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Purpose:Purpose: Pulsatile gonadotropin-releasing hormone (GnRH) therapy and gonadotropin therapy (GT) were widely used for 
male patients with congenital hypogonadotropic hypogonadism (CHH), but their efficacy was not well compared before. We 
conducted this meta-analysis to compare the efficacy of restoring fertility using these two therapies.
Materials and Methods:Materials and Methods: PubMed, Web of Science, and Scopus were systematically searched for comparative studies evaluat-
ing the efficiency of GnRH therapy and GT for male patients with CHH. For continuous outcomes, the weighted mean dif-
ference (WMD) was used to measure the difference, whereas the risk ratio with 95% confidence interval was calculated for 
binary variables.
Results:Results: Overall, eight articles from seven studies with 420 patients enrolled were included in the analysis. Patients from the 
two different groups were determined to be comparable in age, proportion with Kallmann syndrome, percentage of cryptor-
chidism and pretreatment hormones (follicular-stimulating hormone, luteinizing hormone, and testosterone). GnRH therapy 
was related to a larger testicular volume (standardized mean difference=-1.43; p=0.01) and earlier spermatogenesis (WMD=-
5.30 months; p=0.004) compared to GT. However, the difference in the rate of positive sperm detection (p=0.08), sperm 
concentration (p=0.37), and pregnancy rate (p=0.11) were not significant. Allergic reactions mostly occurred during GnRH 
therapy, while GT was related to a higher incidence of gynecomastia and acne.
Conclusions:Conclusions: Compared to GT, GnRH was related to earlier spermatogenesis and less estradiol-related adverse reactions, al-
though there were no significant differences in spermatogenesis rate, sperm concentration, and pregnancy rate. High-quality 
randomized controlled trials are needed for future research.

Keywords:Keywords: Chorionic gonadotropin; Gonadotropin-releasing hormone; Idiopathic hypogonadotropic hypogonadism; Kall-
mann syndrome; Spermatogenesis
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INTRODUCTION

Congenital hypogonadotropic hypogonadism (CHH) 
is a rare disorder caused by gonadotropin-releasing 
hormone (GnRH) deficiency or resistance [1]. Based on 
olfactory dysfunction, patients can be categorized into 
two subtypes, Kallmann syndrome (KalS), which is an-
osmic, and idiopathic hypogonadotropic hypogonadism 
(IHH), which maintains normal olfactory function [2]. 
Because of the GnRH secretion deficiency or resistance, 
children with CHH display absent or arrested puberty, 
and their development of sex characteristics and fertil-
ity are severely impeded.

Injections of testosterone can improve the devel-
opment of sex organs and secondary sexual charac-
teristics, but it can also inhibit spermatogenesis [3]. 
To restore fertility, gonadotropin therapy (GT) was 
developed, and the treatment of human chorionic go-
nadotropin (HCG) alone or in combination with human 
menopausal gonadotropin (HMG) was confirmed to be 
effective in the induction of spermatogenesis in CHH 
patients [4-6]. However, the HCG/HMG therapy was 
conducted by intramuscular or subcutaneous injection 
2–3 times weekly and the long duration of therapy 
and inconvenience of frequent injections result in poor 
compliance.

In 1978, the mechanism of  pulsatile secretion of 
GnRH was clarified by Belchetz et al [7]. In 1982, pul-
satile GnRH was first applied to six IHH patients and 
successfully induced spermatogenesis in three patients 
[8]. Through a subcutaneously placed butterfly needle, 
GnRH was administrated in 90- or 120-minute intervals 
using a portable pump, and the pulsatile administra-
tion of medication more closely mimics the physiologi-
cal conditions. Both pulsatile GnRH therapy and GT 
were recommended for the induction of male fertility 
[9]. However, although pulsatile GnRH therapy is closer 
to physiological conditions theoretically, whether it is 
superior to GT remains unclear. Several studies sug-
gested that GnRH therapy enlarged testicular volume 
more efficiently [10-12], and the rate of spermatogenesis 
was significantly higher than GT [13]. Importantly, 
GnRH therapy was related to earlier spermatogenesis 
than GT [12-14]. However, several studies indicated that 
there was no difference between the two therapies 
[15,16]. In addition, several studies reported related side 
effects with highly inconsistent results [10,12,14,16].

