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Abstract
Purpose That thyroid hormones exert pleiotropic effects and have a contributory role in triggering seizures in patients with 
traumatic brain injury (TBI) can be hypothesized. We aimed at investigating thyroid function tests as prognostic factors of 
the development of seizures and of functional outcome in TBI.
Methods This retrospective study enrolled 243 adult patients with a diagnosis of mild-to-severe TBI, consecutively admitted 
to our rehabilitation unit for a 6-month neurorehabilitation program. Data on occurrence of seizures, brain imaging, injury 
characteristics, associated neurosurgical procedures, neurologic and functional assessments, and death during hospitalization 
were collected at baseline, during the workup and on discharge. Thyroid function tests (serum TSH, fT4, and fT3 levels) 
were performed upon admission to neurorehabilitation.
Results Serum fT3 levels were positively associated with an increased risk of late post-traumatic seizures (LPTS) in post-
TBI patients independent of age, sex and TBI severity (OR = 1.85, CI 95% 1.22–2.61, p < 0.01). Measured at admission, fT3 
values higher than 2.76 pg/mL discriminated patients with late post-traumatic seizures from those without, with a sensitivity 
of 74.2% and a specificity of 60.9%. Independently from the presence of post-traumatic epilepsy and TBI severity, increas-
ing TSH levels and decreasing fT3 levels were associated with worse neurological and functional outcome, as well as with 
higher risk of mortality within 6 months from the TBI event.
Conclusions Serum fT3 levels assessed in the subacute phase post-TBI are associated with neurological and functional 
outcome as well as with the risk of seizure occurrence. Further studies are needed to investigate the mechanisms underlying 
these associations.
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Introduction

Traumatic brain injury (TBI) is a recognized public health 
problem and constitutes a frequent cause of disability 
and even death in adults. The incidence of TBI has been 
increasing worldwide during the last decades, reaching a 
rate between 134 and 618 persons per 100.000 per year 
and a hospitalization rate of about 12% [1, 2]. TBI is 
associated with several pathophysiological mechanisms, 
which underlie heterogeneous clinical manifestations. 
The primary damage caused by the mechanical injury can 
instigate a cascade of inflammatory, metabolic and bio-
chemical alterations leading to secondary injury. These 
processes have been associated with the onset of chronic 
neurological and endocrine complications [3], which can 
significantly impact overall morbidity and mortality [4, 5].
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Long-term consequence of TBI potentially includes 
post-traumatic seizures (PTS). Based on the time of onset, 
PTS have been classified as early post-traumatic seizures 
(EPTS), which occur within 7 days from injury and are 
characterized by a temporarily decreased seizure threshold 
following the primary injury [6, 7], and late post-traumatic 
seizures (LPTS), which occur within weeks or months fol-
lowing the traumatic event and are associated with persis-
tent neurobiological changes triggered by the secondary 
injury cascade [7]. The high risk of recurrent seizures fol-
lowing a single LPTS leads to consider LPTS as an epi-
leptic condition. Therefore, the term LPTS is often used 
interchangeably with post-traumatic epilepsy (PTE) [7, 8].

Despite the growing evidence about the potential role 
of neuroinflammation and of metabolic alterations in influ-
encing both early and late post-traumatic epileptogenesis, 
the pathogenetic mechanisms underlying these conditions 
have not been fully elucidated yet.

A potential involvement of thyroid hormones (THs) in 
the pathogenesis of epilepsy has been proposed [9]. THs 
play an essential role in the development and maintenance 
of brain functions [10]. Such role in the brain homeo-
stasis emerges from the neurological complications of 
hypothyroidism in both infants and adults [11]. THs exert 
genomic and non-genomic effects on mitochondrial func-
tion [12] and neurotransmission [13], as well as modulate 
the development and function of GABAergic interneurons 
[14], which partake in different microcircuits recruited in 
epilepsy [15]. Moreover, both excess and deficiency of 
THs affect the oxidative brain status through modulation 
of antioxidant enzymes [16]. Clinically, reduced serum 
levels of THs with thyrotropin (TSH) in the normal ref-
erence range have been observed in most patients with 
severe injuries and are referred to as nonthyroidal illness 
(NTI) [17]. Although the molecular mechanisms under-
lying these neurofunctional effects remain still largely 
unknown, a role for THs on inhibitory and excitatory 
neuronal circuits affecting brain electrical activity can be 
hypothesized, thus contributing to trigger seizures and, 
more in general, functional outcomes in TBI patients [18].

