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Abstract
Background: Traumatic brain injury (TBI) is a serious public health issue all over the world. This study
was designed to evaluate the prognostic value of lactate to albumin ratio (LAR) on moderate to severe
traumatic brain injury.

Methods: Clinical data of 273 moderate to severe TBI patients hospitalized in West China Hospital
between May 2015 and January 2018 were collected. Multivariate logistic regression analyses were used
to explore risk factors and construct prognostic model of in-hospital mortality in this cohort. Nomogram
was drawn to visualize the prognostic model. Receiver operating characteristic (ROC) curve and
calibration curve were respectively drawn to evaluate discriminative ability and stability of this model.

Results: Non-survivors had higher LAR than survivors (1.0870 vs 0.5286, p<0.001). Results of multivariate
logistic regression analysis showed that GCS (OR=0.818, p=0.008), blood glucose (OR=1.232, p<0.001),
LAR (OR=1.883, p=0.012), and red blood cell distribution (RDW)-SD (OR=1.179, p=0.004) were
independent risk factors of in-hospital mortality in included patients. These four factors were utilized to
construct prognostic model. The area under the ROC curve (AUC) value of single lactate and LAR were
0.733 (95%Cl; 0.673-0.794) and 0.780 (95%Cl; 0.725-0.835), respectively. The AUC value of the prognostic
model was 0.868 (95%Cl; 0.826-0.909), which was higher than that of LAR (Z=2.5143, p<0.05).

Conclusions: LAR is a readily available prognostic marker of moderate to severe TBI patients.

Prognostic model incorporating LAR is bene�cial for clinicians to evaluate possible progression and
make treatment decisions in these patients.

1. Background
Traumatic brain injury (TBI), de�ned as an alteration of brain function or other evidence of brain
pathology due to an external force, is a serious public health problem worldwide [1]  The death due to TBI
constitutes one-third to one-half of trauma-related death and the disability after TBI is the major cause of
all trauma-related disabilities worldwide [2]. Over the past decade, the prognosis of TBI has improved
signi�cantly attributable to better implementation of pre-admission treatment, rapid CT examination and
high-standard critical care measures [3]. However, the continuously increased incidence rate of TBI makes
it still a serious public health issue. Consequently, predicting possible prognosis of patients in early stage
and then making suitable treatment strategies is signi�cant to improve outcome of injured patients. The
serum lactate level, a widely acknowledged indicator of tissue hypoperfusion, has been con�rmed
associated with organ failure and mortality in many clinical settings such as sepsis, trauma, pediatric
critical Illness [4–8]. And several studies have been conducted to explore the prognostic value of serum
lactate level in TBI patients [9–11]. Most of these studies showed that higher serum lactate was
associated with worse injury severity and poor outcome in TBI patients. As an important metabolic
markers of body, serum lactate level is actually in�uenced by many factors such as hepatic and renal
function.
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In order to stabilize and improve the predictive value of serum lactate, the lactate to albumin ratio (LAR), a
new marker which synthetically combine the clinical signi�cance of lactate and albumin is developed and
practically tested in several groups of patients [12–14]. Results of these studies showed that LAR might
be superior to single lactate in predicting mortality of critically ill patients. And a recent research
concluded that the prognostic value of LAR was better than single lactate on predicting neurologic
outcome and survival to discharge after out-of-hospital cardiac arrest [15]. Therefore, we make a
reasonable assumption that LAR is similarly valuable in predicting mortality of moderate to severe TBI
patients. This observational study was designed to verify our scienti�c hypothesis.

2. Methods

2.1. Patients
This study was performed in West China hospital. Patients diagnosed with moderate to severe TBI and
transferred to our Hospital within 4 hours after injuries between May 2015 and January 2018 were
eligible in this study. Diagnoses of TBI were con�rmed according to the �ndings of computed
tomography (CT) and magnetic resonance imaging (MRI).

Exclusion criteria were listed as below: (1) patients transferred from other hospital after suffering injuries;
(2) patients hospitalized in our hospital less than 48 hours; (3) patients who had intake of alcohol not
long before the injury; (4) patients complicated with kidney or liver disease, severe cardiovascular or
respiratory diseases, metabolic disease, cancer, malnutrition and other central nervous system diseases;
(5) patients lacked in complete laboratory results. A total of 273 patients were �nally included in this
study. The study was approved by the ethics committee of West China hospital, Sichuan University.
Informed consent forms of each patients were legally obtained from themselves or their authorized
families.