Due to the controversial results regarding the ef-

ficacy of GnRH and GT, we performed this systematic 
review and meta-analysis to directly compare the effi-
cacy and safety of these two therapy modalities.

MATERIALS AND METHODS

No previous protocol was published for this system-
atic review and meta-analysis.

1. Literature search
A comprehensive literature search was conducted 

for studies published from the inception of databases 
to February 10, 2020, in PubMed, Web of Science, and 
Scopus to identify studies comparing GnRH therapy to 
GT in CHH treatment.

Separate searches were carried out using diagnosis 
(hypothalamic hypogonadism, hypogonadotropic hypo-
gonadism, CHH, IHH, Kallmann’s syndrome) and inter-
vention terms (GnRH, follicular-stimulating hormone 
[FSH], HCG, HMG). The detailed search string was 
listed in Supplement Table 1.

Titles and abstracts of articles identified by the key-
word search were screened against the study selection 
criteria. Potentially relevant articles were evaluated 
of the full text. An additional manual search of refer-
ences from identified studies was performed. Two in-
dependent reviewers screened all studies according to 
inclusion and exclusion criteria, and all disagreements 
were resolved by discussion with a third author.

2. Study selection criteria
Studies that met the following criteria were included 

in this meta-analysis:
1) �The diagnosis of CHH was based on reliable evi-

dence including history, hormone tests, and imag-
ing tests.

2) �The efficacy or safety of GnRH and GT in male 
patients was compared.

3) �The therapy protocol was documented with de-
tailed regimens.

4) �The articles were written in English or Chinese 
with English abstracts.

5) �The required data should be complete with confi-
dence intervals (CIs), standard deviation (SD), or 
standard error.

Studies that met the following criteria were exclud-
ed:

1) �The study was a review with no original data.
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2) �The study was a case report that reported the 
efficacy of GnRH therapy or GT with a limited 
sample size (less than 5).

3. Data extraction and quality assessment
Two reviewers independently extracted data from 

every study and evaluated methodological quality. 
The following information was extracted from each 
study: number of cases; proportion of KalS; proportion 
of cryptorchidism; age at initial treatment; duration of 
therapy and follow-up; pretreatment and posttreatment 
FSH, luteinizing hormone (LH), estradiol, testosterone, 
testicular volume; rate of spermatogenesis at the end of 
study; time to the first sperm detection; sperm concen-
tration; rate of pregnancy; and events of side effects.

The quality of each study was determined using the 
ROBINS-1 tool, a tool recommended by Cochrane for 
assessing risk of bias in non-randomised studies of in-
terventions [17]. The graph for risk of bias was gener-
ated with robvis tool [18].

4. Data analysis
A formal meta-analysis of studies comparing the 

efficacy (testosterone, testicular volume, rate of sper-
matogenesis, time to first sperm detection, sperm count, 
and rate of pregnancy) of GnRH therapy to GT for 
CHH was conducted (primary outcomes). Successful 
spermatogenesis was defined as the appearance of at 
least one sperm cell in the semen. Additionally, the side 

effects of the two treatments were compared (secondary 
outcomes). Besides, a subgroup analysis of the rate of 
spermatogenesis according to the presence of cryptor-
chidism was performed.

For outcomes of continuous variables, the weighted 
mean difference (WMD) was used to measure the dif-
ference, whereas the risk ratio (RR) with 95% CI was 
calculated for binary variables. Standardized mean dif-
ference (SMD) was used if the results were measured 
using different scales or the reported outcomes varied 
greatly. For studies reporting medians and ranges, a 
validated mathematical model was used to convert the 
median (range) to mean±SD [19].

When two publications reported the same study, rel-
evant parameters were only counted once for the scope 
of the present analysis. For example, this approach was 
employed for the study published by Schopohl et al [12] 
and  Schopohl [20]. When two studies reported by the 
same group contained overlapping patients, we only 
used the relevant data of the higher-quality study.