To date, there are no clinical studies exploring the 
potential association between thyroid function, seizures 
and post-TBI outcome. Therefore, this study was designed 
to investigate the role of THs as predictive biomarkers 
of the occurrence of seizures and relating functional out-
comes in a large cohort of patients with TBI.

Methods

Patients

A total of 2082 adult patients with the diagnosis of 
acquired brain injury were admitted to the Neurorehabili-
tation Unit of the Istituti Clinici Scientifici (ICS) Maugeri 
of Pavia between January 1, 2009 and December 31, 2018; 
1549 were excluded because of a non-traumatic aetiology, 
and 290 did not meet the inclusion criteria (Fig. 1).

Eligibility criteria included age ≥ 18 years, diagnosis 
of mild-to-severe TBI based on the Glasgow Coma Scale 
(GCS) as followingly detailed, admission to a hospital 
emergency unit within 24 h after the traumatic event and 
admission to our rehabilitation unit for a 6-month neu-
rorehabilitation programme within 14 days following the 
event. Exclusion criteria were the presence of known thy-
roid disease, pre-existing TBI, known hypothalamic–pitui-
tary dysfunctions or neurological diseases including epi-
lepsy, use of levothyroxine (LT4) or triiodothyronine (T3) 
and/or use of medications potentially interfering with thy-
roid function and use of antiepileptic drugs (AED) before 
the injury. Therefore, 243 patients with mild-to-severe TBI 
were included.

The study design was conformed to the ethical guide-
lines of the Declaration of Helsinki and was approved by 
the local Ethical Committee ICS Maugeri (#2214 CE). The 
participants or authorized representatives signed a written 
informed consent.

Methods

The data were retrieved in the electronic hospital records 
at baseline, during the workup and on discharge, and 
included the following variables: sex, medical history, 
age, occurrence of seizures, brain imaging, injury charac-
teristics, fracture site, presence of subarachnoid haemor-
rhage, associated neurosurgical procedures (craniotomy, 
cranioplasty), neurologic and functional assessments, use 
and type of AED and death during hospitalization. Thy-
roid function tests (TSH, fT4, fT3) were performed upon 
admission to neurorehabilitation (on average, 14 ± 3 days 
after TBI).

All participants underwent a 6-month inpatient neu-
rorehabilitation program consisting of individual 3-h 
daily treatment cycles, 6 days per week inclusive of physi-
otherapy, occupational therapy, speech therapy, cognitive 
training, nutrition assistance, as well as psychological and 
social support.

Seizures occurring during acute and rehabilitation 
period were classified into two categories defined taking 
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into account the time elapsed from injury: early, if occur-
ring 1–7 days after TBI (EPTS); late, if occurring > 7 days 
after TBI (LPTS) [19].

The Marshall computed tomography (CT) classification 
was used to categorize TBI into six classes according to the 
degree of swelling as determined by basal cistern compres-
sion and midline shift, as well as the presence and size of 
focal lesions (Table 1) [20].

The severity of TBI on admission was assessed accord-
ing to the GCS. It is a standardized system for assessing 
the degree of neurological impairment and to identify the 
seriousness of injury in relation to outcome, which involves 
three determinants: eye opening, verbal responses and motor 
response or movement. These determinants are evaluated 
separately according to a numerical value that indicates 
the level of consciousness and the degree of dysfunction. 
Total scores range from 15 to 3. Patients are considered to 

Fig. 1  Flowchart of the study’s 
participants. EPTS early post-
traumatic seizures, LPTS late 
post-traumatic seizures, TBI 
traumatic brain injury

Table 1  Marshall’s computed tomography (CT) classification

Marshall class Definition

Diffuse injury I No intracranial pathology seen with CT
Diffuse injury II Cisterns are present with midline shift of 0–5 mm and/or lesions/densities present; no high-or mixed 

density lesions > 25  cm3; may include bone fragments and foreign bodies
Diffuse injury III (swelling) Cisterns compressed or absent with midline shift of 0–5 mm; no high or mixed density lesions > 25  cm3

Diffuse injury IV (shift) Midline shift > 5 mm; no high or mixed density lesions > 25  cm3

Evacuated mass lesion (V) Any lesion surgically evacuated
Non-evacuated mass lesion (VI) High or mixed density lesion > 25  cm3, not surgically evacuated
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have experienced a “mild” brain injury when their score is 
from 13 to 15. A score from 9 to 12 indicates a “moderate” 
brain injury, and a score equal to 8 or less reflects a “severe” 
brain injury [21]. Rehabilitation outcomes were evaluated 
through the Functional Independence Measure (FIM) scale, 
an 18-item measurement tool that explores individual’s 
physical, psychological and social function [22, 23]. The 
tool is used to assess the patient’s level of disability as well 
as change in patient status in response to rehabilitation or 
medical intervention [24].

