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Abbreviations
ART   Assisted reproductive technologies
FSH  Follicle stimulating hormone
FSHR  FSH receptor
GnRH-a  Gonadotropin-releasing hormone agonist
hCG  Human chorionic gonadotropin
hMG  Human menopausal gonadotropin
hpFSH  Highly purified follicle stimulating hormone
ICSI  Intracytoplasmic sperm injection
IUI  Intrauterine insemination
IVF  In vitro fertilization
IVF-ET  In vitro fertilization-embryo transfer
OAT  Oligo/astheno/teratozoospermia
pFSH  Purified follicle stimulating hormone

RCT   Randomized controlled trial
rhFSH  Recombinant human follicle stimulating 

hormone

Introduction

Infertility refers to the inability of a couple to conceive after 
12 months of regular unprotected sexual intercourse [1, 2] 
and affects about 10–15% of couples of reproductive age 
[3–5]. Male factor alone is responsible for approximately 
30% of cases of infertility, while a combination of male and 
female factors affects another 20%. Therefore, overall, the 
male factor would be involved in 50% of infertile couples [2, 
3, 6]. In about 30% of cases of male infertility, no obvious 
cause for subnormal semen parameters can be found after 
a careful diagnostic workup (2, 3). Indeed, this condition, 
which is referred to as “idiopathic infertility”, represents 
the most commonly observed form of infertility in clini-
cal practice, but unfortunately, rational treatment are lack-
ing. Although intracytoplasmic sperm injection (ICSI) is 
regarded as an appropriate treatment for infertile men with 
severe oligo/astheno/teratozoospermia (OAT), sperm struc-
ture and quality may affect its outcome [7]. Therefore, the 
justified enthusiasm for ICSI as the treatment of choice for 
severe male factor infertility should not discourage attempts 
to better understand pathophysiology, to provide when pos-
sible an etiological diagnosis, and to improve sperm quality.

As gonadotropins are needed for testis physiology and 
represent a successful treatment in hypogonadotropic hypo-
gonadism [8], they have been also offered to men with idi-
opathic infertility based on the hypothesis that spermatogen-
esis could be stimulated by increasing gonadotropin levels. 
Available follicle stimulating hormone (FSH) preparations 
are those extracted and purified from the urine of postmen-
opausal women, the so-called purified FSH (pFSH) and 
highly purified FSH (hpFSH) [9], as well as those obtained 
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from recombinant in vitro technology (rhFSH) [10]. Combi-
nation strategies with human chorionic gonadotropin (hCG) 
can be used in men with hypogonadotropic hypogonadism 
to restore intratesticular testosterone concentrations and 
induce spermatogenesis [11]. The addition of rhFSH to 
hCG treatment protocols results in normal testicular growth 
and hastens the induction of spermatogenesis in young men 
with hypogonadotropic hypogonadism [12]. These strate-
gies seem to be effective even in men with late-onset hypog-
onadism [13]. On the contrary, FSH administration as single 
therapy is usually considered in men with idiopathic infertil-
ity and gonadotropins within the normal range.

Actually, results obtained in idiopathic infertility seem to 
be still controversial. In fact, the effectiveness of FSH ther-
apy in improving semen parameters in idiopathic male-factor 
infertility has not been demonstrated by some authors [7, 
14–24], whereas others have reported significant improve-
ments in sperm quality and/or pregnancy rates after FSH 
treatment [15, 16, 20, 21, 24–41]. A meta-analysis by the 
Cochrane Collaboration [42], only including randomized 
controlled trials (RCTs), showed that infertile men who 
received FSH had a significant increase in spontaneous 
pregnancy rate per couple with respect to patients receiving 
placebo or no treatment, whereas no significant difference 
between the two groups in terms of pregnancy rate after 
assisted reproductive technologies (ART) was observed. 
More recently, in another meta-analysis [43], including all 
available controlled clinical trials, when compared to pla-
cebo or untreated controls, men receiving FSH showed a 
significant improvement in sperm concentration and qual-
ity and exhibited a significant increase in spontaneous and 
ART-related pregnancy rate.

The aim of the present article was to analyse the state of 
the art regarding the clinical evidence on the effectiveness 
of FSH therapy in male infertility and to provide a position 
statement on its use from the Italian Society of Andrology 
and Sexual Medicine (SIAMS). In particular, three major 
outcomes were assessed: improvement of conventional 
sperm parameters, improvement of sperm DNA integrity, 
and improvement of pregnancy rate. The suitability of 
available possible predictors of response to FSH treatment 
has been also assessed according to the Evidence-Based 
Medicine (EBM) criteria. The task force used the following 
internationally shared coding system [44]: (1) “we recom-
mend” indicates a strong recommendation; (2) “we suggest” 
denotes a weak recommendation. As far as the evidence 
grading is concerned: ØOOO denotes very low-quality evi-
dence; ØØOO, low quality; ØØØO, moderate quality; and 
ØØØØ, high quality.

Effects of FSH on conventional sperm 
parameters

Recommendations

1. We recommend not prescribing FSH treatment for 
improving sperm parameters in all infertile men before 
a specific diagnostic workup (1 ØØØØ).

2. We recommend not using FSH treatment in azoospermic 
men and in men with obstructive/sub-obstructive forms 
of infertility (1 ØØØØ).

3. We suggest the use of FSH (either purified or recom-
binant) to increase sperm concentration and motility in 
infertile normogonadotropic men with idiopathic oligo-
zoospermia or OAT (2 ØØØO).

