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Abstract 

Objective  To review the influence of metabolic dysfunction of glucose after traumatic brain injury on patient 
mortality.

Materials and methods  We searched PubMed, Scopus, EBSCOhost, Medline, and Embase electronic databases, 
involving publications from 1980 to August 2017 in English and Spanish.

Results  The glucose metabolism in brain involved in brain signal conduction, neurotransmission, synaptic plasticity, 
and cognitive function. Insulin levels traverse the blood–brain barrier by utilizing an insulin receptor protein as a car‑
rier, playing a pivotal role in various cognitive functions while also regulating energy metabolism. TBI causes elevated 
blood glucose levels. Hyperglycemia is attributed to an acute sympatho-adrenomedullary response, resulting 
in elevated catecholamines, increased levels of cortisol, and IL-6. Moreover, there is a potential association with hypo‑
thalamic involvement. Additionally, hyperglycemia is linked to lactic acidosis at the tissue level, ultimately contribut‑
ing to higher mortality rates.

Conclusions  The monitoring and control of glucose should be an important part of multimodal monitoring 
in patients with moderate to severe traumatic brain injury managed in neurocritical care units. A management pro‑
tocol should ensure normoglycemia and early detection and correction of glucose abnormalities since it improves 
patients’ clinical outcomes.
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Introduction
Traumatic brain injury (TBI) is considered a public health 
problem by the World Health Organization (WHO), rep-
resenting a significant cause of disability worldwide [1, 2] 
and is correlated with death and permanent disability [3]. 
TBI causes metabolic dysfunction in the brain, increases 
energy demand, and is associated with alterations in the 
expression of the glutamate transporter, oxidative stress, 
and biochemical changes in the cerebral vasculature, with 
insulin being a possible mediator of these processes. The 
cerebral vascular resistance to these changes increases 
vulnerability to the effects caused by brain injury [4]. 
Hyperglycemia after TBI is a marker of lesion severity 
and an independent predictor of mortality [2, 5].
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Materials and methods
Type of study
A Scoping review of medical literature in which original 
articles and review articles were included.

Inclusion criteria
We selected publications related to traumatic brain injury 
that specifically address the disorders of glucose metabo-
lism in the context of the traumatic brain injury.

Search strategy
An electronic search was conducted in the PubMed, 
Scopus, EBSCOhost, Medline, and Embase databases, 
involving all publications from 1980 to March 2023. In 
addition. The search was performed using the following 
keywords and Booleans descriptors: "((Hyperglycemia) 
OR insulin resistance) AND cerebral Trauma."

Selection of studies and review
Title and abstracts were reviewed, and full texts were 
selected based on the criteria for inclusion, which 
addressed the impact of cerebral glucose metabolism on 
traumatic brain injury.

Results
In the search carried out in the PubMed, Scopus, EBSCO-
host, Medline, and Embase databases with the keywords 
and descriptors Booleans “((Hyperglycemia) OR insu-
lin resistance) AND cerebral Trauma,” we obtained 245 
results. Flowchart of the included and excluded articles is 
presented, resulting in 24 articles selected for this review 
(Fig. 1).

Role of insulin and glucose in the brain
The importance of glucose in the brain
The brain utilizes approximately 20% of the total energy 
produced by the body. The constant activation of neurons 
to regulate vital functions, even during sleep, results in a 
higher energetic expenditure than in other cells. Since the 
brain relies almost exclusively on glucose for its energy 
needs, a continuous supply of glucose is crucial for 
proper brain metabolic activities, vitality, signal conduc-
tion, neurotransmission, synaptic plasticity, and cognitive 
function. Variations in glucose levels can compromise 
these functions. Glucose is regulated by several hor-
mones and physiological responses that ensure it remains 
within a non-harmful range. Normal blood glucose con-
centrations when fasting are < 6.1 mmol/L (< 110 mg/dL) 
and < 7.8 mmol/L (< 140 mg/dL) in postprandial glycemia 
or with HbA1c < 6% [6].

After a traumatic brain injury (TBI), glucose metabo-
lism at the brain level is disrupted, and it has been 
observed that insulin has a significant impact on 

metabolism, particularly in the motor cortex. The glu-
cose uptake pathway is initiated by insulin binding to its 
receptor, which becomes phosphorylated upon binding, 
recruiting insulin receptor substrate for the binding of 
the phosphoinositide kinase-3, activated mitogen pro-
tein kinase MAP, and protein kinase B/AKT. Phospho-
inositide kinase-3, through protein kinase C, induces the 
translocation of the glucose transporter GLUT4 to the 
membrane. Phosphorylated B/AKT protein kinase inhib-
its glycogen kinase-3 synthase, which typically inactivates 
glycogen synthase [7].

