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Abstract

Background and objectives Marked changes in the hypothalamic-pituitary axis have been documented in patients with trau-
matic brain injury (TBI). These enduring endocrine challenges could significantly influence the physical and psychological
outcomes thereby impacting overall recovery. This study aimed to determine the prevalence and types of endocrine dysfunc-
tion in men with chronic TBI and to determine the association of endocrine dysfunction with clinical outcomes.
Methodology A cross-sectional study that included male participants of 2545 years (N=66) with moderate to severe TBI
within 6-24 months of injury. Serum Cortisol, Free T4, TSH, Luteinizing hormone, Testosterone, ACTH, Prolactin and
IGF-1 were assessed. Glasgow Outcome Scale Extended (GOS-E) and Modified Barthel Index (MBI) scores were also
assessed in them.

Results The study cohort comprised male patients with a mean +age of 32.8 +5.7 years. Low IGF-1 levels were most com-
monly encountered, followed by hypogonadism. Hypopituitarism was present in 56.1%. The proportion of hypogonadism
was significantly higher in the group with moderate-total dependence (13/26) as compared to the functionally independent
(8/40) group (50% vs. 20%; P=0.011). Univariate and multivariate logistic regression analysis was used to determine the
factors associated with hypopituitarism, revealing that severity of injury (OR =2.6;) and GOS-E (OR =3.1) were significant
(P<0.10) on univariate analysis.

Conclusions This study emphasizes the need to screen TBI patients for neuroendocrine dysfunction during the chronic
phases and to establish screening criteria.

Keywords Traumatic brain injury - Neuroendocrine dysfunction - Glasgow outcome scale extended - Modified barthel
index
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Abbreviations
ACTH Adrenocorticotropic hormone
IGF Insulin-like growth factor-1

TSH Thyroid stimulating hormone
LH Luteinizing hormone

DM Diabetes mellitus

HTN Hypertension

RTA Road traffic accident

GCS Glasgow Coma Scale

SDH Subdural haemorrhage

SAH Subarachnoid haemorrhage
EDH Extradural haemorrhage
Introduction

Traumatic brain injury (TBI) is a leading cause of death
and disability, particularly among young men. According
to global statistics from the Centres for Disease Control
and Prevention (CDC), road traffic accidents (RTA) alone
resulted in the loss of 1.35 million lives [1]. Every day,
nearly 3,700 lives are lost worldwide due to road traffic
crashes. Within this alarming statistic, the age group most
severely impacted is 5-29 years old, constituting a stag-
gering 73% of total accidental deaths. It is noteworthy that
over 90% of road traffic fatalities occur in low- and middle-
income countries [1].

According to present data, a significant proportion of TBI
patients, ranging from 20 to 50%, experience some level of
pituitary dysfunction during the acute phase following the
injury. Notably, in most cases, this dysfunction is transient
[2]. Hypopituitarism contributes to substantial morbidity
and mortality in affected patients, and it may be underdi-
agnosed, causing delayed recovery. Individuals with TBI
may also have heightened skeletal fragility due to prolonged
immobilization and metabolic changes [3]. Other features
include lethargy, memory disturbances, depression, irrita-
bility, insomnia, and diminished libido [4]. These multifac-
eted effects significantly impact the quality of life (QoL),
leading to substantial functional limitations and long-term
neurological impairments. Gasco et al. identified a robust
association between pituitary dysfunction and adverse cog-
nitive outcomes, encompassing memory, attention, and
language [5]. It has been documented that the implementa-
tion of hormone replacement therapy results in substantial
improvements in QoL, cognitive deficits, and functional
independence. This underscores the critical importance of
early diagnosis and intervention in addressing endocrine
dysfunction.

In a comprehensive systematic review, Schneider et al.
documented a prevalence of 27.5% for hypopituitarism
following TBI, wherein anterior pituitary dysfunction
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displayed a notable range spanning from 15-68% [6]. The
pathophysiology of hypopituitarism subsequent to TBI is
multifaceted, stemming from factors including damage to
the pituitary stalk, ischemia/infarction of the pituitary gland
as a primary cause, and secondary factors such as hypoxia,
hypotension, and increased intracranial pressure [7]. Con-
sequently, comprehensive screening for hypopituitarism in
all patients with TBI is imperative. However, the impact of
neuroendocrine deficiencies on clinical outcomes in TBI
remains understudied, particularly using Modified Barthel
Index (MBI) scores and Glasgow Outcome Scale Extended
(GOS-E), which are pivotal for assessing rehabilitation
progress and overall recovery. The prevalence of neuroen-
docrine dysfunction varies, influenced by factors such as the
duration since injury, the nature of the injury, and variations
in normal hormonal assays across studies [8].