Evidence

Several studies have shown that FSH treatment improves 
conventional sperm parameters in oligozoospermic men 
with gonadotropin levels within the normal range (gener-
ally 1–8 IU/l) [36]. A meta-analysis showed a significant 
improvement of sperm concentration after FSH administra-
tion, with a mean improvement of 2.66 × 106/ml (95% CI 
0.47, 4.84; p = 0.02, n = 520) and a non-significant improve-
ment of concentration of sperm with progressive motility, 
with a mean raise of 1.22 × 106/ml (95% CI − 0.07, 2.52; 
p = 0.06, n = 332) [43]. The efficacy of FSH treatment has 
been associated with FSH dose and duration of the treatment 
[24] (Table 1), and with the molecule specifically used (e.g. 
rhFSH, pFSH, hpFSH) (Table 2).

Concerning the dosage, the evidence from the literature sur-
vey suggests that it depends on the type of FSH prescribed. 
Several observational studies described the efficacy of hpFSH 
administered at weekly cumulative doses ≤ 450  IU (e.g. 
150 IU three times a week, 75 IU on alternate days, etc.) for 
3 months (Table 2). With this type and dosage of FSH, a sig-
nificant improvement of the sperm concentration was showed 
in all the studies and most of them reported a beneficial effect 
on sperm motility as well [29–32, 34, 40, 41, 45]. Data on the 
efficacy of hpFSH on sperm morphology are less consistent 
[20]. In contrast to hpFSH, rhFSH, administered at a weekly 
cumulative dose ≤ 450 IU, resulted to be less effective. In 
more detail, one randomized controlled trial (RCT) [23] and 
one observational study [33] reported contrasting results on 
sperm concentration, motility and morphology following treat-
ment with αfollitropin. In the study by Colacurci et al. [23], 
the administration of 150 IU on alternate days for 3 months 
did not significantly improve conventional sperm parameters, 
whereas the administration of 150 IU three times a week for 
3 months was able to improve sperm concentration, motility 
and morphology [33]. According to one RCT [46] and one 
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observational study [22], βfollitropin, administered at a weekly 
cumulative dose ≤ 450 IU, does not improve sperm motility 
and morphology, in a 3-month-long trial. Finally, in another 
study, the treatment with rhFSH did not seem to be more effec-
tive than treatment with hpFSH at the same weekly cumulative 
dose of 450 IU for 3 months [37].

Few studies reported the effects of rhFSH and hpFSH 
administered at a weekly cumulative dose > 450 IU on con-
ventional sperm parameters. In particular, two observational 
studies [20, 27], using hpFSH at a daily dose of 150 IU, 
found no positive effect on sperm concentration and mor-
phology after a 3-month-long therapy. Such studies reported 
contrasting results for sperm motility. On the contrary, an 
RCT reported positive effect on sperm concentration after a 
3-month-long therapy with 200 IU administered on alternate 
days. In addition, a significant increase in sperm motility 
and morphology was recorded using 300 IU on alternate 
days for 5 months [24]. Two RCTs [18, 35] and one obser-
vational study [38] investigated the effects of rhFSH at the 
doses of 150 IU daily [18] or 300 IU on alternate days [35, 
38] on conventional sperm parameters. Apart from one RCT 
[18], the others reported positive effects on sperm concen-
tration. Treatment with pFSH, both at low- (150 IU three 
times a week, 75 IU daily, 75 IU three times a week for 
3 months) and at high doses (150 daily for 3 months) showed 
mild effect on sperm concentration, motility and morphol-
ogy, according to an RCT and several observational studies 
(Table 2). No study on biosimilar FSH has been performed.

As far as the duration of FSH therapy is concerned, in 
the majority of the previously discussed studies the FSH 
administration was 3 months long. Only four studies [24, 30, 
35, 38] evaluated the effects on conventional sperm param-
eters after 4-month-long therapies (two studies administered 
rhFSH, two hpFSH) and all of them reported a significant 
improvement of the sperm concentration. A significant 
increase in sperm motility was registered by three studies 
[24, 30, 35]. Furthermore, 4-month-long therapies did not 
improve sperm morphology, whereas it was significantly 
increased at the fifth month [24]. Although supported by 
relatively few studies, these data may suggest a higher effi-
cacy for long-term FSH administration.

Value

Evidence supporting the use of FSH in infertile normogon-
adotropic men with idiopathic oligozoospermia or OAT is 
of moderate quality.

Remarks

The evidence reported above derives from RCTs and 
observational studies. The literature lacks meta-analysis of 
RCTs. Since human spermatogenesis takes about 72 days Ta
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Table 2  Effects of FSH treatment on conventional sperm parameters in normogonadotropic infertile men according with the specific FSH mol-
ecule and the dose used

Type of study Dosage Concentration Motility Morphology

Low dose-therapy (weekly cumulative dose ≤ 450 IU)
 pFSH
  Acosta et al. [15] Ob.S. urofollitropin Group 

1: FSH 5–15 mIU/ml; Group 2: FSH 16–25 
mIU/ml; Group 3: FSH > 25 mIU/ml

150 IU three times a week for 3 months − − −

  Bartoov et al. [16] Ob.S. urofollitropin FSH 
within the normal range

75 IU daily for 1 month − − −

  Iacono et al. [82] Ob.S. 150 IU three times a week for 3 months − − −
  Baccetti et al. [7] Ob.S. urofollitropin [< 12 

UI/l] 150 IU three times a week for 3 months − − −
  Foresta et al. [68] RCT urofollitropin [3.4 ± 1.1 

