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Background: As an inflammation-based marker, red cell distribution width to platelet ratio 
(RPR) has been verified to be associated with disease severity and outcome in many clinical 
settings. We designed this study to evaluate the prognostic value of RPR in patients with 
traumatic brain injury (TBI).
Methods: A total of 420 patients admitted with TBI were included in this study. Laboratory 
and clinical data were collected from an electronic medical record system. Univariate and 
multivariate logistic regression analyses were sequentially performed to discover risk factors of 
in-hospital mortality. Receiver operating characteristic (ROC) curves were drawn to confirm 
the predictive value of different markers including RPR in training set and testing set.
Results: Non-survivors had higher level of RPR than survivors (P<0.001). Logistic regres
sion analysis showed that RPR was significantly associated with mortality even after adjust
ing for confounding factors (P<0.001). The area under the ROC curve (AUC) value of 
Glasgow Coma Scale (GCS) for predicting mortality was 0.761 and 0775 in training set and 
testing set, respectively. And the constructed predictive model incorporating RPR had the 
highest AUC value of 0.858 and 0.884 in training set and testing set.
Conclusion: RPR is significantly associated with mortality in TBI patients. Utilizing RPR 
to construct a predictive model is valuable to evaluate prognosis of TBI patients.
Keywords: red cell distribution to platelet ratio, traumatic brain injury, prognosis, marker

Introduction
Traumatic brain injury (TBI) is a serious public health issue which brings a heavy 
burden to social economy and individual families.1 It was concluded that approxi
mately sixty-nine million people would suffer TBI each year in the world.2 

Children and young adults account for the majority of victims suffering TBI, and 
TBI has become the leading cause of long-term disability among them.3–5 TBI 
involves a series of pathophysiological processes including initial hit, neuroinflam
mation, inadequate cerebral perfusion and metabolism, excessive oxidative stress 
and excitotoxicity which are commonly associated with poor outcome in TBI 
patients.6 To make appropriate treatment decisions, some prognostic models have 
been developed and validated to predict outcome of TBI patients, such as IMPACT 
and CRASH models.7–9 And the trend of developing new prognostic models in TBI 
patients would not be terminated in future.

Complete blood count, comprising white blood cells, erythrocytes and platelets, 
is an accessible and routine laboratory test in clinical work. The measuring and 
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morphological parameters of blood cells have been veri
fied as valuable in evaluating severity and predicting out
come in various clinical settings. For instance, neutrophil 
to lymphocyte ratio (NLR), platelet to lymphocyte ratio 
(PLR), and red cell distribution width (RDW) have been 
generally acknowledged as inflammation markers in many 
diseases including cancer, cardiovascular diseases, and 
autoimmune diseases.10–13 In addition, the RDW to plate
let ratio (RPR) was recently proposed as a novel inflam
mation marker and verified as performing well in 
predicting outcome in some diseases including hepatic 
fibrosis, acute pancreatitis, myocardial infarction, burn 
injury, and colorectal cancer.14–18

RDW is a morphological indicator of volume variabil
ity of erythrocyte which has been generally utilized to 
distinguish types of anemia. However, the characteristic 
of RDW reflecting inflammation status has received much 
attention in recent years. Increased level of circulating 
inflammatory cytokines including tumor necrosis factor-α 
(TNF-α), interleukin-1β (IL-1β), and interleukin-6 (IL-6) 
could inhibit erythropoietin (EPO)-induced erythrocyte 
maturation and accelerate the release of larger reticulo
cytes into blood circulation which in turn increases the 
RDW value.19–21

The adherence of platelets to damaged vessels and 
release of platelet granules are crucial to the formation of 
blood clots. Moreover, platelets also play an important role 
in local inflammation. It can activate some types of white 
blood cells including granulocytes, lymphocytes, and 
monocytes, and promote them to release inflammatory 
cytokines.22 Markers combining these cells including pla
telet to neutrophil ratio (PNR) and platelet to lymphocyte 
ratio (PLR) have been confirmed to be independently 
associated with prognosis in some intracranial 
diseases.23–25

