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Abstract

Background: Traumatic brain injury (TBI) pertains to the significant potential for brain parenchymal lesions after suffering cranial

trauma. Individuals with TBI are at high risk for developing neuroendocrine dysfunction, especially moderate and severe types. This

study was conducted to understand relationships between hypogonadism and outcomes at 6 months post-TBI and to study the effect

of testosterone supplementation in patients with persistent hypogonadism on the outcome of moderate to severe TBI.

Methods: The study was conducted as an open-label, randomized trial. Males aged 16 - 70 years post-moderate-severe TBI either

received injection testosterone 200 mg intramuscularly (IM) every 4 weeks for 3 months in addition to standard care or standard

care alone. They were followed up for 6 months. Functional independence measure scoring was used as an outcome measure.

Results: Of 98 patients screened, 62 were initially included. 11 patients expired and 4 did not develop hypogonadism at 3 months

and were excluded subsequently from the analysis. Forty-seven patients were randomized to the intervention (n = 24) and control

groups (n = 23). There was no significant difference between groups in the improvement on the FIM scores at discharge, 3 and 6

months (p = 0.509, 0.609, and 0.632 respectively). The Treatment group demonstrated the greatest absolute improvement in FIM

scores although the results were not significant.

Conclusion: There were no significant differences in functional independence, the intervention group showed greater absolute func-

tional improvement compared to the control group.

Keywords: Testosterone; Traumatic Brain Injury; Persistent Hypogonadotropic Hypogonadism; Functional Outcome

Abbreviations

TBI: Traumatic Brain Injury; RTA: Road Traffic Accident; PHH: Per-
sistent Hypogonadotropic Hypogonadism; FIM: Functional Inde-

pendence Measure; GCS: Glasgow Coma Scale

Introduction

Traumatic brain injury (TBI) refers to a significant potential

for brain parenchyma injury after undergoing cranial trauma [1].

The severity can be classified based on Glasgow Coma Scale scoring
(GCS) as severe (GCS 3 - 8), moderate (GCS =9 - 13) and mild (GCS
=14 - 15) [2]. The vast majority, i.e. around 80% are mild TBI [3].
However, moderate to severe head injuries have a higher propen-
sity to be associated with death and disability [4].

A road traffic accident (RTA) is one of the most common causes
of TBI affecting all ages, especially the productive age group [5].
India is a country with a significant burden of fatalities due to RTAs,
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with TBI being a large contributor. This places an enormous eco-
nomic strain on the country as well due to poor functional recover-
ies [5,6]. Moderate to severe TBI leads to not only neurological dys-
function but neuroendocrine dysfunction as well [7]. Many studies
have highlighted hypothalamic-pituitary deficiencies, including
persistent hypogonadotropic hypogonadism (PHH) post-TBI as

well as the resultant clinical implications [7,7-13].

Hypogonadism can be easily overlooked due to vague symp-
tomatology that may be present with TBI alone. Such cases can go
misdiagnosed if there is a lack of awareness and endocrine assess-
ment is not performed [8]. The prevalence of chronic hypogonad-
ism after TBI is reported to be 8-41%. This wide range is attributed
to the time of screening, the severity of the injury, and study design
[4,9,13]. Recent studies have also shown that anterior pituitary
dysfunction is quite common and constitutes around 30-70% of
the hormonal abnormalities which occur after TBI [12,14-17]. In
a prospective study by Bondanelli,, et al. patients with hypogonad-
ism exhibited poor functional dependence, disability, and cognitive
function at discharge as compared to patients without hypogonad-
ism [18]. In another study by Popovic,, et al. they found a positive
correlation between testosterone and serum gonadotropin levels
[19]. Wagner, et al. in a small cohort of 38 men with severe TBI
with PHH on 6 and 12 months post-injury follow up demonstrated
worse disability, cognitive function, and neurological outcomes
[10].

The role of serum testosterone in TBI patients is well estab-
lished now. The relationship between serum testosterone levels
with the length of stay, admission, discharge, and changes in func-
tional independence measure (FIM) shows that low serum testos-
terone levels were associated with longer lengths of stay, lower
admission FIM scores, and less improvement in FIM scores [20].
However, a large proportion of the previous studies have used
single laboratory measurements to screen for hypogonadotropic
hypogonadism. This is in contrast to clinical guidelines which gen-
erally recommend that if the initial level of testosterone is found
to be low, then, repeat testosterone levels for diagnosis is required

especially when symptoms are non-specific [21].

Prospective data characterizing hormone levels across acute,
sub-acute, and chronic phases of TBI recovery are limited. The
present study builds upon previous work by studying a population
of male patients with moderate to severe TBI with persistent hypo-

gonadism and the effect of testosterone replacement.
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Methods
Study setting and duration
The study was conducted at a tertiary care hospital in Kochi,
India over one year.
Subjects

The study subjects had to meet the following criteria.

