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Growth hormone deficiency testing 
and treatment following mild 
traumatic brain injury
Leah J. Mercier1*, Natalia Kruger1, Quynk B. Le2, Tak S. Fung3, Gregory A. Kline4 & 
Chantel T. Debert1

Pituitary dysfunction, specifically growth hormone (GH) deficiency, can occur following traumatic 
brain injury. Our objective was to characterize the prevalence of GH deficiency (GHD) testing and 
response to recombinant human GH (rhGH) treatment in adults with persistent symptoms following 
mild traumatic brain injury (mTBI) referred for assessment of pituitary dysfunction. A retrospective 
chart review was conducted of patients seen at an outpatient brain injury clinic with a diagnosis 
of mTBI and persistent post-concussive symptoms who were referred to endocrinology. Clinical 
assessments of symptoms were collected. Investigations and results of GHD were collected, including 
initiation of rhGH treatment and treatment response. Of the 253 patients seen in both brain injury 
and endocrinology clinics, 97 with mTBI were referred for investigation of pituitary dysfunction and 73 
(75%) had dynamic testing for assessment of GHD. Of the 26 individuals diagnosed with GHD, 23 (88%) 
started rhGH. GH therapy was inconsistently offered based on interpretation of GH dynamic testing 
results. Of those who started rhGH, 18 (78%) had a useful treatment response. This study suggests 
that clinical management of these patients is varied, highlighting a need for clear guidelines for the 
diagnosis and management of GHD following mTBI.

In Canada, the estimated annual incidence of mild traumatic brain injury (mTBI) is 1153/100,0001, posing con-
siderable public health challenges. While the majority of individuals have symptom resolution in the 10–14 day 
period following mTBI, up to 30% struggle with symptoms greater than 3 months post-injury, defined as persis-
tent post-concussive symptoms2. Persistent symptoms are characterized by headache, dizziness, fatigue, cognitive 
deficits and sleep disturbances, among other chronic impairments2. It has long been recognized that traumatic 
brain injury (TBI) can result in pituitary dysfunction3, however a meta-analysis of post-traumatic anterior pitui-
tary dysfunction reported that only 16.4% of included participants had an mTBI4. At one-year post-mTBI the 
risk of growth hormone (GH) deficiency ranges from 5 to 40%5–8 depending on disease definition and mode of 
investigation. Incidence data are from small cohorts of nearly exclusively hospitalized patients, which does not 
represent the majority of individuals who sustain an mTBI.

Expert opinions have suggested neuroendocrine screening should be offered to mTBI patients requiring 
hospitalization for at least 24 h or those with complicated mTBI, defined as incranial bleed, brain swelling or 
skull fracture on initial computerized tomography (CT) scan9. However, neuroendocrine deficits can occur in 
patients with mTBI whether an abnormality on CT is present or not10. Preliminary studies have suggested benefits 
of treating post-traumatic GH deficiency (GHD) in patients with mTBI, as well as those following moderate to 
severe TBI11–13. Therefore, the current study had two objectives: (1) characterize GHD testing and treatment 
response in an adult cohort following mTBI; (2) evaluate associations between clinical outcomes and GHD.

Results
Patient referral to outpatient endocrinology clinics (OECs).  Of the 37,585 patients seen in the out-
patient brain injury clinic (CBIP) and outpatient endocrinology clinics (OECs) during the study period, 253 
patients were common between the two services. Of the patients seen by both services, 97 were referred to OECs 
by a CBIP physician for investigation of post-traumatic pituitary dysfunction. The excluded patients either did 
not sustain an mTBI (n = 78), were only seen by support services at CBIP (n = 15) or were referred to OECs by 
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another treating physician (n = 50). A diagnosis could not be confirmed in the case of 13 charts and therefore 
were excluded (Fig. 1). Patient characteristics and past medical history of referred patients and those who under-
went dynamic testing are reported in Table 1. 

Growth hormone (GH) testing.  Of the 97 CBIP-assessed patients referred to OECs, 73 (75%) completed 
dynamic testing. Patients did not receive testing for the following reasons: 3 did not present to clinic, 5 patients 
reported subjective improvement of post-concussive symptoms, 2 declined testing and for 9 patients the treat-
ing endocrinologist reported dynamic testing was not indicated. Of those 9 patients, 3 had serum insulin-like 
growth factor 1 (IGF-1) as the only investigation of GHD. In the case of 5 patients, reason for lack of dynamic 
testing could not be determined from electronic medical records (Fig.  1). Patients who completed dynamic 
testing had a mean age of 43.9 ± 11.8 years at time of testing with 55% being female. Individuals were a mean of 
24.8 ± 11.3 months post-mTBI.

Only 3 patients (4%) who completed testing had a complicated mTBI, defined as presence of intracranial 
bleed or contusion on imaging. The majority (94%) of patients underwent a glucagon stimulation test (GST), 
while 6% had an insulin tolerance test (ITT). Of the 73 patients who completed dynamic testing 17 (23%) had 
severe GHD and 29 (40%) had GH insufficiency (GHI). Two patients with severe GHD also had post-traumatic 
hypogonadism. None of the patients with severe GHD had a complicated mTBI. Across groups there were no 

Figure 1.   Flowchart of referral to endocrinology, GH testing and rhGH therapy. CBIP Calgary Brain Injury 
Program (outpatient brain injury clinic), GH growth hormone, GHD growth hormone deficiency, GHI growth 
hormone insufficiency, mTBI mild traumatic brain injury, OECs outpatient endocrinology clinics, rhGH 
recombinant human growth hormone, TBI traumatic brain injury.
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differences in age at testing, sex, time since injury, mechanism of injury, loss of consciousness at injury or post-
traumatic amnesia (Table 2). Sensitivity analysis for GHD prevalence using different peak GH cut-offs for GHD 
is presented in Fig. 2.

