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Abstract

This study examined the prevalence of growth hormone deficiency (GHD) in patients with traumatic brain injury (TBI)

during the post-acute phase of recovery and whether GHD was associated with increased disability, decreased independence,

and depression. A secondary objective was to determine the accuracy of insulin-like growth factor-1 (IGF-1) levels in

predicting GHD in patients with TBI. Anterior pituitary function was assessed in 235 adult patients with TBI through

evaluation of fasting morning hormone levels. GH levels were assessed through provocative testing, specifically the glucagon

stimulation test. GHD was diagnosed in a significant number of patients, with 45% falling into the severe GHD (£3 lg/L)

category. IGF-1 levels were not predictive of GHD. Patients with GHD were more disabled and less independent compared

with those patients who were not GHD. Those patients with more severe GHD also showed decreased levels of cortisol and

testosterone. Symptoms of depression were also more prevalent in this group. In addition, patients with severe GHD had

delayed admission to post-acute rehabilitation. This study confirms the high prevalence of GHD in patients with TBI and the

necessity to monitor clinical symptoms and perform provocative testing to definitively diagnose GHD.
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Introduction

Traumatic brain injury (TBI) is a leading cause of death and

disability in the United States.1 Life-long consequences of

sustaining a TBI can include impairments in physical, cognitive,

and psychosocial functioning.2 It is estimated that 5.3 million

people in the United States are currently living with disabilities

secondary to TBI.3

Hypopituitarism is a frequent, yet undertreated consequence of TBI

that may contribute to morbidity and poor recovery. Reports of the

prevalence of anterior hypopituitarism in the chronic phase of TBI

varies, ranging from 15–50%.4–12 Growth hormone deficiency (GHD)

is the most common anterior pituitary deficit after TBI, with prevalence

ranging from 6–33% in the chronic phase of recovery,4–14 depending

on such factors as TBI chronicity, injury severity, age of onset, and

the methods used to diagnose pituitary hormone dysfunction.

Despite clear evidence that a large number of persons with TBI

have GHD, few patients are actually screened for GHD after TBI.

Symptoms reported by persons with adult onset GHD significantly

overlap with deficits reported after TBI and may result in a missed

diagnosis of GHD and delayed treatment of GHD in persons with

TBI. Memory and concentration impairments, decreased quality of

life, anxiety, depression, social isolation, hyperlipidemia, weight

gain, osteoporosis, and exercise intolerance are routinely reported

by both persons with adult onset GHD without TBI and those with

TBI alone.14,15 Therefore, proper screening and evaluation of GH

function is essential to diagnose GHD after TBI.

GH is a pleiotropic hormone synthesized from the somatotroph

cells in the anterior pituitary gland and released, in pulsatile bursts,

into the bloodstream to stimulate the production and release of

insulin-like growth factor-1 (IGF-1). GH has been shown to stimu-

late proliferation and differentiation of cells; influence migration and

survival of neural cells; stimulate the genesis of neurons, astrocytes,

endothelial cells, and oligodendrocytes; and to promote myelination

and neuronal arborization.16,17 IGF-1 is the major GH-dependent

peptide18 and is used as a surrogate biomarker for GH.15,19,20 IGF-1

exerts many of the same effects on the brain during development and

in adulthood as GH.17,21

Reliance on IGF-1 as an assessment of GH function after TBI is

standard practice, but its use needs to be re-evaluated because 50%

of adults with GHD have IGF-1 levels within the normal reference

range.22 Similarly, patients with a normal GH response can have

low IGF-1 levels. Direct serum assessment is unreliable because of

the pulsatile release of GH and results in serum fluctuations within a
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24-h period.23 Thus, provocative testing is essential to definitively

diagnose GHD.15,20

Peak GH secretion during provocative testing is used to assess

the capacity of the pituitary to release GH.24 The insulin tolerance

test (ITT) is considered the ‘‘gold standard’’ in provocative tests for

diagnosing GHD15,25,26; however, it cannot be safely performed in

patients with seizures or severe cardiovascular disease.27,28 This

contraindication limits its use in patients with TBI. The glucagon

stimulation test (GST) has comparable diagnostic accuracy and

reliability as the ITT20,29,30 and is well tolerated in patients with

TBI. A single provocative test is sufficient for the diagnosis of GHD

in adults.31

It was hypothesized that a large percentage of patients with TBI

would exhibit GHD, as measured by GST provocative testing.