UI/l]
75 IU three times a week for 3 months − (+ in 33% of patients) − −

  Dirnfeld et al. [83] Ob.S. urofollitropin + hCG; 
(Chorigon) 5000 UI every 5 days; FSH within 
the normal range

75 IU daily for 3 months − + −

 hpFSH
  Radicioni et al. [29] Ob.S. urofollitropin 

[2.3–12.3 UI/l]
75 IU three times a week for 3 months + + +

  Arnaldi et al. [30] Ob.S. urofollitropin FSH 
within the normal range

150 IU three times a week for 6 months + + −

  Foresta et al. [31] Ob.S. urofollitropin [Group 
A: 3.5 ± 1.8 IU/l, Group B: 12.5 ± 5.8 IU/ml, 
Group C: 18.9 ± 10.7 IU/ml, according to the 
histology]

75 IU daily for 3 months + − −
75 IU three times a week for 3 months + − −

  Zarilli et al. [32] Ob.S.[4.9 ± 0.5 UI/l] 75 IU on alternate days for 3 months + + NR
  Fernandez−Arjona et al. [34] 

Ob.S.urofollitropin [3.8 ± 1.35 UI/l]
75 IU daily for 3 months + + +

  Palomba et al. [45] Ob.S.urofollitropin 
[7.0 ± 1.1 UI/l]

150 IU three times a week for 3 months + + +

  Condorelli et al. [37] Ob.S. urofollitropin 
[3.1 ± 4.6 UI/l]

150 IU three times a week for 3 months − − +

  Casamonti et al. [40] Ob.S. urofollitropin [< 8 
UI/l]

75 IU on alternate days for 3 months + + +

  Garolla et al. [41] Ob.S. urofollitropin [< 8 
UI/l]

150 IU three times a week for 3 months + + −

  Ding et al. [24] RCT urofollitropin [4.8 ± 1.9 
UI/l]

50 IU on alternate days for 3 months − − −
100 IU on alternate days for 3 months − − −

 rhFSH
  Foresta et al. [46] RCTβfollitropin [4.1 ± 2.2 

(1.6–27) UI/l]
50 IU three times a week for 3 months − − −
100 IU three times a week for 3 months + − −

  Caroppo et al. [33] Ob.S.αfollitropin 
[9.68 ± 6.05 (1.6–27) UI/ml]

150 IU three times a week for 3 months + + +

  Foresta et al. [21] RCT [4.6 ± 1.2 UI/l] 100 IU on alternate days for 3 months − (+ in 48.4% of 
patients)

− −

  Efesoy et al. [22] Ob.S.βfollitropin [7.18 ± 0.68 
UI/l]

100 IU twice a week for 3 months − − −
150 IU three times a week for 3 months − − −

  Colacurci et al. [23] (RCT)αfollitropin 
[5.9 ± 1.3 UI/l]

100 IU on alternate days for 3 months − − −

  Condorelli et al. [37] Ob.S. αfollitropin 
[2.6 ± 1.1 UI/l]

150 IU three times a week for 3 months − − +

High dose−therapy (weekly cumulative dose ≥ 450 IU)
 pFSH
  Iacono et al. [82] Ob.S. 150 IU daily for 3 months − + +
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[36], positive effects on all conventional sperm parameters 
are likely to be observed in ≥ 4-month-long therapies [24]. 
Unfortunately, only few studies evaluated the effects of FSH 
therapy administered for longer than 4 months [24, 30, 35, 
38].

Concerning the FSH plasma concentration before therapy, 
most of the studies included patients with FSH serum levels 
within the normal range, but not all the studies specified the 
exact FSH mean value of the treated group (Table 2).

Effects of FSH on pregnancy rate

Recommendations

1. We recommend not prescribing FSH treatment for 
improving pregnancy rate before a specific couple-ori-
ented diagnostic workup (1 ØØØØ).

2. We suggest the use of FSH (either purified or recombi-
nant) in normogonadotropic male partners of couples 
with idiopathic male factor infertility for improving 
spontaneous pregnancy rate (2 ØØOO).

3. We suggest the use of FSH (either purified or recombi-
nant) in normogonadotropic male partners of couples 
with idiopathic male factor infertility for improving 
pregnancy rate after ART (2 ØOOO).

Evidence

To date, eight randomized studies have reported spontane-
ous pregnancy rate after FSH treatment for male idiopathic 
infertility, compared with placebo [18, 24, 35, 38, 47] or 

no treatment [17, 21, 48]. Pregnancy rate after ART was 
evaluated by seven randomized studies [17, 20, 21, 24, 39, 
41], only one of which [24] was a randomized, double-blind, 
placebo-controlled trial.

In the double-blind randomized study by Knuth et al. 
[47], enrolling men with sperm count between 0.1 and 
10 × 106/ml, normal serum FSH and long-lasting male fac-
tor idiopathic infertility, two pregnancies were reported in 
the treatment group (n = 17) within 2 months after cessation 
of treatment with 150 IU human menopausal gonadotropin 
(hMG) three times a week for 13 weeks in combination with 
2.500 IU hCG twice a week. This spontaneous pregnancy 
rate was within the limits of chance and not significantly 
different from the zero rate observed in the placebo group 
(n = 20).

Both pFSH and hpFSH (150 IU three times a week) were 
used by Matorras et al. [17] who enrolled couples under-
going intrauterine insemination (IUI) because of male sub-
fertility, reporting a pregnancy rate per woman of 44.38% 
(26/58) in the FSH group versus 37.18% (29/78) in the 
untreated group (p = 0.47). In this study, indeed, female 
factor infertility and primary testicular failure were not ruled 
out, as up to 44% of the couples reported gynaecological dis-
orders and men with FSH levels below 5 IU/l were excluded.

