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Abstract

Study Design—Prospective

Objectives—To determine the optimum gonadotropin releasing hormone (GnRH) dose to 

identify dysfunction of the hypothalamic-pituitary-gonadal axis in men with spinal cord injury 

(SCI).

Setting—Metropolitan Area Hospitals, New York and New Jersey, USA

Methods—SCI men [16 hypogonadal (HG=serum testosterone <12.1 nmol/L) & 14 eugonadal 

(EG)] and able-bodied (AB) men (27 HG & 11 EG) were studied. GnRH (10, 50, 100 μg) was 

randomly administered intravenously on three separate visits. Blood samples were collected post-

GnRH for serum luteinizing hormone (LH) and follicular stimulating hormone (FSH).

Results—HG and EG men had a similar proportion of clinically acceptable gonadotropin 

responses to all three GnRH doses. The incremental gonadotropin responses to GnRH were not 

significantly different across the groups. However, in the SCI-HG group GnRH 100 μg resulted in 

Users may view, print, copy, and download text and data-mine the content in such documents, for the purposes of academic research, 
subject always to the full Conditions of use: http://www.nature.com/authors/editorial_policies/license.html#terms

Address for Correspondence and Reprints: William A. Bauman, MD, Center of Excellence for the Medical Consequences of Spinal 
Cord Injury, James J. Peters VA Medical Center, 130 West Kingsbridge Road, Bronx, NY 10468, Phone: (718) 584-9000, Ext. 5420, 
Fax: (718) 741-4675, william.bauman@va.gov. 

Conflicts of Interest: None to declare

Clinical Trial Registration Number: NCT00223860

U.S. Department of Veterans Affairs
Public Access Author manuscript
Spinal Cord. Author manuscript; available in PMC 2018 September 01.

Published in final edited form as:
Spinal Cord. 2018 March ; 56(3): 247–258. doi:10.1038/s41393-017-0002-x.

V
A

 A
uthor M

anuscript
V

A
 A

uthor M
anuscript

V
A

 A
uthor M

anuscript

http://www.nature.com/authors/editorial_policies/license.html#terms


the greatest integrated FSH response, and in the SCI-EG group, GnRH 50 μg resulted in the 

greatest integrated LH response compared with the AB groups. A consistent, but not significant, 

absolute increase in gonadotropin release was observed in the SCI groups at all GnRH doses.

Conclusion—Lower doses of GnRH did not improve the ability to identify clinical dysfunction 

of the hypothalamic-pituitary-gonadal axis. However, the absolutely higher SCI-HG FSH response 

to GnRH 100 μg and higher SCI-EG LH response to GnRH 50 μg, along with higher gonadotropin 

release at all GnRH doses, albeit not significant, suggests a hypothalamic-pituitary dysfunction in 

persons with SCI.

Keywords

gonadotropins; pituitary; hypothalamus; testosterone; luteinizing hormone; follicle stimulating 
hormone

Introduction

Paralysis and associated physical inactivity in persons with spinal cord injury (SCI) result in 

muscle atrophy that will reduce resting and total daily energy expenditure. In the absence of 

sufficient restriction of caloric intake, adiposity and adverse metabolic consequences may 

ensue.1,2 Compared to the general male population, men with SCI are observed to have a 

elevated prevalence of low serum testosterone levels, and hypogonadism appears to increase 

with each advancing decade of life.3 Loss of muscle mass and gain of adiposity would be 

anticipated to negatively impact general health due to adverse metabolic changes, impair 

physical function, reduce social integration, and decrease quality of life.4-6 In persons with 

SCI, dysfunction of the hypothalamic-pituitary-gonadal axis may result in depression of 

serum testosterone levels that would be anticipated to worsen the adverse body composition 

changes that occur as a consequence of paralysis and immobilization, as well as increase the 

likelihood of developing the adverse metabolic sequelae of SCI.7-11 Testosterone deficiency 

is also associated with fatigue, depression and other negative mood alterations.12-14 In 

addition, one possible etiology for reduced semen quality is dysfunction of the 

hypothalamic–pituitary–testicular axis.15-17 Thus expanding our understanding of the 

occurrence of a dysfunctional hypothalamic-pituitary-gonadal axis may raise awareness and 

the ability to identify, diagnose, and treat this disorder.

The gonadotropin releasing hormone (GnRH) stimulation test has been routinely used in 

clinical practice to determine the integrity of the hypothalamic-pituitary-gonadal axis. In the 

conventional approach, GnRH 100 μg is administered intravenously and blood is collected 

for gonadotropin levels at 30 and/or 60 minutes after provocative stimulus. The original 

work that determined the most appropriate dose of GnRH to administer for clinical purposes 

was performed about 40 years ago, and subsequently there has been little interest to re-visit 

the dose of GnRH in an attempt to further elucidate the function of the hypothalamic-

pituitary-gonadal axis in various clinical conditions that may be associated with central 

dysregulation.