Exploratory analyses also examined whether GHD was associated

with increased disability and depression, because these symptoms

are present in patients with TBI and in patients with isolated GHD.

In addition, it was hypothesized that IGF-1 would not be a sensitive

diagnostic marker of GHD.

Methods

All procedures were reviewed and approved by the Centre for
Neuro Skills’ Institutional Review Board.

Eligibility

Adult patients with a diagnosis of TBI admitted to the Centre for
Neuro Skills, a brain injury residential transitional rehabilitation
facility, were assessed for neuroendocrine dysfunction via the en-
docrine laboratory panel described below. Patients were excluded
from the study if they had a history of documented endocrine ab-
normalities, contraindications to GH replacement (i.e., a history of
cancer or a brain tumor), and psychiatric and/or behavioral diag-
noses that prevented completion of the study. A total of 235 patients
were included for analysis in this study. Most patients were in the
moderate (80%) level of disability according to the Disability
Rating Scale (DRS) on admission. Table 1 contains demographic
data for patients included in the study.

Hormone assays

After overnight fasting, serum levels of thyroid stimulating hor-
mone (TSH), triiodothyronine (T3), thyroxine (T4), follicle stimu-
lating hormone (FSH), luteinizing hormone (LH), total and free
testosterone (males only), estradiol (females only), prolactin, cor-
tisol (a.m.) and IGF-1 were examined (*0600 h). Hormone assays

were completed within a week of admission to the rehabilitation
facility. GST and serum IGF-1 levels were assessed on all patients
who qualified for inclusion.

The GST was performed after an initial baseline blood draw.
Glucagon, 1 mg, was administered intramuscularly, and blood
draws occurred at 0 (baseline), 90, 120, 150, and 180 min for GH.
Blood was centrifuged, and serum was frozen with dry ice until
analysis by an independent laboratory (Esoterix, Inc., Calabasas
Hills, CA).

Functional outcomes

All patients were assessed on a variety of functional outcome
measures within 2 weeks of the hormone assays. These functional
outcomes included the DRS,32 Independent Living Scale33 (ILS),
Mayo-Portland Adaptability Inventory-434 (MPAI-4), Community
Integration Questionnaire35 (CIQ), Occupational Status Scale36

(OSS), and the Living Status Scale36 (LSS). These outcome scales
are indicative of disability (DRS); competence and assistance
needed for activities of daily living, initiation, and behavior (ILS);
ability, adjustment, and participation (MPAI-4); community inte-
gration (CIQ); occupational or avocational status (OSS); and level
of supervision (LSS) in the post-acute phase of brain injury. The
Beck Depression Inventory-II 37 (BDI-II) was administered to pa-
tients to assess current symptoms of depression.

Data analysis

Samples for TSH, T3, T4, FSH, LH, total and free testosterone,
estradiol, prolactin, cortisol (a.m.), and IGF-1 were analyzed by an
independent commercial laboratory (Esoterix, Inc.) for analysis of
anterior pituitary function. Standard reference ranges were used to
determine whether hormone levels were out of the normal range.

For IGF-1, laboratory reference ranges were based on age and
sex. This reference range was used to categorize patients as either
‘‘IGF-1 Deficient’’ or ‘‘IGF-1 Normal.’’ GH levels were analyzed
using an immunochromatographic membrane assay. Patients with a
peak GH of £3.0 lg/L were considered to be severely GHD
(sGHD), and patients with a peak GH of 3.1–5.0 lg/L were con-
sidered moderately GHD (mGHD). Patients with a peak GH of
‡5.1 lg/L were considered not GHD (nGHD).

