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Abstract

One of the most devastating chronic consequences of traumatic brain injury (TBI) is cognitive impairment. One
of the possible underlying causes is growth hormone deficiency (GHD) caused by TBI-induced hypopituitarism.
Currently, TBI patients are not routinely screened for pituitary function, and there are no standard therapies
when GHD is diagnosed. Further, the possible positive effects of GH replacement on cognitive function and
quality of life after TBI are not well established. We aimed to assess the current knowledge regarding the effect
of GH therapy on cognitive function and quality of life after TBI. We performed a literature search in PubMed,
Embase, and Central® databases from inception to October 2019. We extracted data on each term of severity
(mild-moderate-severe) of TBI with and without GHD, time since injury, parameters of growth hormone treat-
ment (dosing, length), and cognitive outcomes in terms of verbal and non-verbal memory, and executive,
emotional, and motor functions, and performed a meta-analysis on the results of a digit span test assessing
working memory. We identified 12 studies (containing two randomized controlled trials) with 264 mild-to-
moderate-to-severe TBI patients (Glasgow Coma Score [GCS] varied between 6 and 15) with (n=255) or with-
out (n=9) GHD who received GH therapy. GH was administered subcutaneously in gradually increasing doses,
monitoring serum insulin-like growth factor-l (IGF-I) level. After TBI, regardless of GCS, 6-12 months of GH ther-
apy, started in the chronic phase post-TBI, induced a moderate improvement in processing speed and memory
capacities, decreased the severity of depression, and led to a marked improvement in quality of life. Limitations
include the relatively low number of patients involved and the divergent neuropsychological tests used. These
results indicate the need for further multi-centric controlled studies to substantiate the use of GH replacement
therapy as a potential tool to alleviate TBI-related cognitive impairment and improve quality of life.
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Introduction First it was demonstrated in 1918 by Cyran that TBI
Survivors of severe traumatic brain injury (TBI) and pa- often resulted in pituitary dysfunction. Accordingly, defi-
tients with mild but repetitive brain trauma are left with ciency of one or more anterior pituitary hormones is
significant neuropsychological dysfunction: severe cog- present in nearly 35% of patients with TBL'>~ Growth
nitive, behavioral, and communicative disabilities."> hormone deficiency (GHD) has been shown to be the
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most common pituitary defect following TBI® but its inci-
dence is highly variable. Acute-onset GHD (occurring
within 1 month of TBI) has been reported to occur in be-
tween 2% and 30% or TBI patients’ > (almost 50% may
recover spontaneously),'” and chronic GHD (at least 6
months after trauma) was shown to affect 10-63% of
TBI patients.®'""'? Although GHD seems to be associated
with the severity of trauma,'? isolated GHD was reported
in 14.7% of patients following repetitive mild head trauma
as well.'* The growth hormone-insulin-like growth factor-
I (GH-IGF-I) system plays a critical role in regulating adult
neurogenesis, brain plasticity, and cell survival.'>~'7 In ad-
dition to developmental processes (maturation of the brain,
myelin formation, glial cell differentiation) GH is impor-
tant for maintaining normal cognitive function.''®'®
Accordingly, GH enhances both o-amino-3-hydroxy-5-
methyl-4-isoxazolepropionic acid (AMPA)- and N-methyl-
D-aspartate (NMDA)-receptor-mediated excitatory
post-synaptic potentials (EPSPs) in the hippocampal area
cornu ammonis (CA)l, which are essential components
of long-term potentiation and memory acquisition.'?*?!
In addition to the direct neuronal effects, an intact GH-
IGF-I axis plays a central role in the maintenance of the
normal architecture of cerebral capillary networks'®?*%
and in mediation of neurovascular coupling, providing nu-
trients and oxygen for normal neuro-glial function.”* It is
logical to posit that GHD plays a central role in TBI-
induced chronic cognitive and behavioral deficit, and
that GH substitution has a beneficial effect on TBI-
related neuropsychological dysfunction. However,
only a few studies aimed to test this hypothesis and pro-
vided information about the possible routes of GH treat-
ment and the effect of GH substitution on the cognition
and psychological function of patients after TBI. In this
systematic review and meta-analysis, we summarized
literature data of the effect of GH replacement therapy
(GHRT) on TBI-related neuropsychological dysfunc-
tion and overall quality of life (QoL).