2.2. Data collection
Vital signs and Glasgow Coma Scale (GCS) were recorded once patients admitted to emergency
department of our hospital. The blood sample of patients in admission were taken for blood
biochemistry, blood routine and arterial gas analysis. Laboratory results of �rst blood sample on
admission were recorded in this study for statistical analysis. The primary outcome of this study was in-
hospital mortality. The Glasgow Outcome Score (GOS) were evaluated based on patients’ survival status
and recovery status on 30th day of admission.

2.3. Statistical analysis
Kolmogorov-Smirnov test was performed to test the normality of variables. Normally distributed variables
were presented as mean ± standard deviation and non-normally distributed variables were presented as
median (interquartile range). And categorical variables were shown as the form of numbers (percentage).
Independent Student’s t-test and Mann-Whitney U test were respectively performed to analyze differences
between two groups of normally distributed and non-normally distributed variables. We performed Chi-
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square test to examine the difference of categorical variables. Univariate and multivariate logistic
regression were sequentially used to explore the association between risk factors and mortality in this
study cohort. A prognostic nomogram was developed by multivariate logistic regression using the rms
package in R project. We draw the receiver operating characteristic (ROC) curves and evaluate predictive
value of LAR and the prognostic model by calculating area under the ROC curves (AUC). Finally, stability
of the prognostic nomogram was internally validated with 1000 bootstrap samples. Calibration plots
were drawn to analyze the consistency between actual probability and predicted probability of poor
outcome in the moderate to severe TBI cohort.

A P value < 0.05 was considered to be of statistical signi�cance. SPSS 22.0 Windows software (SPSS,
Inc, Chicago, IL) and R (version 3.6.1; R Foundation) were used for all statistical analysis and �gure
drawing.

3. Results

3.1. Baseline characteristics of survivors and non-survivors
in TBI patients
There were 124 survivors and 149 non-survivors with a mortality rate of 54.58% in this study (Table 1.).
Age and gender ratio did not differ between survivors and non-survivors (43 vs 43, p = 0.707; 77.4%
vs73.8%, p = 0.491). Motor vehicle crash and falling injury respectively ranked �rst and second in the
injury cause with 66.3% and 19.8%. Initial vital signs including systolic and diastolic blood pressure, heart
rate did not differ between survivors and non-survivors (123 vs 120, p = 0.287; 72 vs 70, p = 0.094; 98 v
103, p = 0.184). However, the body temperature of non-survivors was signi�cantly lower than survivors
(36.7 vs 36.8, p = 0.002). And non-survivors had signi�cantly lower GCS than survivors (5 vs 7, p < 0.001).
Results of laboratory tests showed that non-survivors had signi�cant higher level of glucose, lactate, LAR,
red blood cell distribution (RDW), prothrombin time (PT), lactate dehydrogenase (LDH), total bilirubin
(TBil), direct bilirubin (DBil), blood urea nitrogen (BUN) and serum creatinine. Whereas the level of platelet,
hemoglobin, albumin was signi�cantly lower in non-survivors group. Compare with survivors, non-
survivors had shorter length of ICU stay and length of hospital stay (p < 0.001).
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Table 1
Baseline characteristics of patients groups divided by survival state

  Full cohort (N = 
273)

Survivors (n = 124,
45.42%)

Non-survivors (n = 
149, 54.58%)

P
value

Age (year) 43 (26–55) 43 (24–56) 43 (26–55) 0.707

Gender (male) 206 (75.5%) 96 (77.4%) 110 (73.8%) 0.491

Mechanism of injury        

Motor vehicle crash 181 (66.3%) 78 (62.9%) 103 (69.1%) 0.279

Fall 54 (19.8%) 28 (22.6%) 26 (17.4%) 0.290

Stumble 26 (9.5%) 11 (8.9%) 15 (10.1%) 0.737

Others 12 (4.4%) 7 (5.6%) 5 (3.4%) 0.359

Initial vital signs        

Systolic blood pressure
(mmHg)

120 (106–138) 123 (108–138) 120 (103–137) 0.287

Diastolic blood
pressure (mmHg)