All statistical analyses were performed using Statistical Package
for Social Sciences (SPSS, Inc., Chicago, IL) version 22. Data are
reported as mean – standard error of the mean (SEM). Raw data for
demographic variables, hormone assays, and functional outcome
measures were compared through one-way analysis of variance
(ANOVA), and when appropriate, Bonferroni post hoc tests were
performed. All comparisons were Bonferroni corrected. The level
of significance was chosen as p < 0.05.

Results

GH deficiency

Results from the GST indicated that 181 (77%) of the 235 pa-

tients with TBI tested for GHD had some level of GHD, ranging

from sGHD to mGHD (Table 2).

A significant difference existed between the sGHD and both the

mGHD and nGHD groups (F(2,234) = 6.96; p = 0.001) in latency to

be admitted to post-acute rehabilitation (Fig. 1). The sGHD group

took longer to be admitted for rehabilitation compared with the

other groups. Comparisons between patients with sGHD, mGHD,

or nGHD revealed no significant differences in age at TBI onset,

age at the time of admission to rehabilitation, or sex.

IGF-1 sensitivity and accuracy

A Pearson correlation analysis revealed no significant correla-

tion between peak GH levels and IGF-1 levels (r = 0.064, n = 235).

Table 1. Demographics

Demographics Mean – SEM

Age at injury (years) 42 – 0.95
Injury chronicity (days) 367 – 46.92
Male sex (number (%)) 198 (84%)

Mechanism of injury Number (%)

Motor vehicle accident 77 (33%)
Motor-pedestrian accident 9 (4%)
Motor-bicycle accident 4 (2%)
Motorcycle accident 24 (10%)
Assault 17 (12%)
Fall 73 (31%)
Blow to head 17 (8%)

SEM, standard error of the mean.

1608 KREBER ET AL.



To address the accuracy and sensitivity of IGF-1 reference

ranges in screening patients with TBI for GHD, IGF-1 levels were

compared with GST results. According to standard reference ran-

ges, based on age and sex, there were no patients with abnormally

high levels of IGF-1. Patients were then further classified based on

the results of the GST, as either GHD or nGHD based on the results

of the GST. To be included in the GHD group, a patient needed to

have a peak GH level of £5 lg/L, which would include the sGHD

and mGHD categories in this study. Forty-two percent of patients

with TBI whose IGF-1 level fell within the normal reference range

for their age and sex were GHD, indicating that if IGF-1 levels were

relied on in isolation, a false negative result would have been ob-

tained (Table 3).

Other hormone assays

There was a significant difference in total testosterone (F(3,179)

= 4.147; p = 0.007) between the sGHD group and the normal GH

group (Fig. 2a). Results also indicated a significant difference in

morning cortisol level (F(3,209) = 3.365; p = 0.020) between the

sGHD and the mGHD groups (Fig. 2b). No significant differences

in admission values of TSH, FSH, LH, estradiol, or prolactin were

observed. IGF-1 levels approximated significance ( p = 0.099) be-

tween the GH groups.

Functional outcome measures

No significant differences were observed between the sGHD and

the mGHD group on any of the functional outcome measures.

Therefore, these were combined into one group, GHD, for all an-

alyses of functional outcome measures. Comparisons were made

between the GHD group and the no GHD group (nGHD) for all

analyses of functional outcome measures.

DRS. Results indicated a significant difference between the

GHD and the nGHD on the DRS at admission (F (1, 205) = 6.280,

p = 0.013). Patients with GHD were more disabled at admission

than patients who had no deficiency (Fig. 3a).

ILS. Results indicated a significant difference between the

GHD and the nGHD groups on the ILS at admission (F(1,

200) = 4.247, p = 0.041). Patients in the GHD group were less able

to perform activities of daily living and initiate tasks compared with

patients in the nGHD group (Fig. 3b). No significant differences

were observed between the GHD and the nGHD groups for the

other functional outcome measures (MPAI-4, CIQ, and LSS) at

the time of the GST. The GHD group tended to perform worse on

the OSS compared with the nGHD ( p = 0.055).

