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Abstract  
Calcitonin gene-related peptide (CGRP) has been implicated in multiple functions across many bioprocesses; however, whether CGRP is 
associated with severe traumatic brain injury (TBI) remains poorly understood. In this study, 96 adult patients with TBI (enrolled from 
September 2015 to December 2016) were divided into a mild/moderate TBI group (36 males and 25 females, aged 38 ± 13 years) and 
severe TBI group (22 males and 13 females, aged 38 ± 11 years) according to Glasgow Coma Scale scores. In addition, 25 healthy individ-
uals were selected as controls (15 males and 10 females, aged 39 ± 13 years). Radioimmunoassay was used to detect serum levels of CGRP 
and endothelin-1 at admission and at 12, 24, 48, 72 hours, and 7 days after admission. CGRP levels were remarkably lower, but endothe-
lin-1 levels were obviously higher in the severe TBI group compared with mild/moderate TBI and control groups. Levels of CGRP were 
remarkably lower, but endothelin-1 levels were obviously higher in deceased patients compared with patients who survived. Survival anal-
ysis and logistic regression showed that both CGRP and endothelin-1 levels were associated with patient mortality, with each serving as an 
independent risk factor for 6-month mortality of severe TBI patients. Moreover, TBI patients with lower serum CGRP levels had a higher 
risk of death. Thus, our retrospective analysis demonstrates the potential utility of CGRP as a new biomarker, monitoring method, and 
therapeutic target for TBI.
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Graphical Abstract   

Serum levels of calcitonin gene-related peptide (CGRP) and endothelin-1 (ET-1) in traumatic brain injury 
(TBI) patients

Introduction 
Use of biomarkers to monitor and predict patient con-
ditions is critical for prognosis in the field of critical care 
medicine. Traumatic brain injury (TBI), a common cause 
of death and disability among children and young adults in 
industrialized countries, often results from motor vehicle 
collisions, falls, or violence (Roozenbeek et al., 2013; Carney 
et al., 2017; Honeybul et al., 2017). TBI often involves a pri-
mary brain injury compounded by secondary brain injury 
that can cause uncoupling of blood flow and metabolism, 
leading to cerebral ischemia or hyperemia (Morales et al., 
2005; Hirschi et al., 2017). Most TBI patients with blunt 

head trauma experience mild TBI, leading to transient con-
fusion, disorientation, or loss of consciousness lasting for 30 
minutes or less, and resulting in a mortality rate of less than 
1% (Pomschar et al., 2013; Margulies et al., 2016). However, 
in severe TBI, which is defined as head trauma associated 
with a Glasgow Coma Scale (GCS) score ranging from 3 to 8, 
the mortality rate can be up to 40% (Andriessen et al., 2011; 
Cheng et al., 2017). As a result of the severity of symptoms 
and poor prognosis, management for severe TBI remains a 
challenge in the clinic. 

During recent years, roles for inflammatory and vasoac-
tive mediators in development of TBI have attracted schol-
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arly interest. Indeed, altered levels of many small molecules 
in the brain or serum have been associated with TBI, such 
as endothelin-1 (ET-1) (Armstead and Kreipke, 2011), 
substance P (Carthew et al., 2012), and tumor necrosis fac-
tor (Khuman et al., 2011). Calcitonin gene-related peptide 
(CGRP), a 37-amino acid regulatory neuropeptide, has been 
implicated in multiple functions across a diverse array of 
bioprocesses. For example, CGRP has been shown to elicit 
beneficial cardiovascular effects including potent vasore-
laxation and protection of cardiomyocytes and endothelial 
cells (Zhang et al., 2012). In addition, CGRP could reduce 
brain injury in a rat model of focal cerebral ischemia (Hol-
land et al., 1994). Moreover, decreased levels of CGRP were 
also observed in cerebral blood vessels of patients who died 
from subarachnoid hemorrhage (Edvinsson et al., 1991). 

However, as no previous study has focused on the clini-
cal significance of CGRP in severe TBI, it has been unclear 
whether CGRP is associated with severe TBI. The present 
study investigated dynamic alterations of CGRP and ET-1 in 
severe TBI patients and demonstrated their correlation with 
patient mortality. 
  