Associations between clinical questionnaires and growth hormone deficiency (GHD).  Testing 
for homogeneity of regression slope assumptions was performed. For each of the clinical questionnaires, interac-
tions between the covariates and severe GHD were non-significant (p-values greater than 0.05). After adjusting 
for age and sex there was no association between severe GHD and measures of symptom burden (η2

p = 0.004, 
p = 0.658), depression (η2

p = 0.018, p = 0.311), cognition (η2
p = 0.060, p = 0.071) or quality of life using the Quality 

of Life Assessment of Growth Hormone Deficiency in Adults (Qol-AGHDA) (η2
p = 0.013, p = 0.067) (Fig. 3). The 

estimated marginal mean Montreal Cognitive Assessment (MoCA) score was 25.5 ± 0.7 for those with severe 
GHD. A cut-off of 26 (out of 30) is used for mild cogntive impairment.

A subset of patients (n = 28; 38%) who underwent dynamic testing completed the Qol-AGHDA at their initial 
assessment by endocrinology. Compared to the full sample who received dynamic testing, those who completed 
the questionnaire did not differ by sex (p = 0.824), age at testing (p = 0.612) or time since injury (p = 0.881). Qol-
AGHDA scores were correlated with peak GH during dynamic testing (Fig. 4).

Table 1.   Demographics and past medical history of patients referred to OECs and who completed dynamic 
testing. mTBI mild traumatic brain injury, OECs outpatient endocrinology clinics.

Patients referred to OECs (n = 97)
Patients who completed dynamic testing 
(n = 73)

Demographics

Age at injury, n, M (SD) 91, 40.0 (12.6) 68, 42.3 (11.6)

Sex, n (%)

Female 52 (53.6) 40 (54.8)

Male 45 (46.4) 33 (45.2)

Handedness, n (%)

Right 87 (92.6) 66 (94.3)

Left 7 (7.4) 4 (5.7)

Education, n (%)

High school or less 17 (19.1) 7 (10.6)

Technical degree/vocational 16 (18.0) 11 (16.7)

Bachelor’s degree 37 (41.6) 30 (45.5)

Graduate/professional degree 19 (21.3) 18 (27.3)

Employment, n (%)

Full time 29 (31.5) 22 (32.4)

Part time 13 (14.1) 10 (14.7)

Disability 19 (20.7) 16 (23.5)

Student 6 (6.5) 2 (2.9)

Not working 25 (27.2) 18 (26.5)

Injury characteristics

Radiographic finding of complicated mTBI, n (%)

Yes 3 (3.1) 3 (4.1)

No 94 (96.9) 70 (95.9)

Past medical history

Previous mTBI, n (%)

Yes 44 (45.4) 34 (46.6)

No 53 (54.6) 39 (53.4)

Endocrine disorder, n (%)

One or more 23 (23.7) 17 (23.3)

Hypercholesterolemia 2 (2.1) 2 (2.7)

Diabetes/prediabetes 7 (7.2) 3 (4.1)

Hypogonadism 1 (1.0) 0 (0.0)

Hypothyroidism 7 (7.2) 7 (9.6)

Galactorrhea 2 (2.1) 1 (1.4)

Dyslipidemia 8 (8.2) 6 (8.2)

Hashimoto thyroiditis 2 (2.1) 2 (2.7)
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Growth hormone (GH) therapy.  Peak GH thresholds used for prescription of recombinant human GH 
(rhGH) therapy differed between clinicians. Twenty-six patients with a mean peak GH of 2.3 ± 1.8 µg/L (range 
0.1–5.5  µg/L) were offered rhGH therapy. Of those offered therapy, 8 (31%) had a peak GH > 3  µg/L. Three 
patients (12%) did not proceed with rhGH due to cost or lack of insurance. Therapy was inconsistently offered 
for peak GH results of 3.6–5.5 µg/L. The dynamic testing results of 4 patients with peak GH result of 3.6–5.5 µg/L 
were interpreted as normal and therefore they were not offered rhGH (Fig. 5).

Response.  Timepoint of response determination varied depending on when patients started rhGH. 
Response (responder versus non-responder) was determined at their most recent clinic assessment. For 9 (39%) 
patients, response was determined 3 months following treatment start. Response determination for 14 (61%) 
patients was at 1 year or greater. At time of response determination, 18 (78%) patients had responded to treat-

Table 2.   Demographics, injury characteristics and endocrine assessment results according to dynamic testing 
results and treatment response. CBIP Calgary Brain Injury Program, GH growth hormone, GHD growth 
hormone deficiency, GHI growth hormone insufficiency, GST glucagon stimulation test, ITT insulin tolerance 
test, mTBI mild traumatic brain injury, rhGH recombinant human growth hormone. *p < 0.05.

Completed dynamic testing (n = 73) Started rhGH treatment (n = 23)

Severe GHD (n = 17) GHI (n = 29)
GH sufficient 
(n = 27) p value Responders (n = 18)

Non-responders 
(n = 5) p value

Demographics

Age at dynamic test-
ing, n, M (SD) 17, 45.2 (10.1) 29, 45.8 (13.5) 26, 41.0 (10.4) 0.276 18, 43.4 (10.6) 5, 57.6 (7.8) 0.012*

Sex, n (%) χ 2(2,N = 73) = 3.508, 
p = 0.194

χ 2(1,N = 23) = 1.791, 
p = 0.297

Female 6 (35.3) 17 (58.6) 17 (63.0) 5 (27.8) 3 (60.0)

Male 11 (64.7) 12 (41.4) 10 (37.0) 13 (72.2) 2 (40.0)

Injury characteristics

Months since injury 
at CBIP clinic visit, n, 
M (SD)

16, 13.5 (10.2) 24, 9.3 (6.7) 22, 9.0 (9.8) 0.246 15, 12.7 (9.3) 5, 11.6 (6.2) 0.816

Months since injury 
at dynamic testing, n, 
M (SD)

16, 24.2 (12.2) 24, 25.0 (11.9) 22, 25.1 (10.5) 0.966 15, 22.8 (11.7) 5, 25.6 (11.4) 0.646