Methods

This systematic review and meta-analysis were reported
and conducted in accordance with the Preferred Report-
ing Items for Systematic Reviews and Meta-Analysis
(PRISMA) Statement.” The protocol was registered at
PROSPERO on August 13, 2018, under registration num-
ber CRD42018104462.

Deviations from the protocol

We only examined the neuropsychological results, addi-
tional outcomes such as metabolic effects were not added
in our review and subgroup analysis was not conducted,
because we did not find enough studies dealing with
these. We decided to use the Joanna Briggs Institute critical
appraisal checklist instead of the Newcastle-Ottawa scale
for the non-randomized studies risk of bias assessment.

Search
A comprehensive search was conducted by two indepen-
dent investigators in three databases (PubMed, Embase,
and Central®). Our query was based on the Population;
Intervention; Comparison; Outcome (PICO) framework.
We included studies that examined patients with TBI at
all severity levels (P), and assessed them with GH therapy
(I) and without replacement of the hormone (C) in terms
of cognitive outcome (O) based on neuropsychological
tests. We used the following query in all three databases:
“{[GH OR (growth AND hormone)] OR [IGF-1 OR
(IGF AND 1) OR (insulin-like AND growth AND fac-
tor)]} AND [(brain AND injury) OR TBI OR concus-
sion].”” We perfomred our search until October 22, 2019.
We limited our search to human studies written in
English via the appropriate filters when searching in
PubMed and Embase. To expand the search, we performed
a recursive hand search on the references of relevant arti-
cles. We also searched PROSPERO, an international data-
base for systematic reviews and meta-analyses for
previously completed reviews on the subject.

Inclusion and exclusion criteria

We excluded letters, comments, editorials, and reviews.
In our review, we included observational studies, inter-
ventional trials, and case reports. We imposed no restric-
tion in terms of the etiology of TBI. We included studies
with TBI patients who received GH therapy. If there were
multiple publications using the same group of patients,
the latest was chosen.

Screening and selection

After the initial search, all records were imported into a
reference management program (EndNote X7, Clarivate
Analytics, Philadelphia, PA, USA). The software was
used in the process of removing duplicates by searching
for articles with overlapping publication year, author,
and/or title. After duplicates were removed, the authors
screened the remaining articles against the pre-defined el-
igibility criteria by title, abstract, and then full text. Two
different researchers conducted each step independently.
Any disagreements were resolved by consensus.

Data extraction

Data were extracted from studies included by one of
the investigators and re-checked by another, and were
manually entered in an Excel 2016 sheet (Office 365,
Microsoft, Redmond, WA, USA). Data were collected
on the first author, year of publication, study design,
geographical location, number of patients, basic demo-
graphics (age, sex, education), time since injury, GH
hormone dose, and the length of the treatment in each
group. Finally, data were extracted on the neuropsycho-
logical outcomes such as digit span, processing speed
index, verbal learning and visuospatial memory,
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depression, and QoL. Two different researchers con-
ducted each step simultaneously. Any disagreements
were resolved by consensus.

Quality assessment and quality of evidence

The Joanna Briggs Institute critical appraisal checklist for
case reports and case series and for cohort studies was
used to assess the quality of the studies included in the
analysis26 (Table 1). The Cochrane Risk of Bias Tool
was used to assess the quality of the randomized con-
trolled trials (RCTs) included.?” Two different research-
ers conducted each appraisal checklist independently
(Fig. 1). The quality of evidence of this systematic review
and meta-analysis was estimated by the Grading of
Recommendations, Assessment, Development, and Eval-
uation (GRADE) system.?® Any disagreements were re-
solved by consensus.

Statistical analysis
In the meta-analysis, three articles’ DigitSpan out-
comes scores were pooled: Dubiel and coworkers,?

High and coworkers,*® and Reimunde and coworkers.*'
We calculated for the DigitSpan outcome pooled dif-
ference in means with 95% confidence intervals. The
random effect model was used by DerSimonian and
Laird.?* The extent of the heterogeneity by Q test (%)
and I? indicator was examined. Results of the meta-
analysis were displayed graphically using forest plots.
Meta-analytical calculation was performed with Stata
Statistical Software: Release 15. (College Station,
TX: StataCorp LLC).