Finally, GCS and FIM scale were administered on admis-
sion and at discharge to evaluate neurological and rehabilita-
tion outcomes, respectively.

Thyroid function tests

Serum samples were assayed for fT4, fT3 and TSH using 
an automated chemiluminescence assay system (Immulite 
2000; DPC, Los Angeles, CA). The principle of the method 
is a two-site, solid-phase chemiluminescent immunometric 
assay (TSH) or competitive immunoassay (fT4 and fT3). The 
reference ranges are 0.4–4.0 µIU/mL for TSH, 0.8–1.8 ng/
dL for fT4, and 1.8–4.2 pg/mL for fT3.

Statistical analysis

Values are expressed as means ± standard deviation (SD), 
or absolute number and percentage. Data were tested for 
normality of distribution by the Shapiro–Wilk test and 
log-transformed when needed, to correct for skewness. For 
comparative analysis, ANOVA between groups was used. 
Pearson’s correlation analysis and χ2 were used to identify 
significant associations between variables of interest. Uni-
variate and multinomial logistic regression analyses were 
performed to evaluate the association between thyroid func-
tion and the presence of epilepsy, clinical and radiological 
characteristics of TBI as well as mortality. An analysis of 
the receiver operating characteristic (ROC) curve and the 
area under the curve (AUC) was undertaken to assess the 
best cutoff for fT3 to discriminate between patients at higher 
risk and patients at lower risk of developing seizures. Sta-
tistical significance was set at 5%. Statistical analyses were 
performed using SPSS version 21 (Somers, NY, USA).

Results

Clinical and radiological characteristics of TBI

A summary of clinical and radiological characteristics of 
population with TBI is reported in Table 2. The male-to-
female ratio was 3.5:1. Patients aged ≤ 65 years were 57.6% 
of cases. Approximately, half of the patients presented a 

skull fracture, most of which (50.0%) affected the neuro-
cranium compound. With regard to brain injury, 69.9% of 
patients suffered from multiple site lesions mostly involving 
the frontal lobe. Subarachnoid haemorrhage was detected 
in 40.3% of cases. Neurosurgical procedures had been per-
formed in 53.1% of patients and included craniotomy and 
cranioplasty in 39.5% and 13.6% of cases, respectively.

According to GCS assessed in the acute phase, TBI was 
classified as severe in 67.3%, moderate in 24.2% and mild 
in 8.5% of patients. Clinical and radiological characteristics 
of TBI were comparable between the three classes of TBI 
severity, whereas patients with moderate and severe TBI 
were significantly younger (p = 0.0003) and with a higher 
prevalence of male when compared to patients with mild 
TBI (p = 0.01). No differences in the prevalence of seizures 
were found between the classes of TBI severity.

After TBI, prophylactic AED therapy was started in 64 
patients (26.3%), of whom 6 (9.4%) subsequently devel-
oped seizures. Such therapy was prescribed to 39 patients 
(16.1%) and after that they had developed seizures. Most 
patients (75.7%) were treated with levetiracetam (II genera-
tion AED).

During the observation period from acute care hospitali-
zation to inpatient rehabilitation, seizures occurred in 48 
patients (19.8%). Overall, EPTSs were documented in 17 
cases (7.0%), LPTS in 24 cases (9.9%), whereas 7 patients 
(2.9%) first presented EPTS and then LPTS.

Post‑TBI thyroid function

The results of thyroid function testing in the population as 
a whole and across the three classes of TBI severity are 
summarized in Table 3. Serum TSH and fT4 levels were 
comparable between classes of TBI severity, whereas fT3 
levels were significantly lower in moderate and severe TBI 
in comparison with mild TBI (p < 0.05).