Highly purified FSH was also used in trials by Baccetti 
et al. [20] and by Garolla et al. [41]. In the former study, 
24 men with idiopathic oligo-asthenozoospermia (FSH 
level < 12 IU/l) were treated with 150 IU/day hpFSH for 
12 weeks. They exhibited a significant improvement in 
sperm quality, as evaluated by transmission electron micros-
copy, along with a significantly higher pregnancy rate after 
ICSI with respect to 20 untreated controls (33.0 vs 20.0%). 
By using hpFSH treatment (150 IU three times a week for 

FSH follicle stimulating hormone, hp highly purified FSH, NR not reported, Ob.S. observational study, pFSH purified FSH, RCT  randomized 
controlled trial rhFSH recombinant FSH

Table 2  (continued)

Type of study Dosage Concentration Motility Morphology

 hpFSH
  Strehler et al. [27] Ob.S. urofollitropin [< 12 

UI/l]
150 IU daily for 3 months − + −

  Baccetti et al. [20] Ob.S. urofollitropin [< 12 
UI/l]

150 IU daily for 3 months − − −

  Ding et al. [24] RCT urofollitropin [4.8 ± 1.9 
UI/l]

200 IU on alternate days for 3 months + − −
300 IU on alternate days for 5 months + + +

 rhFSH
  Kamischke et al. [18] RCT αfollitropin 

[5.0 ± 0.4 UI/l]
150 IU daily for 3 months − − −

  Paradisi et al. [35] RCTαfollitropin [4.1 ± 1.6 
UI/l]

300 IU on alternate days for 4 months + + −

  Paradisi et al. [38] Ob.S.αfollitropin [3.9 ± 1.4 
UI/l]

300 IU on alternate days for ≥4 months + − −
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3 months), very similar cumulative pregnancy rates (33.3 
vs 23.2%) after ART (IUI or ICSI) have been reported by 
Garolla et al. [41] on a larger series of couples (86 cases and 
82 untreated controls). In this study, the IUI cohort (n = 35) 
comprised only cases; whereas, the ICSI cohort (n = 131) 
included 82 control subjects and 49 cases [41]. The inclusion 
criteria for the male partner were: sperm count < 20 × 106/
ml, normal FSH levels (1–8 IU/l) and history of male factor 
infertility for at least 2 years. Finally, a multicentre placebo-
controlled study by Ding et al. [24], representing the trial 
with the largest study population (n = 354), was conducted 
in the Chinese population to evaluate the efficacy of different 
doses of hpFSH (ranging from 50 IU to 300 IU on alternate 
days) with different treatment lengths (up to 5 months). Only 
high doses of hpFSH (300 IU on alternate days) for 5 months 
improved significantly both spontaneous pregnancy rate 
(30.0 vs 6.8%) and ART pregnancy rate (50.0 vs 18.5%) in 
comparison to placebo.

In all other randomized studies, rhFSH was used. Kamis-
chke et al. [18] conducted a double-blind randomized pla-
cebo-controlled trial primarily aiming at assessing the effect 
of rhFSH (150 IU daily for 12 weeks) in improving semen 
parameters in men with male factor idiopathic infertility (at 
least 2 semen parameters below the World Health Organiza-
tion criteria, along with FSH < 12 IU/l). Two spontaneous 
pregnancies in the treated group (n = 31) and none in the 
placebo group (n = 30) occurred. Further pregnancies were 
reported by ART more than 3 months after treatment com-
pletion, when, however, any benefit derived from FSH ther-
apy was not expected based on spermatogenesis duration.

More recently, in a study by Foresta et al. [21], 112 
men affected by idiopathic oligozoospermia (FSH levels 
1–7 IU/l), were randomized to receive rhFSH (100 IU on 
alternate day for 3 months) or no treatment. A significantly 
higher spontaneous pregnancy rate was observed in the 
subgroup of men (5/30, 16.7%) exhibiting a significant 
increase in sperm count (responder group), with respect 
to non-responder (1/32, 3.1%) and untreated groups (2/50, 
4.0%). Furthermore, the improvement in semen parameters 
allowed the responder patients to undergo less frequently 
in vitro fertilization-embryo transfer (IVF-ET)/ICSI than 
IUI. In a subsequent study by the same group [48], the 
authors’ primary end point was to evaluate the response of 
idiopathic oligozoospermia to rhFSH (150 IU three times 
a week for 3 months) in terms of improved sperm count 
on the basis of Ala307Thr-Asn680Ser FSHR gene poly-
morphisms. In this study, the difference in spontaneous 
pregnancy rate between treated (n = 70) and untreated 
group (n = 35) did not reach statistical significance (14.8 
vs 4.6%). The same regimen and dose of rhFSH have 
been more recently used by Farrag et al. [39], enrolling 
82 men undergoing ICSI for idiopathic male factor infer-
tility (FSH levels ≥ 12 IU/l). In the treatment group, the 

authors reported a clinical pregnancy rate after ICSI sig-
nificantly higher compared to the untreated control group 
(42 vs 20%, respectively, p < 0.02).