Our group reported that the hypothalamic-pituitary-gonadal axis is generally intact when 

evaluated by standard challenge testing in persons with spinal cord injury (SCI); albeit, the 
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absolute gonadotropin response to GnRH 100 μg was higher in persons with SCI who were 

classified as “responders” (i.e., adequate response by conventional clinical criteria) to 

provocative pituitary stimulation compared to healthy able-bodied controls who were 

classified as “responders”.18 The testicular response to a conventional dose of human 

chorionic gonadotropin (hCG; 4000 IU) or with lower doses of hCG (400 and 1000) in those 

with SCI was generally appropriate, regardless of whether the participants had low or 

normal serum testosterone levels.18,19 Of note, whether an individual with SCI was 

hypogonadal or eugonadal was not predictive of whether the person would respond with an 

appropriate clinical response to the standard stimulation dose of hCG. The authors 

speculated that because peripheral stimulation to hCG was essentially normal in those with 

SCI that a more subtle central problem due to insufficient hypothalamic drive to 

gonadotropin release should be considered.

The incidence of men with SCI who have low levels of testosterone (T) is reported to be 

between 40 and 60%, based on varying populations studied and different threshold values 

for T concentration to define hypogonadism.3,8,11,20 The etiology of hypogonadism is most 

likely multi-factorial and includes general health 21, nutrition22, medication usage 

(especially psychotropic agents and opioids) 23-26, alcohol consumption 27,28, level,and 

completeness and duration of neurological lesion, possibly directly related to the degree of 

adiposity.29 Despite its etiology, T deficiency, as a relative or an absolute condition, may 

influence the tendency to lose lean tissue and gain fat mass, predispose to adverse 

carbohydrate 30-33 and lipid metabolism 30,31,34,35, and lower energy expenditure.6,36,37

Impotence and infertility are also common conditions among men with SCI.38-42 Of the 

many possible explanations for poor semen quality15, one possible etiology is dysfunction of 

the hypothalamic-pituitary-testicular axis.16,17,43 Early reports that employed provocative 

stimulation of the axis to assess testicular function have been inconclusive with regard to 

subsequent production of testosterone, luteinizing hormone (LH), and follicle stimulating 

hormone (FSH).41,44 Huang et al.45 found significantly elevated LH responses to GnRH in a 

subgroup of participants with SCI compared to controls; 53% (16 of 30) of participants with 

SCI had exaggerated LH responses and 20% (6 of 30) participants had elevated FSH 

responses. The apparent discrepancies among reports could, at least in part, be attributed to 

varying factors in subject selection, including health and nutrition parameters, medication 

effects, and level and duration of injury effects, or, simply to differences in methodology 

employed for provocative stimulation.

Provocative testing of the pituitary with GnRH is, by convention, performed at a standard 

dose. However, depending on the pathophysiology, it may be hypothesized that more subtle 

forms of hypothalamic-pituitary-gonadal axis dysfunction may be unmasked by the 

administration of GnRH doses that are lower than those conventionally employed and, 

thereby, permitting better differentiation between hypogonadal and eugonadal status or, 

possibly, SCI and able-bodied individuals. As such, this study was designed to evaluate the 

integrity of the hypothalamic-pituitary-gonadal axis in hypogonadal and eugonadal men with 

SCI and able-bodied controls of similar gonadal status by provocative stimulation of the 

pituitary with GnRH at three doses: the conventional dose level (100 μg) and two lower 

doses (10 μg and 50 μg).
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Methods

Study cohort

Participants were recruited from the James J. Peters VA Medical Center (JJPVAMC), Bronx, 

NY, and the Kessler Institute of Rehabilitation (KIR), West Orange, NJ. Otherwise healthy 

men between the ages of 18 and 65 with chronic SCI (duration of injury >1 year) who were 

assumed to have normal sexual and hypothalamic-pituitary-testicular function prior to injury 

or neurologically intact able-bodied men were considered for eligibility. Exclusion criteria 

included the following conditions: acute illness; active thyroid disease; medications for 

depression, mood changes or any nervous condition; centrally acting high blood pressure 

medications (i.e., guanethidine, reserpine, methyldopa, β-adrenergic blockers, clonidine, 

etc.); medications for gastrointestinal disorders; medication for heart disease; medications 

for seizures (i.e., phenytoin or barbiturates); epilepsy; congestive heart failure; anti-cancer 

medications; antibiotics; pain medications; hormones (other than replacement doses); history 

of pituitary or testicular surgery; or less than 18 or older than 65 years of age. Abstinence 

from alcohol containing beverages was required for 48 hours prior to performing the study 

procedures.

