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GnRH results in greater testicular growth than HCG/HMG therapy, 
but no differences in spermatogenesis induction were reported in these 
studies.4–6 However, these conclusions were based on very limited 
sample sizes. Importantly, one study that included 36 patients with 
CHH found that pulsatile GnRH induced earlier spermatogenesis and 
promoted larger testicular size than HCG/HMG therapy;7 however, the 
study did not report on the effects of the different therapies on sperm 
concentration and motility. In this study, we investigated the efficacy 
of pulsatile GnRH and HCG/HMG therapy on spermatogenesis in 
CHH patients.

MATERIALS AND METHODS
Patients
A diagnosis of CHH was made if a male patient met all of the following 
criteria:8  (1) absence of pubertal development before the age of 

INTRODUCTION
Congenital hypogonadotropic hypogonadism (CHH) is a rare disease 
caused by a deficiency or dysfunction of gonadotropin-releasing 
hormone  (GnRH). In male patients, it presents with absent or 
diminished development during puberty and infertility. CHH is 
categorized into anosmic (Kallmann syndrome [KS]) and normosmic 
CHH (nCHH) based on olfactory status.1 To restore fertility, pulsatile 
GnRH infusion2 or combined gonadotropin therapy (human chorionic 
gonadotropin and human menopausal gonadotropin [HCG/HMG]) 
may be effective to induce spermatogenesis.3 In China, pulsatile GnRH 
administration via a portable mini-pump has been approved for 
induction of spermatogenesis for approximately 4 years.

Although pulsatile GnRH therapy more closely mimics 
physiological conditions, it remains inconclusive whether it is superior 
to HCG/HMG therapy. Several studies have shown that pulsatile 
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Both pulsatile gonadotropin‑releasing hormone (GnRH) infusion and combined gonadotropin therapy (human chorionic gonadotropin 
and human menopausal gonadotropin [HCG/HMG]) are effective to induce spermatogenesis in male patients with congenital 
hypogonadotropic hypogonadism (CHH). However, evidence is lacking as to which treatment strategy is better. This retrospective cohort 
study included 202 patients with CHH: twenty had received pulsatile GnRH and 182 had received HCG/HMG. Patients had received 
therapy for at least 12 months. The total follow‑up time was 15.6 ± 5.0 months (range: 12–27 months) for the GnRH group and 
28.7 ± 13.0 months (range: 12–66 months) for the HCG/HMG group. The median time to first sperm appearance was 6 months (95% 
confidence interval [CI]: 1.6–10.4) in the GnRH group versus 18 months (95% CI: 16.4–20.0) in the HCG/HMG group (P < 0.001). 
The median time to achieve sperm concentrations ≥5 × 106 ml−1 was 14 months (95% CI: 5.8–22.2) in the GnRH group versus 
27 months (95% CI: 18.9–35.1) in the HCG/HMG group (P < 0.001), and the median time to concentrations ≥10 × 106 ml−1 was 
18 months (95% CI: 10.0–26.0) in the GnRH group versus 39 months (95% CI unknown) in the HCG/HMG group. Compared to the 
GnRH group, the HCG/HMG group required longer treatment periods to achieve testicular sizes of ≥4 ml, ≥8 ml, ≥12 ml, and ≥16 ml. 
Sperm motility (a + b + c percentage) evaluated in semen samples with concentrations >1 × 106 ml−1 was 43.7% ± 20.4% (16 samples) 
in the GnRH group versus 43.2% ± 18.1% (153 samples) in the HCG/HMG group (P = 0.921). Notably, during follow‑up, the GnRH 
group had lower serum testosterone levels than the HCG/HMG group (8.3 ± 4.6 vs 16.2 ± 8.2 nmol l−1, P < 0.001). Our study 
found that pulsatile GnRH therapy was associated with earlier spermatogenesis and larger testicular size compared to combined 
gonadotropin therapy. Additional prospective randomized studies would be required to confirm these findings.
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18 years; (2) serum testosterone level below 100 ng dl−1 (3.5 nmol l−1) 
with low or inappropriately normal levels of gonadotropins prior 
to any treatment;  (3) normal levels of other pituitary hormones; 
(4) normal sellar magnetic resonance imaging (MRI); and (5) exclusion 
of other pathological conditions for secondary hypogonadotropic 
hypogonadism.