Results

We retrieved 2612 publications and screened them by
title and by abstract, finally selecting 18 studies for
full review, including two trials (Fig. 2 and Table 2).
The results of the risk of bias assessment are detailed
in Table 1 and Figure 1. We estimated the quality of ev-
idence of all outcomes of this systematic review and
meta-analysis as being very low grade based on the
aforementioned GRADE system. Results are shown
in Table 3.

Table 1. Results of the Joanna Briggs Institute (JBI) Critical Appraisal Checklist

JBI Critical Appraisal Checklist for case reports

Author, year Q1 Q2 Q3 Q4 Q5 Q6 Q7 Qs
Springer and Chollet 2001 Unclear No Yes Yes No No Unclear Yes
Tanriverdi et al. 2010 Unclear Yes Yes Yes Yes Yes Unclear Yes
Bhagia et al. 2010 Yes Yes Yes Yes Yes Yes Unclear Yes
Devesa et al. 2015 No No Yes Yes Yes Yes Unclear Yes

Q1: Were patient’s demographic characteristics clearly described? Q2: Was the patient’s history clearly described and presented as a timeline? Q3: Was
the current clinical condition of the patient on presentation clearly described? Q4: Were diagnostic tests or assessment methods and the results clearly
described? Q5: Was the intervention(s) or treatment procedure(s) clearly described? Q6: Was the post-intervention clinical condition clearly described?
Q7: Were adverse events (harms) or unanticipated events identified and described? Q8: Does the case report provide takeaway lessons?

JBI Critical Appraisal Checklist for case series

Author, year Q1 Q2 Q3 Q4 Q5 Q6 Q7 Qs Q9 Q10
Maric et al. 2010 Yes Yes Yes Yes Yes Unclear Yes Yes Yes Unclear
Devesa et al. 2015 Yes Yes Yes Yes Yes Unclear Yes Yes Yes Unclear

Q1: Were there clear criteria for inclusion in the case series? Q2: Was the condition measured in a standard, reliable way for all participants included in
the case series? Q3. Were valid methods used for identification the condition for all participants included in the case series? Q4: Did the case series have
consecutive inclusion of participants? Q5: Did the case series have complete inclusion of participants? Q6: Was there clear reporting of the demographics of
the participants in the study? Q7: Was there clear reporting of clinical information of the participants? Q8: Were the outcomes or follow up results of cases
clearly reported? Q9: Was there clear reporting of the presenting site(s)/clinic(s) demographic information? Q10: Was statistical analysis appropriate?

JBI Critical Appraisal Checklist for cohort studies

Author, year Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11
Reimunde et al. 2011 Yes Yes Yes Unclear Unclear Yes Yes Yes Yes Unclear Yes
Moreau et al. 2013 Yes Yes Yes Unclear Unclear Yes Yes Yes Yes Unclear Yes
Mossberg et al. 2017 No appl. No appl. Yes Unclear Unclear Yes Yes Yes Yes Unclear Yes

Q1. Were the two groups similar and recruited from the same population? Q2: Were the exposures measured similarly to assign people to both exposed
and unexposed groups? Q3: Was the exposure measured in a valid and reliable way? Q4: Were confounding factors identified? Q5: Were strategies to deal
with confounding factors stated? Q6: Were the groups/participants free of the outcome at the start of the study (or at the moment of exposure)? Q7: Were
the outcomes measured in a valid and reliable way? Q8: Was the follow-up time reported and sufficient to be long enough for outcomes to occur? Q9: Was
follow-up complete, and if not, were the reasons to loss to follow up described and explored? Q10: Were strategies to address incomplete follow up uti-
lized? Q11: Was appropriate statistical analysis used?

The Joanna Briggs Institute critical appraisal checklist for case reports and case series and for cohort studies was used to assess the quality of the studies
included in the analysis.
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Fig. 1. Results of the Cochrane Risk of Bias Tool for the randomized controlled trials (RCTs). The Cochrane

Risk of Bias Tool was used to assess the quality of the RCTs included.