Radiographic find-
ing of complicated 
mTBI, n (%)

χ 2(2,N = 73) = 1.506, 
p = 0.610

Complicated mTBI 0 (0.0) 1 (3.4) 2 (7.4) 0 (0.0) 0 (0.0)

Uncomplicated mTBI 17 (100.0) 28 (96.6) 25 (92.6) 18 (100.0) 5 (100.0)

Mechanism of 
injury, n (%)

χ 2(8,N = 73) = 9.878, 
p = 0.277

χ 2(3,N = 23) = 4.779, 
p = 0.230

Sports/recreation 5 (29.4) 14 (48.3) 9 (33.3) 8 (44.4) 0 (0.0)

Fall 3 (17.6) 3 (10.3) 4 (14.8) 2 (11.1) 2 (40.0)

Motor vehicle col-
lision 8 (47.1) 10 (34.5) 8 (29.6) 7 (38.9) 3 (60.0)

Assault 0 (0.0) 2 (6.9) 1 (3.7) 1 (5.6) 0 (0.0)

Other 1 (5.9) 0 (0.00) 5 (18.5) 0 (0.0) 0 (0.0)

Loss of conscious-
ness, n (%)

χ 2(2,N = 68) = 0.328, 
p = 0.894

χ 2(1,N = 21) = 0.034, 
p = 1.000

Yes 6 (40.0) 9 (32.1) 8 (32.0) 7 (38.9) 1 (33.3)

No 9 (60.0) 19 (67.9) 17 (68.0) 11 (61.1) 2 (66.7)

Post-traumatic 
amnesia, n (%)

χ 2(2,N = 60) = 0.198, 
p = 0.939

χ 2(1,N = 20) = 2.143, 
p = 0.267

Yes 4 (26.7) 7 (29.2) 7 (33.3) 6 (37.5) 0 (0.0)

No 11 (73.3) 17 (70.8) 14 (66.7) 10 (62.5) 4 (100.0)

Endocrine assessment

Type of dynamic testing, n (%)

GST 16 (94.1) 27 (93.1) 25 (96.2) 16 (88.9) 5 (100.0)

ITT 1 (5.9) 2 (6.9) 1 (3.8) 2 (11.1) 0 (0.0)

Peak GH (µg/L), M 
(SD) 1.3 (1.1) 6.1 (2.0) 16.2 (5.0) 2.2 (1.6) 1.9 (1.7)

Other pituitary dysfunction, n (%)

Yes 2 (11.8) 0 (0.0) 0 (0.0) 1 (5.6) 1 (20.0)

No 15 (88.2) 29 (100.0) 0 (0.0) 17 (94.4) 4 (80.0)
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ment with self-reported benefit, deciding to continue rhGH. Of the 18 patients who responded to therapy, 13 
(72%) had severe GHD and 5 (28%) had GHI. After starting rhGH, 5 (22%) patients discontinued treatment. 
Of those who discontinued treatment, 2 stopped after 1 year or more due to lack of continued benefit, 2 did not 
have self-reported benefit within the first 3 months, discontinuing rhGH and one patient reported side effects of 
enlarged hands and feet and soft tissue swelling.

Discussion
It is only recently that the risk of hypopituitarism following mTBI has been recognized14. Many of the psycho-
social symptoms of GHD overlap with persistent post-concussive symptoms suggesting that in some cases, 
untreated endocrinopathy may contribute to post-injury impairment15. Previous studies examining GHD fol-
lowing mTBI have focussed on combat-related16,17 or repetitive sport-related concussion cohorts10. This study 
presents one of the largest reported cohorts of patients assessed for GHD following mTBI. Our findings highlight 
the importance of screening for pituitary dysfunction in adults with persistent symptoms following mTBI, fur-
ther suggesting that the majority of patients with GHD who undergo treatment improve. However, we observed 
great variability in the clinical management of these patients; only a small number of individuals presenting to 

Figure 2.   GHD prevalence using alternative diagnostic cut-offs based on peak GH during dynamic testing. 
Numbers of patients meeting differential diagnostic cut-offs with percentages calculated out of total number of 
individuals tested (n = 73). GH growth hormone, GHD growth hormone deficiency.

Figure 3.   Clinical outcomes and response to dynamic testing. Participants dichotomized as severe GHD (peak 
GH < 3 µg/L) or GH sufficient (peak GH ≥ 3 µg/L). (a–c) Symptom burden (RPQ) (n = 48), depression (PHQ-9) 
(n = 60) and quality of life (QoL-AGHDA) (n = 28) scores were higher in individuals with severe GHD, however 
this was not statistically significant. Higher Qol-AGHDA scores indicate worse quality of life. (d) Cognition 
(MoCA) (n = 57) scores were lower in individuals with severe GHD, however this was not statistically significant. 
GH growth hormone, GHD growth hormone deficiency, MoCA Montreal Cognitive Assessment, PHQ-9 Patient 
Health Questionnaire-9, RPQ Rivermead Post Concussion Symptoms Questionnaire, QoL-AGHDA Quality of 
Life Assessment of Growth Hormone Deficiency in Adults.
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outpatient brain injury clinic services were referred for endocrinological assessement, and even fewer progressed 
to GH testing and subsequent therapeutic GH replacement, possibly due to variable interpretations of GH testing. 
In light of the high prevalence of GHD/GHI in patients tested in this sample, and the suggested benefit of rhGH 
treatment, there is a great need for collaboration between specialized brain injury clinicians and endocrinolo-
gists. Further research and development of care pathways, specifically between brain injury and endocrinology 
services, may allow for better clinical management of those with persistent post-concussive symptoms.