Inclusion criteria

e History of TBI (defined as “A form of acquired brain in-
jury, occurs when a sudden trauma causes damage to the
brain”) [22]

e  Moderate to severe TBI, defined as GCS < 13, with radio-
graphic evidence of TBI

e  Persistent hypogonadotropic hypogonadism at 3 months,

defined as
e Males between ages 16 - 70
¢ Informed consent was obtained from the patient/relatives.

Exclusion criteria

e Normal testosterone levels at 3-month follow-up
e  History of hypothalamic or pituitary tumors

e  Orchiectomy

e Luteinizing hormone therapy

e Untreated thyroid disease before the injury

e  Testicular trauma.

Study design and sample size

The study was designed to be an open-label, intervention-based
trial. Randomization was achieved using a computer-generated
sequence. Following consent, hormone levels were measured be-
tween 3 - 7 days post-injury and this value was assigned as the
week-1 value as it has been reported that acute hypogonadism
takes = 2 days to manifest post-TBI [18].

Prospectively, Persistent Hypogonadotropic Hypogonadism

(PHH) was defined based on criteria in previous works, which used
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hormone measurement at 3 months to determine PHH status [10].
Study participants were designated as having PHH if their samples
had testosterone values meeting criteria for hypogonadotropic hy-

pogonadism [testosterone <2.8nmol/ml (minimum normal level)].

The sample size was calculated using nmaster 2.0 software.
Based on a previous study it is observed that the P = 12%, absolute
precision is 10% and with 95% confidence interval the minimum
required sample size is 41 using the formula: N = [z(1-a/2) 2x P (1-
P)]/d2. Here, P: expected proportion = 0.12, d: absolute precision
=10%, z(1-a/2) at desired confidence level of 95% = 1.96.

Intervention

Intervention group: This group was supplemented with tes-
tosterone [injection testosterone 200 mg IM every 4 weeks] for 3
months [23].

Control group: Received standard care as required.

Study instruments and data collection

e Data was collected as per pre-determined proforma on
handwritten sheets Informed Consent was taken from all

Patients/Relatives or next-of-kin.

e The outcome was assessed by telephonic/personal inter-

view or OPD follow-up as per feasibility based on FIM.

Outcome measures

The outcome was assessed at 3 and 6 months post-TBI, using
the Functional Independence Measure (FIM) and results were
compared between the intervention and control groups. The FIM™
assessment can be performed by client observation or interview.
Six domains of function are evaluated: self-care, sphincter control,
transfers, locomotion, communication, and social cognition. Items
are scored on a 7-point ordinal scale, with 7 reflecting complete
independence and 1 reflecting total dependence. Scores of 1 to 5
indicate a need for caregiver assistance. Scores in all domains are
all added to obtain a total FIM™ score [24].

Data management and statistical analysis

Statistical analysis was performed using IBM SPSS 20.0 software
(IBM SPSS Statistics for Windows, Version 20.0. Armonk, NY: IBM
Corp.). Categorical variables were described in terms of frequency
and proportions. Continuous variables were described as mean *
Standard Deviation (S.D). An independent sample Kruskal-Wallis
test was used to test the significance among the non-parametric
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data. Pearson’s Chi-square test was used to find the association be-
tween categorical variables. A p-value of <0.05 was considered to

be statistically significant.

Ethical concerns

Ethical approval was taken from Institutional Ethics Commit-
tee. Written, informed consent was taken from participants’ next-
of-kin after explaining the study procedure, duration, the role of

patients, aim, and objectives of the study to them in their language.

Results
Participant enrollment

The participant CONSORT flow diagram is displayed in figure
1. Of a total of 98 patients screened, 62 patients who fulfilled the
inclusion criteria were included in the study. The rest either failed
to meet the inclusion criteria or declined to participate. 11 patients
expired during treatment and were excluded. 4 patients did not
show hypogonadism at 3-month follow-up and hence were also
excluded. Hence, a total of 47 patients were randomized, with 24

patients allocated to the intervention group and 23 to the control

group.

Figure 1: CONSORT flow diagram.
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Demographics and baseline characteristics

The overall mean age was 41.23 + 14.14 years. The average GCS
on admission was 4 - 5 for these patients. The mean length of stay
for these patients was 6.09 * 2.87 days. Mean serum testosterone
in these patients during week 1 was 0.26 + 0.18 ng/dl. Four pa-
tients, excluded from the main analysis showed no residual PPH at
the end of 12 weeks. The mean age of these patients was 38 + 10.10
years and the mean length of hospital stay was 7.5 * 1.29 days. The
mean serum testosterone at week 1 and week 12 was 2.18 + 0.26
and 4.31 = 0.89 ng/dl. All of them belonged to moderate TBI. GCS

on admission for all four was 12. Other data has been displayed in

table 1.