A fixed-effects model was used to calculate the 
pooled estimates if no significant heterogeneity was 
identified (I2<50%). Otherwise, a random-effects model 
was used. Additionally, a sensitivity analysis was also 
performed by changing effect model. Due to the limited 
number of included studies, the publication bias was 
evaluated by using Egger linear regression. All statisti-
cal analyses were performed by using Review Manager 
5.3 (Cochrane Collaboration, Oxford, UK), except for 

Records excluded after
review of titles and abstracts

(n=1,902)

Full-text articles excluded, with
reasons (n=28):

Review, case report (n=13)
Not HH (n=6)
No comparison (n=9)

Additional records identified
through reference list

(n=1)

Records after duplicates removed
(n=1,937)

Records screened
(n=35)

Full-text articles assessed
for eligibility

(n=7)

Studies included in meta-analysis

(n=8)
a

Records identified through
database searching

(n=2,490)

Fig. 1. PRISMA flow chart of the screen-
ing of eligible studies. aOf the eight ar-
ticles included, two articles reported the 
outcomes of the same study [12,20].
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the calculation of Egger’s linear regression test, which 
was conducted in STATA ver. 12.0 (Stata Corp., College 
Station, TX, USA).

RESULTS

1. Characteristics of the included studies
Overall, eight articles with 420 patients were includ-

ed in the meta-analysis after screening (Fig. 1) [10-16,20]. 
Among these patients, 204 patients and 216 patients 
were diagnosed with KalS and IHH respectively. Of 
these studies, two articles reported the outcomes of the 
same research, and the relevant outcomes were used 

only once in our analysis [12,20]. Huang et al [13] and 
Mao et al [14] conducted two studies with overlapping 
data, as well as Büchter et al [15] and Kliesch et al [16]. 
When two studies were included in a single analysis, 
we used the data of Huang et al [13] and Kliesch et al 
[16] because of their higher quality.

The characteristics of the included studies are pre-
sented in Table 1. Most of these studies were conducted 
in Germany and China, and one was conducted in the 
USA in 1988. Four of the seven included studies were 
retrospective, and others were prospective. The com-
bination of HCG and HMG for GT was used in most 
studies except for the study conducted by Gong et al 

Domains:

D1: bias due to confounding

D2: bias due to selection of participants

D3: bias in classification of interventions

D4: bias due to deviations from intended interventions

D5: bias due to missing data

D6: bias in measurement of outcomes

D7: bias in selection of the reported result

Serious
Moderate
Low
No information

Judgement
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y
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Gong et al (2015) [10]

Huang et al (2015) [13]

Kliesch et al (1994) [16]

Liu et al (1988) [11]

Mao et al (2017) [14]

Schopohl et al (1991) [12]

Risk of bias domains

..

Fig. 2. The risk of bias graph of included 
studies based on the ROBINS-1 method.

Fig. 3. Forest plots of posttreatment physiological parameters of patients after gonadotropin-releasing hormone (GnRH) or gonadotropin therapy 
(GT). (A) Forest plot of posttreatment testosterone of patients after GnRH or GT. The posttreatment testosterone level of the GnRH group was 
significantly lower than that of the GT group. (B) Forest plot of posttreatment testicular volume of patients after GnRH or GT. GnRH therapy was 
related to larger posttreatment testicular volume. HCG: human chorionic gonadotropin, HMG: human menopausal gonadotropin, SD: standard 
deviation, CI: confidence interval, df: degree of freedom.
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[10], in which the patients were adolescent boys treated 
with HCG alone. Notably, most included studies were 
conducted based on limited sample size (the number of 
the GnRH cases was less than 10 in three studies).

Most studies were of low and moderate bias (Fig. 2 
and Supplement Table 2). The imbalanced sample sizes, 
follow-up durations, and baseline characteristics includ-
ing initial testicular volume and age of the two arms 
might be the reasons for the relatively lower quality. 
In particularly, Büchter et al [15] and Gong et al [10] 
did not report their follow-up length, but the follow-
up strategies were described, as every 3 to 6 months in 
Büchter et al’s study [15] and every 3 months in Gong 

et al’s study [10] until the treatment finished.
Two arms of the comparison were not significantly 

different in age (p=0.19), the proportion of  KalS 
(p=0.53), and the percentage of cryptorchidism (p=0.78). 
Pretreatment hormones, including FSH (p=0.26), LH 
(p=0.11), and testosterone (p=0.65), were also similar 
in the GnRH group and GT group. Notably, the pre-
treatment testicular volume in the GnRH group was 
larger than that in the GT group (WMD=0.32 mL, 95% 
CI=0.08–0.57; p=0.01).