BDI-II. Results indicated a significant main effect between

groups on the BDI-II (F, (2, 101) = 4.15, p = 0.019, Fig. 4). Al-

though symptoms of depression were higher in the sGHD, com-

pared with other groups, significance was approached ( p = 0.056)

but not obtained.

Discussion

GH deficiency is present in the chronic phase of TBI

Seventy-seven percent of patients in this study had a diagnosis of

some level of GHD. Consensus guidelines for TBI conceptualize a

continuum of GHD depending on peak GH levels after provocative

testing.15,20 This continuum was demonstrated in the current study.

The majority of the patients in this study fell within the sGHD

category (peak GH £3 lg/L), based on results of the GST. Pre-

valence rates for GHD range from 6–33% in the chronic phase of

recovery.4–14 The higher prevalence of GHD in this study may be

because of the use of the GST to diagnose GHD and the inclusion of

patients who had mGHD.

Table 2. Patients with a Diagnosis of Growth

Hormone Deficiency via the Glucagon

Stimulation Test

GH category (mean – SEM) Percentage
Cutoff for the category (N)

sGHD (1.38 – 0.09) 45%
Peak GH £3 lg/L (N = 105)
mGHD (4.54 – 0.09) 17%
Peak GH 3.1–5.0 lg/L (N = 41)
nGHD (10.97 – 0.60): 38%
Peak GH ‡5.1 lg/L (N = 89)

The majority of patients had a diagnosis of severe growth hormone
deficiency (sGHD).

GH, growth hormone; SEM, standard error of the mean; mGHD. moderate
growth hormone deficiency; nGHD, no growth hormone deficiency.

FIG. 1. Comparison of injury chronicity by growth hormone
(GH) category. The severe growth hormone deficiency (sGHD)
group took significantly longer to be admitted to post-acute re-
habilitation than the moderate growth hormone deficiency
(mGHD) group and the no GHD group (nGHD). The mGHD
group and the nGHD group were not significantly different from
each other. Each value represents the mean – standard error of the
mean, *p < 0.05.

Table 3. Sensitivity of Insulin-Like Growth Factor-1
Values in the Diagnosis of Growth Hormone Deficiency

IGF-1 Deficient IGF-1 Normal

GHD
peak GH £ 5lg/L

20% 42%
(N = 48) (N = 98)

True False
Positive Negative

nGHD 15% 23%
(N = 36) (N = 53)

False True
Positive Negative

N = 235
Reference range for IGF-1 based on age and gender

Patients were categorized into insulin-like growth factor-1 (IGF-1) deficient
or IGF-1 normal groups based on age and sex reference ranges. Patients were
also classified as being growth hormone deficient (GHD) or non-GHD (nGHD)
on the basis of results from the glucagon stimulation test (GST).
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It should be noted that patients in this study were approximately 1

year post-TBI and, therefore, past the point at which pituitary dys-

function would be considered transient.38 In fact, patients with sGHD

took longer to be admitted to post-acute rehabilitation (Fig. 1), pro-

viding further support that pituitary function was stable at the time of

hormone evaluation. Although a cause-effect relationship cannot be

determined, it may also be that patients with sGHD had more severe

brain injuries that resulted in longer hospital and acute rehabilitation

lengths of stay. It has been shown that chronic hypopituitarism is

associated with more severe brain injuries and increased disability.39

IGF-1 levels are not a good predictor of GHD

This study provides further support that IGF-1 levels are not a

good predictor of GHD. It has been reported that approximately

50% of patients with IGF-1 levels falling within the normal refer-

ence range are GHD.22 In this study, 42% of patients whose IGF-1

level was considered normal for their age and sex were confirmed to

be GHD via the GST, with a cutoff of peak GH £5 lg/L. If GHD

were diagnosed solely on IGF-1 levels, a notable number of patients

would have been missed and withheld from potential treatment

(Table 3). Irrespective of the published consensus guidelines that

exist for the diagnosis of GHD after TBI,15,20 endocrinologists and

other healthcare professionals often rely solely on IGF-1 levels to

determine GHD, rather than evaluating GH with provocative test-

ing. The results of this study support provocative testing for the

diagnosis of GHD in patients with TBI.