High doses of rhFSH (300 IU every other day) were 
used in two double-blind randomized placebo-controlled 
trials [35, 38], where spontaneous pregnancy was consid-
ered only as secondary efficacy outcome and only normog-
onadotropic men with idiopathic oligozoospermia were 
enrolled. Although the first study [35], reported four and 
no pregnancies after rhFSH (n = 15) and placebo treatment 
(n = 15), respectively, the low number of events did not 
allow a meaningful statistical analysis. In the subsequent 
study by the same authors [38], the difference reached 
statistical significance: spontaneous pregnancy rate in the 
treatment group (n = 45) was 26.7% while no pregnancy 
was registered in the placebo group (n = 15).

Two meta-analyses were performed in order to com-
prehensively evaluate whether FSH administration to men 
with idiopathic male factor infertility could improve preg-
nancy rates spontaneously and/or after ART [42, 43]. The 
first meta-analysis, published by the Cochrane Collabora-
tion [42], identified only six valid randomized controlled 
trials, overall including 457 participants. By meta-analys-
ing available data, authors showed that men who received 
gonadotropin treatment had almost a fivefold increase in 
spontaneous pregnancy rate per couple with respect to 
men receiving placebo or no treatment (OR 4.94, 95% CI 
2.13–11.44; p = 0.0002). The separate analysis of the four 
studies reporting spontaneous pregnancy rate only in cou-
ples with no female factor reached the same results (OR 
5.00, 95% CI 1.88–13.34; p = 0.001). On the contrary, 
no significant difference between the two groups in terms 
of pregnancy rate after ART (IUI or ICSI) was observed. 
Recently, in another meta-analysis [43] including 15 trials 
(614 men treated with FSH and 661 men treated with pla-
cebo or untreated), concluded that men receiving gonado-
tropins do not only exhibit a 4.5-fold increase in spontane-
ous pregnancy rate (95% CI 2.17–9.33, p < 0.0001), but 
also a significantly higher pregnancy rate after ART (OR 
1.60, 95% CI 1.08–2.37, p = 0.02). This meta-analysis 
also included non-randomized studies [33, 49], a crossover 
study by Ben-Rafael et al. [19] and a randomized study 
by Foresta et al. [50], where rhFSH was administered to 
patients with severe testiculopathy after gonadotropin 
suppression by gonadotropin-releasing hormone agonist 
(GnRH-a).

Value

The quality of the evidence supporting the use of FSH 
in normogonadotropic male partner of couples with idio-
pathic male factor infertility to improve spontaneous preg-
nancy rate was rated as low. The quality of the evidence to 
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suggest the use of FSH in normogonadotropic male part-
ner of couples with idiopathic male factor infertility for 
improving pregnancy rate after ART was rated as very low.

Remarks

Although all randomized controlled trials demonstrated a 
treatment effect in the same direction, favouring gonado-
tropin therapy, a number of limitations decrease the quality 
of evidence supporting the recommendations. Firstly, evi-
dence is downgraded by the low number of RCTs, involv-
ing few participants and documenting few outcomes with 
quite large confidence intervals. Indeed, although pooling 
different studies in the meta-analyses showed positive out-
comes in terms of spontaneous pregnancy rate [42, 43] and 
ART-related pregnancy rate [43] after FSH treatment, the 
collective sample sizes did not allow to achieve adequate 
power and precision of the overall estimates. To date, 
only a double-blind randomized placebo-controlled trial 
has reported pregnancy rates after ART [24]. Secondly, 
a methodology limitation arises from a possible attrition 
bias, as only five studies [17, 18, 21, 24, 39], among the 
available RCTs, correctly reported the dropout rate and the 
evaluation of data after dropout. Thirdly, enrolled infertile 
populations were quite heterogeneous with often unknown 
female factor and different types of gonadotropins in dif-
ferent unstandardized empirical regimes and doses, with 
different follow-up lengths were used. In the meta-analysis 
by Santi et al. [43], sub-dividing studies according to the 
FSH preparations (purified/recombinant), the improve-
ment in spontaneous pregnancy rate remained significant 
for each preparation. Nevertheless, as no study compared 
the efficacy of different FSH preparations, we cannot sug-
gest specific types of gonadotropins. Similarly, clinical 
efficacy of increasing FSH dosage in cases of unrespon-
siveness to standard dosage, is still unclear and detailed 
therapeutic regimes and doses cannot be recommended, 
as only one study [24] compared the effects of increasing 
doses of hpFSH (50, 100, 200 and 300 IU on alternate days 
up to 5 months). In that study, although the sperm number 
was significantly increased beginning at the third month 
of FSH treatment at the dose of 200 IU, only the highest 
doses (300 IU on alternate days) for 5 months significantly 
improved both spontaneous pregnancy rate and ART preg-
nancy rate in comparison to placebo.

Effects of FSH on sperm DNA integrity

Recommendation

1. We suggest administering FSH (either recombinant or 
purified) to idiopathic infertile patients, especially in 
those with high values of basal sperm DNA fragmenta-
tion, to improve sperm chromatin integrity (2 ØØOO).

Evidence

DNA fragmentation consists of single (SSB) and double 
DNA strand breaks (DSB) and may occur from impaired 
chromatin condensation and protamination defects, which 
are consequences of apoptotic process and/or oxidative 
damage from free radicals. Those DSB, if unrepaired, may 
induce mutations, genome instability and cellular death. 
Thus, genome integrity must be controlled by a sophisti-
cated cellular mechanism called DNA Damage Response 
network, which includes various proteins, able to respond to 
genotoxic stress in order to protect the organism by repairing 
DNA damage. Both the amount of damage and the repair 
capabilities of the cell will influence the outcome: DSB per-
sistence will lead to apoptosis or cellular senescence to pre-
vent the store of DNA mutations [51–54]. Sperm DNA dam-
age has been associated with impaired spermatogenesis and 
infertility with negative consequences on biological events 
such as fertilization and embryonic development [55, 56].