Variable Intervention |Control group| p-
Group (n = 24) (n=23) Value
Demographics
Age 43.13+15.43 |39.26 +12.704|0.355
TBI severity
Moderate (GCS 8-12) 7 (14.9%) 9 (19.1%) 0.54
Severe (GCS 3-8) 17 (36.2%) 14 (29.8%)
Length of hospital stay | 25.63 +7.85 | 23.74+11.69 |0.518
Serum testosterone levels (ng/ml)
Week 1 0.99 £ 0.63 1.16 £0.85 |0.437
Week 12 1.24 +.594 1.25+.771 |0.957
FIM scores
At discharge 54.13 +23.87 | 59.61 £ 26.37 |0.509
3 months 68.42 +22.15 | 72.87 £ 2491 |0.609
6 months 77.13 +20.87 | 80.57 £ 24.78 | 0.632
Absolute change be- | 14.29+6.925 | 13.26+6.10
tween discharge and 3
month follow-up
Absolute change 23.00+9.61 | 20.96 +7.480
between discharge and
6 month follow-up

Table 1: Baseline and outcome data.

Relationship between GCS score at admission and s. Testoster-

one levels

The GCS scores were positively correlated with serum testoster-

one levels at week 1 as well as 12 with Pearson Correlation coef-
ficients of 0.735 (Week 1) and 0.817 (Week 12) (Figure 2).
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Figure 2: Correlation between GCS score and serum testosterone
levels at week 1 (a) and week 12 (b).

Length of hospital stay

The mean length of hospital stay of participants in the interven-
tion group was 25.63 * 7.85 days and the control group was 23.74 +
11.69 days. There was no significant difference in length of hospital
stay in both groups. (p = 0.518).

Serum testosterone levels

The mean serum testosterone levels at week 1 in the interven-

tion group was 0.99 + 0.63 ng/dl and the control group was 1.16
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+ 0.85 ng/dl. No significant difference was noted in mean serum
testosterone levels at week 1 in both groups (p = 0.437). At week
12, mean serum testosterone levels in the intervention group were
1.24 + .594, and the control group was 1.25 *.771 ng/dl. No sig-
nificant difference was found in mean serum testosterone levels at
week 12 in both groups (p = 0.95).

Functional outcome

On applying the Kruskal-Wallis Test, it was found that there
was no significant difference between the FIM scores at discharge,
3 and 6 months follow up in either intervention or control group.
However, on applying the one-sample t-test, it was found that there
is a significant difference in the FIM scores at discharge, 3 and 6
months follow up within the intervention group as well as control

group (p = <0.001 in both the groups).

In comparison, the absolute change in Functional Independence
Measures (FIM) scores at discharge, 3 and 6 months follow up was
found to be greater in the intervention group than in the control

group. However, the difference was not significant.

Discussion

TBI is a significant public health problem and incidence is
increasing at an alarming rate. It has become one of the leading
causes of morbidity and mortality of young male adults [25-30].
While the majority of the cases (80%) are mild TBI, the moderate
to severe cases are the ones causing death and disability [3,4]. Of
the 62 patients initially enrolled in our study, 11 patients expired
all of whom were admitted with severe traumatic brain injury. RTA
is one of the most common causes for TBI affecting all ages, espe-
cially the productive age group [5]. This correlated with the etiol-
ogy in our study, with the cause of TBI in all the enrolled patients
being attributed to RTA. The mean age of participants in the inter-
vention group was 43.13 + 15.43 years and the control group was
39.26 * 12.70 years. Existing literature also shows that TBI affects
mainly the productive age group [3,10-12,16,28,29,31,32].

Hypopituitarism, partial or complete is a known potential
complication of head injury and has been described as early as
1918 [4,33]. Individuals with TBI are at high risk for developing
neuroendocrine dysfunction especially in the setting of moderate
and severe TBI [4]. Many studies are now published highlighting
hypothalamic-pituitary deficiencies, including persistent hypogo-

nadotropic hypogonadism (PHH) post TBI and its clinical implica-
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tions [4,7-13].

In our study, four patients who were initially enrolled had no
residual PPH at the end of 12 weeks. All of them belonged to mod-
erate TBI (GCS-12) and were then excluded. The remaining 47 pa-
tients had residual PHH. The prevalence of hypogonadism in acute
TBI has been reported up to 80% and chronic hypogonadism after
TBl is reported to be 8-41% [4,10,13,30].