Notably, the routine inclusion of endocrine function eval-
uation in the TBI rehabilitation protocol is lacking in the
Indian scenario, leading to a significant proportion of TBI
patients remaining undiagnosed and untreated for neuroen-
docrine dysfunction. Moreover, in India road traffic acci-
dents (RTA) are more common in young males aged 25-45
years as compared to females in their most productive years.
Since this age group represents the most productive individ-
uals, with many of them being the sole breadwinners of their
families, it’s important to identify any hormonal dysfunction
related to traumatic brain injury that may hinder their ability
to resume normal daily activities. Timely identification and
intervention for endocrine abnormalities post-TBI hold the
potential to enhance the rehabilitation process, aligning with
the overarching goals of minimizing impairments, optimiz-
ing functional independence, and successfully reintegrating
patients into the community. Furthermore, understanding
the type and frequency of hormonal abnormalities will help
in developing ethnicity-specific screening protocols that can
aid in the early detection of these abnormalities Thus, in
this study, we aimed to assess the prevalence and types of
neuro-endocrine challenges in Indian men with chronic TBI
assessed at 6 to 24 months post-injury and correlate these
findings with clinical outcomes.

Methodology

This prospective cross-sectional study was conducted in
the Physical Medicine and Rehabilitation Department of a
tertiary care teaching hospital in southern India, following
approval from the Institutional Ethical Committee (IRB No.
12670/dated 10.3.2020). The study period was from June
2020 to August 2021. This study conforms to all Strengthen-
ing the Reporting of Observational Studies in Epidemiology
guidelines and reports the required information accordingly.
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Selection of participants

A total of 66 participants with TBI were enrolled in this study
based on specific inclusion criteria: male individuals aged
25-45 years, presenting with moderate or severe TBI, and
attending outpatient clinics or undergoing rehabilitation in
the inpatient wards of the Department of Physical Medicine
and Rehabilitation, 624 months post-injury, after obtaining
informed consent. We included males in the working age
group in the sample to ensure a more uniform representa-
tion. RTA was particularly common among young males
aged 25-45 in our study population, compared to females,
especially during their most productive years. Exclusions
comprised individuals with mild TBI, injury duration less
than 6 months and more than 24 months, age less than 25
years and more than 45 years at the time of testing, chronic
illnesses (CKD, CLD), active malignant tumors, patients on
glucocorticoids, those with prior history of endocrine dys-
function, drugs affecting hypothalamic-pituitary function,
those who had acquired SARS-CoV2 infection, patients in
vegetative state and patients unwilling to participate in the
study.

Assessment

A comprehensive history of pituitary hormonal hypofunc-
tion was meticulously collected, accompanied by relevant
clinical examinations. The hormonal levels of all partici-
pants were thoroughly evaluated by conducting hormonal
assays on their somatotropic, adrenal, thyroid, and gonadal
axes.

Early morning fasting blood samples, obtained before
8:30 am, were analysed for anterior pituitary and their tar-
get hormones, including 8 am cortisol, free T4 (fT4), TSH,
Luteinizing hormone (LH), Testosterone, ACTH (iced sam-
ple), Prolactin (in dilution), and Insulin-like growth factor-1
(IGF-1). The posterior pituitary axis was evaluated by daily
monitoring of 24-hour urine input-output and serum electro-
lytes to check for diabetes insipidus.

Biochemistry

Serum levels of 8 am cortisol (N:16-25 mcg/dL), ACTH
(N: 046 pg/mL), fT4 (N: 0.89-1.76 ng/dL), total T4 (N:
4.5-10.9 mcg/dL), TSH (N: 0.55-4.78 nlU/mL), Testoster-
one (N: 280-1000 ng/dL), LH (N: 0.8-7.6 pIU/mL), Pro-
lactin (N: 2.1-17.7ng/mL) and age specified IGF-1 were
analysed in the Department of Biochemistry using electro-
chemiluminescence method. Table 1 shows the hormone
measurements and the analytical methods used to measure
serum hormones.