FIG. 2. (a) Comparison of total testosterone levels between the severe growth hormone deficient (sGHD) and the normal growth
hormone groups. The sGHD group has significantly lower testosterone levels than the normal growth hormone group. (b) Comparison of
morning cortisol levels between the sGHD and the moderate growth hormone deficient (mGHD) groups. The sGHD group has
significantly lower cortisol levels than the mGHD group. Each value represents the mean – standard error of the mean, *p < 0.05.

FIG. 3. (a) Comparison of disability levels between the growth
hormone deficiency (GHD) groups and the no growth hormone de-
ficiency (nGHD) groups. The GHD group is made up of the severe
and moderate GHD groups. The GHD group had higher scores on the
Disability Rating Scale indicating higher levels of disability com-
pared with the nGHD group. (b) Comparison of independence levels
between the GHD and the nGHD groups. The GHD group had lower
scores on the Independent Living Scale (ILS), indicating lower levels
of independence compared with the nGHD group. Each value rep-
resents the mean – standard error of the mean, *p < 0.05.

FIG. 4. Comparison of symptoms of depression between the
severe growth hormone deficiency (sGHD), moderate growth hor-
mone deficiency (mGHD), and no growth hormone deficiency
(nGHD) groups. There was a significant main effect between
groups. Although symptoms of depression were higher in the
sGHD group, compared with the other groups, significance was
approached ( p = 0.056) but not obtained. Each value represents
the mean – standard error of the mean, *p < 0.05.
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Patients with GHD are more likely to have low
levels of other hormones

Patients in this study who presented with sGHD had significantly

lower levels of testosterone than nGHD patients (Fig. 2a). Low total

testosterone levels have been associated with lower total Functional

Independence Measure (FIM) scores at both admission and dis-

charge in the acute rehabilitation setting.40,41 These authors suggest

that lower levels of total testosterone after TBI may limit the rate or

extent of recovery. Likewise, results of the cortisol screening re-

vealed significantly lower levels of morning cortisol in patients

with sGHD compared with patients with mGHD (Fig. 2b). A lim-

itation of the current study is that cortisol provocative testing was

not undertaken to get an assessment of adrenocorticotrophic

(ACTH) functioning. Analogous to IGF-1 not being predictive of

GH deficiency, cortisol levels not obtained from provocative test-

ing are not predictive of ACTH deficiency.42

Functional outcomes

Hormone deficiencies can negatively influence recovery from

brain injury, even if the patient is undergoing intense rehabilita-

tion.38,43 Some evidence exists for greater cognitive dysfunction

associated with GHD after TBI.44 Results of the current study

support these findings in that higher disability scores on the DRS

were associated with GHD (Fig. 3a), as were lower levels of in-

dependence on the ILS (Fig. 3b). Patients with GHD had more

disability than patients who were nGHD. Although not investigated

in this study, increasingly evidence suggests that these patients may

not achieve the same level of recovery as patients with no GHD.

In a study investigating hypothalamic-pituitary dysfunction after

TBI in an acute rehabilitation setting, hormone hypogonadism or

low levels of testosterone were observed in 66% of patients.23 The

functional implications of hypogonadism were assessed using FIM

scores. Patients with low levels of testosterone and IGF-1 had

significantly lower FIM change per day scores compared with pa-

tients with normal levels of testosterone and IGF-1.23

Consistent with these findings, motor and cognitive improve-

ments associated with GH replacement in TBI have been reported.45

Undiagnosed hormone deficiencies have the potential to impede

rehabilitation and recovery, thus warranting screening for anterior

pituitary dysfunction, especially in the chronic phase of recovery.38 It

is likely that testosterone deficiency contributed to worse functional

outcome in these patients. It will be important to further study the

contribution of testosterone deficiency to functional outcome in fu-

ture studies.