71 (60–84) 72 (65–83) 70 (56-84.5) 0.094

Heart rate (bpm) 101 (82–120) 98 (81–117) 103 (84-123.5) 0.184

Body temperature (℃) 36.8 (36.5–37.1) 36.8 (36.5–37.5) 36.7 (36.3–37.0) 0.002

GCS in admission 5 (4–7) 7 (5–9) 5 (4–6) < 
0.001

Laboratory tests        

Glucose (mmol/L) 10.33 (7.865–
14.29)

8.53 (6.61–11.59) 12.66 (9.16–16.15) < 
0.001

WBC (109/L) 15.13 (11.28–
20.06)

15.09 (11.13–
20.08)

15.47 (11.54–20.14) 0.512

Neutrophil (109/L) 11.87 (8.67–
15.24)

11.81 (8.96–
15.43)

11.98 (7.81–15.12) 0.301

Lymphocyte (109/L) 0.78 (0.53–1.12) 0.88 (0.54–1.23) 0.74 (0.50–1.04) 0.070

Platelet (109/L) 90 (57–141) 114 (76–172) 72 (46–112) < 
0.001

Hemoglobin (g/L) 85 (73–103) 92 (79–110) 81 (69–97) < 
0.001

Albumin (g/dL) 3.02 (2.61–3.45) 3.25 (2.86–3.70) 2.77 (2.31–3.18) < 
0.001
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  Full cohort (N = 
273)

Survivors (n = 124,
45.42%)

Non-survivors (n = 
149, 54.58%)

P
value

Lactate (mmol/L) 2.4 (1.5–3.6) 1.75 (1.2–2.8) 3.1 (2.1–4.55) < 
0.001

LAR 0.7809 (0.4675–
1.3124)

0.5286 (0.3899–
0.7918)

1.0870 (0.7253–
1.7195)

< 
0.001

RDW-CV (%CV) 14.6 (13.5–15.5) 13.7 (13.1–14.9) 14.9 (14.3–16) < 
0.001

RDW-SD (fL) 47.1 (43.4–51.2) 44.45 (41.6–48.8) 49.5 (46.0-53.4) < 
0.001

PT (s) 13.9 (12.5–16.3) 13.0 (11.9–14.6) 15.1 (13.4–18.2) < 
0.001

LDH 400 (301–594) 360 (289–479) 452 (330–775) < 
0.001

ALP 69 (47–98) 65 (45–91) 73 (51–101) 0.205

TBil (umol/L) 16.4 (11.1–21.6) 14.3 (10.6–19.8) 17.9 (11.8–22.6) 0.006

DBil (umol/L) 7.7 (5.4–10.9) 6.6 (4.4–8.9) 8.3 (6–12) < 
0.001

BUN 6.34 (4.81–8.82) 5.72 (4.36–7.69) 7.11 (5.35–9.91) < 
0.001

Serum creatinine 76 (56–106) 65 (54–85) 84 (59–124) < 
0.001

GOS 1 (1–3) 3 (2–3) 1 (1–1) < 
0.001

Length of ICU stay
(day)

10 (2–24) 21 (13–33) 2 (1–7) < 
0.001

Length of hospital stay
(day)

15 (5–34) 31 (22–48) 5 (3–12) < 
0.001

GCS Glasgow Coma Scale; WBC White blood cell; LAR Lactate to albumin ratio; RDW Red blood cell
distribution width; PT Prothrombin time; LDH Lactate dehydrogenase; ALP Alkaline phosphatase; TBi
total bilirubin; DBi, direct bilirubin; BUN blood urea nitrogen; GOS Glasgow Outcome Scale.