Previous research studied the relationship between 
single RDW or platelet value and mortality in TBI 
patients.26–28 And one study explored the prognostic 
value of RPR on TBI patients four days after admission, 
in the United States.29 However, there were several lim
itations in this study, including lacking records of intra
cranial injury types and Injury Severity Score (ISS). 
Therefore, we designed this study to confirm the correla
tion between RPR on admission and mortality after 
adjusting for potential confounders, and verify the prog
nostic value of RPR on admission of TBI patients hospi
talized in a Chinese medical center.

Materials and Methods
Study Population
Patients diagnosed with TBI and hospitalized in West 
China hospital between January 2015 and June 2019 
were included in this study. There were several exclusion 
criteria: 1) patients admitted to hospital 6 hours after head 
injury; 2) patients transferred from other hospitals; 3) 
patients with history of surgery or infection within 1 
month before injury; 4) patients “complicated” by other 
central nervous system diseases, cancer, immune diseases, 
and severe renal or hepatic disfunction; 5) patients whose 
records lacked included variables. Finally, 420 patients 
were included in this observational study. This study was 
approved by the Ethics Committee of the West China 
hospital, Sichuan University, and was conducted in accor
dance with the relevant guidelines and regulations. Written 
informed consent about participation in observational 
scientific research of each patient was routinely obtained 
during their hospitalizations based on our hospital’s 
regulations.

Data Collection
Clinical information including vital signs and Glasgow 
Coma Scale (GCS) on admission was collected from elec
tronic medical record system of our hospital. Blood 
samples were routinely collected for laboratory analysis 
once patients were admitted to our hospital. Therefore, we 
selected laboratory tests on the first day of admission as 
variables and calculated the ratio of RDW and platelets. 
Coagulopathy of trauma was diagnosed based on any of 
the following criteria: 1) the international normalized ratio 
>1.6; 2) activated partial thromboplastin time >60 seconds. 
Intracranial injury types including epidural hematoma, 
subdural hematoma, subarachnoid hemorrhage, intraven
tricular hemorrhage and diffuse axonal injury were 
recorded and confirmed based on signs of radiological 
scans. The outcome of this study was in-hospital mortality.

Statistical Analysis
Normally distributed variables were shown as mean ± stan
dard deviation whereas non-normally distributed variables 
were presented as median (interquartile range). And catego
rical variables were presented in the form of numbers (per
centage). We performed Kolmogorov–Smirnov test to verify 
the normality of variables. Independent Student’s t-test and 
Mann–Whitney U test were performed respectively to com
pare the difference between normally distributed variables 
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and non-normally distributed variables. In addition, χ2 test 
was utilized to analyze the difference of categorical vari
ables. Univariate and multivariate logistic regression with 
forward stepwise method were performed to find risk factors 
associated with in-hospital mortality. Then, we divided our 

original cohort into training set and testing set with ratio of 
7:3. Independent risk factors were combined to construct 
prognostic model by logistic regression using training set. 
Then, receiver operating characteristic (ROC) curves and 
decision curve analysis (DCA) were drawn to evaluate the 

Table 1 Baseline Characteristics of Survivors and Non-Survivors

Characteristics Total (N=420) Survivors (N=214, 51.8%) Non-Survivors (206, 48.2%) P