Affective disorders

Patients with sGHD tended to have higher levels of depressive

symptoms on the BDI-II (Fig. 4) that may negatively impact re-

covery from TBI and quality of life. Psychosocial and emotional

changes after TBI are common and could be caused not only by the

brain injury itself but also by secondary hypopituitarism after TBI.

GHD has been associated with increased disability, poor quality of

life, and a greater likelihood of depression.39,46 Patients with iso-

lated GHD demonstrate a greater rate of depression than those

without GHD or GH insufficiency.39

As indicated above, patients with sGHD also tended to have

lower levels of testosterone compared with the nGHD group. In

non-TBI populations, testosterone deficiency has been correlated

with depressed mood.47,48 This study demonstrates that low levels

of testosterone and GHD after TBI may contribute to increased

depressive symptoms. Many of the patients in the sGHD group

were also testosterone deficient; thus, testosterone deficiency could

be contributing to both cognitive and affective symptoms after TBI.

Future studies are needed to disentangle the effects of GHD from

the effects of testosterone deficiency on symptomatology after TBI.

Physiological considerations

Burgeoning interest concerning the potential contribution to the

pathogenesis of a number of neurodegenerative conditions by TBI

points to physiological changes within the central nervous system

(CNS) after injury. Neuroendocrine function may well contribute to

both the pathogenesis and management of disrupted CNS physi-

ology. Clinical biomarkers for demonstration of cellular prolifer-

ation, migration, and survival are not available nor are they for

myelination and myelin repair, metabolic stress, or neuronal ar-

borization, all of which may be positively impacted by GH re-

placement in the injured brain.

The contribution of GH replacement may be found in health issues

relating to cardiovascular health (hyperlipidemia and metabolic

syndrome), exercise intolerance, osteoporosis, and neuroanatomic and

neurophysiologic function as brain injury becomes viewed increas-

ingly as a chronic disease.49 IGF-1 production is related to GH avail-

ability, among other factors. IGF-1 is an important anti-inflammatory

cytokine and plays numerous roles in microglial, astrocytic, endothe-

lial, and neuroinflammatory functions within the CNS.

Limitations and future directions

There are methodological limitations to the current retrospective

analysis that may limit the generalizability of the findings. Because

this was a retrospective analysis, there is no control group to

compare prevalence of GHD with other populations, which would

have minimized the potential for bias and allowed us to rule out

other factors, such as injury severity that may have contributed to

our findings. In addition, peak cortisol levels were not measured

during the GST and would have provided more accurate informa-

tion regarding cortisol levels in our patient population.

Hormone levels were only obtained at one time point. This did

not allow for measuring recovery of pituitary function across time.

It is highly unlikely, however, that pituitary function would have

resolved across time unless hormone replacement had been initi-

ated. As stated previously, most transient hormone deficiencies

resolve by 6 months post-TBI, and these patients were 1 year post-

TBI.38 Functional outcome measures were measured within a few

days of blood sampling. It is likely that patients’ scores on func-

tional outcome assessments would improve across time, because all

patients were engaged in intense rehabilitation. It is unknown,

however, whether GHD hindered recovery. Other studies have

suggested that although overall recovery occurs, the trajectory of

recovery is affected by hormonal deficiencies.40,41 In other words,

hormone deficiencies may not impede recovery, but may influence

the rate of recovery.

Conclusion

Our study has demonstrated that pituitary dysfunction is still

present in a large percentage of patients in the chronic phase of

recovery. Reliance on IGF-1 levels in isolation did not accurately

predict GHD in the majority of patients with a diagnosis of GHD

via provocative testing. Patients with GHD had lower levels of

testosterone and cortisol than patients with less severe GHD or

nGHD. Significantly increased levels of disability and dependence
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on others for activities of daily living as well as increased symp-

toms of depression were also more likely to be present in patients

with GHD. Further studies are warranted to determine the effect of

GHD on the rate of functional recovery from TBI across time.
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