The mean serum testosterone levels at week 1 in the interven-
tion group was 0.99 + 0.63 ng/dl and week 12 was 1.24 + 0.594 ng/
dl. We found no significant difference in the mean testosterone lev-
els between the intervention and control groups in the first week
as well as week 12. The GCS scores were positively correlated with
serum testosterone levels at week 1 as well as 12 (p = <0.001 for
both). Existing literature shows that the relationship between the
severity of TBI and testosterone levels is discordant. Some stud-
ies like Klose., et al. and Agha,, et al. show a positive correlation
between testosterone and GCS score and others like Hari., et al. and
Dalwadi,, et al. and show no association [34-37]. In a study by Hohl,,
et al. which included only severe TBI patients, testosterone levels
did not correlate with GCS [38]. Also, the association between tes-
tosterone levels and mortality or morbidity was significant in the
study by Olivecrona., et al. but not significant in studies by Hohl,,
et al. Dalwadi,, et al. and Wagner., et al [37-40]. The relationship
between serum testosterone levels with the length of stay, admis-
sion, discharge, and changes in functional independence measure
(FIM) shows that low serum testosterone levels were associated
with longer lengths of stay, lower on-admission FIM scores, and

less improvement in FIM scores [20].

Certain animal studies have already proven the role of Testos-
terone therapy in TBI by reducing mitochondrial dysfunction and
neurodegeneration in the brain [41]. But, there is only one pub-
lished experimental study among human beings to date [21]. In our
study, the intervention group was supplemented with testosterone
[injection testosterone 200 mg IM every 4 weeks] for 3 months
and the control group received standard care as required. No sig-
nificant difference between the FIM scores at discharge, 3 and 6
months follow up in intervention or control group was found. A sig-
nificant difference in the FIM scores at discharge, 3 and 6 months
follow up within intervention group as well as control group was
seen (p = <0.001 in both the groups). Comparison of the absolute

change in FIM scores at discharge, 3 and 6 months was noted to be
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greater in the intervention group rather than in the control group.

However, the difference was not significant (p > 0.05).

The only published study in 2020, a randomized, double-blind,
placebo-controlled pilot clinical trial was conducted in the United
States [21]. Men between age 18-65 with low Testosterone (T) lev-
els post moderate to severe TBI were included to determine the
effects of physiologic testosterone therapy on neurological func-
tion and functional independence. They were randomized to re-
ceive either physiologic T therapy or a placebo. Hormone levels
were assessed at the time of screening for study and at two-week
intervals for 12 weeks. Demographics, injury characteristics, con-
comitant medication usage, and adverse events were documented
by medical record review. The intervention given was - Androgel
(Testosterone Gel) 2.5-gram stick packs administered with starting
dosage of 5g increasing to a max of 10g. Around 498 were screened
and 70 were enrolled in the study of which only 22 met all criteria.
They were randomized into placebo (10) and intervention (12).
There was no significant difference between groups in the rate of
improvement on the FIM. The treatment group demonstrated the
greatest absolute improvement in FIM scores and grip strength
compared to a placebo group. There was no difference in adverse
events between groups. They concluded that, although there was
no significant difference in rates of recovery, treatment group sub-
jects had greater absolute functional and strength improvement.

The results of our study are quite consistent with this study.

The objection to testosterone replacement in hypogonadal men
post TBI is due to increased agitation or aggression. Such findings
were not reported by Ripley,, et al. who studied adverse effects [21].
They found an inverse correlation between agitation and serum
testosterone levels. Many other studies have reported no increase
in agitation or aggression [42-44]. This component was, however,

not assessed in our study.

The limitations of our study include the fact that it was an un-
blinded study with low participant strength at a single center. We
also did not study the adverse effects of testosterone supplementa-

tion or the effect at longer-term follow-up.

Conclusion

This study has led us to conclude that although there were no
significant differences in the FIM scores between the groups, inter-

vention group subjects showed greater absolute improvement in
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the FIM scores at 3 and 6 months compared to the control group.
This means that testosterone replacement may yet show some ben-
efit and is worthy of further study and clinical use in patients with

TBI. Further studies with larger study populations are desired.

Bibliography

1. Heegaard WG and Biros MH. “Traumatic Brain Injury”. Emer-
gency Medicine Clinics of North America 25.3 (2007): 655-678.

2. GTandB]J. “Assessment of coma and impaired consciousness.
A practical scale”. Lancet (London, England) 2.7872 (1974):
81-84.

3. FT,etal “A systematic review of brain injury epidemiology in
Europe”. Acta Neurochirie (Wien) 148.3 (2006): 255-267.

4. Hohl A, et al. “Hypogonadism after traumatic brain injury”.
Arquivos Brasileiros de Endocrinologia e Metabologia 53.8
(2009): 908-914.