Fig. 4. Forest plots of spermatogenesis of patients after gonadotropin-releasing hormone (GnRH) compared to gonadotropin therapy (GT). (A) 
Forest plot of rate of spermatogenesis of patients after GnRH compared to GT. The spermatogenesis rates of the two groups were not significantly 
different. (B) Forest plot of time to first sperm detection of patients after GnRH compared to GT. GnRH therapy was related to earlier spermato-
genesis. (C) Forest plot of sperm count of patients after GnRH compared to GT. No significant difference was detected. HCG: human chorionic 
gonadotropin, HMG: human menopausal gonadotropin, M–H: Mantel–Haenszel, CI: confidence interval, df: degree of freedom, SD: standard de-
viation.
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2. �Efficacy of gonadotropin-releasing 
hormone and gonadotropin therapy

Although the plasma testosterone in the GT group 
was significantly higher than plasma testosterone in 
the GnRH group (WMD=7.75 nmol/L, 95% CI=4.29–
11.21; p<0.0001), the testicular volumes increased con-
siderably more in the GnRH group (SMD=-1.43, 95% 
CI=-2.55–-0.32; p=0.01; Fig. 3). There was no significant 
difference in the rate of  positive spermatogenesis 
(RR=0.75, 95% CI=0.55–1.03; p=0.08), but GnRH treat-
ment was related to earlier spermatogenesis (WMD=-
5.30 months, 95% CI=-8.93–-1.67; p=0.004; Fig. 4). The 
sperm count (WMD=-1.45×106/mL, 95% CI=-4.65–1.74; 
p=0.37) and rate of pregnancy (RR=0.60, 95% CI=0.31–
1.13; p=0.11) were not significantly different between 
the two groups (Fig. 4, 5).

The subgroup analysis according to the presence of 
cryptorchidism showed that the rate of spermatogene-
sis remained similar for these two therapies in patients 
with or without cryptorchidism (Supplement Fig. 1, 
2). Additionally, the presence of cryptorchidism was a 
predictor of the spermatogenesis rate of CHH patients 
(Supplement Fig. 3).

Considering that in Gong et al’s study [10], only HCG 
was used for the GT group, a formal meta-analysis was 
also performed after excluding Gong at al’s study [10]. 
The final outcome was consistent with the previous 
outcome and suggested that GnRH therapy was re-
lated to larger testicle volume.

3. �Side effects of gonadotropin-releasing 
hormone and gonadotropin therapy

Adverse reactions reported during the therapy were 
allergy, breast development, and acne. The incidence 
of overall adverse reactions was comparable in the two 
groups (RR=1.55, 95% CI=0.56–4.35; p=0.40). However, 

the allergy occurred mostly during GnRH therapy 
(RR=37.93, 95% CI=7.03–204.74; p<0.0001), and the GT 
was related to gynecomastia and acne (RR=0.27, 95% 
CI=0.09–0.83; p=0.02; Fig. 6).

4. Publication bias and sensitivity analysis
All the egger’s tests showed no significant publica-

tion bias. 
Sensitivity analyses were conducted by changing ef-

fect model and the effect model changing did not alter 
any outcomes of this analysis.

DISCUSSION

To the best of our knowledge, this review is the first 
meta-analysis to compare GnRH therapy to GT in male 
CHH patients. In this analysis, we evaluated posttreat-
ment physiological conditions, fertility, and adverse 
reactions. In conclusion, GnRH is related to larger tes-
ticular volume and earlier spermatogenesis, though the 
rates of spermatogenesis and pregnancy are similar in 
both groups.

1. Interpretation of outcomes
LH and FSH play an important role in the develop-

ment of sperm and the levels of them could be nor-
malized in the majority of CHH after pulsatile GnRH 
therapy [21]. Several hormone outcomes after pulsatile 
GnRH were reported in our included studies and all 
these results showed a greatly increased level of LH 
and FSH [10,13,14,16]. Compared to GT, GnRH therapy 
was more efficient in the normalization of LH and 
FSH levels [10,11]. However, due to the lack of relevant 
data, we were unable to conduct a quantitative analy-
sis to compare the posttreatment level of LH and FSH 
after these two therapies.