When TSH levels were divided according to the quar-
tile ranges (I quartile: TSH < 1.05 µUI/mL; II quartile: 
1.05 ≤ TSH < 1.74 µUI/mL; III quartile: 1.74 ≤ TSH < 2.40 
µUI/mL; IV quartile: TSH > 2.40 µUI/mL), patients were 
evenly distributed within TSH quartiles, with fT4 and fT3 
levels at the lower limit of the reference range or reduced in 
19.0% and 44.0%, respectively. There were no differences in 
fT4 and fT3 levels within TSH ranges.

Thyroid function variables were not associated with age, 
sex, characteristics and type of TBI. Moreover, TSH, fT4 
and fT3 were not correlated to each other (data not shown).

Thyroid function and seizures

Analysis of thyroid function variables according to the 
presence or absence of PTS in the population as a whole 
showed overall significantly higher levels of fT3 in patients 
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Table 2  Clinical and 
radiological characteristics of 
patients with traumatic brain 
injury (TBI) as a whole and 
subgrouped according to the 
Glasgow Coma Scale (GCS)

Variables Whole population
(n = 243)

TBI severity (GCS)
(data available for 211 patients)

N (%) Mild
18 (8.5)

Moderate
51 (24.2)

Severe
142 (67.3)

p value

N (%) N (%) N (%)

Sex
 Males 189 (77.8) 9 (50.0) 43 (84.3) 111 (78.2) 0.01
 Females 54 (22.2) 9 (50.0) 8 (15.7) 31 (21.8)

Age (years)
  ≤ 65 140 (57.6) 3 (16.7) 28 (54.9) 93 (65.5) 0.0003
  > 65 103 (42.4) 15 (83.3) 23 (45.1) 49 (34.5)

Adapted Marshall classification*
 Diffuse injury I 11 (4.6) 1 (5.5) 3 (5.9) 2 (1.4) 0.20
 Diffuse injury II 60 (24.9) 1 (5.5) 13 (25.5) 36 (25.4) 0.17
 Diffuse injury III (swelling) 44 (18.2) 6 (33.4) 8 (15.7) 24 (16.9) 0.21
 Diffuse injury IV (shift) 52 (21.6) 3 (16.7) 16 (31.4) 28 (19.7) 0.19
 Evacuated lesion 74 (30.7) 7 (38.9) 11 (21.6) 52 (36.6) 0.13
 Non evacuated lesion 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) –

Subarachnoid haemorrhage
 Yes 98 (40.3) 5 (27.8) 24 (47.1) 59 (41.5) 0.36
 No 145 (59.7) 13 (72.2) 27 (52.9) 83 (58.5)

Lobar  localization§

 Frontal 26 (15.0) 2 (13.3) 6 (15.4) 15 (14.8) 0.97
 Parietal 4 (2.3) 0 (0.0) 0 (0.0) 2 (2.0) 0.61
 Temporal 20 (11.6) 2 (13.3) 2 (5.1) 14 (13.9) 0.39
 Occipital 2 (1.2) 0 (0.0) 1 (2.6) 1 (1.0) 0.66
 Multiple 121 (69.9) 11 (73.4) 30 (76.9) 69 (68.3) 0.33

Cranial fractures
 Yes 118 (48.6) 7 (38.9) 25 (49.0) 75 (52.8) 0.52
 No 125 (51.4) 11 (61.1) 26 (51.0) 67 (47.2)

Fracture site
 Splanchnocranium 27 (22.9) 2 (28.6) 4 (16.0) 20 (26.7) 0.48
 Skull base 10 (8.5) 2 (28.6) 3 (12.0) 5 (6.7) 0.15
 Compound skull fracture 59 (50.0) 3 (42.8) 15 (60.0) 35 (46.7) 0.92
 Depressed skull fracture 20 (16.9) 0 (0.0) 3 (12.0) 14 (18.7) 0.27
 From blunt body 2 (1.7) 0 (0.0) 0 (0.0) 1 (1.3) 0.80

Craniotomy
 Yes 96 (39.5) 6 (33.3) 18 (35.3) 67 (47.2) 0.23
 No 147 (60.5) 12 (66.7) 33 (64.7) 75 (52.8)

Cranioplasty
 Yes 33 (13.6) 4 (22.2) 6 (11.8) 21 (14.8) 0.56
 No 210 (86.4) 14 (77.8) 45 (88.2) 121 (85.2)