Previously, post-traumatic hypopituitarism was not thought to result from milder injury. However, a system-
atic review of post-traumatic pituitary dysfunction reported a pooled prevalence of hypopituitarism of 16.8% 
following mTBI14. Despite this finding, consensus guidelines and expert opinions have recommended that only 
patients with moderate or severe TBI, an mTBI requiring hospitalization for at least 24 h, or an mTBI with an 
abnormality on initial CT be screened for post-traumatic pituitary dysfunction9,18,19. The lack of investigation 
of GHD following uncomplicated mTBI has likely contributed to the absence of screening recommendations 
for this population. Therefore, determination of which patients should be tested for GHD remains an important 
clinical challenge. This study provides evidence of GHD following uncomplicated mTBI, which raises questions 
of if and when these patients should be screened for post-traumatic hypopituitarism. Collaborative development 
of guidelines by brain injury and endocrinology clinicians to guide referral of patients following uncomplicated 
mTBI for investigation of post-traumatic GHD is an important next step.

Post-traumatic GHD may be transient, suggesting that screening acutely post-injury is not of clinical benefit20. 
However, testing in patients with persistent symptoms greater than one-year post-injury is advised as changes in 
pituitary function have been shown to persist at 3 and 5 years post-injury8,21. In this study, patients underwent 
dynamic testing a mean of 25 ± 11.3 months post-injury. Testing at this timepoint may be explained by several 
factors. Many patients did not present to the outpatient brain injury clinic less than one year post-injury and 
therefore may not have been referred to endocrinology sooner. Treating physicians may also elect to first try 
other less invasive treatment options prior to referring for assessment of pituitary dysfunction. While assessment 
of pituitary dysfunction at one year post-injury is appropriate as soon as referral for dynamic testing is made 
by the treating endocrinologist, depending on the healthcare system, wait times may determine the assessment 

Figure 4.   Quality of life assessment and dynamic testing results. Qol-AGHDA scores (n = 28) were correlated 
with peak GH during dynamic testing, r(26) = − 0.454, p = 0.015. GH growth hormone, GHD growth hormone 
deficiency, GHI growth hormone insufficiency, QoL-AGHDA Quality of Life Assessment of Growth Hormone 
Deficiency in Adults.

Figure 5.   Whether rhGH therapy was offered and corresponding peak GH results. GH growth hormone, GHD 
growth hormone deficiency, GHI growth hormone insufficiency, rhGH recombinant human growth hormone.
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time course. In our health care system, it may be several months from the time of referral to assessment by an 
endocrinologist and subsequent testing. Of those tested in our sample, 63% met criteria for severe GHD or GHI. 
This supports previous data that GHD can persist at one year or more following mTBI8,21.

Several factors may contribute to the low rate (3%) of referral of patients seen at CBIP for endocrinological 
assessment. Patients seen at CBIP may have moderate to severe brain injury or other acquired brain injury and 
therefore would not be included in this study. Additionally, many patients may present with vague clinical signs, 
or symptoms that may not be recognized as post-traumatic GHD. Treating physicians may also elect to pursue 
less invasive therapies or testing first.

Our findings suggest there is a need for better standardization of timepoints for post-traumatic pituitary dys-
function screening in this population. With an estimated prevalence of GHD of 5–40%5–8 at 1 year post-mTBI, it 
is possible that the prevalence of GHD in the total CBIP sample would be higher than reported in this study. The 
high treatment response rate (78%) to rhGH suggests that diagnosis and treatment of post-traumatic GHD may 
be especially beneficial to those presenting to outpatient brain injury clinics with persistent symptoms. However, 
there are currently no specific guidelines or screening tools that can aid clinicians in determining who should 
be referred for screening of post-traumatic GHD. Given that dynamic testing is labor intensive and expensive, 
it is not feasible to test all patients with mTBI and persistent symptoms one year post-injury. There is a need for 
a more cost-effective screening measure for patients with persistent symptoms following uncomplicated mTBI. 
There is also a need for a comprehensive prospective study evaluating reason for referral for assessment of pitui-
tary dysfunction following mTBI by brain injury clinicians.

Dynamic testing is required for assessment of GHD as serum IGF-1 lacks diagnostic sensitivity and is not 
recommended by clinical practice guidelines22. In a mixed-severity traumatic brain injury cohort, of the 25 
individuals diagnosed with GHD based on dynamic testing, IGF-1 level was within the age and gender specific 
range for all patients, confirming lack of diagnostic utility of IGF-1 in the diagnosis of GHD in this patient 
population23. Despite this, 3 patients referred to endocrinology had serum IGF-1 as the only assessment of GHD. 
As the remainder of patients received dynamic testing for assessment of GHD, IGF-1 data are not available for 
the majority of this cohort and thus comparison between dynamic testing results and IGF-1 was not possible. 
Unfortuantely, in some cases, recent studies have still used IGF-1 as a measure of GHD16.

Interpretation of post-traumatic GHD literature is also complicated by the use of various dynamic tests. The 
ITT is often cited as the gold-standard, while GST is frequently used when ITT is contra-indicated. GHRH + Argi-
nine and GHRH + AGRP-6 tests have also been used, although these are no longer available in Canada. The 
majority of this sample underwent GST (94%) for assessment of GHD. Additionally, diagnostic cut off values 
vary across groups and may or may not be body mass index (BMI)-adjusted. The most recent American Asso-
ciation of Clinical Endocrinologists (AACE) guidelines suggest a normal response to ITT is indicated by a peak 
GH > 5 µg/L, while a normal response to GST should be > 3 µg/L for BMI < 25 kg/m2 and > 1 µg/L for BMI > 25 kg/
m222. Few studies have used BMI-adjusted interpretation of GST data and a variety of other cut-offs are used in 
the literature. A recent randomized control trial of rhGH for treatment of GHD following mTBI used a broader 
diagnostic criteria, including individuals with a peak GH < 8 µg/L during GST11. Using this criteria, 14 additional 
patients in this sample would have met criteria for rhGH treatment.