Procedures

This was a prospective, open-label, randomized, and parallel group investigation to 

differentiate between normal and abnormal pituitary function in persons with SCI. 

Stimulation tests were performed to test pituitary function with GnRH to assess the release 

of gonadotropins (LH, FSH). Three doses of GnRH (e.g., 10, 50, or 100 μg) were 

administered on separate days in a random order (Figure 1). For each stimulation test, a dose 

response curve was obtained from serial blood draws that were collected between 8 am and 

9 am for determination of plasma FSH and LH; serum concentrations of T were obtained for 

the determination of hypogonadal or eugonadal status.46-48 The GnRH stimulation test was 

performed on each subject in 3 visits on non-consecutive days over several weeks. For the 

GnRH stimulation test, an intravenous line was placed in an antecubital vein for serial blood 

draws in heparinized tubes at time 0, and 15, 30, 60, 120, and 180 minutes following 

stimulation. Blood samples were centrifuged, plasma separated from formed blood cell 

elements, and the plasma frozen at -20°C prior to hormone determination for serum T, 

plasma LH and FSH concentrations.

Laboratory Analysis

The serum T concentration was determined in duplicate by radioimmunoassay, in 

accordance with the manufacturer's guidelines (ICN Biomedicals, Inc., Costa Mesa, CA). 

The sensitivity for T assay was 0.08 ng/ml; the intra-assay coefficient of variation (CV) were 

9.6, 8.1, and 7.8% for T concentrations of 0.9, 7.0, and 20 ng/ml, respectively; the inter-

assay CV were 8.6, 9.1, and 8.4% for T concentrations of 0.7, 6.0, and 16 ng/ml, 

respectively; the 2 standard deviation normal range for adult males is 2.8-8.8 ng/ml. Plasma 

FSH and LH levels were determined in duplicate by immunoradiometric assay (Siemens 

Medical Solutions Diagnostics, Los Angeles, CA). The sensitivity for the FSH assay was 

0.06 mIU/ml; the intra-assay CV were 3.8, 2.4, and 3.8% for FSH concentrations of 1.6, 10, 

and 73 mIU/ml, respectively; the inter-assay CV were 5.7, 4.0, and 5.0% for FSH 
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concentrations of 4.6, 11, and 38 mIU/ml, respectively; the 95% range for adult males is 

1.1-13.5 mIU/ml. The sensitivity of the LH assay was 0.15 mIU/ml; the inter-assay CV were 

1.6, 1.2, and 1.0% for LH concentrations of 9, 16, and 22 mIU/ml, respectively; the inter-

assay CV were 7.1, 2.6, and 3.4% for LH concentrations of 2, 9, and 24 mIU/ml, 

respectively; the 95% range for adult males is 0.4-5.7 mIU/ml.

Statistical Analyses

To characterize sub-group responses, independent variables for neurological injury (SCI vs. 

AB) and gonadal status [hypogonadal (HG) vs. eugonadal (EG)] were concatenated to 

produce 4 categorical groups [Able-Bodied Eugonadal (AB-EG); Able-Bodied Hypogonadal 

(AB-HG); SCI-Eugonadal (SCI-EG); SCI-Hypogonadal (SCI-HG)]. Separate factorial 

analysis of variance (ANOVA) was performed to identify group differences for demographic 

(age, height, weight, BMI, DOI) and baseline laboratory values at each study visit (T, LH, 

FSH). Separate single factor (GnRH dose) ANOVA were performed within each group (AB-

EG, AB-HG, SCI-EG, SCI-HG) to determine if baseline (Time 0) concentrations of FSH or 

LH were different. Values are expressed as group mean ± SD.

For each GnRH dose (10, 50, or 100 μg), a separate single factor [concatenated group: AB-

EG; AB-HG; SCI-EG; SCI-HG] mixed-model ANOVA with repeated measures on time (0, 

15, 30, 60, 120, and 180 minutes) was performed to identify significant differences in the 

respective hormone concentrations. Significant time main effects were explored using 

pairwise comparisons within each model. To facilitate a more inclusive analysis of 

significant interaction effects within each GnRH dose, the area under the curve (AUC; 

integrated response) was calculated using GraphPad software (Prism 6.0, La Jolla, CA) for 

each group's FSH and LH response. AUC was calculated as the sum of the rise above the 

baseline value for each time point and group. The effects of increasing dose on the total 

stimulated responses were analyzed using a single factor [concatenated group: AB-EG; AB-

HG; SCI-EG; SCI-HG] ANOVA with repeated measures on dose (10, 50, or 100 μg). 