Therapeutic regimen of GH

administration after TBI

All 264 patients received GH treatment subcutaneously until
IGF-I level reached the normal range (for men the upper limit
for those between the ages of 23 and 25 was 346 ng/mL, and
for those 46-50 years of age it was 259 ng/mL; for women
the upper limit for those between the ages of 23 and 25
was 320ng/mL, and for those 46-50 years of age it was
227ng/mL). In most cases, the GH dose started at 200 ug
for 2 months after which the IGF-I level was checked. GH
was then increased up to 600-1000 ug/day and, and then IGF-
I was rechecked.?”***3735 The follow-up period after treat-
ment was ~ 12 months in most of the studies.?***33+3¢-37
In one article, patients with GHD received 3 months of
hormone treatment plus cognitive therapy.’! In three arti-
cle the GH therapy lasted 6 or 8 months.*>** In the
Devesa case series almost all patients received 1 mg per
day of recombinant human growth hormone (thGH) sub-
cutaneously for 12 months; in two cases the period was
6 or 8 months long.”> Gardner and coworkers gave
370 ug per day of the rhGH therapy. In this cross-sectional
study they performed a follow-up for 8 years after treat-
ment.>® The Mossberg group used 500 ug/day because of
the onset of symptoms of carpal tunnel syndrome at higher
doses™ (Table 4). Possible side effects are carpal tunnel
syndrome, type 2 diabetes mellitus, fluid retention, pares-
thesias, myalgias, and arthralgias.29

Information processing
High and coworkers,*® starting GH treatment 5 years after
the injury, showed significant improvement in processing

speed after 12 months of GH treatment. Although no sig-
nificant improvement was observed in the placebo group
in processing speed, differences between the treated and
untreated groups were not significant at the end of treat-
ment. Importantly, Dubiel and coworkers,”® treating pa-
tients acutely after trauma, did not demonstrate any
significant effects of GH treatment on processing speed
compared with the placebo group. Moreau and coworkers
found a statistically significant difference in attentional
functions after 1 year of GH therapy.33 This was similar
to the results of High and coworkers in the control group
(who did not get the treatment); patients did not show
any improvements over time.> (Table 5).

Visuospatial ability, non-verbal memory

The effect of GH treatment on visuospatial ability and non-
verbal memory was also assessed following TBI. Almost
all studies showed a significant improvement in visuospa-
tial ability and non-verbal memory after GH treatment in
the chronic phase of TBI-induced GHD. Only the Moreau
group™ found a significant difference in these functions
between GH-treated and untreated patients with severe
TBI (Table 6).

Verbal memory and working memory

Verbal and working memory were demonstrated to signif-
icantly improve after GH therapy following TBI, but dif-
ferences failed to be significant between the treated and
untreated groups of patients (Table 7). However, no signif-
icant improvement was observed in the untreated groups
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of patients. Importantly, Dubiel and coworkers, treating
the patients acutely following TBI, did not observe any
significant effects of GH treatment®® (Table 7). We per-
formed a meta-analysis and quantitative synthesis of the
results from the digit span test assessing working memory
from Dubiel and coworkers® and High and coworkers.*
We could not find any differences between the digit span
scores of the included studies (Fig. 3).

Executive function

High and coworkers™ found significant improvement in
executive function after TBI over time (from baseline to
follow-up at 12 months) with rhGH treatment in 12 severe
TBI patients. On the contrary, using the same test, Dubiel
and coworkers® did not find any differences in 31 ran-

domized severe TBI patients after treatment for 6 or 12
months with GH. However, in the trial by High and co-
workers they started the treatment after years with severe
brain injury (mean post-injury time was 11 years), but in
their randomized trial, Dubiel and coworkers started the
treatment in the acute phase of the TBI in the inpatient re-
habilitation unit or in the post-acute transitional rehabilita-
tion setting (mean post-injury time 65.7 days). There was
no difference in treatment doses in the two trials (Table 8).

Motor function

Significant improvement was demonstrated in the upper
extremity motor speed of the dominant hand by High
and coworkers® from baseline to 1 year of GH therapy
in TBI patients. The trial by Dubiel and coworkers®’
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Table 7. The Effect of Growth Hormone Therapy on Verbal and Working Memory of Patients after Traumatic Brain Injury (TBI)

p value

p value
in the treated between treated

group from

No. of Treatment

patients

No. of

Verbal

beginning

patients

and untreated

Rey-Auditory

episodic

WAIS Ill. Verbal Digit

and length
(months)

without

with
treatment treatment

SZARKA ET AL.

groups

baseline

comprehension span CVLT memory verbal learning

Severity

Design

Author

In CVLT: <0.05

11 Chronic, 12

12

Moderate-to-severe.

RCT

High et al.*

GCS: 5.8 (SD: 3.4)
All severities GOSE score: 3-17

No GCS assessed

n.s.