Clinical presentation, presence of cryptorchidism, medical history, 
and family history were recorded on the patient’s first visit to the 
hospital. Plasma gonadotropins and testosterone were measured. MRI 
of the pituitary gland and olfactory bulb and tract was performed. The 
study protocol was reviewed and approved by the Ethics Committee 
of the Peking Union Medical College Hospital.

A total of 202 Chinese patients with CHH with more than 
12 months follow-up were eligible for inclusion in this retrospective 
cohort study. All patients had been treated with pulsatile GnRH or 
HCG/HMG between January 2008 and December 2014 at Peking 
Union Medical College Hospital. Patients were categorized based 
on what treatment type they had received into either the GnRH 
group (n = 20) or the HCG/HMG group (n = 182). Prior to January 
2012, HCG/HMG therapy was the only treatment available in China 
for induction of spermatogenesis in CHH patients. In January 2012, 
portable GnRH pumps became commercially available in China and 
patients subsequently had a choice of either gonadotropins or pulsatile 
GnRH therapy.

Hormone assay
Morning fasting blood samples were taken. Follicular-stimulating 
hormone  (FSH), luteinizing hormone  (LH), and total testosterone 
were measured with commercial kits by the chemiluminescent 
method  (ACS: 180 Automatic Chemiluminescence Systems, Bayer, 
Germany). The intra- and inter-assay coefficients of variation were 3.9% 
and 4.5% for FSH, 2.3% and 2.8% for LH, and 5.6% and 6.6% for total 
testosterone, respectively. The lowest measurable limits were 0.65 IU l−1 
for FSH, 0.07 IU l−1 for LH, and 0.2 nmol l−1 for total testosterone. FSH, 
LH, and total testosterone were measured every 2–3 months during the 
follow-up period. In the HCG/HMG group, testosterone levels were 
determined 48 h after HCG injection. In the GnRH group, LH, FSH, 
and total testosterone were measured 30 min after the last pulsatile 
GnRH infusion. Post-treatment parameters collected for data analysis 
included the mean values of LH, FSH, and testosterone at each patient’s 
most recent three visits.

Treatment and follow‑up
Testosterone therapy was discontinued for at least 3 months before 
pulsatile GnRH or HCG/HMG therapy was initiated.

In the HCG/HMG group, standard therapy was initiated. 
Intramuscular HCG (2000 U, Livzon Pharmaceutical Co., Guangdong, 
China) was administered twice weekly for 3  months followed by 
the co-administration of HMG  (75 U, Livzon Pharmaceutical Co., 
Guangdong, China) and HCG  (2000 U) twice weekly. Regular 
follow-up was conducted at intervals of 2–3 months. HCG dosages 
were adjusted to maintain plasma testosterone level in the normal 
range  (10–15 nmol l−1). HMG dosage was increased to 150 U if 
testicular size was smaller than 6  ml after 6  months of combined 
gonadotropin therapy. Testicular size, plasma gonadotropins, plasma 
testosterone, and sperm count were measured at each visit. Testosterone 
levels were determined 48 h after HCG injection. Testicular sizes were 
measured using a Prader orchidometer; the mean value of bilateral 
testicular volumes was used in data analysis. Semen samples were 
produced by masturbation and analyzed according to the standard 
World Health Organization method.9

In the pulsatile GnRH treatment group, patients were started on 
pulsatile gonadorelin  (10 µg per 90  min,10,11 Ma’anshan Fengyuan 
Pharmaceutical Co., Anhui, China) delivered using a mini portable 
GnRH pump  (Shanghai Micro Invasive Life Technology Ltd Co., 
Shanghai, China). Regular follow-up was conducted at intervals of 
2–3  months. Dosages were adjusted to attain LH and FSH levels 
between 5–10 IU l−1. Testicular sizes, plasma gonadotropins, plasma 
testosterone, and sperm count were measured on each visit.