Definitions

Serum 8 am cortisol levels were categorized into normal
(16-25mcg/dl), borderline (4-15mcg/dl), and low corti-
sol levels (<4mcg/dl) [9, 10]. Individuals with borderline
cortisol levels underwent a validated ACTH stimulation
test [11]. In this test, 25 units of Acton Prolongatum was
intramuscularly injected over the deltoid region, followed
by venous blood sampling for serum cortisol levels after
1 h. Cortisol levels less than 18 mcg/dL were considered
indicative of hypocortisolemia, leading to initiation of
long-term steroid supplementation. A cortisol level of > 18
mcg/dL post ACTH stimulation confirmed the integrity
of the pituitary-adrenal axis [12]. Central hypothyroidism
was characterized by low T4/fT4 with normal or low TSH,
while primary hypothyroidism exhibited low T4/fT4 with
elevated TSH levels [10]. Subclinical hypothyroidism is
characterized by a serum TSH above the upper reference
limit combined with normal free thyroxine (T4) [13]. Sub-
clinical hyperthyroidism is defined as a low or undetectable
serum TSH with values within the normal reference range
for both T3 and free T4 [14]. As growth hormone stimula-
tion tests were not performed, individuals with IGF-1 levels
below the age and gender-specified normative range were
defined as having ‘low IGF-1 levels [15]. Hypogonadism is
characterized by low morning serum total and/or free tes-
tosterone levels combined with symptoms and signs of tes-
tosterone deficiency [16]. Hyperprolactinemia is confirmed

Table 1 Hormone measurements and analytical methods of serum hormones measured

Hormone assay Manufacturer Model CV (%) Sensitivity Intra-assay Mean+SD
variability
Cortisol (png/dL) Siemens Attalica 4.93 0.5 2.1 155+5.9
ACTH Siemens Immulite 2000 XPi 498 9.0 3.9 35.0+10.2
(pg/mL)
TSH (nIU/mL) Siemens Attalica 3.01 0.008 1.2 21+15
fT4 (ng/dL) Siemens Attalica 2.90 0.1 1.6 1.2+0.2
IGF-1 (ng/mL) Siemens Immulite 2000 XPi 4.50 20 35 134.7+36.7
Testosterone (ng/dL) Siemens Attalica 5.20 7.0 2.4 335.5+124.1
LH (uIU/mL) Siemens Immulite 2000 XPi 3.84 0.1 4.8 39+1.8
Prolactin (ng/mL) Siemens Attalica 4.80 0.6 1.7 9.8+4.9

@ Springer



Pituitary

by a single measurement of serum prolactin levels above the
upper limit of normal [17].

Functional status and outcomes

The functional status was evaluated utilizing the previously
validated MBI, while global outcomes were assessed using
the GOS-E. Administered by the principal investigator,
these instruments are recognized for their reliability. The
MBI, innovatively developed by Shah et al., demonstrates
heightened sensitivity, offering nuanced insights into func-
tional independence and limitations [18].

MBI is employed to assess performance in activities of
daily living (ADL), providing a total score ranging from 0
to 100, with higher scores indicative of enhanced indepen-
dence. It facilitates the evaluation of functional indepen-
dence across 10 activities, encompassing feeding, bathing,
grooming, dressing, bowel and bladder management, toilet
use, transfers, mobility, and the use of stairs. MBI catego-
rizes individuals into six levels of dependence based on
their scores: total dependence (0-20), severe dependence
(21-60), moderate dependence (61-90), slight dependence
(91-99), and complete independence (100).

In contrast, the GOS-E demonstrates a more robust cor-
relation with neuropsychological and psychosocial out-
comes [19]. Utilized for the assessment of global outcome
and independence, it categorizes patients into eight distinct
groups: dead(D), vegetative state (VS), lower severe disabil-
ity (SD-), upper severe disability (SD+), lower moderate
disability (MD-), upper moderate disability (MD+), lower
good recovery (GR-) and upper good recovery (GR+) [20].

For analysis in this study, the MBI was categorized into
two groups: moderate to total dependence (0—90) and slight
dependence to complete independence (91-100). Addition-
ally, the GOS-E was divided into two categories: severe and
moderate disability grouped together, and the other category
represented good recovery.

Data analysis and statistics

Statistical analysis was done to calculate the prevalence
and types of endocrine dysfunction in TBI patients and
to study the association with functional status, severity of
brain injury, and duration since the injury. Continuous vari-
ables were compared using the t-test. Categorical variables
were presented as numbers and percentages. Chi-square
test was used to test the association between the categori-
cal variables. Bivariate correlations between two continu-
ous variables were assessed using Pearson’s or Spearman’s
correlation test as appropriate. Univariate and multivariate
logistic regression analysis was used to study factors that
were significantly associated with hypopituitarism in which
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a P-value of <0.10 was considered significant for univariate
analysis. For all other comparisons a two-tailed P-value of
<0.05 were considered significant. The statistical programs
SPSS version 22 and Stata IC version 16 were used for data
analysis.