5. Samabasivan M. “Epidemiology of neurotrauma”. Neurology
Preventive India 43 (1991): 9-15.

6. Ramamurthi B. “Road accidents”. Epidemiology Preventive
Neurology India 43 (1991): 9-15.

7. Rothman MS, et al. “The neuroendocrine effects of traumatic
brain injury”. Journal of Neuropsychiatry and Clinical Neurosci-
ences 19.4 (2007): 363-372.

8. Fernandez-Rodriguez E. et al. “Hypopituitarism Following
Traumatic Brain Injury: Determining Factors for Diagnosis”.
Frontiers in Endocrinology (Lausanne) 2 (2011).

9. JW,etal “Acute gonadotroph and somatotroph hormonal sup-
pression after traumatic brain injury”. Journal of Neurotrauma
27.6 (2010): 1007-1019.

10. AK W, et al. “Acute serum hormone levels: characterization
and prognosis after severe traumatic brain injury”. Journal of
Neurotrauma 28.6 (2011): 871-888.

11. DJ B, et al. “Persistent Hypogonadotropic Hypogonadism in
Men After Severe Traumatic Brain Injury: Temporal Hormone
Profiles and Outcome Prediction”. Journal of Head Trauma Re-
habilitation 31.4 (2016): 277-287.

12. SA L, et al. “Prevalence of neuroendocrine dysfunction in pa-
tients recovering from traumatic brain injury”. The Journal
of Clinical Endocrinology and Metabolism 86.6 (2001): 2752-
2756.

Citation: Chandan H Anandegowda,, et al. “Effects of Testosterone Replacement Patients with Moderate to Severe Head Injury and Persistent Hypogonado-

tropic Hypogonadism: An Open-label Randomized Controlled Trial". Acta Scientific Neurology 4.9 (2021): 26-33.


https://experts.umn.edu/en/publications/traumatic-brain-injury
https://experts.umn.edu/en/publications/traumatic-brain-injury
https://pubmed.ncbi.nlm.nih.gov/4136544/
https://pubmed.ncbi.nlm.nih.gov/4136544/
https://pubmed.ncbi.nlm.nih.gov/4136544/
https://pubmed.ncbi.nlm.nih.gov/16311842/
https://pubmed.ncbi.nlm.nih.gov/16311842/
https://www.scielo.br/j/abem/a/RRqN3nHwwLvKH8jyYNNY93d/?lang=en
https://www.scielo.br/j/abem/a/RRqN3nHwwLvKH8jyYNNY93d/?lang=en
https://www.scielo.br/j/abem/a/RRqN3nHwwLvKH8jyYNNY93d/?lang=en
https://pubmed.ncbi.nlm.nih.gov/18070838/
https://pubmed.ncbi.nlm.nih.gov/18070838/
https://pubmed.ncbi.nlm.nih.gov/18070838/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3355957/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3355957/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3355957/
https://pubmed.ncbi.nlm.nih.gov/20214417/
https://pubmed.ncbi.nlm.nih.gov/20214417/
https://pubmed.ncbi.nlm.nih.gov/20214417/
https://pubmed.ncbi.nlm.nih.gov/21488721/
https://pubmed.ncbi.nlm.nih.gov/21488721/
https://pubmed.ncbi.nlm.nih.gov/21488721/
https://pubmed.ncbi.nlm.nih.gov/26360007/
https://pubmed.ncbi.nlm.nih.gov/26360007/
https://pubmed.ncbi.nlm.nih.gov/26360007/
https://pubmed.ncbi.nlm.nih.gov/26360007/
https://pubmed.ncbi.nlm.nih.gov/11397882/
https://pubmed.ncbi.nlm.nih.gov/11397882/
https://pubmed.ncbi.nlm.nih.gov/11397882/
https://pubmed.ncbi.nlm.nih.gov/11397882/

Effects of Testosterone Replacement Patients with Moderate to Severe Head Injury and Persistent Hypogonadotropic Hypogonadism: An
Open-label Randomized Controlled Trial

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

A K, et al. “Screening for hypopituitarism in 509 patients with
traumatic brain injury or subarachnoid hemorrhage”. Journal
of Neurotrauma 31.1 (2014): 99-107.

DF K, et al. “Hypopituitarism following traumatic brain injury
and aneurysmal subarachnoid hemorrhage: a preliminary re-
port”. Journal of Neurosurgery 93.5 (2000): 743-752.

G A, et al. “Residual pituitary function after brain injury-
induced hypopituitarism: a prospective 12-month study”.
The Journal of Clinical Endocrinology and Metabolism 90.11
(2005): 6085-6092.

G A, et al. “Traumatic brain injury and subarachnoid haemor-
rhage are conditions at high risk for hypopituitarism: screen-
ing study at 3 months after the brain injury”. Clinical Endocri-
nology (0xf) 61.3 (2004): 320-326.