Subjects and Methods
Subjects 
In this prospective observational cohort study, 96 adult 
patients diagnosed with TBI at North Hospital of Ruijin 
Hospital of China were included from September 2015 until 
December 2016. All patients were admitted to North Hospi-
tal of Ruijin Hospital of China within 12 hours after TBI and 
diagnosis of TBI was confirmed by computer tomography (Ip 
et al., 2015). Patients were divided into a mild/moderate TBI 
group with GCS scores ranging from 9 to 15, and a severe 
TBI group with GCS scores from 3 to 8 (Ozyurt et al., 2015). 
Patients who had other severe diseases (such as severe cardiac, 
liver, brain or renal diseases, or severe infection) or were preg-
nant were excluded from the study. Additionally, 25 healthy 
individuals (as confirmed by physical examination) were 
enrolled as healthy controls. Written informed consent was 
obtained from all participants or their families within 24 hours 
of admission. The present study was approved by the Ethics 
Committee of North Hospital of Ruijin Hospital of China. 

Measurement and data collection
Demographic data, such as age and sex, and clinical vari-
ables, including mechanism of injury and GCS score, were 
recorded. Peripheral elbow vein blood samples (10 mL) were 
collected at admission (0 hours), and 12, 24, 48, 72 hours, 
and 7 days after admission. Serum levels of CGRP and ET-1 
were determined by radioimmunoassay using commercially 
available CGRP and ET-1 radioimmunoassay kits (Huay-
ing Biological Engineering, Beijing, China) according to 
the manufacturer’s instructions. For analysis of survival, 
6-month survival rates were analyzed. All causes of patient 
deaths during hospitalization were considered and recorded, 
and follow-up lasted for 6 months after admission if the pa-
tient left the hospital. Survival time was considered from the 
time of admission until death or last follow-up. 

Statistical analysis 
Measurement data, expressed as the mean ± SD, were ana-
lyzed using SPSS 18.0 software (SPSS, Chicago, IL, USA). Chi-
square test was used to compare basic patient data and rates, 
such as sex ratio, mechanism of injury, and mortality rate. 
Comparison between two groups of continuous data was per-
formed using Student’s t-test. Comparison among three or 
more groups was conducted using one-way analysis of variance 
followed by Tukey’s post hoc test. For survival analysis, length 
of survival was calculated from the date of admission to the 
date of death or up to 6 months, and a Kaplan–Meier curve was 
generated. Relationships between serum levels of CGRP/ET-1 
and 6-month patient mortality were analyzed separately using 
a logistic regression model with a stepwise method. Values of P 
< 0.05 were considered statistically significant. 

Results
Basic clinical information of TBI and control participants 
As shown in Table 1, the present study included 96 cases of 
mild/moderate or severe TBI. Among all patients, 61 indi-
viduals (63.5%) exhibited mild/moderate TBI with a mean 
GCS score 11 ± 2 (9–15), while 35 individuals (36.5%) exhib-
ited severe TBI with a mean GCS score 6 ± 1 (3–8). During 
hospitalization and 6-month follow-up, 13 (37.1%) patients 
died, all members of the severe TBI group. No patient in the 
mild/moderate TBI group died and no significant difference 
was found in other characteristics such as age or sex. 

Dynamic alteration of serum CGRP and ET-1 levels in 
TBI patients from different groups
To investigate alterations of CGRP and ET-1 levels in TBI 
patients, serum levels of CGRP and ET-1 were determined 
at admission (0 hours), and 12, 24, 48, 72 hours, and 7 days 
after admission. Figure 1A and B demonstrated that at the 
time of admission, CGRP levels in both mild/moderate and 
severe TBI groups were significantly lower than in the con-
trol group (P < 0.05); whereas ET-1 levels in both mild/mod-
erate and severe TBI groups at admission were significantly 
higher than in the control group (P < 0.05). At 12 hours 
after admission, decreased CGRP and increased ET-1 levels 
in patients reached their minimum and peak values, respec-
tively, and started to recover to levels observed at admission. 
From 12–48 hours after admission, serum levels of CGRP 
were significantly lower, but serum levels of ET-1 were sig-
nificantly higher in all TBI patients compared with controls 
(P < 0.05). At 72 hours and 7 days, levels of both CGRP and 
ET-1 were not significantly different between mild/moderate 
TBI groups and the control group. CGRP levels in the severe 
TBI group were still significantly lower and ET-1 levels were 
still significantly higher compared with the control group (P 
< 0.05). Additionally, at all time points, CGRP levels were 
significantly lower and ET-1 levels were significantly higher 
in all members of the severe TBI group compared with the 
mild/moderate TBI group (P < 0.05). Finally, mean values of 
CGRP and ET-1 levels in all patients at different time points 
were calculated and found to be negatively correlated (R = 
0.9133; Figure 1C).
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Dynamic alteration of CGRP and ET-1 in deceased and 
surviving patients 
To further investigate the role of CGRP and ET-1 in TBI 
patients, levels of both CGRP and ET-1 in deceased and sur-
viving TBI patients were compared. As shown in Figure 2, 
at all time points, levels of CGRP in deceased patients were 
significantly lower than those in surviving patients; whereas 
ET-1 levels exhibited a contrasting trend (P < 0.001), indi-
cating that serum levels of both CGRP and ET-1 might be 
associated with mortality in severe TBI patients. 