Results
Study subjects and injury characteristics

A flow-diagram depicting patient recruitment and inclusion
is shown in Fig. 1. The study cohort comprised 66 male
patients aged 25-45 years, with a mean+age of 32.8+5.7
years. Comorbidities were present in 14% of patients and
including diabetes mellitus, hypertension and psychiatric
illness. RTA (86.4%) were the predominant cause of injury,
followed by falls (10.6%). Focal injuries were identified
in 69.6% of patients, with cranial fractures being the most
prevalent, followed by subdural hematomas and contu-
sions. Based on the initial Glasgow Coma Scale (GCS), 36
patients (54.5%) exhibited severe head injuries with GCS
ranging from 3 to 8, while 30 patients (45.4%) had moder-
ate injuries with GCS between 9 and 12. Patient and injury
characteristics are detailed in Table 2.

Clinical outcomes

According to the GOS-E scores, 54 patients (81.8%) fell into
the severe-moderate disability group, whereas 12 patients
(18.2%) achieved a classification of good recovery. In terms
of the MBI scores, 26 patients (39.4%) demonstrated depen-
dency in ADL, while 40 patients (60.6%) exhibited inde-
pendence in these activities.

Neuroendocrine dysfunction

The median duration since injury at which hormonal tests
carried out (at a single time point) was 13 (6—24) months.
50% of patients (33) exhibited neuroendocrine-related
symptoms, predominantly low mood, loss of appetite, and
fatigue. Notably, 14 patients (58.3%) displayed symptoms
despite normal laboratory findings pertaining to pituitary
function, while 23 patients (54.8%) had abnormal hormonal
results without apparent symptoms. The mean values (+ SD)
of various hormones analysed are presented in Table 1.

Hypothalamic-pituitary adrenal axis
Borderline cortisol levels (4-15 pg/dl) were identified

in 34 patients (51.5%). Among these, 33 patients exhib-
ited a favorable response following the ACTH stimulation
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TBI patients attending OP/IP wards from 2020 to 2021

Total= 250 (Females- 40; Males- 210)

Exclusion criteria: mild TBI, chronic illnesses (CKD, CLD),
active malignant tumors, patients on glucocorticoids, those
with prior history of endocrine dysfunction, drugs affecting
hypothalamic-pituitary function, those who had acquired
SARS-CoV2 infection, female gender, vegetative patients

‘—
[ 90 patients excluded ]

Inclusion criteria: Male individuals
aged 23-43 years, presenting with
moderate or severe TBI

e

160 male patients recruited

Informed consent

YES l NO

94 excluded

66 patients recruited ]

Hormonal assay analysisand ______,

functional outcome assessment Statistical analysis

Fig. 1 Flow diagram showing patient recruitment and inclusion in the study

test, whereas one patient displayed an inadequate cortisol
response to Inj. Acton Prolongatum and was initiated on
glucocorticoid replacement. Notably, ACTH levels were
within the normal range for all 66 patients.

Hypothalamic-pituitary thyroid axis

Among the 66 patients, 3 (4.5%) exhibited central hypo-
thyroidism, another 3 (4.5%) had primary hypothyroidism
which were newly detected, and an additional 3 (4.5%)
presented with mild subclinical hypothyroidism. One
patient (0.2%) displayed biochemical evidence of subclini-
cal hyperthyroidism, requiring ongoing follow-up. Those
detected to have central or primary hypothyroidism were
initiated on levothyroxine supplements.

Hypothalamic-somatotroph axis

Low concentrations of IGF-I were observed in 24 patients
(36.36%) with TBI, possibly indicative of growth hormone
deficiency, and notably, this constituted the most frequently
encountered endocrine abnormality in the study cohort.

Hypothalamic-pituitary gonadal axis

The gonadotropin axis was assessed through the measure-
ment of LH and testosterone levels. Low concentrations
of testosterone were observed in 21 patients (31.8%), with
inappropriately low or normal LH levels.

Prolactin

In the study cohort, 3.0% of patients showed mildly elevated
prolactin levels, which was clinically insignificant.

None of the study subjects were noted to have diabetes
insipidus.

The prevalence of various hormonal abnormalities is
depicted in Fig. 2.