M B,, et al. “Occurrence of pituitary dysfunction following trau-
matic brain injury”. Journal of Neurotrauma 21.6 (2004): 685-
696.

M B, et al. “Anterior pituitary function may predict functional
and cognitive outcome in patients with traumatic brain inju-
ry undergoing rehabilitation”. Journal of Neurotrauma 24.11
(2007): 1687-1697.

V P, et al. “Hypopituitarism as a consequence of traumatic
brain injury (TBI) and its possible relation with cognitive dis-
abilities and mental distress”. Journal of Endocrinological In-
vestigation 27.11 (2004): 1048-1054.

TP Y, et al. “The role of serum testosterone and TBI in the in-
patient rehabilitation setting”. Brain Injury 21.6 (2007): 645-
649.

DL R, et al. “Testosterone replacement in hypogonadal men
during inpatient rehabilitation following traumatic brain in-
jury: Results from a double-blind, placebo-controlled clinical
pilot study”. NeuroRehabilitation 46.3 (2020): 355-368.

Traumatic Brain Injury Information Page | National Institute
of Neurological Disorders and Stroke (2021).

Bhasin S,, et al. “Testosterone Therapy in Men With Hypogo-
nadism: An Endocrine Society Clinical Practice Guideline”.
The Journal of Clinical Endocrinology and Metabolism 103.5
(2018): 1715-1744.

Cech DJ and Martin S. “Tink.” Evaluation of Function, Activity,
and Participation”. Functional Movement Development Across
the Life Span (2012): 88-104.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

32
HF L., et al. “Early prognosis in traumatic brain injury: from
prophecies to predictions”. Lancet Neurology 9.5 (2010): 543-
554.

ME de OT, et al. “Limited predictive power of hospitalization
variables for long-term cognitive prognosis in adult patients
with severe traumatic brain injury”. Journal of Neuropsychol-
ogy 8.1 (2014): 125-139.

Diaz AP, et al. “Psychiatric Disorders and Health-Related Qual-
ity of Life after Severe Traumatic Brain Injury: A Prospective
Study”. 29.6 (2012): 1029-1037.

M] DS.,, et al. “Patient outcome after traumatic brain injury in
high-, middle- and low-income countries: analysis of data on
8927 patients in 46 countries”. International Journal of Epide-
miology 38.2 (2009): 452-458.

ET M,, et al. “Mortality in severe traumatic brain injury: a mul-
tivariated analysis of 748 Brazilian patients from Floriandpo-
lis City”. Journal of Trauma 67.1 (2009): 85-90.

Hohl A, et al. “Luteinizing Hormone and Testosterone Levels
during Acute Phase of Severe Traumatic Brain Injury: Prog-
nostic Implications for Adult Male Patients”. Frontiers in Endo-
crinology (Lausanne) 9 (2018): 29.

Shekhar C,, et al. “An epidemiological study of traumatic brain
injury cases in a trauma centre of New Delhi (India)”. Journal
of Emergencies, Trauma, and Shock 8.3 (2015): 131.

F T, et al. “High risk of hypopituitarism after traumatic brain
injury: a prospective investigation of anterior pituitary func-
tion in the acute phase and 12 months after trauma”. The
Journal of Clinical Endocrinology and Metabolism 91.6 (2006):
2105-2111.

I C, et al. “Neuroendocrine responses following graded trau-
matic brain injury in male adults”. Brain Injury 13.12 (1999):
1005-1015.

MK, et al. “Acute and long-term pituitary insufficiency in trau-
matic brain injury: a prospective single-centre study”. Clinical
Endocrinology (0xf) 67.4 (2007): 598-606.

A A, et al. “Neuroendocrine dysfunction in the acute phase
of traumatic brain injury”. Clinical Endocrinology (0Oxf) 60.5
(2004): 584-591.

Hari., et al. “Prevalence of hypothalamo pituitary dysfunction
in patients of traumatic brain injury”. Indian Journal of Endo-
crinology and Metabolism 20.6 (2016): 772.