Outcomes
Successful spermatogenesis was defined as the appearance of at least 
one sperm under microscopy after centrifugation of the semen sample. 
Treatment time to achieve sperm concentrations of  >0  ×  106 ml−1 
(any sperm seen by microscopy), ≥5  ×  106 ml−1, ≥10  ×  106 ml−1 
and  ≥15  ×  106 ml−1, and to achieve four testicular size thresholds 
of ≥4 ml, ≥8 ml, ≥12 ml and ≥16 ml were recorded. Sperm motility 
parameters, a  +  b and a  +  b + c percentage  (a: rapid progressive 
motility; b: slow progressive motility; c: nonprogressive motility and 
d: immotility) were calculated only for semen samples with sperm 
concentrations >1 × 106 ml−1.

Statistical analysis
SPSS version 17.0 (IBM Corporation, Armonk, New York, NY, USA) 
was used for data analysis. Normally distributed data were expressed as 
mean ± standard deviation (s.d.). Nonnormally distributed data were 
reported as median (quartiles). Kaplan–Meier analyses were used to 
estimate the median time to achieve the various sperm and testicular size 
thresholds. A nonpaired t-test was used to compare differences in the age, 
testicular size, plasma testosterone, and other parameters between the two 
groups. Differences in the rates of cryptorchidism, Kallmann syndrome, 
and family history of CHH between the two groups were compared by 
Chi-square test (2 test). Statistical significance was set at P < 0.05.

RESULTS
Clinical characteristics of CHH patients
A total of 202  patients with CHH receiving either pulsatile GnRH 
or HCG/HMG therapy for at least 12 months were included in the 
analysis. The mean  follow-up time was 15.6  ±  5.0  months  (range: 
12–27 months) and 28.7 ± 13.0 months (range: 12–66 months) for the 
GnRH group (n = 20) and HCG/HMG group (n = 182), respectively. 
All patients were generally in good health with normal routine blood 
and urine test results and normal liver and renal function. Their thyroid 
hormone, cortisol, and IGF-1 levels were all within the normal range.

The prevalence of Kallmann syndrome was 55% in the GnRH 
group and 46% in the HCG/HMG group (P = 0.487) (Table 1). The 
rate of cryptorchidism was 20% in both groups. Five percent of patients 
in the GnRH groups had a history of previous gonadotropin therapy 
compared with 8% of patients in the HCG/HMG group (P = 0.238) 
with treatment periods between 1 and 3 months (1.6 ± 0.4 months). 
The mean testicular volume was 2.9  ±  1.8  ml in the GnRH group 
versus 2.1 ± 1.6 ml in the HCG/HMG group (P = 0.073). At baseline, 
plasma hormone levels were not significantly different between the 
two treatment groups (Table 1).

There were 5% and 8% of patients in the GnRH group and 
HCG/HMG group, respectively, who had a history of previous 
gonadotropin therapy  (P  =  0.238). The treatment periods ranged 
from 1 to 3 months (1.6 ± 0.4 months). For the present analysis, it was 
presumed that such a short period of gonadotropin therapy would not 
significantly influence the results of spermatogenesis.

In the GnRH group, pulsatile gonadorelin treatment was initiated at 
a dose of 10 µg per 90 min, administered subcutaneously. Throughout 
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treatment, the dose was adjusted to maintain FSH and LH between 
5 and 10 IU l−1. The mean dose used was 8.8 ± 1.2 µg per 90 min. The 
dose was upregulated in two patients, downregulated in eight patients, 
and unchanged in ten patients. Patients in the GnRH group were 
recruited after January 2012 when pulsatile GnRH therapy became 
commercially available in China.