Patients with low testosterone were not commenced on
replacement therapy, as they did not exhibit symptoms or
signs of hypogonadism at the time of assessment, and they
are planned for further assessment at follow-up. They have
been counselled for testosterone therapy if low testosterone
persists at follow-up and/or they develop clinical features of
hypogonadism.
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Table 2 Demographic data & injury characteristics of male patients
with traumatic brain injury

General characteristics (N=66) Frequency (%)
Age distribution(years)
Mean age + SD (years) 328 £5.7
25-30 27(40.9%)
31-35 18(27.3%)
36-40 12(18.2%)
41-45 9(13.6%)
Gender
Male 66(100%)
Education
Primary 5(8%)
High school 33(50%)
Graduate 24(36%)
Postgraduate 4(6%)
Vocation
Unemployed 5(8%)
Self-employed 8(13%)
Non-professional 33(56%)
Professional 19(21%)
Student 1(2%)
Co-morbidities
Absent 57(86%)
Present 9(14%)
DM 6/9(66.6%)
HTN 2/9(22.2%)
Psychiatric illness 1/9(11.1%)
Etiology of injury
RTA 57(86.4%)
Fall 7(10.6%)
Others 2(3%)
Duration since injury(months)
Mean duration 13.9+6.2
6-12 30(45.5%)
13-18 16(24.2%)
19-24 20(30.3%)
GCS

Moderate (9-12) 30 (45.5%)

Severe (3-8) 36 (54.5%)
Type of injury

Focal 46(69.6%)
Cranial fractures 35(24%)
SDH 34(23%)
Contusions 28(19%)
SAH 22(15%)
EDH 13(9%)
Haemorrhage 7(5%)
Herniation 5(3%)
Hematoma 3(2%)

Diffuse 7(15.1%)

Combined 13(19.7%)

Initial management

Surgical 32(48.5%)
Craniectomy 23(34.8%)
Craniotomy 9(13.6%)

Conservative 34(51.5%)

@ Springer

Growth hormone therapy was not initiated due to the pro-
hibitive costs and unaffordability of patients for the same in
the Indian setting. thGH of 1 mL costs INR 15,000, and the
per capita income of our patients is about INR 12,500 per
month with most of them being daily-wage earners. More-
over, with the onslaught on the COVID-19 pandemic, most
were without jobs during this time.

Association of endocrine dysfunction with injury
characteristics and outcomes

Hormonal levels were compared between independent
groups based on the severity of injury, the type of involve-
ment (diffuse/focal), the duration of injury, level of func-
tional independence (using MBI) and degree of disability
(using GOS-E) depicted in Table 3. It was found that the
serum testosterone (ng/dL) was significantly lower in the
MBI category with moderate-total dependence as com-
pared to the independent category (295.1+£112.5 vs.
361.8+125.8; P=0.02). Other comparisons were not sig-
nificant. Serum testosterone also showed a significant posi-
tive correlation with the MBI scores (r=0.4; P<0.001).
The proportion of hypogonadism was significantly higher in
the group with moderate-total dependence (13/26) as com-
pared to the functionally independent (8/40) group (50% vs.
20%; P=0.011). The proportion of low IGF-1 levels was
not different between various groups.

Hypopituitarism and associated factors

Post-traumatic hypopituitarism, as defined by the involve-
ment of one or more axes, was present in 37/66 (56.1%) of
the cohort. Isolated hormone deficiency was observed in 25
patients (37.9%), while 12 (18.2%) had multiple-axis hor-
mone deficiency. The prevalence of hypopituitarism trended
higher in individuals with severe injury as compared to
moderate injury (66.7% vs. 43.3%; P=0.05). A higher pro-
portion of hypopituitarism was encountered in those with
significant disability as compared to those without disabil-
ity (61.1% vs. 33.3%), though this did not reach statistical
significance. On performing a logistic regression analysis to
determine the factors that were significantly associated with
hypopituitarism, it was found that in the univariate analysis,
the severity of injury (OR=2.6; 95% CI: 0.9-7.1; P=0.06)
and GOS-E (OR=3.1; 95% CI: 0.8-11.7; P=0.08) were
significant (P < 0.10); on the multivariate analysis however,
these factors were not significant (Table 4).
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Prevalence of Hormonal Abnormalities (%)
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Fig. 2 Prevalence of hormonal abnormalities

Discussion

In this study that assessed neuroendocrine dysfunction in
young men with chronic TBI, it was found that low IGF-1
levels were most frequently encountered, followed by hypo-
gonadism. More than half of the cohort had hypopituitarism
with involvement of one or more axes. Severity of initial
injury and the presence of residual disability were signifi-
cantly associated with post-traumatic hypopituitarism.