Bonferroni's post-hoc tests were performed to identify group differences to the respective 

doses.

To evaluate the efficacy of each stimulation dose to produce a standard gonadotropin 

response, the respective subject responses (e.g., time) to each stimulation dose for FSH and 

LH were characterized as a binary categorical variable (e.g., “responder” or “nonresponder”) 

based on whether a greater than 2-fold increase in plasma LH level and a greater than 50% 

increase in plasma FSH level from the baseline concentration were achieved.49 Chi-square 

analyses were performed to identify group differences for the percentage of responders at 

each time point and stimulation dose. Chi-square analyses were then performed to identify 

the percentage of participants who achieved a positive FSH and LH response to the 

respective doses at each time point (e.g., diagnostic agreement). With consideration for the 

standard clinical blood collection times (e.g., 30 and 60 minutes post-stimulation 

injection)49, chi-square analyses were performed to identify the percentage of responders at 

the 30 and 60-minute time points at the standard dose (100 μg) and middle dose (50 μg). An 

a priori level of significance was set at p≤0.05. Statistical analyses were completed using 

IBM SPSS Statistics 21 (IBM, Armonk, NY, USA).
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Statement of ethics

The research protocol was approved by the Institutional Review Boards of the James J. 

Peters Veterans Affairs Medical Center and the Kessler Foundation. Written informed 

consent was obtained from each subject prior to study participation. We certify that all 

applicable institutional and governmental regulations concerning the ethical use of human 

volunteers were followed during the course of this research.

Results

Demographic Information and Baseline Blood Values

Demographic data for participants and baseline gonadotropin values in the AB-EG, AB-HG, 

SCI-EG, and SCI-HG groups are provided (Table 1). The groups were well matched for 

demographic characteristics and there were no differences in distribution in the SCI sub-

groups for the proportion of individuals with paraplegia or tetraplegia. Statistical differences 

for baseline serum T values (p<0.0001) for gonadal status (HG vs. EG) in the SCI and AB 

groups were by study design. The mean plasma FSH and LH concentrations for the baseline 

visits are provided prior to the administration of GnRH. With exception of the baseline visit 

for the plasma FSH concentrations prior to the administration of GnRH 100 μg, the other 

FSH and LH values were not significantly different between the EG and HG groups. Within 

each group, the respective plasma FSH or LH concentrations for each study visit were not 

statistically different at the baseline blood collection. The mean plasma FSH (normal range: 

0.9-15.0 mIU/ml) and LH (normal range: 1.3-13.0) concentrations for all groups were within 

the normal ranges for adult males.

GnRH Provocative Stimulation

Provocative testing with GnRH was performed at 3 concentrations (i.e., 10, 50 and 100 μg). 

Significant group main effects were not observed for plasma FSH or LH responses at any 

dose. However, significant time main effects were observed for plasma FSH or LH responses 

at each dose (Figure 2), indicating that the respective stimulations produced a change in the 

corresponding hormone concentration. Post-hoc analyses revealed that FSH and LH 

concentrations at each time point after administration of the GnRH doses were significantly 

greater (p<0.05) than their respective baseline concentration (Time 0). After administration 

of GnRH 50 and 100 μg for FSH, the 30, 60 and 120-minute post-injection time point 

concentrations were also significantly greater than the 15-minute time point (p<0.01, Figure 

2). After administration of GnRH 50 and 100 μg, the 30-minute post-GnRH time point for 

LH was the only one that was significantly greater than the 15-minute time point (p<0.01, 

Figure 2). A significant group × time interaction effect was observed after administration of 

GnRH 50 μg for FSH and was observed after administration of GnRH 50 and 100 μg for LH.

Analyses for Area under the Curve Responses to Graded GnRH Stimulation

Within each dose, the omnibus model to test for group differences was significant for FSH at 

the 10 and 50 μg (p<0.05, respectively) and 100 μg (p<0.001) doses (Figure 3); post-hoc 

analyses failed to reveal the presence of any subgroup differences. However, at 100 μg, the 

integrated FSH response in the SCI-HG group was significantly greater than the response in 
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the AB-HG group (*p<0.01) and trending toward a significance difference compared to the 

AB-EG group († p=0.07) (Figure 3). Within each group, no statistical differences 

demonstrated an increasing dose effect on the FSH responses to stimulation. For LH, the 

within dose group comparisons were not statistically significant after administration of 

GnRH 10 or 100 μg, but did achieve significance after administration of GnRH 50 μg 

(p<0.01); post-hoc analyses revealed that the integrated LH response in the SCI-EG group 

was significantly greater than the response in the AB-HG group (*p<0.01) and trending 

toward a significance difference compared to the AB-EG group († p=0.07) (Figure 3). 

