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A B S T R A C T

Introduction: The C-reactive protein -to-albumin ratio (CAR), a novel inflammation-based prognostic score, is
useful in predicting clinical outcomes, including those in central nervous system diseases. However, no report has
identified the relationship between CAR and long-term clinical outcomes in patients with mild traumatic brain
injury (mTBI). We aimed to evaluate the relationship between CAR and long-term functional outcomes in patients
with mTBI and analyze whether CAR is associated with the presence of fever.
Methods: This was a retrospective observational study includes 387 adult patients with mTBI who were treated at
a level-1 trauma center between 2017 and 2021. The main exposure variable was an elevated CAR, and the main
outcomes were degrees of disability and quality of life measured using the modified Rankin Scale (mRS). A
multivariable logistic regression analysis was performed to estimate the effect size of CAR on study outcomes. An
interaction analysis was performed between CAR and fever on study outcomes.
Results: Elevated CAR had no significant association with poor functional outcomes (aOR [95% CI]: 1.35
[0.39–4.69]) in patients with mTBI. In the interaction analysis, elevated CAR was not associated with increased
poor functional outcomes in the absence of fever (1.08 [0.55–2.13]), but a significant increase in poor functional
outcomes was observed when elevated CAR was accompanied by fever (1.32 [1.14–2.56)).
Conclusions: Elevated CAR with fever increased the risk of poor functional recovery at 6 months after hospital
discharge in patients with mTBI. Our study findings suggest the need for strategies for the prevention of long-term
poor functional recovery in the presence of high CAR and fever in patients with mTBI.
1. Introduction

Traumatic brain injury (TBI), a form of acquired brain injury occurs
when a sudden trauma causes damage to the brain (reference). TBI is a
serious public health problem, and its incidence is 823.7 per 100,000
persons per year worldwide [1]. Furthermore, in 2014, there were
approximately 2.53 million TBI-related emergency department (ED)
visits, approximately 288,000 hospitalizations, and 56,800 TBI-related
fatalities in the US [2].

Symptoms of a TBI can be mild, moderate, or severe, depending on
the extent of the damage to the brain. A patient with mild TBI (mTBI)
may remain conscious or experience a loss of consciousness for few
seconds or minutes. Although over 80% of patients with TBI are classified
as having mTBI, the majority of whom are returning to normalcy, still a
large proportion of patients with mTBI may experience functional dis-
abilities following the injury for months or even years [3, 4]. Therefore,
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the early prediction of short- and long-term functional outcomes is
crucial in improving the quality of life of patients with mTBI [5].

Inflammation is the bodily response to any type of injury and also
an initial step in the injury recovery process [6], TBI also causes
neuronal inflammation, and inflammatory activities play important
roles in the recovery process following TBI [7, 8, 9]. Role of inflam-
matory markers, including acute-phase reactant proteins, cytokines
(e.g. IL-6, IL-1, TNF-a), and their clinical significance has been studied
over the past 30 years [10, 11]. Among them, C-reactive protein (CRP)
is a sensitive biomarker that predicts poor clinical outcomes of TBI, but
is a non-specific biomarker of systematic inflammation in response
to trauma, surgery, burns, and chronic inflammatory conditions [12,
13].

Recently, the CRP-to-albumin ratio (CAR), a novel inflammation-
based prognostic score, has proven useful in predicting a variety of dis-
eases such as sepsis, cancer, and TBI in adults [14, 15, 16, 17, 18].
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Although one study reported the prognostic performance of the CAR
in adult patients with TBI [14], the severity of TBI was not considered,
and only short-term mortality was reported. Therefore, based on the data
from previous studies, we hypothesized that CAR may be a useful
biomarker for predicting the long-term functional outcomes of patients
with mTBI.

Our study aimed to evaluate the relationship between the CAR and
long-term functional outcomes of patients with mTBI and determine
whether the CAR has an interaction with fever at emergency department
(ED) admission, another index reflecting systematic inflammation.

2. Methods

2.1. Study design, setting, and data sources

This was a retrospective observational study of patients with mTBI
who were transported by the emergency medical services (EMS) and
treated at a level-1 trauma center.

In Korea, the scoop and run system is used for all patients, including
those with TBI. The EMS initiates transport after monitoring vital signs,
conducting a physical examination, and providing essential treatments
such as simple dressing of wounds and placing a neck brace and splint at
the scene under the direct medical control of emergency physicians. If
massive bleeding or hypotension occurs, fluid treatment is initiated
under direct medical control; if severe trauma is suspected, the patient is
transferred to a level-1 trauma center if possible. If transfer to the level-1
trauma center is not possible, the patient is transferred to the nearest
level-1 or level-1 ED.