3.2. Univariate and multivariate analysis of factors for
mortality in this TBI patients
In univariate logistic regression analysis, we found that body temperature (OR = 0.670, p = 0.004), GCS
(OR = 0.732, p < 0.001), platelet (OR = 0.993, p < 0.001), hemoglobin (OR = 0.978, p < 0.001) were positively
correlated with outcome in TBI patients (Table 2.). And glucose (p < 0.001), LAR (p < 0.001), CV (p < 0.001),
SD (p < 0.001), PT (p < 0.001), LDH (p < 0.001), TBil (p = 0.044), DBil (p = 0.012), BUN (p = 0.030), serum
creatinine (p = 0.003) were risk factors of mortality in the TBI patients. Furthermore, results of multivariate



Page 7/19

logistic regression analysis indicated that only GCS (OR = 0.818, p = 0.008), glucose (OR = 1.232, p < 
0.001), LAR (OR = 1.883, p = 0.012) and SD (OR = 1.179, p = 0.004) were independently associated with
mortality after adjusting confounders.
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Table 2
Univariate and multivariate logistic regression analysis of risk factors for mortality in patients with

moderate to severe TBI

  Unadjusted analysis   Adjusted analysis  

  OR (95%Cl) P
value

  OR (95%Cl) P value  

Age (year) 1.003 (0.990–
1.015)

0.683   0.986 (0.965–1.008) 0.204  

Gender (male) 0.823 (0.471–
1.436)

0.492   1.256 (0.528–2.987) 0.606  

Systolic blood pressure 1.001 (0.997–
1.005)

0.636   1.016 (0.996–1.037) 0.115  

Diastolic blood
pressure

0.987 (0.973–
1.001)

0.077   0.972 (0.942–1.003) 0.079  

Heart rate 1.006 (0.997–
1.014)

0.176   1.001 (0.988–1.015) 0.872  

Body temperature 0.670 (0.511–
0.878)

0.004   0.667 (0.436–1.020) 0.062  

GCS in admission 0.732 (0.650–
0.824)

< 0.001   0.818 (0.705–0.950) 0.008  

Glucose 1.275 (1.182–
1.374)

< 0.001   1.232 (1.103–1.376) < 0.001  

WBC 1.013 (0.979–
1.048)

0.458   1.003 (0.931–1.081) 0.939  

Neutrophil 0.982 (0.942–
1.024)

0.399   0.962 (0.879–1.053) 0.398  

Lymphocyte 0.680 (0.454–
1.021)

0.063   0.526 (0.253–1.091) 0.084  

Platelet 0.993 (0.990–
0.997)

< 0.001   1.002 (0.997–1.007) 0.420  

Hemoglobin 0.978 (0.967–
0.990)

< 0.001   1.004 (0.986–1.022) 0.684  

LAR 3.611 (2.219–
5.876)

< 0.001   1.883 (1.152–3.077) 0.012  

RDW-CV 1.680 (1.382–
2.043)

< 0.001   0.964 (0.661–1.404) 0.847  

RDW-SD 1.162 (1.104–
1.222)

< 0.001   1.179 (1.055–1.319) 0.004  
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  Unadjusted analysis   Adjusted analysis  

PT 1.292 (1.168–
1.429)

< 0.001   1.146 (0.982–1.339) 0.084  

LDH 1.002 (1.001–
1.003)

< 0.001   1.001 (1.000-1.002) 0.206  

ALP 1.002 (0.997–
1.006)

0.403   1.004 (0.995–1.014) 0.347  

TBil 1.029 (1.001–
1.058)

0.044   1.024 (0.957–1.097) 0.491  

DBil 1.071 (1.015–
1.130)

0.012   0.994 (0.883–1.120) 0.925  

BUN 1.068 (1.006–
1.133)

0.030   1.027 (0.942–1.120) 0.544  

Serum creatinine 1.007 (1.002–
1.011)

0.003   0.999 (0.991–1.007) 0.777  

TBI Traumatic brain injury; GCS Glasgow Coma Scale; WBC White blood cell; LAR Lactate to albumin
ratio; RDW Red blood cell distribution width; PT Prothrombin time; LDH Lactate dehydrogenase; ALP
Alkaline phosphatase; TBi total bilirubin; DBi, direct bilirubin; BUN blood urea nitrogen.