Correlation of CGRP and ET-1 with 6-month mortality in 
severe TBI patients 
Among all deceased patients, 8 (61.5%) died within 12 hours 
after admission. We analyzed relationships between serum 
CGRP and ET-1 levels at admission and mortality of severe 
TBI. First, all patients were divided into different groups ac-
cording to median values of CGRP (24 pg/mL) and ET-1 (56 

pg/mL) levels at admission. A Kaplan-Meier survival analysis 
was used to compare 6-month mortality in severe TBI pa-
tients with high/low levels of CGRP or ET-1, respectively. As 
displayed in Figure 3, survival times of patients with high and 
low CGRP/ET-1 levels were significantly different (P < 0.05). 
Moreover, additional logistic regression showed that both se-
rum CGRP and ET-1 levels at admission were independent risk 
factors for 6-month mortality in severe TBI patients (Table 2). 

Discussion
In the United States alone, over 1.7 million individuals are 
annually affected by TBI (Brophy et al., 2011). Unlike other 
organ-based injuries or diseases, no rapid diagnosis employ-
ing biomarkers has proven invaluable for TBI, which limits 
the accuracy and timeliness for its diagnosis (Mondello et 
al., 2012). Previous studies have reported potential biomark-
ers for TBI (Lin et al., 2016). For example, Daoud et al. (2014) 
reviewed eighteen different biomarkers in TBI and found that 

Figure 1 Dynamic alteration in serum levels of CGRP and ET-1 in different groups. 
(A) Dynamic alteration of CGRP; (B) dynamic alteration of ET-1. Data are expressed as the mean ± SD. Comparison between two groups of con-
tinuous data was performed using Student’s t-test. *P < 0.05, vs. mild/moderate TBI group; #P < 0.05, vs. control group. (C) Serum level of CGRP 
was negatively correlated with ET-1 (R = 0.9133). TBI: Traumatic brain injury; CGRP: calcitonin gene-related peptide; ET-1: endothelin-1. 

Figure 2 Dynamic alterations 
in serum levels of CGRP and 
ET-1 in deceased and surviving 
patients. 
(A, B) Dynamic alterations in 
CGRP and ET-1, respectively. Data 
are expressed as the mean ± SD. 
Comparison between two groups 
of continuous data was performed 
using Student’s t-test. ***P < 0.001, 
vs. surviving patients. CGRP: Cal-
citonin gene-related peptide; ET-1: 
endothelin-1.

Figure 3 Kaplan-Meier curves for patients with 
high and low CGRP (A) and ET-1
(B) levels detected by logistic regression 
analysis.
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interleukin (IL)-6, IL-8, IL-1β, S100β, nerve growth factor, 
neuron-specific enolase, doublecortin, ET-1, high-mobility 
group box 1, and cytochrome c in cerebrospinal fluid, as well 
as glial fibrillary acidic protein, hyperphosphorylated neu-
rofilament, ubiquitin C-terminal hydrolase L1, αII-spectrin 
breakdown product 145 kDa, and leptin in blood, were re-
markably correlated with TBI outcomes (Daoud et al., 2014). 
However, further studies are still necessary, as contrary or 
unclear results still exist. Zetterberg et al. (2013) also reviewed 
biomarkers of mild TBI in cerebrospinal fluid and blood. 
They found that although a large number of biomarkers can 
be detected in cerebrospinal fluid and peripheral blood in TBI 
patients, it remains difficult to identify detailed diagnostic al-
gorithms (Zetterberg et al., 2013). Neher et al. (2014) demon-
strated potential treatment value of complement receptors 
CR2/CR1 in animal models; however, the diagnostic value of 
those factors is unclear. 

Although several early studies demonstrated potential 
effects of CGRP on brain injury (Edvinsson et al., 1991; Hol-
land et al., 1994), few studies have advanced these findings. 
The present study, for the first time, demonstrated dynamic 
alteration of serum levels of CGRP in mild/moderate and 
severe TBI patients, and found that decreased serum levels 
of CGRP, as well as increased serum levels of ET-1, were as-
sociated with 6-month mortality in severe TBI patients. 