Tumor necrosis factor (TNF) reduces insulin-induced 
phosphorylation at the receptor, insulin receptor sub-
strate proteins, B/AKT protein kinase, glycine kinase-3 
synthase, activation of GLUT4, and inadequate activation 
of the glucose synthase system, despite the higher energy 
demand after TBI. This leads to a relative deficiency of 
insulin, an alteration of energy metabolism, and ulti-
mately cell death [7] (Figs. 2 and 3). The insulin receptor 
pathway contributes to the repair of small, myelinated 
fibers by enhancing mitochondrial membrane potential 
and ATP production, while simultaneously decreasing 
NADPH and hexokinase activity [7].

Role of insulin in the brain
Insulin levels in the brain are 10–100 times higher than 
in plasma. It crosses the blood–brain barrier using an 
insulin receptor protein as a transporter. Local synthesis 
in pyramidal (but not glial cell) neuronal brain cells of the 
hippocampus, prefrontal cortex, enteral cortex, olfactory 
bulb, hypothalamus, and amygdala is a secondary source 
of insulin in the CNS. A large number of insulin recep-
tors are present in the median temporal lobe, hippocam-
pus, and prefrontal cortex, so in addition to regulation in 
energy metabolism and energy reserves, it affects cogni-
tion, particularly long-term memory, and working mem-
ory. The hippocampus has the highest number of insulin 
receptors, glucocorticoids, and glutamate [6].

Activation of the insulin receptor signaling path-
ways leads to stimulation of the production of pro-
teins involved in antioxidant neuronal defense, glucose 
metabolism, and antiapoptotic or neuroprotection 
mechanisms.

The insulin receptor pathways upgrade mitochondrial 
membrane potential and ATP input, and reduce NAPH 
and hexokinase activity, which improves adult neuronal 
glucose metabolism and axonal proliferation and differ-
entiation or neuromodulation. This pathway is involved 
in the regeneration of small myelinated fibers (neu-
rotropism) and the improvement of cerebral synaptic 
plasticity and the formation of new brain circuits essen-
tial for learning, memory formation, consolidation, stor-
age, and retrieval.
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Insulin hormone promotes the release of adrenaline 
and norepinephrine in the adrenergic terminals, and this 
inhibits the synaptic reuptake of norepinephrine, modi-
fies catecholamine kinetics, and stimulates the neuronal 
uptake of serotonin. Additionally, it is capable of modu-
lating the expression of N-methyl-D-aspartate (NMDA) 
receptors, increasing the neuronal flow of Ca2+, and thus 
reinforcing synaptic communication between neurons 
[6].

In the brain, the insulin degradative enzyme—IDE—
degrades insulin and amyloid β protein, so an increase 
in peripheral insulin may induce a negative regula-
tion response by decreasing intracerebral insulin levels, 

favoring the accumulation of amyloid β protein, and thus 
clinically worsening Alzheimer’s disease [6].

Diabetes mellitus and trauma
DM is associated with long-term complications such as 
diabetic retinopathy, diabetic nephropathy, peripheral 
vascular disease, and heart disease. In the CNS, the main 
complications are circumscribed peripheral and auto-
nomic neuropathies, cerebrovascular disease, epilepsy, 
cognitive deficits, and depression. Progressive cognitive 
impairment, cerebral infarction, cerebral atrophy, and 
neurodegeneration are explained by microstructural and 
macrostructural changes in DM brain injury [6].

Fig. 1  Flowchart for search and selection of included studies
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The cause of hyperglycemia after cranial trauma is mul-
tifactorial [4, 8]. The acute sympathetic response causes 
an increase in serum levels of catecholamines, which 
cause an increase in blood glucose levels by increasing 
glycogenolysis in skeletal muscle and liver tissue, increas-
ing gluconeogenesis, and inhibiting insulin secretion. 
An increase in the levels of cortisol and cytokines such 
as interleukin-6 may also contribute to hyperglycemia in 
these patients [8, 9]. Traumatic brain injury also induces 
generalized metabolic dysfunction in the brain, in which 

glucose requirements increase to meet the needs associ-
ated with trauma recovery resulting in a state of hypergly-
colysis, and insulin resistance similar to the patient with 
diabetes mellitus type 2 (DMT2) [3, 4]. This energy crisis 
is associated with increased susceptibility to the harm-
ful effects of brain injury. Proposed mechanisms for this 
phenomenon include alteration of glutamate transporter 
expression, oxidative damage, and biochemical damage 
to the cerebral vasculature [4]. Abundant glucose supply 
during incomplete ischemia may allow the continuation 

Fig. 2  Glucose uptake pathway at the brain level

Fig. 3  Alteration of the glucose uptake pathway in TBI
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of anaerobic glycolysis, which would lead to lactate accu-
mulation and subsequently to tissue acidosis, leading to 
cell death, which typically occurs at a pH of 5.3 [8].