PTS
 Yes 48 (19.8) 3 (16.7) 9 (17.6) 30 (21.1) 0.81
 No 195 (80.2) 15 (83.3) 42 (82.4) 112 (78.9)

EPTS
 Yes 17 (7.0) 1 (5.5) 4 (7.8) 9 (6.3) 0.92
 No 226 (93.0) 17 (94.5) 47 (92.2) 133 (93.7)

LPTS
 Yes 24 (9.9) 1 (5.5) 5 (9.8) 16 (11.3) 0.70
 No 219 (90.1) 17 (94.5) 46 (90.2) 126 (88.7)
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who developed LPTS than those without PTS (Table 4). No 
significant differences were found for TSH and fT4 levels 
between subgroups of patients.

A multinomial logistic regression analysis was con-
ducted to evaluate the association between thyroid func-
tion variables and the risk of seizures. Independently from 
age, sex and TBI severity, fT3 levels were directly asso-
ciated with an increased risk of LPTS onset (OR = 1.85, 
CI 95% 1.22–2.61, p < 0.01) (Fig. 2). TSH and fT4 levels 
were not associated with EPTS or LPTS (not shown).

Analysis of the ROC curve (Fig. 3) showed that, in our 
study population, fT3 represented a potentially predic-
tive parameter for identifying patients at higher risk of 
developing LPTS (AUC = 0.705, CI 95% 0.602–0.808, 
p = 0.0001). Taking fT3 values higher than 2.76 pg/mL 
as cutoff, fT3 levels revealed the ability to discriminate 
patients presenting with LPTS from those without, with a 
sensitivity of 74.2% and a specificity of 60.9%.

With regard to the use of AED, there were no differ-
ences in thyroid function variables between users and 

Table 2  (continued) Variables Whole population
(n = 243)

TBI severity (GCS)
(data available for 211 patients)

N (%) Mild
18 (8.5)

Moderate
51 (24.2)

Severe
142 (67.3)

p value

N (%) N (%) N (%)

EPTS + LPTS
 Yes 7 (2.9) 1 (5.5) 0 (0.0) 5 (3.5) 0.33
 No 236 (97.1) 17 (94.5) 51 (100) 137 (96.5)

AED
 No therapy 140 (57.6) 12 (66.6) 28 (54.9) 79 (55.6) 0.65
 Prophylactic therapy 64 (26.3) 3 (16.7) 15 (29.4) 41 (28.9) 0.53
 Therapy for crisis 39 (16.1) 3 (16.7) 8 (15.7) 22 (15.5) 0.99

Mortality within 6 months
 Yes 35 (14.4) 4 (22.2) 7 (13.7) 22 (15.5) 0.69
 No 208 (85.6) 14 (77.8) 44 (86.3) 120 (84.5)

Data available for the whole population: *241 patients, §173 patients; Mild TBI: §15 patients; Moderate 
TBI: §39 patients; Severe TBI: §101 patients. Comparison between group was performed by Chi square 
analysis. Significant differences are shown in bold characters
ASM antiseizure medication, GCS Glasgow Coma Scale, EPTS early post-traumatic seizures, LPTS late 
post-traumatic seizures, PTS post-traumatic seizure

Table 3  Thyroid function 
variables in the population 
as a whole and subgrouped 
according to TBI severity 
classification (mild, moderate 
and severe) on the basis of GCS

Data available from the whole population: &211 patients. Comparison between groups was performed by 
ANOVA. Significant differences are shown in bold characters

Variables Whole population
(n = 243)

TBI  classification&

(GCS)

Mean ± SD Mild (n = 18) Moderate (n = 51) Severe (n = 142) p value

Mean ± SD Mean ± SD Mean ± SD

TSH (µUI/mL) 2.0 ± 1.8 1.8 ± 1.3 2.1 ± 2.1 2.1 ± 1.4 0.404
fT4 (ng/dL) 1.3 ± 0.4 1.2 ± 0.2 1.3 ± 0.6 1.3 ± 0.4 0.781
fT3 (pg/mL) 2.7 ± 0.7 2.9 ± 0.5 2.6 ± 0.6 2.7 ± 0.7 0.048

Table 4  Post-TBI thyroid function in patients without and with PTS 
and, among these, with EPTS or LPTS