Age (years) 43 (25–57) 43 (23–58) 43 (27–55) 0.474

Male 321 (76.4%) 167 (78.0%) 154 (74.8%) 0.429

Injury mechanism

Traffic accident 262 (62.4%) 121 (56.5%) 141 (68.4%) 0.012

Failing injury 84 (20.0%) 50 (23.4%) 34 (16.5%) 0.078

Stumble 46 (11.0%) 23 (10.7%) 23 (11.2%) 0.891

Others 28 (6.7%) 20 (9.3%) 8 (3.9%) 0.023

Systolic blood pressure (mmHg) 120 (106–138) 121 (108–139) 120 (102–138) 0.157

Diastolic blood pressure (mmHg) 72±17 74±14 71±19 0.160

Anisocoria 116 (27.6%) 67 (31.3%) 49 (23.8%) 0.084

GCS 7 (5–8) 8 (6–12) 5 (4–7) <0.001

ISS 25 (16–25) 16 (9–25) 25 (24–25) <0.001

Laboratory tests

White blood cell (109/L) 14.87 (10.69–19.11) 13.82 (9.97–17.94) 15.57 (11.53–20.45) 0.012

Platelet (109/L) 104 (67–165) 139 (90–204) 80 (49–125) <0.001

RDW (%) 14.2 (13.3–15.3) 13.6 (13.0–14.7) 14.8 (14.1–15.9) <0.001

Hemoglobin (g/L) 90 (76–110) 98 (82–116) 83 (72–99) <0.001

Glucose (mmol/L) 9.60 (7.04–13.20) 7.89 (6.28–10.19) 12.36 (9.09–15.74) <0.001

Chloride (mmol/L) 111.2 (105.7–118.8) 107.4 (103.4–111.5) 117.9 (110.9–126.7) <0.001

RDW to platelet ratio 0.14 (0.08–0.22) 0.10 (0.07–0.16) 0.19 (0.12–0.33) <0.001

Radiological signs

Epidural hematoma 43 (10.2%) 23 (10.7%) 20 (9.7%) 0.725

Subdural hematoma 100 (23.8%) 31 (14.5%) 69 (33.5%) <0.001

Subarachnoid hemorrhage 229 (54.5%) 101 (47.2%) 128 (62.1%) 0.002

Intraventricular hemorrhage 22 (5.2%) 8 (3.7%) 14 (6.8%) 0.158

Diffuse axonal injury 103 (24.5%) 41 (19.2%) 62 (30.1%) 0.009

Coagulopathy 152 (36.2%) 38 (17.8%) 114 (55.3%) <0.001

Length of ICU stay (day) 3 (1–17) 13 (0–26) 2 (1–5) <0.001

Length of hospital stay (days) 12 (5–28) 25 (13–42) 5 (3–10) <0.001

Abbreviations: GCS, Glasgow Coma Scale; RDW, red cell distribution width.
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predictive value of different markers and the prognostic 
model in training set and testing set. Z test was performed 
to compare the predictive value of these markers and the 
model. And Net Reclassification Index (NRI), Integrated 
Discrimination Improvement (IDI) were also used to prove 
the incremental prognostic value of constructed models com
pared with single GCS. A P value <0.05 was considered to be 
statistically significant. SPSS 22.0 Windows software (SPSS, 
Inc, Chicago, IL) was used for all statistical analysis.

Results
Baseline Characteristics of Included 
Patients
A total of 420 patients were included in this study, among 
whom 214 (51.8%) were survivors and 206 (48.2%) were 
non-survivors (Table 1). The average age of total patients 
was 43 (25–57) years. The gender ratio and age did not 

significantly differ between survivors and non-survivors. 
The initial GCS score of non-survivors was obviously 
lower than survivors (5 vs 8, P<0.001) while ISS was higher 
in non-survivors (25 vs 16, p<0.001). Laboratory tests 
showed that non-survivors had lower levels of platelets (80 
vs 139, p<0.001) and hemoglobin (83 vs 98, p<0.001). And 
the levels of white blood cells (15.57 vs 13.82, p=0.012), 
RDW (14.8 vs 13.6, p<0.001), glucose (12.36 vs 7.89, 
p<0.001), chloride (117.9 vs 107.4, p<0.001) and RPR 
(0.19 vs 0.10, p<0.001) were significantly higher in non- 
survivors. Results of radiological tests showed non- 
survivors had higher incidence of subdural hematoma 
(33.5% vs 14.5%, P<0.001), subarachnoid hemorrhage 
(62.1% vs 47.2%, P=0.002) and diffuse axonal injury 
(30.1% vs 19.2%, P=0.009). Additionally, coagulopathy 
occurred more frequently in non-survivors (55.3% vs 
17.8%, P<0.001). Non-survivors had shorter length of 