Levels of glucose and mortality in brain traumatic 
injury
Approximately 87% of patients entering the intensive 
care unit (ICU) due to traumatic brain injury (TBI) 
have hyperglycemia [8]. Although TBI has been shown 
to cause elevated blood glucose levels, it has not been 
elucidated in its entirety; however, an association with 
lactic acidosis has been found at the tissue level, which 
has led to an increase in blood glucose levels and mor-
tality rates in this population [8].

Hyperglycemia between 135 and 200 mg/dl [9] dur-
ing admission has been associated with infection, 
increased hospital stay, and increased mortality rates 
[10]. In addition, hyperglycemia in the first 24  h has 
been identified as an independent risk factor that 
raises mortality rates and has suggested its early thera-
peutic intervention regardless of the severity of the 
injury (as measured by the Glasgow Coma Scale—
GCS) [9].

Persistent hyperglycemia worsens patients with TBI, 
increasing the length of stay in intensive care and 
being a significant risk factor for mortality [10]. The 
increase in mortality associated with DM in patients 
with TBI appears to be independent of age-related 
DM comorbidities. It has been suggested that chronic 
problems related to DM contribute little to mortality 
related to the TBI [2].

Insulin has been used in intensive therapies for the 
management of hyperglycemia and has been associ-
ated with severe hypoglycemic states. To counteract 
this effect, it has been suggested to accompany the 
high doses of insulin with the glucose supply, which in 
turn avoids insulin deficiency [2].

Hyperglycemia in children
Traumatic brain injury represents a significant risk factor 
for death and permanent disability in children. Addition-
ally, secondary injuries such as ischemia, acidosis, and 
electrolyte imbalances can impact outcomes following 
brain injury. Until recently, the impact of hyperglycemia 
in children with brain injury was not well established, 
with only two studies having been conducted: one sug-
gesting a relationship between hyperglycemia and 
poor neurological outcomes following brain trauma, 
and another in which no such relationship was found 
(Table 1).

The study by Cochran et  al. confirmed the former, 
demonstrating a link between hyperglycemia and worse 
neurological outcomes in children following brain injury. 
Furthermore, they observed high risk of mortality among 
patients with blood glucose levels above 300 mg/dL [11].

Maintaining high glucose levels in children in neuro-
logical critical care units with moderate to severe trau-
matic brain injury has been associated with an increased 
risk of mortality and a decreased likelihood of favorable 
functional outcomes. It is important to note that hyper-
glycemia is a common issue in patients with traumatic 
brain injury (TBI), and numerous studies have demon-
strated that it can have a significant impact on their prog-
nosis [12, 13, 16, 18, 19].

Several central glucose level thresholds have been 
identified that can impact outcomes in pediatric TBI 
patients, including levels greater than 160 mg/dl, 200 mg/
dl, or 270 mg/dl. Studies have shown a direct correlation 
between the duration of exposure to hyperglycemia, dis-
turbances in cerebral metabolism, and poor functional 
prognosis [8, 9, 11, 16].

Early identification and management of hyperglycemia 
in pediatric TBI patients are crucial in order to improve 
outcomes and reduce the risk of mortality. Effective glu-
cose control measures can include insulin therapy, glu-
cose monitoring, and the implementation of protocols 

Table 1  Effects of glucose metabolism in adults and children with traumatic brain injury

Glucose level Adults Children

Hyperglycemic state

> 200 mg/dl in first 24 h Increased mortality Increased mortality

> 160 mg/dl Increased risk of brain hyperemia and hypoxia level Poor neurological outcomes

Ischemic complications Loss of cerebral vascular reactivity

Increases cerebral oxygen consumption due to hypermetabolic 
condition

Hypoglycemia

< 50 mg/dl Increase the mortality and poor neurological outcomes Increase the mortality and poor neurological outcomes

Increased cerebral edema due to disruption 
of the blood–brain barrier

Exacerbate the damage to brain tissue caused by the initial injury

Increased risk of seizures
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for glycemic management in critical care settings. By 
optimizing glucose levels and minimizing the duration 
of exposure to hyperglycemia, clinicians can help to 
improve the functional outcomes and overall prognosis 
of pediatric TBI patients [19–22].

Hyperglycemia following traumatic brain injury (TBI) 
is common in both children and adults and has been 
associated with adverse outcomes in both groups. In 
pediatric patients, hyperglycemia has been linked to 
increased risk of seizures, infections, and longer hospital 
stays [23]. Furthermore, studies have found that elevated 
blood glucose levels are associated with higher mortality 
and long-term disability in children with TBI [24].