Comparison between groups was performed by ANOVA. Signifi-
cant differences are shown in bold characters. Significant differences 
between patients without and with epilepsy or EPTS or LPTS are 
expressed as ap < 0.01

Variables No PTS
(195 cases)

PTS
(48 cases)

EPTS
(17 cases)

LPTS
(24 cases)

Mean ± SD Mean ± SD Mean ± SD Mean ± SD

TSH (µUI/mL) 2.0 ± 1.6 2.0 ± 1.3 1.7 ± 1.2 1.9 ± 0.9
fT4 (ng/dL) 1.3 ± 0.4 1.3 ± 0.2 1.3 ± 0.2 1.3 ± 0.3
fT3 (pg/mL) 2.6 ± 0.7 2.7 ± 0.8 2.4 ± 0.7 3.0 ± 0.7a
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nonusers (Table 5), also when the three TBI groups were 
analyzed separately.

Thyroid function and neurological/functional 
outcome

Correlation analysis between thyroid function parameters, 
neurological and functional outcomes showed that increas-
ing TSH levels and decreasing fT3 levels were associated 
with worst neurological and functional outcomes in terms 
of GCS and FIM, respectively (Table 6). No associations 
were found between fT4 levels and neurological or func-
tional outcomes.

Significant correlations obtained on the entire dataset 
remained after controlling for the presence or the absence 
of seizures and for TBI severity.

Thyroid function and mortality post‑TBI

Mortality within 6 months of TBI was documented in 35 
patients (14.4%), without a significant difference in preva-
lence between the three classes of TBI severity. Independent 
of the presence of seizures, clinical or radiological charac-
teristics of TBI, and TBI severity, the multinomial logistic 
regression analysis showed that increasing TSH levels and 
decreasing fT3 levels were associated with higher risk of 
mortality within 6 months from TBI event (TSH: OR = 1.3, 
CI 95% 1.09–1.45, p < 0.01; fT3: OR  =  0.21, CI 95% 
0.11–0.41, p < 0.0001).

Discussion

The present study evaluated the association of thyroid func-
tion with the development of seizures and the neurological 
and functional outcomes in patients with TBI. Our results 

Fig. 2  Odds ratios (ORs) for the association between thyroid function and EPTS or LPTS

Fig. 3  ROC curve for fT3 levels in the process of discriminating 
patients with a higher risk of LPTS onset

Table 5  Post-TBI thyroid function in users and nonusers of antiepi-
leptic drugs

Comparison between groups was performed by ANOVA
AED antiepileptic drug

Variables Users of prophy-
lactic AED
(64 patients)

Nonusers of pro-
phylactic AED
(179 patients)

p value

Mean ± SD Mean ± SD

TSH (µUI/mL) 2.2 ± 2.0 1.9 ± 1.7 0.31
fT4 (ng/dL) 1.2 ± 0.4 1.3 ± 0.3 0.70
fT3 (pg/mL) 2.7 ± 0.8 2.6 ± 0.7 0.16
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showed that fT3 levels were directly associated with an 
increased risk of LPTS onset independent of age, sex and 
TBI severity. On the other hand, increasing TSH levels and 
decreasing fT3 levels were associated with worst neurologi-
cal and functional outcome, as well as with higher risk of 
mortality within 6 months from TBI event independent of 
PTS and TBI severity.

A transient reduction of serum fT4 and fT3 levels, with 
TSH in the normal range, has been observed in TBI and 
referred to as NTI [17]. NTI following brain injury was ini-
tially described by Woolf et al. [25] in a cohort of 66 patients 
with severe TBI, and was subsequently investigated by Male-
kpour et al. [26] in a prospective study on 72 patients. Our 
results confirm these findings in a cohort of patients with 
mild-to-severe TBI. In fact, we found that approximately 
90% harbored normal TSH levels and approximately half 
of them had reduced fT3 levels. It is known that acute ill-
nesses, including TBI, are able to induce multiple alterations 
in thyroid function parameters in patients without previously 
ascertained thyroid diseases [17]. Despite these changes in 
THs, there is scarce evidence of a direct thyroid dysfunc-
tion in this setting. This hormone pattern could be hypo-
thetically viewed as the result of a physiological adaptive 
mechanism aiming to downregulate the metabolic activity 
and energy balance in condition of acute injury as a result 
of the following potential mechanisms: (1) deregulation of 
deiodinase activity resulting in an impairment of T4 to T3 
conversion [27], leading to increased levels of reverse-T3 
[28]; (2) alterations in pituitary TSH secretion originating 
from TRH inhibition from cortical centers and/or abnormali-
ties in TSH secretory rhythms [29]; and (3) alterations in the 
affinity of binding proteins for thyroid hormone due to criti-
cal illness, which can significantly contribute to determine 
a reduction of T4 and T3 levels [17]. Although serum TSH 
levels are usually normal during the early post-acute phase 
of TBI, we were unable to find a correlation between TSH, 
fT4 and fT3. We hypothesize that this circumstance possibly 
reflects either a central derangement of pituitary TSH secre-
tion, or an alteration of systemic metabolic homeostasis in 