Within each group, a statistically significant dose effect on the integrated LH responses were 

observed for the AB-EG and SCI-EG (p<0.05) groups, but not for the SCI-HG and AB-HG, 

groups that approached significance. The SCI-EG and AB-EG had significantly greater 

integrated LH responses after administration of GnRH 50 and 100 μg, respectively compared 

to GnRH 10 μg (‡ p<0.05).

Clinically Significant Responses to GnRH Dose Stimulation

Within each GnRH dose (10, 50 and 100 μg) and time point (15, 30, 60, 120 and 180 

minutes), chi-square analyses were performed to determine if the groups (e.g., AB-EG, AB-

HG, SCI-EG, SCI-HG) differed in the proportion of individuals who achieved a clinically 

acceptable FSH or LH response (Table 2). For all doses and time points, there were no 

significant differences in the proportion of responders among groups. When categorizing 

individuals by whether or not they achieved acceptable clinical responses for both FSH and 

LH at the respective time points within each dose, the groups did not differ on the proportion 

of diagnostic agreement for gonadotropins. In comparing the effect of increasing GnRH 

dose at specific time points (e.g., 30 and 60 minutes) within each group, chi-square analyses 

revealed that diagnostic agreement for an acceptable clinical response at the 30 or 60 minute 

time points after administration of GnRH 50 μg vs 100 μg were not significantly different 

for proportion of clinically acceptable responses for both gonadotropins among the groups, 

except for the AB-HG group that had a greater diagnostic agreement after administration of 

GnRH 50 μg compared to GnRH 100 μg. There did not appear to be any indication that age, 

body mass, level of injury, or duration of SCI contributed to these findings.

Discussion

The question could be raised as to whether individuals with SCI have a more subtle 

abnormality in central regulation that may be unmasked by a nuanced approach to 

provocative testing of the hypothalamic-pituitary axis with GnRH. Provocative stimulation 

of the hypothalamic-pituitary axis with conventional and lower doses of GnRH revealed 

novel and potentially clinically significant findings in persons with SCI. This work adds 

further evidence to support the concept that there is central dysfunction in the regulation of 

the hypothalamic-pituitary axis in persons with SCI because of the heightened pituitary 

sensitivity to GnRH, regardless of gonadal status. Compared to the AB controls, a greater 

integrated FSH response in the SCI-HG group after stimulation with GnRH 100 μg and 

greater integrated LH response in the SCI-EG group after stimulation with GnRH 50 μg 

suggests that hypothalamic GnRH may be globally depressed in persons with SCI. The 

current study also revealed that a similar percentage of respondents achieved the clinically 
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acceptable responses of circulating FSH or LH after GnRH stimulation at the standard post-

injection collection time points (e.g., 30 and 60 minutes), regardless of gonadal status. 

Similarly, the agreement in identifying individuals with acceptable dual gonadotropin 

responses—that is, FSH or LH responses achieved to the same dose of GnRH that met 

clinical criteria of “normal”—was inconsistent, and without regard to GnRH dose or time of 

blood collection; however, the highest agreement in obtaining an acceptable gonadotropin 

response to stimulation was observed after the administration of GnRH 50 μg.

In a prior study, about 75% of the participants in the SCI group, and a similar percent in the 

AB group, had a clinically acceptable gonadotropin response to standard provocative GnRH 

pituitary stimulation (“responders”).18 Of note, the SCI responder group had a significantly 

increased FSH release at several time points compared to the AB responder group; the 

average and integrated LH release in the SCI responder group approached significance 

compared with that of the AB-responder group.18 Because serum T responses to standard 

hCG stimulation testing was not significantly different for able-bodied or SCI men, 

regardless of gonadal status, it was suggested that the preponderance of hypogonadism 

identified in men with SCI is probably associated with hypothalamic-pituitary dysfunction, 

and not end-organ failure.19

While not significant, possibly in part due to the relatively small group sizes, the stimulated 

absolute FSH mean responses in those with SCI, regardless of gonadal status, were 

consistently higher than those of the AB groups (Figure 2), especially after administration 

GnRH 100 μg (Figure 3, top). Although not as striking, the stimulated absolute mean LH 

responses in those with SCI, regardless of gonadal status, were consistently higher than 

those of the able-bodied groups (Figure 1), especially after administration of GnRH 50 μg 

(Figure 3, bottom). One must be cautious not to overstate the importance of this observation 

in the absence of a statistical difference, but it is tempting to recognize this finding because 

it was consistent throughout the entire range of GnRH doses administered and regardless of 

gonadal status in the SCI groups. If one were to speculate, this absolutely higher 

gonadotropin response to exogenous GnRH may suggest a central GnRH deficiency.