The leve-1 trauma center, where this study was conducted, was
founded in 2010 and has since operated with a team of specialists in
various departments including general surgery, thoracic surgery,
neurosurgery, plastic surgery, radiology, anesthesiology, and emergency
medicine. If a patient is suspected of having major trauma including TBI,
computed tomography is performed at the earliest after arriving at the
ED. Surgery is performed immediately if necessary. These protocols are
followed 24 h a day throughout the year.

Prehospital EMS data, including age, sex, place of injury, and mech-
anism of injury were collected from the run-sheet of ambulance and
dispatch records. Hospital information and clinical outcomes was
extracted from the medical records of patients in ED, wards, and inten-
sive care units.
2.2. Study population

Our study population included patients with mTBI aged �18 years
who were transported to the level-1 trauma center by the EMS between
January 2017 and December 2021. Only patients with mTBI were
included. Patients whose CRP and albumin levels, i.e., components of the
CAR, or fever were not recorded at the time of ED admission were
excluded. Additionally, patients whose clinical outcomes were not
investigated in the telephone survey after 6 months were excluded. mTBI
was defined when a patient had a GCS score of 13–15 at the time of
hospital arrival [19].
2.3. Main outcomes

The primary outcome measures were degrees of disability and quality
of life assessed via a telephone survey 6 months after hospital discharge
and measured using the modified Rankin Scale (mRS) [20]. mRS is
commonly used scale for measuring the degree of dependence or
disability in the daily activities of patients who have suffered brain injury
including TBI. The mRS is scored from grade 0, indicating a lack of
symptoms to grade 6, indicating dead. The secondary outcome was
mortality at 6 months after hospital discharge.
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2.4. Variables and measurements

Themain exposure variable in our study was elevated CAR, calculated
as the ratio of CRP level to the albumin level measured immediately after
ED admission. The CAR values were classified into two groups, i.e.,
normal vs. elevated. Based on the references presented in previous
studies, CAR �1.7, CRP level �1 mg/dL, and albumin level �3.5 g/dL
were considered normal values [21]. Body temperature �38 �C at the
time of ED admission was classified as fever.

Prehospital and hospital information were extracted from the EMS
run sheet and patients’ hospital electronic records, which included age,
sex, comorbidities including hypertension and diabetes mellitus, mech-
anism of injury (traffic accident, fall down injury, other mechanism
including sexual assault, stuck/hit by person or object, stab, gun shot,
and so on), place of injury, fever at ED arrival (whether �38 �C), vaso-
pressor use, types of hemorrhage, ED treatment including advanced
airway and blood transfusion, and clinical outcomes.
2.5. Statistical analysis

Demographics of patients and clinical outcomes according to the CAR
measured on ED arrival were compared using the chi-squared test for
categorical variables and Wilcoxon rank-sum test for continuous vari-
ables. Multivariable logistic regression analyses were conducted to esti-
mate the effect sizes of CAR on clinical outcomes at 6 months after
hospital discharge, adjusting for age, sex, hypertension, diabetes melli-
tus, mechanism and place of injury, and type of brain hemorrhage.

Crude and adjusted odds ratios (ORs) with corresponding 95% con-
fidence intervals (CIs) were calculated. Finally, an interaction analysis
was performed between the calculated serum CAR and fever on study
outcomes. All statistical analyses were performed using SAS version 9.4
(SAS Institute Inc., Cary, NC, USA). A two-sided significance level of 0.05
(p < 0.05) was used to determine statistical significance.

3. Results

3.1. Demographic findings

Of the 838 patients with TBI in the registry, patients with GCS scores
<12 (n ¼ 344) and those with an unknown history of study outcomes (n
¼ 34) or loss to follow-up (n ¼ 73) were excluded, and 387 patients with
mTBI were included in the final analysis (Figure 1).

The demograohics of the study population according to the CAR are
shown in Table 1. Among the 387 patients, 82 (21.2%) had elevated CAR,
while 305 (78.8%) had normal CAR. There was no significant difference
in in-hospital mortality (13.4% in elevated CAR vs. 8.9% in normal CAR,
p ¼ 0.21), poor functional outcome at 6 months (31.7% in elevated CAR
vs. 31.1% in normal CAR, p¼ 0.91), and mortality at 6 months (23.2% in
elevated CAR vs. 23.0% in normal CAR, p ¼ 0.96) according to CAR.