In the current study, only one patient was conclusively
identified with low cortisol levels through an ACTH stimu-
lation test. This patient was initiated on long-term steroid
supplements and was advised on hydrocortisone stress pro-
tocol during period of stress. Levothyroxine supplements
were initiated for patients diagnosed with hypothyroidism,
following the guidance of Endocrinologists. Patients with
low testosterone were not commenced on replacement ther-
apy, as they did not exhibit symptoms or signs of hypogo-
nadism at the time of assessment, and they are planned for
further assessment at follow-up. They have been counselled
for testosterone therapy if low testosterone persists at fol-
low-up and/or they develop clinical features of hypogonad-
ism. Growth hormone therapy was not initiated due to the

m Hypogonadism

31.8

4.5

H Central hypothyroidism

prohibitive costs and unaffordability of patients for the same
in the Indian setting.

This study exclusively included young male adults with
a mean age of 32.8 years to maintain homogeneity, aligning
with previous findings that neuroendocrine abnormalities
are predominantly observed in males, with a mean age of
35.7 years [21]. The primary cause of TBI was road traf-
fic accidents (86.4%), followed by falls (10.6%), and other
causes included assault and gunshot injuries (3%), consis-
tent with findings from other studies [22, 23]. According to
the Ministry of Road Transport and Highways, an estimated
4.1 lakh road accidents were reported in the country in 2021,
causing injuries to 3.4 lakh people. The most affected demo-
graphic was males in the age group of 18—45 years, contrib-
uting to 67% of total accidental deaths. This vulnerability is
attributed to the predominant use of road transport by males,
coupled with a lack of safety measures, resulting in a high
burden of mortality and morbidity. Pituitary dysfunction
post-TBI is usually transient in the acute phase, with many
endocrine problems resolving over time. However, persis-
tent issues after several months require further evaluation
and treatment. Emelifeonwu’s study indicated that around
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Table 3 Comparison of hormonal levels between independent groups

Severity of injury

Hormone Moderate (N=30) Severe Pvalue
Mean (SD) (N=36)
Mean (SD)
Cortisol (mcg/dL) 15.6 (6.4) 15.3 (5.6) NS
Free T4 (ng/dL) 1.2(0.2) 1.1(0.2) NS
Testosterone (ng/dL) 360.9 (132.3) 314.3 (114.3) NS
IGF-1 (ng/mL) 140.8 (39.2) 129.7 (34.3) NS
Prolactin (ng/mL) 9.7 (5.3) 10.0 (4.6) NS
Type of involvement
Hormone Focal (N=46) Diffuse (N=20) Pvalue
Mean (SD) Mean (SD)
Cortisol (mcg/dL) 15.4 (5.9) 15.6 (6.2) NS
Free T4 (ng/dL) 1.2(0.2) 1.2(0.2) NS
Testosterone (ng/dL) 336.7 (131.5) 332.8 (108.2) NS
IGF-1 (ng/mL) 136.7 (36.2) 130.3 (38.7) NS
Prolactin (ng/mL) 10.7 (5.5) 8.1(2.5) NS
Duration since injury
Hormone 6—-12 months (N=30) 13-24 months Pvalue
Mean (SD) (N=36)
Mean (SD)
Cortisol (mecg/dL) 15.3(7.2) 15.6 (4.8) NS
Free T4 (ng/dL) 1.2(0.2) 1.2(0.2) NS
Testosterone (ng/dL) 345.4 (132.3) 327.3 (118.1) NS
IGF-1 (ng/mL) 137.7 (40.9) 132.3 (33.3) NS
Prolactin (ng/mL) 9.7 (5.4) 10.0 (4.5) NS
Functional outcomes (MBI)
Hormone Severe and complete Independent in ADL (N=40)
Dependent in ADL (N=26) Mean (SD)
Mean (SD)
Cortisol (mcg/dL) 16.9 (6.4) 14.7 (5.6) NS
Free T4 (ng/dL) 1.1(0.2) 1.2(0.2) NS
Testosterone (ng/dL) 295.1 (112.5) 361.8 (125.5) 0.028
IGF-1 (ng/mL) 137.6 (36.6) 132.9 (37.2) NS
Prolactin (ng/mL) 11.1(6.3) 9.1 (3.6) NS
Disability based on GOS-E scores
Hormone Severe and moderate disability (N=54) Good recovery Pvalue
Mean (SD) (N=12)
Mean (SD)
Cortisol (mcg/dL) 15.4 (6.3) 15.4 (3.9) NS
Free T4 (ng/dL) 1.2 (0.2) 1.0 (0.2) NS
Testosterone (ng/dL) 330.9 (123.9) 356.4 (128.0) NS
IGF-1 (ng/mL) 133.0 (35.0) 142.7 (44.5) NS
Prolactin (ng/mL) 9.7 (4.9) 10.8 (5.3) NS

NS — Not significant

one-third of TBI patients experience lasting anterior pitu-
itary dysfunction for 12 months or more [24].