In the HCG/HMG group, the dose of HCG was gradually adjusted 
to 2857  ±  253 U per injection in order to maintain a targeting 
testosterone level between 10 and 15 nmol l−1. The average dosage 
of HMG was 97  ±  28 U per injection; 129  patients received 75 U 
per injection and 53  patients received 150 U per injection. In the 
HCG/HMG group, 117 patients started therapy prior to January 2012; 
the remaining 65 patients in the HCG/HMG chose HCG/HMG over 
GnRH therapy after January 2012.

Changes in gonadotropins and testosterone during treatment
In the GnRH group  (n  =  20), LH increased from 0.3  ±  0.4 to 
7.0  ±  2.5  IU l−1 (P  <  0.001), FSH increased from 1.2  ±  1.0 to 
8.2  ±  4.6  IU l−1 (P  <  0.001), and total testosterone increased from 
1.0 ± 1.0 to 8.3 ± 4.6 nmol l−1 (P < 0.001) after treatment for 12 months. 
In the HCG/HMG group, plasma testosterone increased from 
0.9 ± 0.5 to 16.2 ± 8.2 nmol l−1 after treatment for 12 months (P < 0.001). 
The GnRH group had a lower mean level of total testosterone at the 
end of treatment compared to the HCG/HMG group  (8.3  ±  4.6 vs 
16.2 ± 8.2 nmol l−1, P < 0.001) (Table 1).

Induction of spermatogenesis
The rates of successful spermatogenesis induction in the 
GnRH and HCG/HMG groups were 70.0% (14/20) and 76.9% 
(140/182)  (P = 0.580), respectively. The median time until the first 
sperm detection was 6  months (95% CI: 1.6–10.4) in the GnRH 
group versus 18  months (95% CI: 16.4–20.0) in the HCG/HMG 
group  (P  <  0.001)  (Figure  1a). The median time to achieve sperm 
concentrations  ≥5  ×  106 ml−1 was 14  months (95% CI: 5.8–22.2) 
versus 27 months (95% CI: 18.9–35.1) (P < 0.001) in the GnRH and 
HCG/HMG groups, respectively (Figure 1b); the median time to 
achieve sperm concentrations ≥10 × 106 ml−1 was 18 months (95% CI: 

10.0–26.0) in the GnRH group versus 39 months (95% CI unknown) in 
the HCG/HMG group (Figure 1c). The median time to achieve sperm 
concentrations ≥15 × 106 ml−1 was 24 months (95% CI: 15.0–33.0) in 
the GnRH group but could not be calculated in the HCG/HMG group 
due to a limited number of eligible cases (Figure 1d).

Testicular size
The GnRH group achieved target testicular sizes earlier than the 
HCG/HMG group during treatment. Compared to the GnRH group, 
the HCG/HMG group required a longer median treatment time to 
achieve the various levels of testicular size: ≥4  ml, ≥8  ml, ≥12  ml, 

Table 1: Features of patients with CHH by treatment group at baseline and during follow‑up