3.3. Predictive value of LAR and constructed prognostic
model
Combing GCS, glucose, LAR and SD, we constructed prognostic model for predicting mortality in the TBI
patients by multivariate logistic regression analysis. Nomogram was drawn for visualization and
convenient clinical use of this prognostic model (Fig. 2A). The AUC value of GCS and single lactate value
were 0.718 (95%Cl; 0.657–0.780) and 0.733 (95%Cl; 0.673–0.794), respectively (Table 3.). The AUC value
of LAR and the prognostic model was 0.780 (95%Cl; 0.725–0.835) and 0.868 (95%Cl; 0.826–0.909),
respectively. The AUC value of LAR was signi�cantly higher than that of GCS (Z = 1.4842, p > 0.05) and
single lactate value (Z = 1.1251, p > 0.05) though without statistical signi�cance. However, the prognostic
model incorporating LAR had signi�cant higher AUC value than single LAR (Z = 2.5143, p < 0.05). In
addition, the calibration plot of this prognostic model showed a good consistency between the prediction
by nomogram and actual observation (Fig. 2B).
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Table 3
Predictive value of signi�cant factors and prognostic model on mortality in patients with moderate to

severe TBI
Predictive factors AUC 95%Cl Sensitivity Speci�city

GCS 0.718 0.657–0.780 0.532 0.805

Lactate 0.733 0.673–0.794 0.725 0.653

LAR 0.780 0.725–0.835 0.678 0.798

Prognostic model 0.868 0.826–0.909 0.926 0.637

TBI Traumatic brain injury; GCS Glasgow Coma Scale; LAR Lactate to albumin ratio; AUC Area under
the ROC curve; Cl Con�dence interval.

The prognostic model is composed of GCS, glucose, LAR and RDW-SD.

4. Discussion
Several researches have con�rmed that LAR is associated with mortality and the development of multiple
organ dysfunction syndrome (MODS) in generalized or pediatric sepsis patients [12–14, 16, 17]. A recent
study showed that LAR had higher value than single lactate level on predicting neurologic outcomes and
survival to discharge in patients suffering out-of-hospital cardiac arrest [15]. We make a reasonable
hypothesis that LAR would also be superior to single lactate in predicting mortality in TBI patients.

As a component of LAR, the serum lactate is widely acknowledged as an indicator of inadequate tissue
perfusion. And the correlation between serum lactate and mortality has been veri�ed in many clinical
settings such as sepsis, shock and trauma [18–21]. However, several studies exploring the association
between lactate and outcome in TBI patients showed different conclusions [22–25]. One of these studies
even indicated that TBI patients whose serum lactate > 5 mmol/L were likely to have a better survival than
those with relatively low lactate level [24]. Furthermore, exogenous supplement of lactate by infusing
hypertonic sodium lactate has been veri�ed bene�cial for survival and neurologic outcome and cognitive
recovery in TBI animal models and patients [26–32]. In our study, serum lactate was higher in non-
survivors than survivors, and was useful in predicting mortality in moderate to severe TBI patients with
AUC of 0.733. The most key point we think to understand and discuss the relationship between blood
lactate and outcome of TBI patients is the different meaning of increased serum lactate between the
initial pathophysiological state and exogenous supplement state.

A previous study found that serum lactate would still increase even in normotensive TBI patients [24].
This fact indicated initial increase of serum lactate after TBI could not only caused by peripheral tissue
hypoperfusion due to blood loss, but also the worsening tissue oxygenation due to complications such as
acute lung injury and neurogenic lung edema. The detailed mechanism of initial increased lactate after
TBI deserves further exploration. Initially put forward in 1994, the astrocyte–neuron lactate shuttle has
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changed the opinion that lactate is only an useless waste during anaerobic metabolism process [33]. It
was illustrated that astrocyte would uptake glucose and metabolized it into lactate under the stimulation
of much glutamate. Those generated lactate would be transferred to neurons and enter the tricarboxylic
acid cycle for energy demand of brain. The increased serum lactate directly penetrating the blood-brain-
barrier would also accumulate in neuronal intercellular space and utilized by neurons for energy
production [34, 35]. And one study discovered that brain uptake of lactate re�ecting by arterio-venous
differences for lactate (AVDlac) was higher in more severe TBI patients and non-survivors [36]. Therefore,
a reasonable conjecture is that uptake of lactate from neuron after more severe TBI would decrease more
serum level of lactate. However, it was con�rmed that the magnitude of absorbed lactate by brain was
extremely small compared with magnitude of serum lactate level [36]. Therefore, the initial �uctuation of
serum lactate level after TBI is mainly attributable to pathophysiological changes of systemic body but
not of single brain. This argument might be con�rmed by the �nding of previous study that blood lactate
levels was associated with Sequential Organ Failure Assessment (SOFA) score which re�ects systemic
organ failure in unspeci�ed ICU patients [37]. In addition, blood lactate level was also veri�ed inversely
associated with Glasgow Coma Scale (GCS) in isolated TBI patients [24]. Although higher serum lactate
is bene�cial for brain energy supplement, the effect of poor pathophysiologic condition indicated by
higher serum lactate on outcome could be greater than relatively transient and small effect of energy
supplement. Generally, the initial increased serum lactate in natural pathophysiologic condition is
inversely associated with favorable outcome in TBI patients by re�ecting degree of systemic organ failure
and initial brain injury severity.