18

16

RCT

Dubiel et al.?

Acute, 6

n.s.

In the numbers

<0.05

Chronic,

Reimunde et al.*' Cohort study

3+cognitive
therapy
Chronic, 12

>0.05

n.s.
<0.05
Improvement

[olle

23 27 Chronic, 12
Chronic, 6

All severities GCS: 8.1 (SD: 5.1)
Moderate-to-severe. GCS: 8-10

Cohort study

Mossberg et al.**  Open label study Moderate-severe
Case series

Moreau et al.>>
Maric et al.*®

Verbal and working memory were assessed by the Wechsler Adult Intelligence Scale (WAIS), the California Verbal Learning Test (CVLT), and the Rey Auditory-Verbal Learning test. Acute treatment was started

within 1 month after TBI. Statistical significance is indicated at p <0.05.

RCT, randomized controlled trial; n.s., non-significant; GCS, Glasgow Coma Scale; SD, standard deviation; GOSE, Glasgow Outcome Score-Extended.

(using the Functional Independence Measure test [FIM])
demonstrated significantly greater change in motor, cog-
nitive, and total FIM from baseline to 6 month follow-
up compared with placebo. The difference remained
significant at 12 months of follow-up. These findings
were supported by Moreau and coworkers,”” showing
that independence in personal and instrumental activi-
ties of daily life was significantly improved after
1 year of GH treatment of moderate-to-severe TBI pa-
tients with severe GHD. Further confirmation was pro-
vided by the case reports of Bhagia and coworkers®’
and Devesa and coworkers*? (Table 9).

Emotional functioning, depression

Mossberg and coworkers®* demonstrated that 12 months of
rhGH treatment resulted in a significantly lower rate of de-
pression among 15 moderate-to-severe TBI patients with
abnormal GH secretion. On the contrary, High and cowork-
ers” did not find any effects of GH therapy on depression in
12 severe TBI patients who were randomized for GH treat-
ment. Supporting the findings of Mossberg and coworkers™*
Maric and coworkers®® showed a significant protective ef-
fect of GH therapy in three out of four TBI patients with
GHD after 6 months of recombinant human GH (Table 10).

QoL

In an interesting case report, Tanriverdi and coworkers®”
examined the QoL of two retired 36- and 38-year-old
male amateur boxers with GHD, who received thGH ther-
apy for 6 months after 8 and 10 years of retirement. QoL
was assessed by the disease specific Quality of Life Assess-
ment of GH Deficiency in Adults (QoL-AGHDA) ques-
tionnaire. Both patients exhibited scores after 1 year of
GH therapy that were lower than the initial scores they
had received, indicating increased QoL after treatment.
Gardner and coworkers®® evaluated the QoL of patients
from the Pfizer International Metabolic Database with
GHD caused by TBI or by non-functioning pituitary adeno-
mas (NFPA). QoL-AGHDA questionnaire values were
compared at baseline before starting the treatment. Patients
were followed for a year and in one aspect of the cross-
sectional study, 154 patients were followed for 8 years.
In the 161 TBI patients, significant improvement was
detected in QoL after 12 months of GH treatment, and
this improvement was sustained over the 8-year pen'od.36
TBI patients demonstrated normalization of socialization
compared with the normal population after 1 year. Self-
confidence also returned to the range of the normal pop-
ulation by year 6. However, tiredness and impairment in
memory of TBI patients did not return to the level of the
normal population. It has to be noted that the overall
score showed larger improvement in the NFPA group
than in TBI patients (across all QoL-AGHDA subdo-
mains of memory, tiredness, tenseness, socializing,
and self-confidence).
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%

Study WMD (95% CI) Weight
1
i
1

Dubiel etal., 2018 _'.'—:— 0.00 (-2.98, 2.98) 47.47
1
i
1

High et al., 2010 ——H'— 1.55 (-1.52, 4.62) 44 89
1
1
i

Reimunde et al., 2011 — 2.23(-5.21,9.67) 764
1
1
1

Overall (l-squared = 0.0%, p = 0.725) < i 0.87 (-1.19,2.92) 100.00
1
1
1
1
i
1

NOTE: Weights are from random effects analysis 1
H

1 | 1 I I I
10 -5 2.5 0 25 5 10
Treated Untreated
Fig. 3. Forest plot representing weighted mean difference between the digit span scores of three studies.