In natural conception, 50–70% of spontaneous pregnancy 
losses can be attributed to aneuploidies, above all trisomies, 
and the remaining 30–50% are unexplained, but may be due 
to as-yet unknown epigenetic or genetic factors [57]. Sperm 
DNA damage, including chromatin fragmentation, has been 
associated with recurrent pregnancy loss [58]. Moreover, 
a strong association was found between DNA damage and 
failure to achieve natural pregnancy, while high levels of 
DNA damage were also associated with a low pregnancy 
rate following ART [59].

Numerous methods have been developed to evaluate 
sperm DNA integrity, with the aim of establishing the 
degree of chromatin condensation. Aniline blue and Chro-
momycin A3 are used to evaluate the histone–protamine 
replacement process. Under normal conditions, optimal 
chromatin condensation can be considered as a replacement 
level of 85%. Terminal deoxynucleotidyl transferase UTP-
driven nick end labelling (TUNEL) and COMET assay are 
the most widely used methods for evaluating sperm chro-
matin integrity. TUNEL detects the presence of endog-
enous DNA strand breaks in sperm through use the enzyme 
terminal deoxynucleotidyl transferase (TdT) [60]. The 
COMET assay enables DNA integrity to be evaluated by 
visualizing strand breaks in individual cells with single cell 
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gel electrophoresis. Fluorescence in situ and hybridization 
(FISH) techniques have been used to evaluate the presence 
of sperm aneuploidies.

Although the assessment of sperm chromatin integrity 
is still unstandardized and cannot be routinely used in the 
evaluation of infertile patients, recent evidence reveals it as 
a marker of male reproductive potential [61–63].

Few papers have explored the effect of FSH treatment 
on DNA fragmentation. Colacurci et al. [23] detected an 
improvement of sperm DNA fragmentation in oligoastheno-
zoospermic patients treated with rhFSH (150 UI every other 
day). Ruvolo et al. [64] reported similar results. Garolla 
et al. [41] confirmed the previous observations, adminis-
tering hpFSH. All these authors agree that the subset of 
patients that benefit most from the therapy is that with the 
highest basal DNA fragmentation index (DFI), indicating 
DFI > 15% as a possible cut-off. Simoni et al. [65], while 
confirming DFI improvements after FSH therapy, underline 
that such improvement was significant only in patients car-
rying a homozygous wild-type N genotype for the p.N680S 
allele of the FSH receptor (FSHR) gene. Therefore, this 
observation seems to indicate FSHR gene genotype as a 
possible marker of response to therapy, regardless of pre-
therapy sperm quality. While results on sperm DNA frag-
mentation are encouraging, FSH therapy does not seem to 
be clearly associated with a reduction of chromosomal ane-
uploidies, detected through FISH. In fact, while Piomboni 
et al. [66] detected improvements of aneuploidies in a small 
series of 22 men undergoing rhFSH 150 UI every other day 
for 3 months, the already cited paper by Garolla et al. [41] 
could not find significant differences in the percentage of 
sperm aneuploidies before and after therapy.

Value

Evidence supporting the use of FSH in idiopathic infertile 
patients to improve sperm DNA integrity is of low qual-
ity. The task force places higher value in patients with high 
degrees of basal sperm DNA fragmentation.

Remarks

In consideration of the limited evidence provided by the few 
available papers, it is advisable to suggest to idiopathic infer-
tile patients to undergo FSH therapy especially in the pres-
ence of high levels of DFI. However, lack of standardization 
and infrequent employment in a routine clinical setting do 
not allow identifying a reliable DFI cut-off level predictive 
of chromatin integrity improvement. Further studies are 
needed to better define the subgroup of patient who will 
benefit from therapy, as well as the appropriateness of utili-
zation of techniques evaluating sperm DNA fragmentation.

Predictors of response to FSH treatment

Recommendations

1. We recommend considering FSH treatment in idiopathic 
oligozoospermic infertile men only when FSH plasma 
concentrations are in the normal range (1 ØØØØ).

2. We suggest not using FSH treatment in oligozoosper-
mic infertile men with hypospermatogenesis associated 
with maturational disturbances at the spermatid level (2 
ØØOO).

3. We suggest to use the analysis of polymorphisms on the 
FSHR and FSHB genes to predict the clinical response 
to FSH treatment only for research purposes (2 ØØOO).

Evidence

Semen abnormalities may be sustained by various altera-
tions of the seminiferous epithelium, which could explain 
the failure of FSH therapy reported by some studies [17, 
18, 67]. In fact, FSH therapy induces significant improve-
ments only in a proportion of infertile patients. Therefore, 
a careful and complete diagnostic workup of the infertile 
male partner is mandatory to derive predictive information 
on the response to FSH treatment.

In 1968, Baccetti et al. [7] evaluated the effects of FSH 
treatment on the quality of human spermatozoa and preg-
nancy by examining the sperm ultrastructure of 81 infertile 
patients. Using spermatozoa as andrological biomarkers, 
they showed that the therapeutic effect of FSH depends 
on the type of sperm defect. Certain alterations regarding 
the acrosome, the chromatin, the mitochondria, and the 
axoneme appeared to be sensitive to FSH. All responders 
had spermatozoa affected by immaturity or apoptosis, sug-
gesting that the success of therapy was predictable. Also 
Strehler et al. [27] investigated the effect of FSH admin-
istration in order to evaluate its potential for improving 
sperm ultrastructure. Forty-six patients with OAT attend-
ing assisted reproduction received 150 IU FSH in daily 
dosages of over a period of 12 weeks. Using transmission 
electron microscopy to examine subcellular organelles 
after the FSH treatment, they observed a higher percentage 
of integrity leading to a higher number of morphologically 
normal spermatozoa. These findings suggested that treat-
ment with FSH can be an effective way to improve sperm 
quality particularly in those cases of OAT associated with 
ultrastructural sperm alteration.