The possible etiologies for the observed dysfunction of hypothalamic-pituitary-gonadal axis 

may include, but are not limited to, the following considerations. The feedback loop between 

the periphery (e.g., testis) and central organs (e.g., hypothalamus and/or pituitary) may be 

disrupted due to interruption of spinal circuits and/or altered hormonal feedback 

mechanisms, resulting in perturbed regulation of the axis. Inhibin B, a gonadal peptide, acts 

to suppress FSH release.50-52 By severing the nervous innervation to the testes, it may be 

postulated that normal diurnal patterns for the release and circulation of testosterone and/or 

inhibin may be perturbed, resulting in altered gonadotropin release.53,54 Another possibility 

is that prescribed or illicit medications, such as psychotropic agents that elevate prolactin 

levels and/or opioids that suppress LH releasing factor, may impair central function.
23-26,28,55-57

Schally et al. isolated a porcine pituitary peptide that, if injected into animals or humans, 

caused a rise in serum LH and FSH concentrations.58 After this discovery, the majority of 

the studies that lead to the acceptance of the conventional dose of GnRH for the provocative 
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stimulation of the hypothalamic-pituitary axis were performed in the 1970s when GnRH [or, 

as then referred to, luteinizing releasing hormone (LRH)] initially became available to 

investigators. The original work established the preferred route of delivery (intravenous vs. 

intravascular vs. subcutaneous bolus administration) 59-61 and dose of GnRH for the 

optimum response for routine clinical testing.62-65 Wollesen et al. administered a wide 

dosage range of GnRH (0-3,000 μg) to 16 healthy men to determine the pituitary 

gonadotropin release to dose and time after administration;62 the smallest dose of GnRH that 

resulted in a significant response from normal saline administration was 1.58 ug for LH and 

20 μg for FSH, with the maximum response determined to be greater than 3,000 μg; the 

authors recommended a 100 μg dose of GnRH with sample collection at 30 and 45 minutes 

after administration, which would capture both the peak LH and FSH responses, and put 

forth 95% confidence intervals in normal men for the gonadotropin responses: 400-800% of 

the mean baseline value for serum LH and 100-200% for serum FSH. de Kretser and 

colleagues compared the 25 to 100 μg dose of GnRH and recommended the 100 μg dose 

because of the rise in FSH was minimal or absent at the lower doses.63 Testing a GnRH dose 

range of 1.56 to 450 μg, Newton et al. observed that GnRH 100 μg dose produced a maximal 

response in the majority of healthy individuals.64 These investigators also administered 

GnRH to 96 female patients with secondary amenorrhea, 5 patients with primary 

amenorrhea, and 8 patients with pituitary disorders and concluded that the magnitude and 

duration of the pituitary response was not of additional diagnostic value.64 In an effort to 

identify the “appropriate dose” of GnRH, Schonau-Jorgensen et al. intramuscularly 

administered GnRH 50, 100, and 200 μg and determined serum gonadotropin concentrations 

sequentially, and found that the 200 μg dose delivered intramuscularly was equivalent to the 

100 μg dose delivered intravenously.65

Patients in the general population with idiopathic oligozoospermia have been reported to 

have basal levels of LH that are within the normal range. Of note, in the work presented the 

basal LH levels were in the normal range in participants with SCI. Thus, because it is well 

appreciated that a proportion of persons with SCI have been reported to have reduced sperm 

counts due to several possible etiologies,15,43 a combined peripheral and central abnormality 

cannot be excluded at least in a subgroup of those with SCI.

The unique approach of our incremental GnRH stimulation protocol has provided 

provocative observations on the sensitivity of the pituitary and the time-course of 

gonadotropin responses. The apparent heightened absolute release of FSH to standard GnRH 

stimulation in men with SCI who were HG, as well as heightened release of LH in EG men 

with SCI, was also observed. These observations suggest central dysregulation of the 

hypothalamic-pituitary axis in men with SCI despite basal and conventionally stimulated 

plasma gonadotropins levels within the normal range, and regardless of serum testosterone 

levels.8,16,41

Limitations

The major limitation of this work is the relatively small number of participants in each of the 

four sample groups. It is tempting to hypothesize that a study with more participants in each 

of our four subgroups may have yielded additional findings that would have reached 
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significance. Our study group comprised of community dwelling individuals who may have 

had chronic medical conditions requiring outpatient management. The nutritional status, 

alcohol consumption and/or opioid usage were not specifically evaluated, although pain 

medications were an exclusion criterion for study participation. The likelihood for clinically 

significant malnutrition was low, but in subsets of our participants excessive chronic alcohol 

consumption or opioid use may have contributed to the presence of the central dysregulation 

of hypothalamic-pituitary function. However, every effort was made to exclude individuals 

with known medical conditions that could confound the results of this study.