Using the Quality of Life after Brain Injury (QOLBI)
questionnaire, Moreau and coworkers>> showed, in 23
moderate-to-severe TBI patients with severe GHD, that
12 months of GH therapy resulted in significant improve-
ment in four QOLBI domains (intellectual, psychologi-
cal, functional, personal) as well as in the total QOLBI
score. It has to be noted that no RCTs have been studied
QoL in TBI patients after GH therapy (Table 11).

Discussion

Injury of the pituitary gland is a well-recognized conse-
quence of all forms of TBI, and GHD is the most common
pituitary hormone deficiency after TBI.*> GHD has been
shown to occur in between 2% and 30% of TBI patients
during the Ist month after trauma’~ (of whom almost
50% may recover spontaneously'’), and chronic GHD
(at least 6 months after trauma) was demonstrated to af-
fect 10-63% of patients.®'""'? Although GHD seems to
be associated with the severity of trauma,13 1solated
GHD was reported in 14.7% of patients following repet-
itive mild head trauma, as well."* Chronic hypopituita-
rism warranting hormone substitution occurs in ~20%
of patients after mild, moderate, and severe TBL!* How-
ever, there is little evidence available on the clinical ben-
efits of GH replacement therapy (rhGH) for TBI patients.
Accordingly, in our systematic search we found two ran-
domized, double-blinded, placebo- controlled trials with
relatively small sample size (23 and 40 patients, respec-

tively). The large number of records after searching the
databases using our query means that (1) hypopituitarism
following TBI is well known, but the effect of GH ther-
apy is not frequently studied; and (2) GH therapy is a
well-known tool in cases of hypopituitarism of other eti-
ologies (not in TBI) to improve cognitive function and
memory, processing speed, and QoL. One of the most im-
portant consequences of such lack of evidence is that
screening for GHD and GH replacement when deficiency
is demonstrated is not routinely performed as part of the
rehabilitation of TBI patients.

We found agreement in the studies screened that 1 year
of GH replacement until achieving the normal IGF-I level
had a positive impact on depression, memory, executive
function, and QoL in survivors of TBI with altered GH se-
cretion. It is very important to note that acute GHD follow-
ing TBI may recover spontaneously. Accordingly, Agha
and coworkers demonstrated that almost half of patients
having post-traumatic hypopituitarism after moderate-to-
severe TBI recovered pituitary function within 6 months
after the injury.'® This may explain the negative results
of the effect of early GH treatment after TBI on cognitive
function as demonstrated by Dubiel et al.,** and supports
the concept that routine pituitary hormonal testing should
be performed within 6 months of injury'® and that treat-
ment should be initiated afterward.

Importantly, GH therapy might be beneficial in patients
without GHD, as well.*? In this case, patients with the
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Table 10. The Effect of Growth Hormone Therapy on Emotional Functioning and Depression of Patients after Traumatic

Brain Injury (TBI)

p value
No. of Treatment p value between
patients  beginning in the treated treated and
No. of patients  without and length Zhang group from untreated
Author Design Severity with treatment treatment  (months) BDI scale baseline groups
High et al.* RCT Moderate-to-severe. 12 11 Chronic, 12 X n.s. n.s.
GCS: 5.8 (SD: 3.4)
Mossberg et al.**  Open label study Moderate-severe 15 Chronic, 12 X <0.05
Maric et al.>® Case series Moderate-to severe. 4 2 Chronic, 6 X Improvement
GCS: 8-10

To assess emotional functioning and depression the Beck Depression Inventory (BDI, a self-report assessing characteristic attitudes and symptoms of
deprcssion43 and the Zhang scale, which measures affective, psychological, and associated somatic symptoms) were used. Acute treatment was started

within 1 month after TBI. Statistical significance is indicated at p <0.05.

RCT, randomized controlled trial; n.s., non-significant; GCS, Glasgow Coma Scale; SD, standard deviation.

most severe initial dysfunction of different modalities
showed the greatest improvement after GH therapy.*?
This should be verified by prospective randomized studies.