HCG/HMG group (n = 182) GnRH group (n = 20) P

At baseline

Kallmann syndrome, n (%) 84 (46) 11 (55) 0.487

Age at initiation of treatment (year), mean±s.d 21.5±3.0 27.1±7.0 0.002

Previous TRT, n (%) 46 (25) 3 (15) 0.124

Previous gonadotropin therapy, n (%) 15 (8) 1 (5) 0.238

BMI (kg m−2), mean±s.d 22.1±3.8 23.6±4.2 0.104

Cryptorchidism (%) 20 20 0.972

Basal testicular volume (ml), mean±s.d 2.1±1.6 2.9±1.8 0.073

Basal LH (IU l−1), mean±s.d 0.3±0.4 0.3±0.4 0.858

Basal FSH (IU l−1), mean±s.d 0.8±0.8 1.2±1.0 0.081

Basal testosterone (nmol l−1), mean±s.d 0.9±0.5 1.0±1.0 0.787

Follow‑up

Follow‑up duration (month), median (range) 28.7 (12–66) 15.6 (12–27) 0.001

LH (IU l−1), mean±s.d – 7.0±2.5 ‑

FSH (IU l−1), mean±s.d – 8.2±4.6 ‑

Testicular size (ml), mean±s.d 9.0±4.5 10.8±5.4 0.105

Testosterone (nmol l−1), mean±s.d 16.2±8.2 8.3±4.6 0.001

Sperm concentration (× 106 ml−1), median (range) 11.7 (2.1–24.4) (+n = 140) 14.2 (3.1–36.8) (+n = 14) 0.064
+n indicated the number of patient who succeed in spermatogenesis. HCG: human chorionic gonadotropin; HMG: human menopausal gonadotropin; GnRH: gonadotropin‑releasing 
hormone; BMI: body mass index; TRT: testosterone replacement therapy; LH: luteinizing hormone; FSH: follicular‑stimulating hormone; CHH: congenital hypogonadotropic hypogonadism

Figure 1: Time to achieve sperm concentration thresholds >0, ≥5, ≥10 
and ≥15 × 106 ml−1 (Kaplan–Meier analysis). (a) Percentage of patients 
in each group (GnRH group, n = 20; and HCG/HMG group, n = 182) 
to achieve sperm concentration >0 (P < 0.001). (b) Percentage of 
patients in each group to achieve sperm concentration ≥5 × 106 ml−1 
(P < 0.001). (c) Percentage of patients in each group to achieve sperm 
concentration ≥10 × 106 ml−1. (d) Percentage of patients in each group to 
achieve sperm concentration ≥15 × 106 ml−1. GnRH: gonadotropin‑releasing 
hormone; HCG/HMG: human chorionic gonadotropin/human menopausal 
gonadotropin.
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uneventfully, and two women remain pregnant at the time of this 
manuscript’s submission.

Spermatogenesis in patients with a history of cryptorchidism
The incidence of cryptorchidism was the same between the two 
groups  (20% vs 20%). In the HCG/HMG group, the success 
rate of spermatogenesis in the subgroup of patients with 
cryptorchidism (n = 36) was lower than that of the subgroup without 
cryptorchidism (n = 146) (50% vs 83%, P = 0.032). The cryptorchidism 
subgroup consistently had a longer median time to first sperm 
detection in semen (24 vs 15 months, P < 0.001) and a lower median 
sperm concentration (1.9 [0.5, 8.6] × 106 vs 11.1 [1.0, 25.0] × 106 ml−1, 
P = 0.006) during treatment compared to the HCG/HMG sub-group 
without cryptorchidism. In the GnRH group, the success rates of 
spermatogenesis in the subgroups with (n = 4) and without (n = 16) 
cryptorchidism were 25% versus 81%, respectively (P = 0.043).

Of the 36  patients with CHH in the HCG/HMG group with a 
history of cryptorchidism, 18 had had unilateral cryptorchidism and 
18 had had bilateral cryptorchidism. Orchidopexy was conducted in 
23 patients at a mean age of 7.3 ± 4.0 years (range: 1–16 years). After 
treatment with HCG/HMG, those with a history of cryptorchidism 
experienced an increase in serum testosterone from 0.8  ±  0.4 
nmol l−1 to 14.1 ± 7.2 nmol l−1 (P < 0.001) and in testicular volume 
from 1.6 ± 1.1 ml to 6.3 ± 4.1 ml (P < 0.001).

Eighteen patients with a history of cryptorchidism (18/36, 50%) 
and received HCG/HMG had successful spermatogenesis; ten of the 
18 had had unilateral cryptorchidism while the remaining eight had 
had bilateral cryptorchidism. Among these 18 individuals, the mean 
time to achieve first sperm was 19 months.