We observed a wide variation in the interpretation of test results and decisions to offer rhGH replacement 
therapy among endocrinologists. This may reflect the variation in biochemical thresholds for diagnosis recom-
mended by different guidelines. As well, most studies of GHD in the endocrinology literature are conducted 
in patients with pituitary surgery. Therefore, many endocrinologists may be unware or uncertain as to whether 
mTBI patients should be diagnosed with GHD following the same guidelines. Lastly, there are very few studies 
of rhGH replacement in those with mTBI such that endocrinologists may be reluctant to offer rhGH therapy due 
to uncertainty of benefit. Our findings highlight the benefit of treating individuals with GHD following mTBI. 
A large randomized controlled trial evaluating the efficacy and benefits of GH replacement is needed. There is 
also a great need for determination of response according to peak GH during dynamic testing to inform imple-
mentation of a standardized cut-off point for treatment of these patients.

Few clinical determinants of GHD following mTBI have been identified. Previous literature has reported 
associations between post-traumatic GHD and older age, increased BMI and waist circumference6,17,24–26. Injury 
severity based on GCS has not been found to be associated with GHD27,28. In this study, we found that none of the 
clinical measures commonly collected in the outpatient brain injury clinic setting are significantly associated with 
severe GHD, although this may be due in part to the relatively small sample size. A larger, adequately powered 
study is needed to evaluate clinical predictors of GHD in individuals with uncomplicated mTBI.

We did not find a significant difference in cognitive impairment between individuals with and without severe 
GHD. While not significant, the estimated marginal mean MoCA score in those with GHD met criteria for mild 
cognitive impairment, while the MoCA score for those without GHD did not. Similarly, decreased inhibition of 
cognitive interference has been reported in veterans with GHD following combat-related mTBI17. The measures 
used in these studies cannot be directly compared and the study samples were notably different (civilians versus 
veterans). Associations between cognition and GHD have primarily been reported in cohorts following moder-
ate or severe TBI. Several studies have reported lower scores on measures of attention and memory in those 
with GHD26,28. Additionally, lower scores on the Level of Cognitive Functioning Scale at hospital discharge were 
positively correlated with peak GH levels (during dynamic testing) in a sample 6–12 months following moder-
ate or severe TBI29. In non-TBI individuals with GHD, cognitive performance was shown to improve with GH 
replacement in a meta-analysis of 340 patients30. Future work should assess cognition in individuals with and 
without GHD following mTBI using a full neuropsychological battery to examine if a specific sub-test(s) may 
be a useful preliminary screen of hypopituitarism. Establishing one or multiple clinical measures that are most 
predictive of post-traumatic GHD would help to inform screening guidelines and be of great clinical utility.
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Although not found in this sample, depression has been associated with GHD in other cohorts. Higher 
depression scores using the Beck Depression Inventory were reported in those with GHD following combat-
related mTBI17. Higher incidence of depression has also been reported in mixed-severity cohorts using a variety 
of measures15,31. Again, the discrepancy in findings is likely due to differences in injury severity, mechanism of 
injury and outcome measures between cohorts. Our findings suggest there is a high prevalence of depression 
in those with persistent post-concussive symptoms presenting to outpatient brain injury services, and therefore 
depression alone this is not specifically related to post-traumatic GHD.

A correlation with medium effect size was previously reported between severe GHD and Qol-AGHDA scores 
following combat-related mTBI17. Similarly, we reported a correlation between peak GH and Qol-AGHDA scores. 
While this measure should not be used diagnostically, it may be a superior measure for initial screening of GHD 
in the mTBI population, compared to specific symptom questionnaires. In a cohort following moderate-severe 
TBI, scores on the Qol-AGHDA were not significantly different between those with and without GHD. However, 
the analysis included individuals with both GHD and GHI15. On the Short Form (36) Health Survey, a quality of 
life measure, decreased scores in domains of energy and fatigue and emotional well-being have been reported 
in two separate mixed-severity TBI cohorts with GHD15,31. Our findings support previous work, demonstrat-
ing reduced quality of life in those with GHD following TBI and highlights the importance of screening and 
diagnosis of GHD in these patients.

Of those offered therapy, 88% started rhGH. This illustrates the willingness of patients to follow injection pro-
tocols and highlights the effect of persistent symptoms on quality of life and function in this cohort. The benefits 
of rhGH for GHD have been studied following moderate and severe TBI12,13, but few studies have evaluated the 
response to treatment following mTBI11.

The literature is unclear on whether or not GH therapy improves cognition. In a placebo-controlled crossover 
study of individuals with GHD following mTBI, there was not a significant improvement on neuropsychologi-
cal testing measures following GH replacement11. However, in a sample of individuals with moderate or severe 
injury, several measures on a neuropsychological battery did improve following a year of GH replacement12. 
While improvements in cognition were not reported with GH replacement in those with mTBI, treatment lead 
to improvements in fatigue, sleep, mood and an increase in lean body mass11. In our sample, 78% of patients 
who started GH therapy had self-reported benefit and decided to continue with treatment. Unfortunately, lack of 
testing resources, specialized clinicians and treatment cost may all limit accessibility to treatment. In this cohort, 
three patients did not proceed with treatment due to associated cost or lack of insurance coverage.

There is evidence to suggest that greater improvement with rhGH treatment may occur over time, specifically 
in the first year12. Therefore, we suspect that if individuals reported improvement of symptoms at 3 months, the 
response would be even more pronounced at 1 year. Interestingly, two patients decided to stop GH replacement 
following 1 year or more of therapy. Following prescription of rhGH, current practice is to follow-up with patients 
at 3 months and yearly thereafter. Response to intervention is assessed at follow-up visits by self-reported benefit 
and willingness to continue therapy, as described in this paper. It may be of interest to administer common clini-
cal outcomes for objective assessment of symptom improvement over time. The timecourse of response to rhGH 
in those with post-traumatic GHD is not well understood and further studies are needed to better understand 
response over time.