The most frequent cognitive symptom reported by TBI
patients and their relatives is impaired memory.*®*’
Accordingly, patients with severe TBI showed a signifi-
cant impairment on forward and backward digit span
tasks, which demonstrates the attenuated ability of work-
ing memory.48 Interestingly, as shown by our meta-
analysis, GH therapy seems to have no effect on perfor-
mance of patients with severe TBI on the digit span
tasks, indicating that GH replacement may not improve
working memory. However, TBI may impair the ability
to manipulate information within the working memory
rather than working memory capacity itself. TBI also
causes deficit in visuospatial and verbal learning memo-
ry,49’50 and both showed improvement after GH treat-
ment of TBI pattients.30’31’33’38

Slower information processing is one of the conspicuous
findings across all post-TBI neuropsychological studies.”'*>
High and coworkers observed that severe TBI patients on
GH therapy started in the chronic phase after the injury
achieved a significant improvement over 12 months’ treat-
ment time.*° Processing speed was significantly negatively
correlated with injury severity and task complexity.”'~?
Difficulty in dealing with two tasks at the same time is a fre-

quent complaint of patients with TBI, and is also frequently
reported by patients’ relatives.**>*>* In one article, the at-
tentional function improved significantly over the treatment
period.* It is not known whether the attention deficits are
related only to slowed information processing or also to ad-
ditional impairments of executive control.”*

Survivors of severe TBI often show dramatic person-
ality and behavioral changes, which can have major
consequences on family and social reintegration and
on QoL.>> 12 months of rhGH treatment subcutaneously
seemed to improve QoL of TBI patients with GHD.
However, future studies should extend these results by
comparing QoL in patient receiving GH to patients on
placebo treatment, as well as investigating the effect
of GHT on TBI patients without GHD covering the
full spectrum of brain trauma.>®

In summary, cognitive function and QoL seem to im-
prove after GH treatment in patients with TBI when
treatment is started at least 6 months after the injury
and lasts at least 6 months.'""'? Future studies should
provide further details comparing treatment protocols
and responses of patients with different severity of in-
jury. It has to be noted that improvement in cognitive
function after GH treatment in TBI patients was ob-
served in most studies when the results of the applied
tests were compared with the baseline; the extent of

Table 11. The Effect of Growth Hormone Therapy on Quality of Life of Patients after Traumatic Brain Injury (TBI)

p value
No. of No. of p value between
patients  patients Treatment in the treated treated and
with without  beginning and group from  untreated
Author Design Severity treatment treatment length (months) QoL-AGHDA QolBI baseline groups
Moreau et al.*®>  Cohort study ~ All severities 23 27 Chronic, 12 X  Improvement
GCS: 8.1
(SD: 5.1)
Tanriverdi et al.® Case report No GCS Assessed 2 Chronic, 6 X Improvement
Gardener et al.>®  Cross-sectional No GCS assessed 161 Chronic, X
registry 12 months

Quality of life (QoL) of patients was assessed by Quality of Life Assessment of Growth Hormone Deficiency in Adults (QoL-AGHDA) questionnaire
and the Quality of Life after Brain Injury (QOLBI) questionnaire. Statistical significance is indicated at p <0.05.

GCS, Glasgow Coma Scale.
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improvement failed statistical significance in the control
groups.”’ However, post-treatment results were not sta-
tistically different between treated and control pa-
tients.”” We think that in future studies, comparison of
baseline cognitive and neuropsychological function
and QoL of treated and control patients is important,
as is the change of these parameters as a function of
time within the studied groups of patients.