Fig. 5. Forest plot of pregnancy rate after gonadotropin-releasing hormone (GnRH) compared to gonadotropin therapy. HCG: human chorionic 
gonadotropin, HMG: human menopausal gonadotropin, M–H: Mantel–Haenszel, CI: confidence interval, df: degree of freedom.
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Patients in the GnRH group had a lower testosterone 
concentration than the GT group. In the beginning, 
GnRH therapy aimed to maintain testosterone within 
the normal range [11,16]. However, later studies sug-
gested that plasma testosterone levels of 8–10 nmol/L 
may be sufficient to induce spermatogenesis in CHH 
patients [13,14]. Pulsatile GnRH therapy can maintain 
the pulsatile secretion of gonadotropin by the pituitary 
gland and therefore stabilize the testosterone level. 
In the GT group, the fluctuation of testosterone was 
significant [22]. In addition, the GnRH receptors were 
found in spermatogonia, spermatocytes, and mature 
sperm [23]. Therefore, GnRH might be directly involved 

in spermatogenesis, sperm maturation, and fertilization 
[24]. These reasons might explain why GnRH therapy 
could efficiently induce spermatogenesis with a lower 
testosterone level. Notably, the normalization of tes-
tosterone could only be achieved by supraphysiological 
levels of LH and FSH in a subset of patients [25], and 
in specific populations, the level of testosterone is not 
correlated with the sperm concentration [26,27]. These 
studies suggested that the normalization of testoster-
one might be unbeneficial and unessential.

The ability to restore fertility in CHH patients is the 
critical efficacy of these two therapies, and whether 
GnRH therapy is related to a higher rate of  sper-
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Fig. 6. Forest plots of adverse reaction events after gonadotropin-releasing hormone (GnRH) or gonadotropin therapy (GT). (A) Forest plot of total 
adverse reaction events after GnRH or GT. The incidences of adverse reactions were similar in two groups. (B) Forest plot of allergy events after 
GnRH or GT. Allergies occurred only in the GnRH group, and the difference was significant. (C) Forest plot of incidence of gynecomastia and acne 
after GnRH or GT. GnRH therapy resulted in more estradiol-related adverse reactions, including gynecomastia and acne. HCG: human chorionic 
gonadotropin, HMG: human menopausal gonadotropin, M–H: Mantel–Haenszel, CI: confidence interval, df: degree of freedom.
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matogenesis has not been determined. In our analysis, 
the testes were enlarged in both treatment groups, 
but GnRH therapy was related to a larger volume. 
Although the testicular volume may be related to 
fertility [5,28,29], the rate of spermatogenesis was not 
significantly different between the two groups. An 
analysis of 48 studies of HCG/HMG therapy and 16 
studies of pulsatile GnRH therapy showed that the 
rate of spermatogenesis was 68% (95% CI=58%–77%) in 
HCG/HMG treatment, which is lower than that of 77% 
(95% CI=63%–87%) in GnRH therapy for patients with 
prepuberty-onset hypogonadotropic hypogonadism [30]. 
This analysis was mostly based on single-arm studies. 
Combined with our analysis, we are optimistic about 
pulsatile GnRH therapy. Moreover, it was suggested 
that GnRH therapy is related to earlier spermatogen-
esis, and GnRH therapy is associated with a shorter 
time to achieve sperm concentrations at various pre-
determined thresholds [14]. With the aid of assisted re-
production techniques such as intracytoplasmic sperm 
injection, shorter time to achieve pregnancy might 
also be practical for patients receiving GnRH therapy. 
Additionally, for these patients who failed to induce 
spermatogenesis after HCG/HMG therapy, GnRH still 
might be effective [31]. Therefore, patients who desire 
fertility may benefit more from GnRH therapy.

The sperm concentrations were compared in our 
analysis, and the sperm count in the GnRH group was 
slightly higher, though without statistical significance. 
In the included studies, the study conducted by Scho-
pohl et al [12] was the only one that favored GT. In 
fact, in their research, one patient in the GT group had 
a sperm concentration of 26×106/mL, which was 2 to 
12 fold higher than that of other patients. However, as 
the GnRH group was associated with a shorter time to 
achieve sperm concentrations at various predetermined 
thresholds [14], whether the final concentrations differ 
in the long-term treatment has not been determined. 
Several studies also compared sperm motility and mor-
phology and obtained an insignificant difference [12,16].

There was no difference in the rate of pregnancy 
between the two groups (p=0.11). Büchter et al [15] and 
Kliesch et al [16] suggested that most pregnancies oc-
curred with counts far below the normal range, and 
the sperm concentrations at pregnancy were similar. 
This might explain the similarity of pregnancy rate 
with different sperm concentrations because the low 
concentration of sperm is sufficient for pregnancy. 