This study had several limitations. This cohort is not representative of all adults with mTBI, but rather indi-
viduals with months to years of symptoms following injury. Although this was a specific patient population, 
the results may be generalizable to patients with persistent post-concussive symptoms greater than 1 year. The 
variable time since injury at clinic assessment and dynamic testing in addition to variable timepoint of response 
determination are limitations. While we did not have access to BMI data, it is an important factor in the inter-
pretation of dynamic testing results. Future studies with consistent timepoints for testing and treatment response 
in individuals with mTBI are required.

Additional studies are needed to establish the prevalence of GHD following mTBI. This study only included 
patients specifically referred for assessment of post-traumatic hypopituitarism and therefore is not indicative of 
overall prevalence. To date, prevalence data is based on small cohorts following complicated or combat-related 
mTBI. There is also a great need to identify risk factors of post-traumatic GHD following mTBI. This would serve 
to inform referral for testing and enable efficient allocation of testing resources. Additional studies are needed 
to systematically evaluate change in clinical outcome measures (i.e., cognition, quality of life, post-concussive 
symptoms) following rhGH treatment across timepoints (i.e., 6, 12 months).

Conclusion
Hypopituitarism, specifically GHD, is likely more common in individuals following mTBI than previously 
appreciated. Treatment for individuals with persistent post-concussive symptoms is largely symptom-based and 
symptom etiology is often difficult to establish. Our findings provide further evidence that pituitary dysfunction 
following mTBI should not be ignored and may contribute to chronic symptoms. However, lack of screening tools 
and specific guidelines to aid clinicians in determining which patients should be screened following uncompli-
cated mTBI likely contributes to the great variability in screening of these patients. Post-traumatic GHD is a seri-
ous, but treatable complication of mTBI. This study demonstrates the need for consensus on referral for testing, 
interpretation of dynamic testing results and offering of rhGH treatment. Currently the clinical management of 
these patients is varied and there is no evidence-based gold standard diagnostic cut-off for offering rhGH based 
on dynamic testing results for post-traumatic GHD. Many patients with post-traumatic GHI, generally defined 
as a peak GH of 3-10 µg/L, may also benefit from rhGH therapy, and the use of narrow diagnostic criteria should 
be reconsidered for this patient population.
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Methods
Participants.  We performed a retrospective chart review of patients seen in both CBIP and OECs between 
September 2016 and 2019. Patient charts were included in the review based on the following: (1) referral from 
CBIP to an OEC for investigation of post-traumatic pituitary dysfunction (referral at the discretion of the treat-
ing physician); (2) diagnosis of mTBI based on American Congress of Rehabilitation Medicine criteria32 and per-
sistent post-concussive symptoms. Individuals with moderate or severe TBI or other acquired brain injury were 
excluded. Relevant demographic, injury characteristic and past medical history information was extracted from 
electronic medical records. Demographic information included age, sex, handedness, education and employ-
ment status. Injury characteristics included time since injury, mechanism of injury, and whether or not there 
was loss of consciousness or post-traumatic amnesia. Past medical history of endocrine disorder or previous 
mTBI was noted.

Ethics approval.  This study was approved by the Conjoint Health Research Ethics Board at the University 
of Calgary (REB19-0663) and as such, performed in accordance with the relevant guidelines and regulations. 
Informed consent was waived by the Conjoint Health Research Ethics Board at the University of Calgary.

Data collection.  The following clinical questionnaire data collected at patients’ initial brain injury clinic 
assessment was extracted.

1.	 The Rivermead Post Concussion Symptoms Questionnaire (RPQ) is a commonly used questionnaire where 
16 post-concussion symptoms are scored between 0 (not experienced at all) and 4 (a severe problem)33. A 
score out of 64 is generated.

2.	 The Patient Health Questionnaire-9 (PHQ-9) is a brief measure of depressive symptoms34. This 9-item 
measure (scored out of 27) is a valid assessment of depression following TBI35.

3.	 The MoCA is a brief measure of cognitive impairment scored out of 3036.

A subset of patients completed the Qol-AGHDA at their initial endocrinology clinic assessment. This is a 
25-item assessment of quality of life designed as a preliminary screening tool for GHD where higher scores 
indicate worse quality of life20.

Investigations of GHD ordered by treating endocrinologists were collected, including whether or not an ITT 
or GST was performed. The decision to proceed with GHD testing, test result interpretation and decision to offer 
GH replacement were at the discretion of the attending endocrinologist. Presence of other pituitary dysfunction, 
such as hypogonadism, was also collected. Completion of ITT versus GST was based on availability of nursing 
staff or contraindication to ITT such as severe cardiovascular disease. All dynamic GH testing (GST or ITT) 
was completed at testing centers under the supervision of a specialized nurse and followed standard published 
protocols37. Results of dynamic testing were recorded. In accordance with clinical guidelines, peak stimulated 
GH levels < 3 µg/L were considered severe GHD38. GH insufficiency (GHI) was indicated by a peak stimulated 
GH of 3–10 µg/L, while a response > 10 µg/L was considered normal.

Patients seen by an endocrinologist who did not undergo dynamic testing were classified from electronic 
medical records as follows: (1) patient reported symptom improvement; (2) patient declined testing; (3) endo-
crinologist did not order testing/determined it was not indicated; (4) unknown.

Number of patients who started rhGH therapy was collected. Treatment was offered based on the clinical 
expertise of the treating endocrinologist. For patients offered rhGH who did not proceed with treatment, rea-
sons for declining were recorded. Patients who started rhGH were dichotomized as either treatment responders 
or non-responders in accordance with our previously published approach whereby patients self-determine the 
overall value of GH replacement39. An individual was classified as a responder if they had self-reported symp-
tom improvement and decided to continue therapy at their most recent clinic visit. Response determination 
timepoints were at 3 months following treatment start, or greater than one year. Individuals who had started but 
elected to discontinue rhGH therapy were classified as non-responders.