Possible mechanisms of GH therapy

The underlying mechanisms of the beneficial clinical effect
of GH on cognition and behavior after TBI is probably
multi-faceted. GH acts via two independent mechanisms:
directly via GH receptors (GHR) and by inducing the secre-
tion of IGF-I in the liver. GHR can be found throughout the
brain, in high concentrations in the choroid plexus, hippo-
campus, hypothalamus, and the pituitary gland. In the pe-
riphery, GHR is found in other tissues including the liver,
muscle, bone, and adipose tissue. 8 Although the exact
mechanism of GH (and IGF-I) on human cognition is not
well understood in TBI patients, pre-clinical studies
showed that GH and IGF-I modulates expression of the
NMDA receptors in the hippocampus, which are essen-
tially involved in long-term potentiation and memory ac-
quisition.”**'*® This suggests that GH therapy may
directly affect the neuronal/synaptic mechanisms of learn-
ing and memory in TBI patients. Further, GH treatment
modulates metabolism of neurotransmitters. For example,
it causes a decrease in the concentration of the dopamine
metabolite homovanillic acid (HVA) in the cerebrospinal
fluid (CSF),> similarly to the effect of tricyclic antide-
pressants and monoamine oxidase inhibitors. This mech-
anism may explain the significant improvement in the
scores of the depression inventory tests of TBI patients
after thGH substitutive treatment, as well.>**® A de-
crease in HVA increases the level of aspartate by 30%
in the CSF, exerting significant effects on hippocampal
long-term potentiation and on attentional functions.*!-**¢!
The GH/IGF-I axis affects cognitive mechanisms indi-
rectly via exerting a profound effect on the cerebral mi-
crovasculature.'®®*® Normal brain capillary perfusion
is essential to maintain intact neuronal function by pro-
viding constant nutrients and oxygen supply needed to
fuel high metabolic demands of active neurons and
glial cells.®* IGF-I has been shown to play a central
role in the development and maintenance of normal
brain capillary architecture and density.'® Lack of IGF-
I, demonstrated in different pre-clinical models, resulted
in capillary rarefaction and decreased blood perfusion in
the hippocampus, which was associated with decline
in learning and memory.>® Importantly, studies using a
mouse model with adult-onset IGF-I deficiency after a
viral knock down of hepatic production of the hormone
showed that in addition to the structural changes, lack
of IGF-I leads to cerebrovascular dysfunction, as

well.®*% Namely, low level of IGF-I resulted in dysregu-
lation of astrocytic production of mediators of neurovas-
cular coupling, as well as altered expression of glutamate
receptors on astrocytes, leading to impaired neurovascu-
lar coupling responses and cognitive decline in these
animals.** Neurovascular uncoupling and cognitive dys-
function are most likely causally linked.®®~" This is
suggested by studies showing that pharmacological inhi-
bition of neurovascular hyperemia is associated with im-
paired performance of mice on neurocognitive tests.**”*
Further, IGF-I deficiency may impair autoregulatory
mechanisms of the cerebral circulation, especially if
comorbid conditions are present. For example, mice lack-
ing hepatic IGF-I exhibit impaired adaptation of cerebral
blood flow autoregulation to hypertension, which con-
tributes to disruption of the blood-brain barrier (BBB)
and formation of cerebral microbleeds.®>’> Both BBB
disruption and development of cerebral microbleeds are
associated with cognitive impairment in these animals.*?
Future studies should establish the role of these vascular
mechanisms in cognitive decline and behavioral changes
associated with TBI-related GH and IGF-I deficiency. It
has to be noted that IGF-I declines with normal aging,
playing a central role in age-related cognitive dys-
function.”® Future studies should test whether aging
exacerbates cognitive decline and behavioral changes
associated with GH and IGF-I deficiency following
TBI. Pre-clinical studies provided important results
showing that administration of IGF-1 improves depres-
sion, anxiety-like behavior, motor coordination, and
visuospatial and working memory in 24-month-old
aged mice."” Similarly, improved cognitive function
was demonstrated after IGF-1 treatment in rats on a
high-fat diet.”” Based on these studies, the hypothesis
can be formulated that IGF-1 treatment may improve
cognitive and neuropsychological function after TBI, as
well. This should be tested in the future.

Limitations

Because the population of TBI patients is extremely diverse
with varying levels of GHD and GH insufficiency, different
treatment strategies should be compared and assessed in a
well-controlled manner and an optimal regimen should be
worked out specifically for defined subgroups of patients
after screening for pituitary hormone profile, especially
GH levels. Accordingly, an insufficient number of patients
were available for analyzing the differences between GH-
insufficient and GH-deficient patients and the effects of
GH therapy on cognitive outcome and QoL. A further lim-
itation of this analysis is that most of the available results
are obtained in a within-subject design, which did not in-
clude healthy control groups or groups of GH-sufficient
TBI patients for comparison. Various neuropsychological
tests were used in the studies found, making direct compar-
ison difficult. High-quality RCTs should define indication
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of GH therapy, its timing, exact doses, and routes in TBI pa-
tients, as well as the most specific and sensitive neuropsy-
chological tests to follow treatment efficacy. Hope is
associated with ongoing trials such as Collaborative Euro-
pean NeuroTrauma Effectiveness Research in TBI (CEN-
TER TBI) and Transforming Research and Clinical
Knowledge in Traumatic Brain Injury (TRACK TBI) to es-
tablish state-of-the-art follow-up instruments setting the
stage for such trials.
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