Recombinant human FSH was tested in a randomized, 
double-blind, placebo-controlled study by Kamischke 
et al. [18] to examine its role in male idiopathic infertil-
ity. A total of 67 patients were randomized to treatment 
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(12 weeks with 150 IU rhFSH) or to placebo. In the treated 
group, testicular volume and DNA condensation were 
improved compared to placebo and baseline. This sug-
gested looking for parameters that might identify patients 
who may benefit from FSH treatment.

In a prospective, controlled, randomized clinical study, 
Foresta et al. [21] evaluated the effects of FSH treatment on 
seminal parameters and spontaneous pregnancy in 112 infer-
tile men affected by idiopathic oligozoospermia. Sixty-two 
subjects were treated with 100 IU of rhFSH on alternate days 
for 3 months, and 50 patients did not receive any treatment. 
Results showed that FSH therapy does not improve sperm 
concentration or pregnancy rate when infertile male patients 
are chosen solely by the clinical criteria of idiopathic oli-
gospermia and normal FSH concentration. Subgroup analy-
sis indicated that selected patients might benefit from medi-
cal therapy in terms of better sperm parameters and fertility 
outcome. Because subjects with high FSH plasma levels do 
not benefit from FSH treatment, in 2009 Foresta et al. [50] 
performed a prospective, controlled, randomized clinical 
study to evaluate the effect of recombinant FSH plus hCG 
on seminal parameters and pregnancy rate when high FSH 
plasma concentrations have been suppressed. Eighty-seven 
men affected by severe testiculopathy were included, 57 
were treated with a GnRH-a and then with rhFSH and hCG, 
and 30 patients did not receive any treatment. Results from 
this trial showed that FSH therapy improves sperm param-
eters in severe male factor infertility when endogenous high 
FSH plasma levels are suppressed.

Three studies performed by the same research group, 
demonstrated that the knowledge of the tubular status 
obtained by testicular fine needle aspiration cytology 
(FNAC), enables to predict the positive response to FSH 
therapy in oligozoospermic patients [46, 68, 69]. In a pla-
cebo-controlled, double-blind randomized clinical study, 
Foresta et  al. [68] evaluated tubular status and semen 
parameters of 90 oligozoospermic subjects with normal 
FSH plasma levels before and after FSH treatment. After 
3 months of treatment, they reported no improvement of 
sperm parameters in placebo-treated patients. Among FSH-
treated patients, 30% responded to FSH treatment at least 
doubling sperm count. Among patients who did not respond, 
the results of pretreatment testicular cytologic examination 
were consistent with hypospermatogenesis associated with 
maturational disturbances at the spermatid level. In con-
trast, patients who responded to treatment with FSH had 
isolated hypospermatogenesis without maturational dis-
turbances. In a randomized single-blind study published in 
2002, Foresta et al. [46] tested the effects of treatment with 
rhFSH on seminal parameters and seminiferous epithelium 
in 45 idiopathic patients with oligozoospermia and normal 
FSH plasma levels. Fifteen subjects underwent 3 months of 
treatment with 50 IU, 15 with 100 IU on alternate days or 

no treatment. The findings of this study demonstrated that 
rhFSH at a dose of 100 IU, increases the spermatogonial 
population and sperm production in idiopathic oligozoosper-
mic patients with normal FSH and a cytological picture of 
hypospermatogenesis with no maturation arrest. In another 
experimental controlled study, Garolla et al. [69] compared 
the predictive power of spermatid count in semen and FNAC 
for ART outcome after FSH therapy. A total of 174 men with 
severe oligozoospermia and normal plasma FSH concen-
tration were included. Ninety-two men with hypospermato-
genesis received FSH therapy for 3 months. The authors 
reported a strong relation between higher spermatid count 
and hypospermatogenesis with maturative disturbance. FSH 
therapy showed significant improvement in sperm param-
eters and natural or assisted fertility in patients with lower 
spermatid count. This study suggested that spermatid count 
could represent a new predictor of response to FSH therapy.

It has been shown that some polymorphisms in the FSHR 
gene are able to influence the expression and/or sensitiv-
ity of the receptor for the hormone and the reproductive 
parameters both in men and women [70–73] The two most 
common SNPs in the coding region occur at nucleotides 
919 and 2039 in exon 10, in which A⁄G transitions cause 
amino acid exchange from threonine (Thr) to alanine (Ala) 
at codon 307 and from asparagines (Asn) to serine (Ser) at 
codon 680, respectively [74, 75]. There is a linkage between 
these polymorphic sites and the two SNPs resulting in two 
major, almost equally common allelic variants in the Cauca-
sian population, Thr307-Asn680 (TN) and Ala307-Ser680 
(AS), producing two distinct receptor isoforms [76], leading 
to three genotypes (TN/TN, TN/AS and AS/AS). Moreo-
ver, molecular studies on the FSHB gene (coding for the 
β-subunit of FSH) showed that a G/T single-nucleotide poly-
morphism located in the FSHB gene promoter (− 211 bp 
from the mRNA transcription start site; rs10835638) is 
responsible for the endogenous FSH level [77, 78]. The com-
bination of G/T SNP can lead to three genotypes: homozy-
gous TT and GG and heterozygous GT.