There were four patients with a history of cryptorchidism in 
the GnRH group; two had had unilateral and two had had bilateral 
cryptorchidism. Orchidopexy was conducted in two patients at the ages 
of 6- and 8-year-old, respectively. By the end of the follow-up, the serum 
testosterone in these individuals had increased from 0.7 ± 0.7 nmol l−1 
to 7.9 ± 5.3 nmol l−1 (P = 0.017) and testicular volume had increased 
from 2.6 ± 1.9 ml to 6.9 ± 3.4 ml (P = 0.012). Sperm was detected in 
one patient (unilateral cryptorchidism) after 9 months of treatment.

Safety evaluation
During the study period, gynecomastia occurred in 16 of 182 
subjects  (8.8%) in the HGC/HMG group and in one of twenty 
subjects  (5.0%) in the GnRH group  (P  =  0.083). Acne occurred in 
11/182  (6.0%) patients in the HCG/HMG group and in 0/20  (0%) 
patients in the GnRH group (P = 0.021). Seven (35%) patients in the 
GnRH group had mild to moderate dermatologic allergic reactions. 
No hepatorenal impairment was identified.

DISCUSSION
Although the rates of successful spermatogenesis were similar 
between the group treated with pulsatile GnRH and the group treated 
with HCG/HMG, pulsatile GnRH treatment was associated with 
earlier spermatogenesis and a shorter time to achieve higher sperm 
concentrations and greater testicular size.

The abilities of these two methods to restore fertility in CHH 
patients have been investigated in several previous studies. Most 
studies concluded that the efficacy of pulsatile GnRH did not differ 
from that of HCG/HMG therapy.4–6 For example, one study with a large 
sample of CHH patients (n = 90) receiving pulsatile GnRH treatment 
showed an 83% success rate of spermatogenesis induction,10 similar 
to the 80%–84% success rate seen with HCG/HMG therapy.12,13 Some 
smaller studies have suggested that pulsatile GnRH might be superior 

and ≥16 ml. It took a median of 2 months (95% CI: 0.9–3.1) in the 
GnRH group versus 6 months (95% CI: 5.0–7.0) in the HCG/HMG 
group to reach the testicular size  ≥4  ml  (P  <  0.001) (Figure 2a). 
Similarly, it took 4  months (95% CI: 2.2–5.8) in the GnRH group 
versus 18 months (95% CI: 15.8–20.2) in the HCG/HMG group to 
achieve testicular size ≥8 ml (P < 0.001) (Figure 2b). The GnRH group 
took 18 months (95% CI: 11.9–24.1) to achieve testicular size ≥12 ml 
compared to 42  months  (95% CI: 34.9–49.1) in the HCG/HMG 
group (P < 0.001) (Figure 2c). In the HCG/HMG group, an average 
of 60 months (95% CI: 48.3–71.7) were required to achieve testicular 
size ≥ 16 ml; data regarding time to testicular size ≥16 ml could not 
be determined for the GnRH group due to the shorter treatment and 
follow-up time in this group (Figure 2d).

Sperm motility
Sperm motility was similar between the GnRH and HCG/HMG 
groups. Sperm motility  (a  +  b + c percentage) was only evaluated 
in semen samples that had sperm concentration  >1  ×  106 ml−1. In 
total, 16  samples  (from seven patients) in the GnRH group and 
153 samples (from 65 patients) in the HCG/HMG group were assessed. 
The sperm progressive motility (a + b) was 38.2% ± 18.0% in the GnRH 
group versus 37.2% ± 18.0% in the HCG/HMG group (P = 0.839), 
and the total motility  (a  +  b + c) was 43.2% ± 18.1% versus 
43.7% ± 20.4% (P = 0.921) in the GnRH group and the HCG/HMG 
group, respectively.