Büchter et al [15] showed that GnRH therapy tended 
to be related to a shorter duration before pregnancy, 
but the difference was not significant because of the 
limited study size. A study with a larger size is still 
warranted to ascertain the effect of different therapies 
on the duration until pregnancy.

Although the overall incidence of adverse reactions 
was comparable in the two therapies, the specific ad-
verse responses were different. GT was related to gyne-
comastia and acne, and the increased level of estradiol 
induced by HCG might be a reasonable explanation [32]. 
Allergy occurred mostly in GnRH therapy, and most of 
them were mild to moderate dermatological allergic re-
actions. Before the decision of treatment, these related 
adverse reactions should be considered, and the ad-
verse responses during GnRH therapy seem to be more 
acceptable for patients.

The cost of treatment is an essential factor in clini-
cal practice. The pulsatile GnRH therapy is much 
more expensive than the HCG/HMG therapy and the 
burden of drug and device cost could limit the use of 
GnRH therapy. Besides, the constant carrying of the 
pump, the refilling of medication, and frequent chang-
ing of injection sites also result in inconvenience for 
patients. However, with the decreasing of medication 
and device, more patients can afford the cost of treat-
ment and the improved devices with smaller size and 
more volume could also reduce the inconvenience in 
the future. In addition, HCG/HMG therapy requires 
frequent hospital visits, twice to three times a week, 
which is also inconvenience for patients living in the 
place where the community doctors and family doctors 
are not available. Patients and doctors can choose the 
optimal treatment method by considering the efficacy 
and the patterns of these treatment.

2. Effect of cryptorchidism status
Cryptorchidism was reported to be a predictor for 

spermatogenesis in CHH patients [21,29]. Our analysis 
confirmed that cryptorchidism was related to a lower 
rate of spermatogenesis (Supplement Fig. 3). Mao et al 
[14] suggested that cryptorchidism was also related to a 
longer time to first sperm detection and a lower sperm 
concentration. Büchter et al [15] also reported a delayed 
duration until spermatogenesis, but the difference was 
not significant in their study. In particular, Büchter 
et al [15] noted that the two patients who failed sper-
matogenesis had bilateral cryptorchidism until 22 and 
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17 years of age, respectively. This finding suggests that 
early intervention is essential for patients with crypt-
orchidism.

According to the subgroup analysis (Supplement 
Fig. 1, 2), the rates of spermatogenesis did not differ 
between GnRH therapy and GT, regardless of  the 
cryptorchidism status. The cryptorchidism status was 
unlikely to affect the clinical decision on therapy selec-
tion.

3. Strengths and limitations
Our study is the first meta-analysis that compared 

the effect and adverse reactions of GnRH therapy to 
GT based on comparative studies. We comprehensively 
evaluated the effect of these two therapies using vari-
ous parameters. Subgroup analyses were also per-
formed to assess the effect of cryptorchidism status.

There are several limitations to our study. First, some 
biases were inevitable because of their nonrandomized 
and retrospective nature. For example, in the retro-
spective study, testicular volumes were not assessed 
in a standardized manner or by the same clinician, 
leading to variation in determining testicular volumes. 
Also, the orchidometer was used in the majority of 
the included studies and the reliability could be com-
promised. Second, the follow-up time of some included 
studies was not long enough, and in some studies, the 
follow-up durations and sample sizes of two arms were 
not comparable. Third, the sample size of most included 
studies was small, and the two studies from the same 
group had the majority of included cases which could 
be a potential source of bias. Additionally, as an es-
sential parameter, the time to pregnancy was not well-
documented in most studies, and in future research, 
this parameter should be analyzed to compare the 
efficacy of different therapies. Fourth, the baseline 
features, such as age, of the patient population differed 
vastly among the included studies and the dosages of 
regimens were also different among the included re-
searches. Finally, our conclusions were based on studies 
investigating HMG and should be cautiously applied 
to recombinant human FSH, which is widely used in 
CHH treatment.

CONCLUSIONS

Our study suggested that although the two therapies 
exhibited no significant difference in spermatogenesis 

rate, sperm count, and pregnancy rate, GnRH therapy 
was related to larger testicular size, shorter time to 
sperm detection, and less estradiol-related adverse reac-
tions. More prospective, randomized studies with larger 
sample sizes are warranted to ascertain the advantages 
of pulsatile GnRH therapy.
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