Our results showed that serum CGRP levels in all TBI 
patients were dramatically lower than those observed in the 
control group during 0–48 hours after admission. Notably, 
serum levels of ET-1 exhibited opposite changes. CGRP is a 
37-amino acid neuropeptide encoded by the calcitonin gene. 
A previous study showed that CGRP has potent regulato-
ry effects on brain and heart functions. Zheng et al. (2012) 
found that CGRP up-regulation could protect streptozoto-
cin-induced diabetic hearts from ischemia/reperfusion injury. 
Wiklund et al. (2011) found that CGRP could redistribute 
in brain and heart tissues after cardiac arrest. In an animal 
study, CGRP within the brain of trout was shown to poten-
tially act as a potent neurotransmitter and/or neuromod-
ulator in the regulation of cardio-ventilatory functions (Le 

Mével et al., 2012). In another animal study, Song et al. (2012) 
verified that increased CGRP levels in serum could acceler-
ate fracture healing following TBI. ET was first sequenced in 
1988, with ET-1 and ET-3 being most commonly found in 
the brain (Rubanyi and Polokoff, 1994). Many studies have 
demonstrated increased ET in TBI patients. Moreover, Maier 
et al. (2007) demonstrated that ET-1 was elevated in both 
cerebrospinal fluid and plasma after TBI in human patients. 
Armstead and Kreipke (2011) found that ET-1 is up-regulat-
ed after TBI in a cross-species, cross-model analysis.

The results of the present study confirm decreased serum 
CGRP levels in TBI patients, especially severe TBI patients. 
Observed alterations of ET-1 were consistent with previous 
related studies. Furthermore, we demonstrated that both 
serum CGRP and ET-1 levels were associated with 6-month 
mortality in severe TBI patients; indeed, both were con-
firmed as independent risk factors for mortality of severe 
TBI patients. ET-1 was previously found to be associated 
with myocardial injury and death in septic shock patients 
(Brauner et al., 2000; Lundberg et al., 2016). Rey et al. (2013) 
found that carboxy-terminal pro-endothelin-1 was associated 
with increased prediction of mortality risk scores of pediatric 
patients in intensive care units. However, no similar studies 
have shown a relationship between serum CGRP levels and 
TBI mortality rate or other brain injuries in recent years. This 
study has some limitations. Most notably, the sample size was 
small, all patients were Chinese, and we did not investigate 
mechanisms underlying how CGRP influenced the TBI pro-
cess. Thus, further studies should be performed to confirm 
these results; indeed, animal or in vitro studies should be 
done to attain deeper insights for CGRP in TBI. 

In conclusion, we conducted a prospective study to ana-
lyze relationships between CGRP and prognosis of patients 
with severe TBI. Serum levels of CGRP were markedly lower 
in severe TBI patients compared with mild or moderate pa-
tients, and decreased serum levels of CGRP and increased 
serum levels of ET-1 were associated with 6-month mor-
tality of severe TBI patients. These results yield new insight 
into the role of CGRP in severe TBI, and may provide a new 
potential biomarker for severe TBI. 
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Table 1 Basic clinical information for all participants

Mild/moderate TBI 
group (n = 61)

Severe TBI 
group (n = 35)

Control group 
(n = 25)

Age (year) 38±13(18–63) 38±11(19–60) 39±13(20–61)
Sex (male/female, n) 36/25 22/13 15/10
Mechanism of injury
Traffic accident 32(52) 19(54)

Fall 17(28) 10(29)
Assault 7(12) 3(9)
Others 5(8) 3(9)

GCS score 11.48±1.80 5.54±1.44*

Mortality during 
6-month follow-up

0 13(37)*

Data are expressed as number (percent), except data for mean age and 
mean GCS score are expressed as the mean ± SD (range) or mean ± SD, 
and data for sex are expressed as number. *P < 0.05, vs. mild/moderate 
TBI group. TBI: Traumatic brain injury; GCS: Glasgow Coma Scale.

Table 2 Correlation between serum CGRP and ET-1 levels with 
6-month mortality in severe traumatic brain injury patients by 
logistic multivariate regression analysis

B SE Wald Odds ratio 95% CI P value

CGRP –0.534 0.162 10.922 0.586 0.427–0.805 0.001
ET-1 1.013 0.382 7.048 2.754 1.304–5.817 0.008

CGRP: Calcitonin gene-related peptide; ET-1: endothelin-1.
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