Hyperglycemia has been shown to negatively affect 
the neurological outcome following TBI in children. In 
a study of children with moderate to severe TBI, hyper-
glycemia was associated with higher risk of long-term 
disability, decreased recovery capacity, and worse neuro-
logical status at hospital discharge [25].

It is believed that hyperglycemia in pediatric TBI 
patients may be the result of a physiological stress 
response and release of stress hormones. Additionally, 
inflammation and activation of the inflammatory cas-
cade may contribute to hyperglycemia in pediatric TBI 
patients [26].

In summary, hyperglycemia is a common complica-
tion following traumatic brain injury in children and has 
been linked to adverse outcomes in terms of mortality, 
long-term disability, and worse neurological status. More 
studies are needed to fully understand the underlying 
mechanisms of hyperglycemia in pediatric TBI and to 
develop effective strategies for prevention and treatment 
in TBI patients.

Hypoglycemia in adults and children with traumatic brain 
injury
Hypoglycemia, or low blood glucose levels, can also have 
a negative impact on traumatic brain injury (TBI) out-
comes in both adults and children. Studies have found 
that hypoglycemia is associated with worse neurological 
outcomes and increased mortality rates in patients with 
TBI [9, 10] (Table 1).

In adults, hypoglycemia has been linked to poor neuro-
logical recovery and worse functional outcomes after TBI 
[27, 28]. A study of patients with severe TBI found that 
those who experienced hypoglycemia had a higher risk of 
death and worse functional outcomes at 6 months post-
injury [17]. Additionally, hypoglycemia has been asso-
ciated with longer hospital stays and higher healthcare 
costs in TBI patients [27].

Similarly, in children with TBI, hypoglycemia has been 
shown to be a risk factor for poor neurological out-
comes and increased risk of mortality [28, 29]. A study of 

pediatric TBI patients found that those who experienced 
hypoglycemia were more likely to have worse neurologi-
cal outcomes and longer hospital stays [24].

The mechanisms underlying the negative effects of 
hypoglycemia in TBI patients are not fully understood, 
but it is thought that hypoglycemia may exacerbate the 
damage to brain tissue caused by the initial injury. Addi-
tionally, hypoglycemia can cause a decrease in cerebral 
blood flow and energy availability, further compromising 
brain function [30, 31].

In summary, hypoglycemia can have a negative impact 
on TBI outcomes in both adults and children. It is impor-
tant for healthcare providers to monitor and manage 
blood glucose levels in TBI patients to minimize the risk 
of hypoglycemia and its negative effects on neurological 
recovery and mortality rates.

Approach to patients with glucose metabolism disorders: 
diagnosis and treatment of hyper‑ and hypoglycemia 
in neurocritical care units
The diagnosis and treatment of hyperglycemia and hypo-
glycemia in TBI patients in the ICU is a complex process 
that requires careful monitoring and management by 
healthcare professionals.

Diagnosis of hyperglycemia in TBI patients is typically 
done through frequent blood glucose monitoring using a 
glucometer. The American Diabetes Association recom-
mends maintaining blood glucose levels between 80 and 
130 mg/dL in critically ill patients, including those with 
TBI [16]. However, some studies suggest that a blood glu-
cose level of > 150 mg/dL in TBI patients may be associ-
ated with worse outcomes [32, 33].

Once hyperglycemia is diagnosed, treatment may 
include insulin therapy, which can be administered via 
continuous intravenous infusion or subcutaneous injec-
tion. The target blood glucose level for insulin therapy in 
TBI patients is generally < 180 mg/dL [32]. However, it is 
important to monitor for hypoglycemia, which can occur 
as a side effect of insulin therapy.

Diagnosis of hypoglycemia in TBI patients is typically 
done through blood glucose monitoring as well. The 
American Diabetes Association defines hypoglycemia as 
a blood glucose level of < 70  mg/dL [33, 34]. Treatment 
for hypoglycemia in TBI patients may include admin-
istration of glucose-containing fluids or foods, and in 
severe cases, intravenous glucose infusion.

Overall, the diagnosis and treatment of hyperglycemia 
and hypoglycemia in TBI patients in the ICU requires 
close monitoring and management by healthcare pro-
fessionals. It is important to maintain appropriate blood 
glucose levels to optimize outcomes and minimize 
complications.
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Conclusion
The monitoring and control of glucose should be an impor-
tant part of the multimodal monitoring in patients with 
moderate to severe traumatic brain injury managed in neu-
rocritical care units. There should be a management pro-
tocol that ensures normoglycemia and early detection and 
correction of its alteration, since if not treated in a timely 
manner, it can have a negative impact on survival and func-
tional prognosis.
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