Conclusion

Our findings demonstrate that graded stimulation of the hypothalamic-pituitary axis with 

three doses of GnRH (10, 50 and 100μg) was shown to have a modest dose-response effect. 

Individuals with SCI who had HG and EG status had a similar percentage of clinically 

acceptable gonadotropin responses to the administration of GnRH 50 and 100μg. The 

standard dose of GnRH (100 μg) stimulated the greatest FSH response in the SCI-HG group, 

which may be an important clinical feature if the individual is being evaluated for infertility, 

while GnRH 50 or 100 μg were equally potent to stimulated LH release in the SCI-HG 

group. The higher integrated FSH response to GnRH 100 μg in the SCI-HG group and the 

higher integrated LH response in the SCI-EG group to GnRH 50 μg, in association with 

increased gonadotropin release at all GnRH doses in SCI compared to AB groups, albeit this 

latter observation was not significant, is further evidence to support the presence of a 

hypothalamic-pituitary dysfunction in the persons with SCI. Even a subtle dysfunction of the 

hypothalamic-pituitary-gonadal axis may be associated with reduced circulating levels of 

testosterone and predisposition to adverse body composition and accompanying metabolic 

changes, as well as potential undesirable effects on the psyche and deleterious effects on 

spermatogenesis. Thus, screening of the serum testosterone concentration should be 

performed on a regular and routine basis in persons with SCI with the consideration of 

initiating hormone replacement therapy in those with low values and no contraindications to 

this intervention.
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Figure 1. 
Schematic representation of the timeline for the administration of gonadotropin releasing 

hormone (GnRH) and blood collection. On three separate visits, a dose of GnRH was 

administered (e.g., 10 μg, 50 μg, 100 μg) in random order.
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Figure 2. 
Gonadotropin responses to GnRH stimulation at 3 doses by group.

Results from the omnibus repeated measures analysis of variance for each GnRH dose and 

gonadotropin (e.g., FSH, LH) are provided as group, time or interaction effects in the top-

right portion of the corresponding plot. Time main effects were explored using Bonferroni's 

post-hoc tests and significant increases from Time 0 or Time 15 to a later time point in all 

groups. FSH and LH concentrations at each time point after administration of the GnRH 

doses were significantly greater (p<0.05) than their respective baseline concentration (Time 

0). After administration of GnRH 50 and 100 μg for FSH, the 30, 60 and 120-minute post-

injection time point concentrations were also significantly greater than the 15- minute time 

point (p<0.01, Figure 2). After administration of GnRH 50 and 100 μg doses, the 30-minute 

post-GnRH time point for LH was the only one that was significantly greater than the 15-

minute time point (p<0.01, Figure 2). NS= not significant; AB-EG= able-bodied eugonadal; 

AB-HG: able-bodied hypogonadal; SCI-EG: spinal cord injury eugonadal; SCI-HG: spinal 

cord injury hypogonadal. Note that the response of the gonadotropins to stimulation was 

observably higher in the SCI groups compared to the AB groups, regardless of the dose of 

GnRH administered. Standard deviation bars are redacted from the figure to enhance 

visualization, and are provided below:

GnRH Dose 10 μg 50 μg 100 μg

Time (Minutes) 0 15 30 60 120 180 0 15 30 60 120 180 0 15 30 60 120 180

FSH
(mIU/ml)

AB-EG 1 1 1 1 1 1 2 3 3 3 3 3 3 2 4 4 3 3

AB-HG 2 3 3 3 2 2 2 3 3 3 3 3 2 3 3 3 3 3
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SCI-EG 3 5 5 5 5 5 4 8 11 10 8 7 3 7 7 9 6 5

SCI-HG 3 4 5 5 4 4 4 4 4 5 6 5 4 5 6 6 7 7

LH
(mIU/ml)

AB-EG 1 7 6 4 2 2 1 11 12 8 5 3 3 14 22 17 13 10

AB-HG 2 8 8 8 4 2 3 9 10 9 6 5 2 12 12 11 8 5

SCI-EG 2 12 9 8 5 4 3 19 20 18 11 10 2 21 20 17 10 8

SCI-HG 3 8 7 5 5 5 5 11 15 17 9 10 9 17 20 20 21 20
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Figure 3. 
FSH and LH area under the curve responses by dose of GnRH (e.g., 10 μg, 50 μg, 100 μg). 