Statistical analysis.  Participant demographics, past medical history, injury characteristics and endocrinol-
ogy assessment data were reported. Cut-offs based on results of dynamic testing were used for classification of 
GHD. Between group differences were analysed using either chi square or independent-samples t-tests where 
appropriate. A sensitivity analysis for GHD prevalence was performed using different peak serum GH cut-offs 
(during dynamic testing) commonly used in the literature for diagnosis of GHD, while also accounting for assay 
uncertainty (± 0.3 µg/L)4,11. Therefore, cut-offs of < 1.0 µg/L, < 1.3 µg/L, < 3.0 µg/L, < 3.3 µg/L, < 5.0 µg/L, < 5.3 µg
/L, < 8.0 µg/L and < 8.3 µg/L were included in the analysis. Differences in clinical outcomes between those with 
and without severe GHD were compared using one-way analysis of covariance (ANCOVA), controlling for age 
and sex as these may influence GH levels. Association between QoL-AGHDA scores and peak GH on dynamic 
testing was analyzed using Pearson’s correlation.

Data availability
The data from this study are available upon request.

Received: 11 November 2020; Accepted: 19 March 2021



10

Vol:.(1234567890)

Scientific Reports |         (2021) 11:8534  | https://doi.org/10.1038/s41598-021-87385-7

www.nature.com/scientificreports/

References
	 1.	 Langer, L., Levy, C. & Bayley, M. Increasing incidence of concussion: True epidemic or better recognition?. J. Head Trauma Rehabil. 

35(1), E60–E66 (2020).
	 2.	 Hiploylee, C. et al. Longitudinal study of postconcussion syndrome: Not everyone recovers. J. Neurotrauma. 34(8), 1511–1523 

(2017).
	 3.	 Cyran, E. Hypophysenschadigung durch schadelbasisfrakfur. Dtsch. Med. Wochenschr. 44, 1261 (1918).
	 4.	 Emelifeonwu, J. A., Flower, H., Loan, J. J., McGivern, K. & Andrews, P. J. D. Prevalence of anterior pituitary dysfunction twelve 

months or more following traumatic brain injury in adults: A systematic review and meta-analysis. J. Neurotrauma. 37(2), 217–226 
(2020).

	 5.	 Aimaretti, G. et al. Residual pituitary function after brain injury-induced hypopituitarism: A prospective 12-month study. J. Clin. 
Endocrinol. Metab. 90(11), 6085–6092 (2015).

	 6.	 Bondanelli, M. et al. Occurrence of pituitary dysfunction following traumatic brain injury. J. Neurotrauma. 21(6), 685–696 (2004).
	 7.	 Klose, M. et al. Prevalence and predictive factors of post-traumatic hypopituitarism. Clin. Endocrinol. 67(2), 193–201 (2007).
	 8.	 Tanriverdi, F. et al. Three years prospective investigation of anterior pituitary function after traumatic brain injury: A pilot study. 

Clin. Endocrinol. 68(4), 573–579 (2008).
	 9.	 Tanriverdi, F., Unluhizarci, K. & Kelestimur, F. Pituitary function in subjects with mild traumatic brain injury: A review of literature 

and proposal of a screening strategy. Pituitary 13(2), 146–153 (2010).
	10.	 Hacioglu, A., Kelestimur, F. & Tanriverdi, F. Pituitary dysfunction due to sports-related traumatic brain injury. Pituitary 22(3), 

322–331 (2019).
	11.	 Wright, T. et al. Growth hormone alters brain morphometry, connectivity, and behavior in subjects with fatigue after mild traumatic 

brain injury. J. Neurotrauma. 37(8), 1052–1066 (2020).
	12.	 High, W. M. et al. Effect of growth hormone replacement therapy on cognition after traumatic brain injury. J. Neurotrauma. 27(9), 

1565–1575 (2010).
	13.	 Reimunde, P. et al. Effects of growth hormone (GH) replacement and cognitive rehabilitation in patients with cognitive disorders 

after traumatic brain injury. Brain Inj. 25(1), 65–73 (2011).
	14.	 Schneider, H. J., Kreitschmann-Andermahr, I., Ghigo, E., Stalla, G. K. & Agha, A. Hypothalamopituitary dysfunction following 

traumatic brain injury and aneurysmal subarachnoid hemorrhage: A systematic review. JAMA 298(12), 1429–1438 (2007).
	15.	 Kelly, D. F. et al. Neurobehavioral and quality of life changes associated with growth hormone insufficiency after complicated mild, 

moderate, or severe traumatic brain injury. J. Neurotrauma. 23(6), 928–942 (2006).
	16.	 Undurti, A. et al. Chronic hypopituitarism associated with increased postconcussive symptoms is prevalent after blast-induced 

mild traumatic brain injury. Front. Neurol. 9, 72 (2018).
	17.	 Ioachimescu, A. G., Hampstead, B. M., Moore, A., Burgess, E. & Phillips, L. S. Growth hormone deficiency after mild combat-

related traumatic brain injury. Pituitary 18(4), 535–541 (2015).
	18.	 Ghigo, E. et al. Consensus guidelines on screening for hypopituitarism following traumatic brain injury. Brain Inj. 19(9), 711–724 

(2005).
	19.	 Aimaretti, G. & Ghigo, E. Should every patient with traumatic brain injury be referred to an endocrinologist?. Nat. Clin. Pract. 

Endocrinol. Metab. 3(4), 318–319 (2007).
	20.	 Koltowska-Haggstrom, M., Hennessy, S., Mattsson, A. F., Monson, J. P. & Kind, P. Quality of life assessment of growth hormone 

deficiency in adults (QoL-AGHDA): Comparison of normative reference data for the general population of England and Wales 
with results for adult hypopituitary patients with growth hormone deficiency. Horm. Res. 64(1), 46–54 (2005).

	21.	 Giuliano, S. et al. Growth hormone deficiency and hypopituitarism in adults after complicated mild traumatic brain injury. Endo-
crine 58(1), 115–123 (2007).