Fertility
Twenty pregnancies occurred in 18/32  (56.3%) couples in the 
HCG/HMG group, including 19 natural conceptions  (two women 
had two pregnancies) and one conceived by in vitro fertilization (IVF). 
Sixteen infants, including nine girls and seven boys, were delivered 
with normal external genitalia. Four pregnancy losses occurred, 
including two spontaneous miscarriages and two induced abortions. 
In the GnRH group, five natural conceptions occurred in 14 couples 
(5/14, 35.7%) attempting pregnancy. Three babies were delivered 

Figure 2: Time to achieve testicular size thresholds ≥4, ≥8, ≥12 
and ≥16 ml (Kaplan–Meier analysis). (a) Percentage of patients in each 
group (GnRH group, n = 20; and HCG/HMG group, n = 182) to achieve 
testicular size ≥4 ml (P < 0.001). (b) Percentage of patients in each group to 
achieve testicular size ≥8 ml (P < 0.001). (c) Percentage of patients in each 
group to achieve testicular size ≥12 ml (P < 0.001). (d) Percentage of patients 
in each group to achieve testicular size ≥16 ml. GnRH: gonadotropin‑releasing 
hormone; HCG/HMG: human chorionic gonadotropin/human menopausal 
gonadotropin.
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to HCG/HMG therapy. One study of 36 CHH patients estimated that 
pulsatile GnRH therapy induced a greater increase in testicular size 
(8.1 vs 4.8 ml) and required a shorter time to induce spermatogenesis 
(12 vs 20 months).7 A recent meta-analysis of 48 studies of HCG/HMG 
therapy and 16 studies of pulsatile GnRH therapy showed that the 
rate of successful spermatogenesis induction in hypogonadotropic 
hypogonadism patients was 68% (95% CI: 58%–77%) in HCG/HMG 
treatment; this success rate was lower than the 77% (95% CI: 63%–87%) 
success rate estimated in pulsatile GnRH therapy.3 However, this 
meta-analysis only evaluated appearance of sperm and did not 
include any other sperm thresholds or the time it took to reach any 
particular endpoint. Our current findings, together with the prior 
studies, indicate that pulsatile GnRH therapy may promote earlier 
spermatogenesis and larger testicular size compared to HCG/HMG 
therapy.

Our study found that the median time to achieve first sperm 
appearance in the semen in the GnRH group was 6  months; four 
patients  (4/20, 20.0%) had their first sperm appear after treatment 
for 3 months. The period of sperm induction in the GnRH group was 
significantly shorter than the 18 months required in the HCG/HMG 
group for sperm to first appear. Notably, other studies found the median 
time to induce spermatogenesis in HCG/HMG-treated individuals to 
be 7–9 months.12–16 Furthermore, the GnRH group was associated with 
shorter time to achieve sperm concentrations at predetermined various 
thresholds. If confirmed by future prospective studies, the shorter time 
to induce spermatogenesis and to reach higher sperm concentrations 
in those taking pulsatile GnRH groups may benefit patients with CHH 
who desire fertility. Several factors may contribute to the advantage 
of pulsatile GnRH over HCG/HMG therapy. First, the pulsatile 
gonadotropins induced by GnRH are more physiological17 and may 
have higher efficacy in sperm induction compared to the more variable 
HCG and HMG levels achieved by twice weekly injections.18 Second, 
in some patients, the presence of autoantibodies against HCG may 
cause Leydig cells to fail to respond to exogenous HCG.19 Exogenous 
GnRH may also induce autoantibodies and cause chronic intestinal 
pseudo-obstruction.20 However, the effect of these antibodies on the 
function of the pituitary-gonad-axis has not been recognized.