The demographics of enrolled patients according to the presence of
fever at ED arrival are shown in Table 2. Of the 387 patients, 60 (15.5%)
had fever at ED arrival. There was a greater proportion of patients with
elevated CAR among the patients with fever (26.7%) compared with
those without fever (20.2%); however, this difference was not significant
(p ¼ 0.23). Therefore, there was no significant difference in the clinical
outcomes after injury according to the presence of fever.
3.2. Main results

Multivariable logistic regression analysis showed that an elevated
CAR had no significant association with poor functional outcomes and
mortality at 6 months (aOR [95% CI]: 1.35 [0.39–4.69] for poor func-
tional outcomes and 0.87 [0.24–3.16] for mortality).

CRP, a component of CAR, was not significantly associated with
clinical outcomes, but elevated albumin was a significant risk factor for



Table 1. Characteristics of the study population according to the CRP Albumin
ratio (CAR).

Variables All CRP Albumin Ratio p value

Elevated Normal

n(%) n(%) n(%)

All 387 (100.0) 82 (100.0) 305 (100.0)

Age 0.56

18–64 164 (42.4) 32 (39.0) 132 (43.3)

65- 223 (57.6) 50 (61.0) 173 (56.7)

Sex, male 265 (68.5) 57 (69.5) 208 (68.2) 0.52

Comorbidity

Hypertension 172 (44.4) 31 (37.8) 141 (46.2) 0.81

Diabetes mellitus 112 (28.9) 19 (23.2) 93 (30.5) 0.77

Mechanism of injury 0.25

Traffic accident 140 (36.2) 24 (29.3) 116 (38.0)

Fall down injury 172 (44.4) 38 (46.3) 134 (43.9)

Other 75 (19.4) 20 (24.4) 55 (18.0)

Place of injury 0.15

Home 118 (30.5) 26 (31.7) 92 (30.2)

Street 145 (37.5) 26 (31.7) 119 (39.0)

Other 124 (32.0) 30 (36.6) 94 (30.8)

Fever at ED, yes 60 (15.5) 16 (19.5) 44 (14.4) 0.23

Vasopressor, yes 28 (7.2) 6 (7.3) 22 (7.2) 0.86

Types of hemorrhage 0.64

SDH 194 (50.1) 43 (52.4) 151 (49.5)

SAH 85 (22.0) 20 (24.4) 65 (21.3)

ICH (including
hemorrhagic contusion)

49 (12.7) 7 (8.5) 42 (13.8)

EDH 41 (10.6) 11 (13.4) 30 (9.8)

IVH & other 18 (4.7) 1 (1.2) 17 (5.6)

Advanced airway, yes 53 (13.7) 11 (13.4) 42 (13.8) 0.26

Blood transfusion, yes 39 (10.1) 8 (9.8) 31 (10.2) 0.93

WBC 0.74

Leukocytosis, >11000 10 (2.6) 3 (3.7) 7 (2.3)

Leukopenia, <4000 200 (51.7) 39 (47.6) 161 (52.8)

Clinical outcomes

In-hospital mortality 38 (9.8) 11 (13.4) 27 (8.9) 0.21

Poor functional
outcome at 6-month

121 (31.3) 26 (31.7) 95 (31.1) 0.91

Mortality at 6-month 89 (23.0) 19 (23.2) 70 (23.0) 0.96

ED, emergency department; SDH, subdural hemorrhage; SAH, subarachnoid
hemorrhage; ICH, intracranial hemorrhage; EDH, epidural hemorrhage; IVH,
intraventricular hemorrhage; WBC, white blood cell.
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poor functional outcomes at 6 months (4.17 [2.43–7.16]) and mortality
at 6 months (3.00 [1.70–5.28]) (Table 3).

3.3. Interaction analysis

In the interaction analysis, a significant interaction was observed
between the elevated CAR and fever on poor functional outcomes in
mTBI patients. An elevated CAR did not increase poor functional out-
comes in the absence of fever (1.08 [0.55–2.13]), but a significant in-
crease in poor functional outcomes was observed when the elevated CAR
was accompanied by fever (1.32 [1.14–2.56]) (p for interaction<0.05)
(Table 4).

4. Discussion

Our retrospective cohort study to identify the association between
elevated CAR and long-term functional/survival outcomes among pa-
tients with mTBI with intracranial hemorrhage identified that elevated
CAR was not significantly associated with long-term clinical outcomes of
mTBI, whereas elevated CAR with fever had significantly higher odds of
poor functional recovery at 6 months. This research contributes to a
better understanding of the relationship among CAR, fever, and long-
term functional/survival outcomes after mTBI and will help in devel-
oping strategies to improve long-term functional outcomes in these
patients.