After TBI, pituitary dysfunction may not appear imme-
diately. This dysfunction can manifest as a secondary
autoimmune condition caused by the development of auto-
antibodies, which consist of anti-pituitary antibodies (APAs)
and anti-hypothalamic (AHAs) autoantibodies [25]. The
disruption of the blood-brain barrier during TBI can lead to
the release of autoimmune antigens into circulation, which
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triggers the production of autoantibodies [26]. These auto-
antibodies can then attack the pituitary and hypothalamus,
causing dysfunction. A definitive diagnosis of autoimmune
hypopituitarism typically requires a biopsy of the gland,
although alternative methods include measuring levels of
specific hormones, detecting autoantibodies targeting pitu-
itary cells, and MRI [27].

In 2008, Tanriverdi et al. proposed a link between
APA and TBI-induced hypopituitarism. They studied
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Table 4 Logistic regression analysis to determine factors associated
with hypopituitarism

Univariate analysis

Clinical covariate Unadjusted OR 95% C1 Pvalue
Severity of injury 2.6 0.9-7.1 0.06
MBI 1.4 0.8-3.9 0.47
GOS-E 3.1 0.8-11.7 0.08
Type of involvement 0.9 0.3-2.7 0.90
Duration since injury 0.9 0.3-2.5 0.92

Multivariate analysis

Clinical covariate Adjusted OR 95% CI Pvalue
Severity of injury 2.3 0.8-6.4 0.10
GOS-E 2.6 0.6-10.2 0.16

29 patients three years after they had sustained a TBI,
along with a control group. The researchers found APA
in 44.8% of patients but none in the control group. They
found that patients who tested positive for APA had a
significantly higher risk of hypopituitarism, which par-
ticularly affected gonadal and somatotroph function.
Strong APA positivity was strongly correlated with pitu-
itary dysfunction, especially GHD. Further research
confirmed these findings, showing persistent GHD in
patients, especially those with severe TBI, indicating a
lack of recovery in pituitary function over time [28]. In a
five-year prospective study by Tanriverdi et al., anterior
pituitary function post-TBI was assessed in 25 patients
(20 men, 5 women) at 12 months and five years, with 17
also evaluated at three years. GHD was the most common
pituitary hormone deficit observed across all time points.
The study also explored links between TBI-induced
hypopituitarism and the presence of AHA and APA. Pitu-
itary dysfunction showed a marked increase in the fifth
year in patients with strong positivity for AHA and APA
(titers > 1/16) [29].

A study by Tanriverdi et al. showed that 43.3% of 30 TBI
patients suffered from GHD. Out of the 13 patients with
GHD, 7 (53.8%) recovered after 3 years of TBI. Also, 5 out
of 6 patients with ACTH deficiency (83.3%) at the first-year
evaluation had recovered after 3 years of TBI. One patient
was diagnosed with new-onset GHD at the 3-year evalua-
tion, while another patient had new-onset ACTH deficiency
at the 3-year evaluation [30].

In a study focused on moderate to severe TBI patients
with anterior pituitary dysfunction and its impact on func-
tional outcome, Park et al. demonstrated that the anterior
pituitary hormone-deficient group exhibited lower scores
in cognition and functional outcome, as assessed by the
Mini Mental Status Examination and Functional Indepen-
dence Measure, respectively [31]. Another investigation
conducted at Lille University Medical Centre Rehabilita-
tion Institute revealed that patients with GHD displayed
poor performance, low cognition, executive functioning,