Our study found that the median time for the first sperm detection 
was 6 months, which was consistent with previous results.21 The interval 
of time between initiation of GnRH therapy and the appearance of 
sperm in ejaculate was variable from 2 to 24 months.21 Patients with 
baseline testicular sizes over 4 ml had 100% success rate in initiating 
spermatogenesis by 6 months, while in patients with testicular sizes 
smaller than 4  ml, less than 50% of them had spermatogenesis 
by 6  months.21 Previous studies reported an 82% success rate of 
spermatogenesis, a value higher than the 70% success rate seen in our 
study. The difference is possibly due to a longer therapeutic duration 
in previous studies (15.6 vs 24 months).21

Seminiferous tubules account for 90% of testicular volume; 
larger testicular size is associated with higher sperm concentration.22 
Therefore, an increase in testicular size during treatment may be an 
important indicator for the potential of spermatogenesis.12,16,23–25 In our 
study, the GnRH group achieved larger testicle size compared to the 
HCG/HMG group; this result is consistent with that found previously 
in another study.7 Another recent study focusing on adolescents with 
CHH also found that pulsatile GnRH can induce larger testicular sizes 
than HCG; however, this study did not directly evaluate the effects 
on spermatogenesis.11 Interestingly, long-term gonadotropin therapy 
followed by subsequent treatment with pulsatile GnRH was found 
to result in a further increase in testicular volumes.5 Pulsatile GnRH 

therapy may provide another chance for spermatogenesis induction in 
patients who have failed combined gonadotropin therapy.26,27

We hypothesized that the GnRH group would have higher sperm 
motility due to the larger testicular size and the more physiological 
gonadotropin stimulation. However, in our study, sperm motility was 
similar between the two groups. The underlying mechanism for these 
results is not clear. In addition, we had a limited number of patients 
and relatively fewer eligible semen samples to analyze from the GnRH 
group; these factors may prevent meaningful interpretation of the 
sperm motility results.

The GnRH group had a lower testosterone concentration than 
the HCG/HMG group. Previous studies have aimed to sustain 
testosterone levels between 10 and 15 nmol l−1 during HCG/HMG 
therapy.6,7 Our results suggest that a plasma (peripheral) testosterone 
level of 8–10 nmol l−1 may be sufficient to induce production of sperm 
in CHH patients. In fact, higher testosterone levels have not been 
shown to correlate with higher sperm concentrations28,29 in certain 
populations.

Our study showed that CHH patients with cryptorchidism require 
a much longer time for initiation of spermatogenesis in both the 
HCG/HMG and GnRH groups; the successful rates of spermatogenesis 
were 50% and 25%, respectively. These results are highly in line with 
other previous studies, indicating that cryptorchidism is a dominant, 
unfavorable predictor for spermatogenesis in CHH patients.12,21,30

Our study is not without limitations. First, the HCG/HMG group 
had a longer follow-up time and a larger sample size than the GnRH 
group. Despite this, an advantage of pulsatile GnRH over HCG/HMG 
therapy was still observed during the first 2 years of treatment. Second, 
this was a retrospective study, and the patients included in the present 
study were not randomized. Some patients were given a choice of 
treatment after pulsatile GnRH therapy became available in China, 
and thus selected which group to which they belonged. However, the 
two groups had similar features and hormonal profiles at baseline, 
including testicular size, rates of cryptorchidism, and LH, FSH and 
testosterone levels, suggesting that the two groups were comparable. 
Third, dosing for the GnRH group was performed based on FSH and 
LH levels, while dosing for the HCG/HMG group was done according 
to testosterone level; this may have direct implications for the different 
testosterone levels seen between the two groups. In addition, the 
difference in dosing regimens may compound differences seen in the 
spermatogenesis results. In future research, groups should be dosed 
to target to a similar testosterone level.

CONCLUSIONS
In summary, our study indicates that although the overall rates of 
success in inducing spermatogenesis were similar between individuals 
receiving pulsatile GnRH and those receiving HCG/HMG, satisfactory 
results may be obtained more slowly with HCG/HMG treatment. 
Pulsatile GnRH therapy may induce earlier sperm production, larger 
testicular size, and higher sperm concentrations. More prospective, 
randomized, and multicenter studies are needed to further verify this 
conclusion.
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