Table 2 Univariate and Multivariate Logistic Regression Analysis of Risk Factors for Mortality

Characteristics Univariate Analysis Multivariate Analysis

OR 95% CI P OR 95% CI P

Age 1.005 0.995–1.014 0.340

Male 0.833 0.531–1.309 0.429

Systolic blood pressure 1.000 0.997–1.004 0.841

Diastolic blood pressure 0.990 0.978–1.001 0.079

Anisocoria 0.685 0.445–1.054 0.086

GCS 0.665 0.606–0.729 <0.001 0.707 0.635–0.788 <0.001

ISS 1.107 1.079–1.135 <0.001

White blood cell 1.038 1.008–1.069 0.013

Hemoglobin 0.975 0.967–0.984 <0.001

Glucose 1.282 1.207–1.361 <0.001 1.167 1.095–1.245 0.023

Chloride 1.108 1.080–1.137 <0.001

RDW to platelet ratio 391.688 54.859–2796.635 <0.001 6.276 1.295–30.42 <0.001

Coagulopathy 5.739 3.676–8.959 <0.001 3.050 1.767–5.264 <0.001

Epidural hematoma 0.893 0.474–1.681 0.726

Subdural hematoma 2.973 1.843–4.796 <0.001 2.477 1.369–4.482 0.003

Subarachnoid hemorrhage 1.836 1.244–2.709 0.002

Intraventricular hemorrhage 1.878 0.771–4.575 0.166

Diffuse axonal injury 1.817 1.156–2.856 0.010

Note: P value in bold font in multivariate analysis indicates p<0.05. 
Abbreviations: OR, odds ratio; CI, confidence interval; GCS, Glasgow Coma Scale; RDW, red cell distribution width.
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intensive care unit (ICU) stay and length of hospital stay (2 vs 
13, P<0.001; 5 vs 25, P<0.001).

Univariate and Multivariate Logistic 
Regression Analysis of Risk Factors for 
Mortality
In univariate analysis, we found that GCS, ISS, white blood 
cells, hemoglobin, glucose, chloride, RDW to platelet ratio, 
coagulopathy, epidural hematoma, subdural hematoma, sub
arachnoid hemorrhage, intraventricular hemorrhage and dif
fuse axonal injury were all associated with mortality 
(Table 2). However, after adjusting for confounders in multi
variate analysis, only five factors including GCS (0R=0.707, 

P <0.001), glucose (0R=1.167, P=0.023), RPR (0R=6.276, 
P<0.001), coagulopathy (0R=3.050, P<0.001), subdural 
hematoma (0R=2.477, P=0.003) were significantly asso
ciated with mortality.

Predictive Value of RPR and the 
Constructed Model
We constructed the predictive model incorporating risk 
factors which were statistically significant in multivariate 
logistic regression analysis using patients derived from 
training set. ROC curves of single RDW or platelets, 
RPR and the constructed predictive model were drawn 
(Figure 1). The area under the ROC curve (AUC) value 

Figure 1 (A) ROC curve of single predictive markers in training cohort; (B) ROC curve of constructed prognostic models in training cohort; (C) ROC curve of single 
predictive markers in testing cohort; (D) ROC curve of constructed prognostic models in testing cohort.
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of single GCS was 0.761 and 0.775 in training and testing 
set, respectively (Table 3). And AUC value of RPR was 
0.759 and 0.733 in training and testing set, respectively. 
Furthermore, the AUC value of GCS combined with RPR 
was 0.810 and 0.828 in two sets which was higher than 
single GCS (Z=1.3293, P>0.05; Z=1.1405, P>0.05) and 
RPR (Z=1.3835, P>0.05; Z=1.9825, P<0.05). Finally, the 
constructed five factor predictive model had the highest 
AUC value of 0.858 and 0.884 in training and testing set. 
The NRI and IDI indicated the constructed predictive 
model had incremental prognostic value than single GCS 
(Table 4). Decision curve analysis of the constructed pre
dictive model in training set and testing set was presented 
in Figure 2.