Citation: Chandan H Anandegowda,, et al. “Effects of Testosterone Replacement Patients with Moderate to Severe Head Injury and Persistent Hypogonado-

tropic Hypogonadism: An Open-label Randomized Controlled Trial". Acta Scientific Neurology 4.9 (2021): 26-33.


https://pubmed.ncbi.nlm.nih.gov/23980725/
https://pubmed.ncbi.nlm.nih.gov/23980725/
https://pubmed.ncbi.nlm.nih.gov/23980725/
https://pubmed.ncbi.nlm.nih.gov/11059653/
https://pubmed.ncbi.nlm.nih.gov/11059653/
https://pubmed.ncbi.nlm.nih.gov/11059653/
https://pubmed.ncbi.nlm.nih.gov/16144947/
https://pubmed.ncbi.nlm.nih.gov/16144947/
https://pubmed.ncbi.nlm.nih.gov/16144947/
https://pubmed.ncbi.nlm.nih.gov/16144947/
https://pubmed.ncbi.nlm.nih.gov/15355447/
https://pubmed.ncbi.nlm.nih.gov/15355447/
https://pubmed.ncbi.nlm.nih.gov/15355447/
https://pubmed.ncbi.nlm.nih.gov/15355447/
https://pubmed.ncbi.nlm.nih.gov/15253797/
https://pubmed.ncbi.nlm.nih.gov/15253797/
https://pubmed.ncbi.nlm.nih.gov/15253797/
https://pubmed.ncbi.nlm.nih.gov/18001199/
https://pubmed.ncbi.nlm.nih.gov/18001199/
https://pubmed.ncbi.nlm.nih.gov/18001199/
https://pubmed.ncbi.nlm.nih.gov/18001199/
https://pubmed.ncbi.nlm.nih.gov/15754737/
https://pubmed.ncbi.nlm.nih.gov/15754737/
https://pubmed.ncbi.nlm.nih.gov/15754737/
https://pubmed.ncbi.nlm.nih.gov/15754737/
https://pubmed.ncbi.nlm.nih.gov/17577715/
https://pubmed.ncbi.nlm.nih.gov/17577715/
https://pubmed.ncbi.nlm.nih.gov/17577715/
https://europepmc.org/article/med/32250330
https://europepmc.org/article/med/32250330
https://europepmc.org/article/med/32250330
https://europepmc.org/article/med/32250330
https://academic.oup.com/jcem/article/103/5/1715/4939465
https://academic.oup.com/jcem/article/103/5/1715/4939465
https://academic.oup.com/jcem/article/103/5/1715/4939465
https://academic.oup.com/jcem/article/103/5/1715/4939465
https://pubmed.ncbi.nlm.nih.gov/20398861/
https://pubmed.ncbi.nlm.nih.gov/20398861/
https://pubmed.ncbi.nlm.nih.gov/20398861/
https://pubmed.ncbi.nlm.nih.gov/23167479/
https://pubmed.ncbi.nlm.nih.gov/23167479/
https://pubmed.ncbi.nlm.nih.gov/23167479/
https://pubmed.ncbi.nlm.nih.gov/23167479/
https://www.liebertpub.com/doi/abs/10.1089/neu.2011.2089
https://www.liebertpub.com/doi/abs/10.1089/neu.2011.2089
https://www.liebertpub.com/doi/abs/10.1089/neu.2011.2089
https://pubmed.ncbi.nlm.nih.gov/18782898/
https://pubmed.ncbi.nlm.nih.gov/18782898/
https://pubmed.ncbi.nlm.nih.gov/18782898/
https://pubmed.ncbi.nlm.nih.gov/18782898/
https://pubmed.ncbi.nlm.nih.gov/19590314/
https://pubmed.ncbi.nlm.nih.gov/19590314/
https://pubmed.ncbi.nlm.nih.gov/19590314/
https://pubmed.ncbi.nlm.nih.gov/29487565/
https://pubmed.ncbi.nlm.nih.gov/29487565/
https://pubmed.ncbi.nlm.nih.gov/29487565/
https://pubmed.ncbi.nlm.nih.gov/29487565/
https://pubmed.ncbi.nlm.nih.gov/26229295/
https://pubmed.ncbi.nlm.nih.gov/26229295/
https://pubmed.ncbi.nlm.nih.gov/26229295/
https://pubmed.ncbi.nlm.nih.gov/16522687/
https://pubmed.ncbi.nlm.nih.gov/16522687/
https://pubmed.ncbi.nlm.nih.gov/16522687/
https://pubmed.ncbi.nlm.nih.gov/16522687/
https://pubmed.ncbi.nlm.nih.gov/16522687/
https://pubmed.ncbi.nlm.nih.gov/10628505/
https://pubmed.ncbi.nlm.nih.gov/10628505/
https://pubmed.ncbi.nlm.nih.gov/10628505/
https://pubmed.ncbi.nlm.nih.gov/17880406/
https://pubmed.ncbi.nlm.nih.gov/17880406/
https://pubmed.ncbi.nlm.nih.gov/17880406/
https://pubmed.ncbi.nlm.nih.gov/15104561/
https://pubmed.ncbi.nlm.nih.gov/15104561/
https://pubmed.ncbi.nlm.nih.gov/15104561/
https://pubmed.ncbi.nlm.nih.gov/27867878/
https://pubmed.ncbi.nlm.nih.gov/27867878/
https://pubmed.ncbi.nlm.nih.gov/27867878/

Effects of Testosterone Replacement Patients with Moderate to Severe Head Injury and Persistent Hypogonadotropic Hypogonadism: An
Open-label Randomized Controlled Trial

33
37. Dalwadi,, et al. “Pituitary dysfunction in traumatic brain inju-

ry: Is evaluation in the acute phase worthwhile?” Indian Jour-

nal of Endocrinology and Metabolism 21.1 (2017): 80.