	22.	 Yuen, K. C. J. et al. American Association of Clinical Endocrinologists and American College of Endocrinology guidelines for 
management of growth hormone deficiency in adults and patients transitioning from pediatric to adult Care. Endocr. Pract. 25(11), 
1191–1232 (2019).

	23.	 Lithgow, K., Chin, A., Debert C. T., Kline, G. A. Utility of serum IGF-1 for diagnosis of growth hormone deficiency following 
traumatic brain injury and sport-related concussion. BMC Endocrine Disorders 18(1), 20 (2018).

	24.	 Tanriverdi, F. et al. High risk of hypopituitarism after traumatic brain injury: A prospective investigation of anterior pituitary 
function in the acute phase and 12 months after trauma. J. Clin. Endocrinol. Metab. 91(6), 2105–2111 (2006).

	25.	 Schneider, H. J. et al. Prevalence of anterior pituitary insufficiency 3 and 12 months after traumatic brain injury. Eur. J. Endocrinol. 
154(2), 259–265 (2006).

	26.	 Popovic, V. et al. Hypopituitarism as a consequence of traumatic brain injury (TBI) and its possible relation with cognitive dis-
abilities and mental distress. J. Endocrinol. Investig. 27(11), 1048–1054 (2004).

	27.	 Kelly, D. F. et al. Hypopituitarism following traumatic brain injury and aneurysmal subarachnoid hemorrhage: A preliminary 
report. J. Neurosurg. 93(5), 743–752 (2000).

	28.	 Kozlowski Moreau, O., Yollin, E., Merlen, E., Daveluy, W. & Rousseaux, M. Lasting pituitary hormone deficiency after traumatic 
brain injury. J. Neurotrauma. 29(1), 81–89 (2012).

	29.	 Bondanelli, M. et al. Anterior pituitary function may predict functional and cognitive outcome in patients with traumatic brain 
injury undergoing rehabilitation. J. Neurotrauma. 24(11), 1687–1697 (2007).

	30.	 Falleti, M. G., Maruff, P., Burman, P. & Harris, A. The effects of growth hormone (GH) deficiency and GH replacement on cognitive 
performance in adults: A meta-analysis of the current literature. Psychoneuroendocrinology 31(6), 681–691 (2006).

	31.	 Bavisetty, S. et al. Chronic hypopituitarism after traumatic brain injury: Risk assessment and relationship to outcome. Neurosurgery 
62(5), 1080–1094 (2008).

	32.	 American Congress of Rehabilitation Medicine. Definition of mild traumatic brain injury. J. Head Trauma Rehabil. 8(3), 86–87 
(1993).

	33.	 King, N. S., Crawford, S., Wenden, F. J., Moss, N. E. G. & Wade, D. T. The Rivermead Post Concussion Symptoms Questionnaire—A 
measure of symptoms commonly experienced after head injury and its reliability. J. Neurol. 242(9), 587–592 (1995).

	34.	 Kroenke, K., Spitzer, R. L. & Williams, J. B. The PHQ-9: Validity of a brief depression severity measure. J. Gen. Intern. Med. 16(9), 
606–613 (2001).

	35.	 Fann, J. R. et al. Validity of the Patient Health Questionnaire-9 in assessing depression following traumatic brain injury. J. Head 
Trauma Rehabil. 20(6), 501–511 (2005).

	36.	 Nasreddine, Z. S. et al. The Montreal Cognitive Assessment, MoCA: A brief screening tool for mild cognitive impairment. J. Am. 
Geriatr. Soc. 53(4), 695–699 (2005).

	37.	 Berg, C. et al. Diagnostic utility of the glucagon stimulation test in comparison to the insulin tolerance test in patients following 
pituitary surgery. Eur. J. Endocrinol. 162(3), 477–482 (2010).

	38.	 Fleseriu, M. et al. Hormonal replacement in hypopituitarism in adults: An Endocrine Society Clinical Practice Guideline. J. Clin. 
Endocrinol. Metab. 101(11), 3888–3921 (2016).

	39.	 Lithgow, K., Debert, C. T. & Kline, G. A. Limited adherence to growth hormone replacement in patients with traumatic brain 
injury. JRM-CC. 1, 1000008 (2018).



11

Vol.:(0123456789)

Scientific Reports |         (2021) 11:8534  | https://doi.org/10.1038/s41598-021-87385-7

www.nature.com/scientificreports/

Acknowledgements
The authors acknowledge the Calgary Brain Injury Program (CBIP), specifically Dr. Christine McGovern, Dr. 
Rodney Li Pi Shan, Regan King and Matt Machan for their help with data collection. Study data were collected 
and managed using a REDCap (Research Electronic Data Capture) database hosted at the University of Calgary 
Clinical Research Unit. REDCap is a secure, web-based application designed to support data capture for research 
studies, providing: (1) an intuitive interface for validated data entry; (2) audit trails for tracking data manipula-
tion and export procedures; (3) automated export procedures for seamless data downloads to common statistical 
packages; and (4) procedures for importing data from external sources.

Author contributions
L.J.M., G.A.K. and C.T.D. contributed to the study conception and design. Data collection was performed by 
L.J.M., N.K., Q.B.L., G.A.K. and C.T.D. Data analysis and interpretation were performed by L.J.M. and T.S.F. The 
first draft of the manuscript was written by L.J.M. and all authors provided critical revision of the article. L.J.M. 
and C.T.D. approved of the final manscript.

Competing interests 
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to L.J.M.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access   This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

© The Author(s) 2021

www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Growth hormone deficiency testing and treatment following mild traumatic brain injury
	Results
	Patient referral to outpatient endocrinology clinics (OECs). 
	Growth hormone (GH) testing. 
	Associations between clinical questionnaires and growth hormone deficiency (GHD). 
	Growth hormone (GH) therapy. 
	Response. 

	Discussion
	Conclusion
	Methods
	Participants. 
	Ethics approval. 
	Data collection. 
	Statistical analysis. 

	References
	Acknowledgements