Discussion
Evaluating trends of disease progression as soon as possi
ble is beneficial for physicians to make appropriate treat
ment strategies to prevent damage of secondary brain 
injury in TBI patients. The GCS score, widely used as 
a convenient tool to evaluate severity, however, has some 
limitations such as unavailability in intubated patients. 
Recently, developing novel prognostic models of TBI has 
attracted much attention from researchers. In this study, we 

found that RPR was an accessible index to predict the 
prognosis of TBI patients. Moreover, utilizing RPR to 
construct a multi-factor prognostic model could increase 
predictive value.

Compared with survivors, non-survivors had higher 
level of RPR which generally meant higher RDW and 
lower platelet count together. A previous study has indi
cated that RDW might be a good predictor of 6-month 
neurologic outcome, but a poor predictor of mortality in 
TBI patients.26 The mechanism between higher RDW 
value and poor outcome has not been fully understood. 
There are some reasonable explanations for this associa
tion. Firstly, elevated RDW may indicate the existence of 
systemic inflammation. A study found that RDW level was 
associated with the level of common inflammatory mar
kers such as high-sensitivity C-reactive protein (CRP) and 
erythrocyte sedimentation rate.30 The rise of inflammatory 
cytokines including TNF-α, IL-1β, and IL-6 can inhibit 
erythropoietin (EPO)-induced erythrocyte maturation and 
then accelerate the release of juvenile reticulocytes into 
peripheral circulation which leads to the increased hetero
geneity of erythrocyte volume.19–21 TBI can induce the 
expression of various inflammatory factors including CRP, 
TNF-α, IL-1β, and IL-6, which can aggravate cerebral 

Table 3 Prognostic Value of Different Biomarkers and the Predictive Model in Testing Dataset and Testing Dataset

Variables Training Dataset Testing Dataset

AUC 95% CI Sensitivity Specificity AUC 95% CI Sensitivity Specificity

GCS 0.761 0.708–0.815 0.809 0.608 0.775 0.688–0.861 0.908 0.639

RDW 0.726 0.668–0.784 0.745 0.66 0.735 0.645–0.824 0.892 0.541

Platelet 0.738 0.681–0.794 0.681 0.706 0.713 0.623–0.804 0.462 0.902

RPR 0.759 0.704–0.813 0.660 0.745 0.733 0.645–0.822 0.523 0.885

GCS + RPR 0.810 0.762–0.858 0.844 0.627 0.828 0.762–0.858 0.831 0.738

Predictive model 0.858 0.816–0.899 0.809 0.758 0.884 0.826–0.943 0.877 0.787

Note: The predictive model was composed of five factors including GCS, glucose, RPR, coagulopathy and subdural hematoma. 
Abbreviations: AUC, area under the receiver operating characteristics curve; CI, confidence interval; GCS, Glasgow Coma Scale; RDW, red cell distribution width; RPR, 
red cell distribution width to platelet ratio.

Table 4 Improved Prognostic Value of Constructed Models Compared with Single GCS Demonstrated by NRI and IDI

Training Dataset Testing Dataset

NRI p IDI p NRI p IDI p

GCS + RPR 0.06720 0.081 0.0645 <0.001 0.1538 0.015 0.0655 0.020

Predictive model 0.2023 <0.001 0.1578 <0.001 0.2204 0.010 0.1902 <0.010

Abbreviations: NRI, Net Reclassification Index; IDI, Integrated Discrimination Improvement.
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injury and systemic organ damage.31 In addition, the rela
tionship between systemic inflammatory response syn
drome and outcome of TBI patients has been 
confirmed.32 Therefore, the relationship between increased 
RDW and poor outcome of TBI patients may be mediated 
by systemic inflammation. Secondly, oxidative stress can 
also inhibit erythropoiesis, and damage the deformability 
of erythrocyte membrane. As a result, the erythrocyte 
survival will be shortened with an elevated RDW.33 The 
deleterious effect of oxidative stress on neuronal dysfunc
tion and death has been illustrated in TBI patients.34,35 