38. A H, et al. “Role of hormonal levels on hospital mortality for
male patients with severe traumatic brain injury”. Brain Injury
28.10 (2014): 1262-1269.

39. Olivecrona Z.,, et al. “Acute neuro-endocrine profile and pre-
diction of outcome after severe brain injury”. Scandinavian
Journal of Trauma, Resuscitation and Emergency Medicine 21.1
(2013): 1-13.

40. Wagner AK, et al. “Persistent hypogonadism influences estra-
diol synthesis, cognition and outcome in males after severe
TBI”.26.10 (2012): 1226-1242.

41. RB C, et al. “Testosterone Administration after Traumatic
Brain Injury Reduces Mitochondrial Dysfunction and Neuro-
degeneration”. Journal of Neurotrauma 36.14 (2019): 2246-
2259.

42. YK, et al. “Testosterone replacement therapy to improve sec-
ondary sexual characteristics and body composition without
adverse behavioral problems in adult male patients with Prad-
er-Willi syndrome: an observational study”. American Journal
of Medical Genetics 161A.9 (2013): 2167-2173.

43. N SandF F “Testosterone treatment of an XXYY male present-
ing with aggression: a case report”. Canadian Journal of Psy-
chiatry 33.9 (1988): 846-850.

44. DB 0, et al. “Exogenous testosterone, aggression, and mood
in eugonadal and hypogonadal men”. Physiology Behavior 75.4
(2002): 557-566.

Volume 4 Issue 9 September 2021
© All rights are reserved by Chandan H Anandegowda.,
etal

Citation: Chandan H Anandegowda,, et al. “Effects of Testosterone Replacement Patients with Moderate to Severe Head Injury and Persistent Hypogonado-
tropic Hypogonadism: An Open-label Randomized Controlled Trial". Acta Scientific Neurology 4.9 (2021): 26-33.


https://www.ijem.in/article.asp?issn%20=%202230-8210;year=2017;volume=21;issue=1;spage=80;epage=84;aulast=Dalwadi
https://www.ijem.in/article.asp?issn%20=%202230-8210;year=2017;volume=21;issue=1;spage=80;epage=84;aulast=Dalwadi
https://www.ijem.in/article.asp?issn%20=%202230-8210;year=2017;volume=21;issue=1;spage=80;epage=84;aulast=Dalwadi
https://pubmed.ncbi.nlm.nih.gov/24841415/
https://pubmed.ncbi.nlm.nih.gov/24841415/
https://pubmed.ncbi.nlm.nih.gov/24841415/
https://sjtrem.biomedcentral.com/articles/10.1186/1757-7241-21-33
https://sjtrem.biomedcentral.com/articles/10.1186/1757-7241-21-33
https://sjtrem.biomedcentral.com/articles/10.1186/1757-7241-21-33
https://sjtrem.biomedcentral.com/articles/10.1186/1757-7241-21-33
https://www.tandfonline.com/doi/abs/10.3109/02699052.2012.667594
https://www.tandfonline.com/doi/abs/10.3109/02699052.2012.667594
https://www.tandfonline.com/doi/abs/10.3109/02699052.2012.667594
https://pubmed.ncbi.nlm.nih.gov/30794079/
https://pubmed.ncbi.nlm.nih.gov/30794079/
https://pubmed.ncbi.nlm.nih.gov/30794079/
https://pubmed.ncbi.nlm.nih.gov/30794079/
https://pubmed.ncbi.nlm.nih.gov/23897656/
https://pubmed.ncbi.nlm.nih.gov/23897656/
https://pubmed.ncbi.nlm.nih.gov/23897656/
https://pubmed.ncbi.nlm.nih.gov/23897656/
https://pubmed.ncbi.nlm.nih.gov/23897656/
https://pubmed.ncbi.nlm.nih.gov/3145801/
https://pubmed.ncbi.nlm.nih.gov/3145801/
https://pubmed.ncbi.nlm.nih.gov/3145801/
https://pubmed.ncbi.nlm.nih.gov/12062320/
https://pubmed.ncbi.nlm.nih.gov/12062320/
https://pubmed.ncbi.nlm.nih.gov/12062320/

	_GoBack