CRP is an acute-phase protein produced on stimulation by various
cytokines in response to infection, trauma, ischemia, and other inflam-
matory conditions [22]. CRP is a strong indicator of secondary brain
injury, and there are studies reporting that an increased CRP is associated
with mortality in patients with TBI [23, 24]. Additionally, in other types
of brain injury, including hemorrhage, intracranial hemorrhage, and
ischemic stroke, an increased CRP was associated with poor clinical
outcomes [25, 26]. However, in our study, an elevated level of CRP in
patients with mTBI was not a risk factor for long-term clinical outcomes,
unlike in previous studies.

Previous studies have indicated that serum albumin levels decrease
significantly after TBI [27, 28], and hypoalbuminemia contributes to
poor clinical outcomes in patients with TBI [29, 30, 31]. The main
possible explanation is that hypoalbuminemia leads to insufficient
intravascular osmolality that induces fluid transfer from vessels to the
cerebral tissue space, thereby exacerbating cerebral edema and conse-
quently increasing intracranial pressure. In a study on prehospital fluid
resuscitation in patients with TBI, the use of albumin colloid reduced the
possibility of brain edema compared to the use of crystalloid fluid [32].
Another possible explanation is the association between hypo-
albuminemia and systematic inflammatory response, which is associated
with poor clinical outcomes in patients with TBI [33]. While there are
limited reports on role of hypoalbuminemia on long-term clinical out-
comes, in this study, we observed that low albumin levels alone were
identified as a risk factor for increased poor functional outcomes and
mortality at 6 months after hospital discharge.
Figure 1. Study
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CAR, calculated from the combination of CRP and albumin, reflects
the integrated effects of inflammation and nutrition. The predictive
power of CAR was verified in several clinical situations including in-
flammatory diseases, cardiovascular diseases, cancer, and central
populations.



Table 2. Characteristics of the study population according to presence of fever at
ED.

Variables All Fever p value

fever (þ) fever (-)

n(%) n(%) n(%)

All 387 (100.0) 60 (100.0) 327 (100.0)

CRP albumin ration 0.23

Normal 128 (33.1) 15 (25.0) 113 (34.6)

Elevated 130 (33.6) 20 (33.3) 110 (33.6)

Age 0.67

18–64 164 (42.4) 27 (45.0) 137 (41.9)

65- 223 (57.6) 33 (55.0) 190 (58.1)

Sex, male 265 (68.5) 34 (56.7) 231 (70.6) 0.03

Comorbidity

Hypertension 172 (44.4) 30 (50.0) 142 (43.4) 0.34

Diabetes mellitus 112 (28.9) 15 (25.0) 97 (29.7) 0.47

Mechanism of injury 0.42

Traffic accident 140 (36.2) 24 (40.0) 116 (35.5)

Fall down injury 172 (44.4) 22 (36.7) 150 (45.9)

Other 75 (19.4) 14 (23.3) 61 (18.7)

Place of injury 0.09

Home 118 (30.5) 11 (18.3) 107 (32.7)

Street 145 (37.5) 26 (43.3) 119 (36.4)

Other 124 (32.0) 23 (38.3) 101 (30.9)

Vasopressor, yes 28 (7.2) 5 (8.3) 23 (7.0) 0.71

Types of hemorrhage 0.74

SDH 194 (50.1) 30 (50.0) 164 (50.2)

SAH 85 (22.0) 16 (26.7) 69 (21.1)

ICH (including
hemorrhagic contusion)

49 (12.7) 8 (13.3) 41 (12.5)

EDH 41 (10.6) 4 (6.7) 37 (11.3)

IVH & other 18 (4.7) 2 (3.3) 16 (4.9)

Advanced airway, yes 53 (13.7) 10 (16.7) 43 (13.1) 0.46

Blood transfusion, yes 39 (10.1) 7 (11.7) 32 (9.8) 0.65

WBC 0.46

Leukocytosis, >11000 198 (51.2) 32 (53.3) 166 (50.8)

Leukopenia, <4000 10 (2.6) 3 (5.0) 7 (2.1)

Clinical outcomes

In-hospital mortality 38 (9.8) 7 (11.7) 31 (9.5) 0.6

Poor functional
outcome at 6-month

121 (31.3) 16 (26.7) 105 (32.1) 0.41

Mortality at 6-month 89 (23.0) 12 (20.0) 77 (23.5) 0.56

ED, emergency department; SDH, subdural hemorrhage; SAH, subarachnoid
hemorrhage; ICH, intracranial hemorrhage; EDH, epidural hemorrhage; IVH,
intraventricular hemorrhage; WBC, white blood cell.

Table 3. Multivariable logistic regression analysis on study outcomes by the
CAR, components of CAR, and fever.