Increased RDW may reflect a high oxidative stress level 
and therefore contribute to poor outcome of TBI patients. 
Finally, sympathetic-adrenal system and renin-angiotensin 
system can accelerate erythropoiesis by up-regulating the 
expression of erythropoietin.36,37 After initial mechanical 
impact, TBI patients often undergo catecholamine surge 
which is detrimental to multiple organ function.38 We have 
made a reasonable assumption that high RDW is asso
ciated with peripheral organ dysfunction and mortality 
mediated by excessive catecholamine and angiotensin II.

Thrombocytopenia is frequently observed in TBI 
patients, partly because of blood loss caused by initial 
open wounds. In addition, platelet count less than 109/L 
is one of the diagnostic criteria of coagulopathy, which 
occurs in 7% to 63% of TBI patients.39–41 Coagulopathy 
can lead to increased mortality and high likelihood of 
progressive hemorrhagic injury in TBI patients.42,43 

Meanwhile, both platelet dysfunction and low platelet 
count were found closely correlated with severity of 
brain injury.44,45 Goal-oriented platelet transfusions can 
improve survival outcome of TBI patients.46 In addition 
to the crucial role in hemostasis and thrombosis, platelets 

also take part in protective neuroinflammation and 
improve neuronal plasticity in the damaged neurons area. 
Serotonin and platelet activating factor released from pla
telets can modulate neuroinflammation which is beneficial 
for neuronal rewiring and repair after TBI.47

Recent studies have demonstrated that erythrocyte 
deformability and hematocrit were associated with adenosine 
5ʹ-diphosphate–dependent platelet reactivity.48 The inherent 
link between RDW and platelets makes it reasonable to build 
the novel inflammation marker RPR, which combines the 
effect of RDW and platelets. The result of our study indicated 
that RPR was superior to RDW and platelets alone in pre
dicting outcome of TBI patients. One previous study evalu
ated the prognostic value of RPR 4 days after admission, on 
TBI patients in United States.29 However, many TBI patients 
may suffer early death within four days after admission, 
which means RPR on the fourth day may not be used to 
predict the poor outcome of these patients. Additionally, due 
to the data derived from a database with limited information, 
ISS and intracranial radiological signs which are also poten
tial risk factors of mortality in TBI patients, were not 
recorded. Finally, patients included in this study were mostly 
elderly, with mean age of 63. Therefore, we designed our 
study to overcome these limitations. Our study confirmed 
that RPR on admission was also effective in predicting out
come of TBI patients in a Chinese medical center. After 
adjusting for the confounding effects of ISS and intracranial 
injury types, RPR was still independently associated with 
mortality of TBI patients. And our constructed model incor
porating intracranial injury type and RPR had favorable 
prognostic value.

There were several limitations in this study. Firstly, this 
was a single center observational study, so selection bias 

Figure 2 (A) Decision curve analysis of constructed models in training cohort; (B) decision curve analysis of constructed models in testing cohort.
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could not be avoided. Secondly, the levels of iron, vitamin 
B12, and folate which may influence the RDW value, were 
not measured and recorded. Thirdly, inflammatory markers 
and neuroendocrine hormone associated with RDW value 
such as CRP, catecholamine, angiotensin II were not 
measured.

Conclusion
RRP is a novel predictive marker which is beneficial for 
physicians to make treatment strategies for patients with 
TBI. It is more valuable to evaluate prognosis of TBI 
patients when utilizing RPR to build a predictive model.
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