart failure; CCl, Charlson comorbidity index; SOFA, sequential organ failure assessment;
SAPS I1, simplified acute physiology score II; GCS, Glasgow coma scale; WBC, white blood cell; PTT, partial thromboplastin time; BUN, blood
urea nitrogen; MV, mechanical ventilation; RRT, renal replacement therapy; RBC, red blood cell.
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Association between HRR

and 30-day mortality of TBI
patients. Only 98% of the

data is displayed. HRs were
adjusted for age, sex, race, CHF,
cerebrovascular disease, renal
disease, CCl, SOFA, SAPS II, GCS,
WBC, PTT, BUN, creatinine, MV,
RRT, vasopressors, neurosurgery,
and RBC transfusion.
Abbreviations: HRR, hemoglobin-
to-red cell distribution width
ratio; TBI, traumatic brain

injury; HR, hazard ratio; CHF,
congestive heart failure; CCl,
Charlson comorbidity index;
SOFA, sequential organ failure
assessment; SAPS ll, simplified
acute physiology score II;

GCS, Glasgow coma scale;

WBC, white blood cell; PTT,
partial thromboplastin time;
BUN, blood urea nitrogen; MV,
mechanical ventilation; RRT,
renal replacement therapy; RBC,
red blood cell.
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