and ADL participation, with this hormone-deficient
group, particularly those with GHD, experiencing a
lower QoL [32]. Also, another study showed a significant
correlation between hormone levels (FSH, testosterone,
GH, FT3, and FT4) and global outcomes assessed by the
GOS-E, indicating that lower hormonal levels are asso-
ciated with poorer functional outcomes [33]. Reimunde
et al., analysing the results of their interventional study
on the effect of GH replacement and cognitive rehabilita-
tion in TBI patients, recommended that GH replacement
therapy can improve outcomes [34]. However, it’s note-
worthy that all the mentioned studies were conducted in
the acute phase of injury. There is a scarcity of literature
assessing the impact of endocrine dysfunction on recov-
ery in the chronic phase of TBI. Tan et al. proposed that
screening for hormonal dysfunction in the acute phase
may not be necessary as it is often transient [35]. Patients
with a history of TBI showing persistent or new symp-
toms of potential hypopituitarism beyond 6 months
should undergo hormonal deficiency screening, includ-
ing fatigue, low mood, appetite loss, libido loss, polyuria,
sexual dysfunction (in men), menstrual irregularities (in
women), weight loss, and neuropsychiatric symptoms
[36]. Due to symptom overlap between TBI and pituitary
dysfunction, other potential causes must be considered
and ruled out [8, 35]. Therefore, the screening of neu-
roendocrine problems is crucial in initiating treatment,
thereby enhancing the QoL in TBI patients [4]. The fol-
lowing table (Table 5) depicts a summary of diverse stud-
ies investigating endocrine dysfunction among patients
with TBI.

The strengths of this study are that it represents the
first comprehensive analysis of pituitary dysfunction
during the chronic phases post-TBI in Indian men with
chronic TBI. The cohort was homogenous, comprising
young males. However, this study is constrained by its
small sample size due to the onset of the COVID-19 pan-
demic and the nature of the cross-sectional design. The
exclusion of the female gender, the lack of data on the
prevalence and nature of hypopituitarism at baseline, and
the lack of assessment of free testosterone levels may
pose additional limitations. The predominant endocrine
dysfunction observed in this study was low IGF-1, uti-
lized as a marker for growth hormone (GH) secretion.
The diagnosis of GHD typically requires an insulin tol-
erance test (ITT); however, this was omitted to avoid
insulin-induced hypoglycemia in patients with brain
injuries, which could precipitate seizures. Although there
exist other growth hormone stimulation tests that have
been deemed safe with an acceptable and predictable
side-effect profile [8], these were not performed as our
study cohort involved men with chronic traumatic brain
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Table 5 Summary of different studies on endocrine dysfunction in traumatic brain injury

Study Year Number of people

Duration of TBI

Prevalence of dysfunction Pituitary dysfunction by hormone

Park et al. [31] 2010 45 6 months

Alavi et al. [22]
Tanriverdi et al. [37]

2016 47
2006 52

6 months
12 months

Bavisetty et al. [38] 2008 70 6 to 9 months

Krewer et al. [39] 2016 126 1-2 years

Yaseen et al. [40] 2018 28 3 months

Moreau et al. [32] 2012 108 1 year

Reimunde et al. [34] 2010 19 3 months

31.1% GH deficiency 20%

LH/FSH deficiency 17.7%
ACTH deficiency 13.3%
TSH deficiency 6.7%
Gonadotropin deficiency 20%
GH deficiency 37.7%

ACTH deficiency- 19.2%
TSH deficiency- 5.8%
Gonadotropin deficiency- 7.7%
GH deficiency 16%
Gonadotropin deficiency 10.5%
Gonadotropin deficiency 19%
ACTH deficiency 19.2%

GH deficiency 11.5%

TSH deficiency 3.3%

GH deficiency 50%
Gonadotropin deficiency 21%
TSH deficiency 11%

ACTH deficiency 4%

GH deficiency 63.6%

TSH deficiency 21.8%

ACTH deficiency 27.3%

- GH deficiency 53.36%

21.3%
51.9%

21%

44.7%

61%

76.4%

injury who primarily consulted or were admitted for the
purpose of rehabilitation; there were societal constraints
in performing these tests as the relatives were unwilling
for the same and not prepared to give additional con-
sent. This aspect further underscores the complexities
involved in clinical research settings where patient con-
sent and familial support are pivotal factors influencing
the feasibility of specific diagnostic procedures. These
limitations stand duly acknowledged. Moreover, factors
influencing hormone levels, including stress induced by
trauma, infections, elevated intracranial pressure (ICP),
and seizures, were not subjected to analysis.

Conclusion

Posttraumatic hypopituitarism may be commonly encoun-
tered in the chronic phase of TBI and may be associated
with both severity of initial injury and the presence of resid-
ual disability. Thus, this study emphasizes the importance
of assessing endocrine dysfunction in patients during the
chronic phases of TBI. The prompt recognition of hormonal
deficiencies is vital for implementing necessary treatments,
including hormonal replacement, which may contribute to
improved participation in therapy and enhanced rehabilita-
tion outcomes. Additionally, prospective randomized con-
trolled studies could be conducted to evaluate the efficacy of

@ Springer

hormone replacement therapy in addressing neuroendocrine
dysfunction in TBI.
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