Results are provided from the omnibus model to determine the presence of significant group 

differences within each GnRH dose for FSH (top panel) and LH (bottom panel). The dose of 

GnRH administered is provided beneath each set of bars. Post-hoc tests that revealed the 

presence of significant group differences within each dose and hormone (e.g., FSH or LH) 

are provided with brackets and the corresponding level of significance (*p<0.01, † p=0.07). 

Results from the omnibus model to determine the presence of significant AUC responses to 
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GnRH dose within group are labeled beneath the FSH (top panel) and LH (bottom panel) 

graphical presentations. Post-hoc tests revealing the presence of significant increases in 

AUC responses for LH are provided on the corresponding bar against which the change 

occurred compared to the 10 μg dose (‡ p<0.05). NS= not significant; AB-EG= able-bodied 

eugonadal; AB-HG: able-bodied hypogonadal; SCI-EG: spinal cord injury eugonadal; SCI-

HG: spinal cord injury hypogonadal.
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Table 2
Percentage of individuals within each group achieving the clinically significant response 
for FSH or LH during GnRH stimulation at increasing dose concentrations

GnRH 100 μg
Time Point (minutes)

n 15 30 60 120 180

Critical Response Achieved

FSH 50% ↑ from BL

Control- Eugonadal 11 45% 82% 64% 55% 55%

Control- Hypogonadal 27 59% 63% 74% 67% 59%

SCI- Eugonadal 16 69% 69% 75% 75% 56%

SCI- Hypogonadal 14 71% 86% 79% 79% 71%

LH 2-fold ↑ from BL

Control- Eugonadal 11 82% 100% 91% 73% 18%

Control- Hypogonadal 27 81% 85% 81% 70% 48%

SCI- Eugonadal 16 75% 75% 75% 56% 56%

SCI- Hypogonadal 14 86% 79% 79% 64% 50%

Diagnostic Agreement

Control- Eugonadal 27% 82% 55% 55% 18%

Control- Hypogonadal 59% 63% 67% 63% 44%

SCI- Eugonadal 63% 56% 69% 50% 44%

SCI- Hypogonadal 64% 71% 64% 50% 43%

GnRH 50 μg
Time Point (minutes)

n 15 30 60 120 180

Critical Response Achieved

FSH 50% ↑ from BL

Control- Eugonadal 11 64% 100% 82% 82% 55%

Control- Hypogonadal 27 59% 78% 78% 63% 67%

SCI- Eugonadal 16 81% 94% 100% 100% 81%

SCI- Hypogonadal 14 71% 86% 79% 86% 79%

LH 2-fold ↑ from BL

Control- Eugonadal 11 91% 91% 91% 64% 64%

Control- Hypogonadal 27 89% 89% 85% 63% 59%

SCI- Eugonadal 16 94% 100% 94% 75% 63%

SCI- Hypogonadal 14 86% 93% 93% 79% 64%

Diagnostic Agreement

Control- Eugonadal 55% 73% 82% 64% 45%

Control- Hypogonadal 52% 70% 67% 44% 37%

SCI- Eugonadal 75% 94% 94% 75% 63%

SCI- Hypogonadal 64% 79% 71% 71% 50%

GnRH 10 μg
Time Point (minutes)

n 15 30 60 120 180

Critical Response Achieved

FSH 50% ↑ from BL

Control- Eugonadal 11 64% 91% 73% 36% 27%

Control- Hypogonadal 27 56% 44% 56% 52% 52%

SCI- Eugonadal 16 63% 63% 56% 63% 50%

SCI- Hypogonadal 14 64% 79% 71% 57% 64%

LH 2-fold ↑ from BL
Control- Eugonadal 11 82% 82% 73% 55% 45%

Control- Hypogonadal 27 78% 89% 52% 37% 26%
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GnRH 10 μg
Time Point (minutes)

n 15 30 60 120 180

SCI- Eugonadal 16 75% 63% 56% 56% 44%

SCI- Hypogonadal 14 79% 71% 71% 50% 43%

Diagnostic Agreement

Control- Eugonadal 55% 73% 64% 27% 18%

Control- Hypogonadal 44% 41% 30% 30% 22%

SCI- Eugonadal 56% 56% 50% 56% 31%

SCI- Hypogonadal 50% 57% 50% 36% 36%

Data are presented as percentage of responders by group. GnRH=gonadotropin releasing hormone; FSH=follicle stimulating hormone; 
LH=luteinizing hormone; BL=baseline; μg=micrograms.
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