On the contrary, the continuously increased serum lactate level during exogenous infusion of hypertonic
sodium lactate could indicate better survival and recovery after TBI[30, 38, 39]. Because increased serum
lactate during exogenous supplement is not a re�ection of initial tissue hypoperfusion and organ failure,
but only means more alternative energy fuel for injured brain. This is a key point to distinguish the
meaning of increased serum lactate under the initial pathophysiological condition and exogenous
supplement condition. The bene�cial effects of hypertonic sodium lactate on injured brain has been
de�nitely recognized including improving cerebral perfusion and brain glucose availability, reversing
impaired brain metabolism and oxygenation, etc. [26–28]. In addition to the function of neuroenergetic
material, lactate is actually a crucial signaling molecule which could modulate the production of pentose
phosphate, an important molecule to prevent oxidative stress injury in brain [40–43]. It was testi�ed that
lactate would provide 60% of the energy source for cerebral metabolism as blood lactate increases to
5 mmol/L [44, 45], To sum up, the elevated serum lactate level during exogenous supplement of lactate is
bene�cial for neurologic and survival outcome, and cognitive recovery after TBI.

The albumin level of non-survivors was signi�cantly lower than survivors in this study. Produced by
hepatocytes, albumin works in multiple way to maintain physiologic function of healthy body including
constituting plasma osmotic pressure, transporting insoluble small organic molecules and combining
heavy metal ions to eliminate their toxic effects. And low albumin level is also considered as an e�cient
marker of malnutrition. The causes of hypoalbuminemia after TBI is diversi�ed including initial blood
loss due to injury, consumption by secondary oxidative stress injury and physiological hypoalbuminemia
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resulted from massive crystal liquid infusion. The reduction of serum albumin and its association with
mortality after TBI have been con�rmed in previous studies [46–49]. The correlation between
hypoalbuminemia and poor outcome of TBI patients could be explained by the brain edema and
subsequent increased intracranial pressure resulted from insu�cient intravascular osmolality. In addition,
lower level of albumin could indicate more severe degree of systemic in�ammatory response, which was
discovered correlated with poor outcome of TBI patients [50, 51]. In our study, the AUC value of single
lactate was 0.733. After the incorporation of albumin, the AUC value of LAR was elevated to 0.780. This
result indicated that LAR, calculated by the value of lactate and albumin, could more comprehensively
re�ect tissue injury severity and systemic organ function of TBI patients. The prognostic model
constructed by us, which consisted of GCS, glucose, LAR and RDW, is useful in predicting mortality of
moderate to severe TBI patients with high discriminative ability and sensitivity.

This study had several limitations. Firstly, this observational study was performed in a single center so
that the selection bias was inevitable. A further prospective study with larger sample size in other centers
should be conducted to externally validate the predictive value of our prognostic model. Secondly, the
long-term neurologic outcome and recovery status were not followed up and recorded so that we could
not explore the correlation between LAR and them. Thirdly, the drugs and operations of prehospital
emergency medical care which could in�uence the serum lactate level were not recorded by us. Our
results might be confounded by these factors.

5. Conclusion
The LAR is an effective and readily available indicator of brain injury severity and outcome in moderate to
severe TBI patients. The prognostic model incorporating LAR with high predictive value is bene�cial for
clinicians to evaluate possible progression and adjust treatment decisions in moderate to severe TBI
patients.
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ROC curves of signi�cant factors and the prognostic model for mortality in moderate to severe TBI
patients.

Figure 2

2A. Nomogram of the prognostic model for predicting mortality in the moderate to severe TBI cohort in
this study.

Figure 3
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2B. Calibration plot for predicting mortality in the moderate to severe TBI cohort in this study.