the immediate post-acute phase of TBI. In fact, post-TBI 
pathophysiological mechanisms lead to loss of body mass, 
negative nitrogen balance, dysglycaemia and cerebral meta-
bolic dysfunction. In this setting, the changes in serum THs 
levels could be mainly the result of alterations in the periph-
eral metabolism of the THs, in the binding of TH to trans-
port protein, in receptor binding, and in intracellular uptake, 
rather than a response to an alteration of TSH levels [30].

Our data analysis suggests a potential involvement of 
patients’ post-TBI thyroid status on their subsequent risk of 
manifesting epileptic disorders. TBI represents an important 
risk factor for adult epilepsy [31]. Epilepsy is a neurologi-
cal disorder characterized by a continuous rise in neuronal 
excitability, which leads to recurrent and spontaneous sei-
zures resulting in an altered function and morphology of 
neuronal cells [32]. Although the exact pathogenesis of PTE 
remains still unknown, a relationship between dysfunction of 
blood–brain barrier (BBB) following TBI and epilepsy has 
also been documented, both in animal and human studies 
[33]. Our results, in agreement with other clinical studies, 
show that there is no association between the occurrence of 
seizures and the severity of TBI within 6 months [34–36]. 
The main reason for this lack of association lies in the eti-
opathogenesis of post-traumatic seizures. Post-TBI neuroin-
flammation, which occurs regardless of the severity of the 
trauma, exerts a pivotal role in influencing epileptogenesis 
and long-term neurological complications in mild-to-severe 
TBI [37–40]. Some authors hypothesized that THs could 
contribute to the pathogenesis of epilepsy [9]. Unlike TSH 
and fT4, our results showed that fT3 levels were directly 
associated with an increased risk of LPTS onset in patients 
with TBI independent of age, sex and TBI severity. Despite 
being within the normal range, a fT3 cutoff value of 2.76 pg/
mL was apparently able to discriminate patients at higher 
risk of developing seizures from those at lower risk. It is 
known that the increased transcellular permeability of the 
BBB allows the extravasation of immune cells, proteins 
and solutes from the cerebral vasculature into the intersti-
tial space, promoting abnormal neuronal excitability which 

Table 6  Pearson’s correlation 
analysis between thyroid 
function variables and 
neurological as well as 
functional outcome in the study 
populations as a whole

Significant differences are shown in bold characters
GCS Glasgow Coma Scale, FIM Functional Independence Measure, T0 on admission in neurorehabilita-
tion, T1 on discharge

Variables TSH (µUI/mL) fT4 (ng/dL) fT3 (pg/mL)

r p r p r p

GCS T0 0.08 0.19 − 0.12 0.08 0.11 0.14
GCS T1 − 0.16 0.02 − 0.08 0.29 0.32  < 0.0001
ΔGCS − 0.20 0.001 0.03 0.65 0.18 0.009
FIM T0 − 0.03 0.66 0.13 0.09 − 0.21 0.78
FIM T1 − 0.14 0.04 0.05 0.56 0.15 0.04
ΔFIM − 0.17 0.02 − 0.03 0.72 0.20 0.009
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could contribute to epileptogenesis [41–43]. In this context, 
the altered permeability of BBB could also allow an abnor-
mal entry of THs from the bloodstream to the brain tissue. 
Molecular studies showed that THs, particularly T3, exert 
a pivotal role in normal mitochondrial biogenesis and their 
alterations cause mitochondrial dysfunction and oxidative 
stress [44, 45], which are in turn related to experimental 
epileptogenesis and human epilepsy [46]. From a clinical 
viewpoint, some studies demonstrated that THs dysregu-
lation, either hyperthyroidism or hypothyroidism, affects 
antioxidant/oxidant balance, thus promoting ROS genera-
tion and oxidative stress, which could play a potential role in 
the pathogenesis of epilepsy [9]. Some authors hypothesized 
that hyperthyroidism could more frequently induce epilep-
togenesis than hypothyroidism and case reports have sug-
gested an association between hyperthyroidism and seizures, 
with correction of thyrotoxicosis leading to resolution of sei-
zures [47]. To determine the prevalence of seizure caused by 
the thyrotoxic state, Song et al. retrospectively evaluated the 
prevalence and clinical features of seizures in 3382 patients 
with hyperthyroidism. However, after exclusion of patients 
with seizures and/or with a history of epilepsy or other CNS 
impairments, only the 0.2% of patients were found to have 
acute seizures probably related to thyrotoxicosis [48].