Total Outcome Model 1 Model 2

N N % aOR (95% CI) aOR (95% CI)

Poor functional outcome at 6 month

Total 388 121 31.2

CAR

Normal (�1.7) 306 95 31.0 1.00 1.00

Elevated 82 26 31.7 1.27 (0.37–4.40) 1.35 (0.39–4.69)

CRP

Normal (�1) 284 91 32.0 1.00 1.00

Elevated 104 30 28.8 0.66 (0.21–2.09) 0.65 (0.21–2.09)

Albumin

Normal (�3.5) 288 68 23.6 1.00 1.00

Decreased 100 53 53.0 3.89 (2.36–6.42) 4.17 (2.43–7.16)

Fever

Fever (�) 328 105 32.0 1.00 1.00

Fever (þ) 60 16 26.7 0.67 (0.35–1.31) 0.64 (0.33–1.27)

Mortality at 6 month

Total 388 89 22.9

CAR

Normal (�1.7) 306 70 22.9 1.00 1.00

Elevated 82 19 23.2 0.82 (0.23–2.92) 0.87 (0.24–3.16)

CRP

Normal (�1) 284 66 23.2 1.00 1.00

Elevated 104 23 22.1 1.01 (0.31–3.28) 1.12 (0.34–3.69)

Albumin

Normal (�3.5) 288 49 17.0 1.00 1.00

Decreased 100 40 40.0 3.23 (1.91–5.46) 3.00 (1.70–5.28)

Fever

Fever (-) 328 77 23.5 1.00 1.00

Fever (þ) 60 12 20.0 0.75 (0.37–1.55) 0.74 (0.35–1.56)

CAR, CRP albumin ratio; OR, odds ratio; CI, confidence interval; CRP, C-reactive
protein.
Model 1 adjusted for age, sex, comorbidities (hypertension and diabetes melli-
tus), and fever.
Model 2 adjusted for variables in Model 1 and mechanism of injury, place of
injury, and type of hemorrhage.

Table 4. Interaction analysis between the CAR and fever on study outcome.

CAR p for interaction

Normal CAR Elevated CAR

aOR (95% CI)

Poor functional
outcome at 6-month

<0.05

Fever (¡) ref. 1.08 (0.55–2.13)

Fever (þ) ref. 1.32 (1.14–2.56)

Mortality at 6-month 0.14

Fever (¡) ref. 1.07 (0.59–1.97)

Fever (þ) ref. 1.14 (0.31–4.20)

CAR, CRP albumin ratio; OR, odds ratio; CI, confidence interval.
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nervous system diseases such as such as ischemic stroke and subarach-
noid hemorrhage [34, 35, 36, 37, 38]. In studies of patients with TBI, an
elevated CAR predicted mortality; however, the severity of TBI was not
considered, and only the prediction of short-term mortality was sug-
gested [39].

In this study, we investigated the association between elevated CAR
and long-term functional outcomes in patients with mTBI, but the results
were not statistically significant. However, as CRP is not a perfect
biomarker for predicting inflammation, an interaction analysis was per-
formed to determinewhether there is a difference in the predictive power
of CAR on clinical outcomes in the presence of fever, another predictor of
inflammation. In the interaction analysis, an elevated CAR was associ-
ated with poor functional recovery at 6 months, only when accompanied
by fever. As opposed to denigrating the predictive power of CRP for
clinical outcomes in patients with mTBI, we are of the opinion that this
result emphasizes that systematic inflammation is a risk factor for long-
term poor functional outcomes.
4

Our results indicate that elevated CAR in the presence of fever is a risk
factor for poor functional recovery at 6 months after hospital discharge,
although CAR alone was not a risk factor for long-term clinical outcomes
in patients with mTBI.

Our study has several limitations. First, our study population
comprised patients with mTBI, defined as those with a GCS score of
13–15. While GCS has been most widely used triage tool to assess the
severity of TBI patients, there are still potential misclassification of TBI
patients, which may have affected the study outcomes. Second, we
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divided the study population into two groups (normal vs. abnormal)
based on the levels of CAR, CRP, and albumin, referring to previous
studies. However, the reference point may not be objective. Third, 6
months after hospital discharge, the clinical outcomes includingmRS and
mortality were not assessed by in-person physical examinations of the
patients but rather by a telephone survey; therefore, the information may
be inaccurate. Finally, as the study was not a randomized controlled trial,
there could have been some potential biases that were not controlled.

5. Conclusions

Elevated CAR with fever increased the risk of poor functional re-
covery at 6 months after hospital discharge in patients with mTBI. Our
study findings suggest the need for strategies for the prevention of long-
term poor functional recovery in the presence of elevated CAR and fever
in patients with mTBI.
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