In addition to the increased permeability of BBB, another 
mechanism that could potentially explain the seizures-induc-
ing effect of circulating T3 regards deiodinase 3 (D3) local 
activity. A regional expression of D3 activity has been dem-
onstrated in specific areas of the human CNS, and a critical 
role for D3 has been suggested in the regulation of local 
T3 content in concert with other enzymes [49]. In physi-
ological conditions, D3 protects the brain from high doses 
of T3 by reducing its effects [50, 51]. However, in response 
to injury, a deregulation of D3 has been observed in CNS 
[52], thus altering local fT3 levels and promoting epilep-
togenesis. Overall, whether this THs-mediated mechanism 
could contribute to post-TBI epileptogenesis remains to be 
investigated.

For what concern EPTS, we did not find any associa-
tion between EPTS occurrence and fT3 levels. Although our 
study is not able to determine the mechanisms underlying 
the association between serum fT3 levels and post-TBI sei-
zures, it is well known that EPTS and LPTS have different 
aetiologies. In fact, EPTS occurrence is caused by mecha-
nisms related to primary injury that temporarily lower the 
seizure threshold, whereas LPTS onset is associated with 
persistent neurobiological changes attributed to secondary 
injury and in particular neuroinflammatory alterations [6, 
7, 19]. As mentioned above, neuroinflammation is able to 
alter the permeability of the blood brain barrier (BBB), thus 
likely impairing the passage of THs within the CNS and 
favouring epileptogenesis. Therefore, while fT3 levels in the 
acute phase may not influence the onset of EPTS, relatively 

higher fT3 in this early phase may instead represent a poten-
tial predictor of LPTS.

It is known that TBI represents an important cause 
of death and disability in young adults [1]. The role of 
THs on neurological outcomes and mortality after TBI is 
debated. Malekpour et al. [26] showed that reduced serum 
T4 and T3 levels were associated with worse GCS and 
increased mortality in TBI patients, whereas TSH levels 
were unrelated to their clinical outcomes. On the contrary, 
Chioléro et al. [53] observed that TSH and T3 levels were 
correlated with the severity of TBI and mortality. Our 
results seem to agree with the latter. In fact, in our cohort 
we did not find any association between fT4 levels and 
neurological outcome or mortality, whereas we observed 
that increasing TSH and declining fT3 levels were associ-
ated with worst neurological and functional outcomes, as 
well as with a higher risk of mortality within 6 months fol-
lowing TBI. The evidence of an association between THs 
and neurological or functional outcomes led some authors 
to investigate on the potential role of THs replacement 
therapy in improving these outcomes, with controversial 
results [17, 54–56].

Our study has some limitations. First, the study is aimed 
to find associations, without insights into mechanisms, 
which require ad hoc investigations. Second, we did not 
assess the evaluation of the thyroid function during and 
at the end of the rehabilitation process, and this hampers 
a full interpretation of the herein observed abnormalities. 
Third, being a retrospective study, we did not evaluate the 
presence of nodular goiter in our cohort. Nodular goiter 
is a condition typically characterized by autonomously 
functioning thyroid cell, which might partly explain the 
fact that thyroid function was not fully regulated by the 
hypothalamic–pituitary–thyroid axis.

In conclusion, serum fT3 levels assessed in the suba-
cute phase post-TBI are associated with neurological and 
functional outcome as well as with the risk of seizure 
occurrence. Further studies are needed to investigate the 
mechanisms underlying these associations.
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