Based on these findings, some authors suggested that 
different genetic polymorphisms observed in FSHR and 
FSHB genes could influence the response to exogenous 
FSH administration [40, 48, 65, 79]. In a controlled, rand-
omized, clinical study performed by Selice et al. [48], the 
authors evaluated the response of recombinant FSH treat-
ment in terms of sperm production based on Ala307Thr-
Asn680Ser polymorphisms in the FSHR gene in a group 
of 105 oligozoospermic subjects with hypospermatogenesis 
and normal FSH levels. Seventy patients were randomized 
to treatment group (150 IU thrice per week for 3 months) 
and 35 to non-treatment group. When treated subjects were 
subdivided based on FSHR genotype, only subjects with 
at least one serine in position 680 (homozygous AS/AS 
and heterozygous TN/AS) had a significant improvement 
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of seminal parameters, whereas homozygote subjects for 
Thr307-Asn680 (TN/TN) showed no difference. This study 
suggested that the analysis of this gene could represent a 
valid pharmacogenetic approach to predict the response to 
FSH treatment.

In order to verify whether an SNP in the FSHB gene pro-
moter could be a pharmacogenetic tool for the treatment 
of male infertility with FSH, Ferlin et al. [79] performed a 
cross-sectional and prospective study. They evaluated 514 
subjects with non-obstructive azoospermia and oligozoo-
spermia and 248 subjects with normozoospermia. FSHB 
− 211 TT genotype was associated with significantly lower 
FSH levels compared with GG and GT genotypes. Treat-
ment with FSH induced a significantly higher improvement 
in sperm count and quality in TT homozygotes regarding 
carriers of the G allele. This study suggested that FSHB 
− 211 TT genotype might represent a valid pharmacoge-
netic predictor for identification of potential responders to 
FSH treatment. Nevertheless, more recently, a prospective 
study on 40 patients affected by idiopathic OAT did not 
identify any specific subgroup of “responders” in terms of 
total sperm count and total motile sperm count based on the 
FSHB and FSHR polymorphisms [40].

Value

The evidence supporting the measurement of FSH plasma 
concentrations (within the normal range) to select infertile 
men undergoing FSH therapy is of high quality. There is low 
evidence to advice against FSH treatment in those oligo-
zoospermic men with maturation arrest of spermatogenesis. 
There is currently not enough quality of evidence to rec-
ommend the use of a pharmacogenetic approach to predict 
the response to the FSH treatment in clinical practice: the 
analysis of FSHR and FSHB genes could be suggested for 
experimental purposes.

Remarks

Randomized controlled trials selecting oligozoospermic 
patients with normal FSH plasma levels demonstrated posi-
tive effects of the standard FSH treatment (150 IU, three 
times a week, for 3 months) on sperm parameters and natural 
or assisted fertility.

Although RCTs demonstrated that patients with sperma-
tid arrest (observed both by FNAC and spermatid count in 
semen) showed absent or limited response to FSH treatment, 
the major limitation is that all these studies were performed 
by the same group [46, 68, 69].

Regarding the pharmacogenetic approach to FSH treat-
ment, the four available studies have contradictory results 
and no RCTs are available [40, 48, 65, 79]. Although this is 
a new and promising field of medicine, the pharmacogenetic 

approach in relationship with FSH treatment requires large 
multicentric studies in order to provide evidence for its clini-
cal use. In fact, while Selice et al. [48] and Ferlin et al. [79] 
indicated higher responsiveness in patients carrying the 
polymorphic variants in FSHR and FSHB genes, the study 
by Simoni et al. [65] reported a significant positive effect 
in men with homozygous wild-type genotype of the FSHR 
and Casamonti et al. [40] observed a similar frequency of 
responders in all FSHR and FSHB genotypes.

Conclusions and future directions

Both available meta-analyses have demonstrated a signifi-
cant positive effect of FSH therapy on sperm parameters and 
pregnancy rate in men with altered sperm parameters and 
normal FSH levels [42, 43]. However, studies are extremely 
heterogeneous in many aspects: (i) patient selection criteria; 
(ii) primary and secondary end-points; (iii) FSH doses and 
type of FSH; (iv) duration of treatment. It is therefore clear 
that future large studies are necessary to better define to 
whom, at which doses and for how long we should prescribe 
FSH.

In the large majority of studies, FSH administration (both 
hpFSH and rhFSH) have a significant positive effect both 
on quantitative and qualitative sperm parameters in about 
50% of treated patients. This combined effect is typically 
observed after 3 months of treatment, which corresponds 
to the length of spermatogenesis (about 72 days). Based on 
the hypothesis that FSH acts at the early germ cell stages, 
some authors speculated on a higher efficacy of a longer 
therapeutic regimen. However, the few studies, based on 
4 or 5 months treatments, did not clearly demonstrate a 
higher proportion of “responders” in respect to the standard 
regimen. On the other hand, a recent Italian study [40] has 
evaluated the effect of FSH treatment on the latest phase of 
spermatogenesis (called “spermiogenesis”). In this study, 
a significant improvement of sperm maturation, expressed 
in terms of higher sperm hyaluronic acid binding capacity, 
has been observed already after 1 month of hpFSH (with a 
300 IU weekly dose) with a further increase after 3 months 
of treatment. The return of sperm hyaluronic acid binding 
capacity value to the baseline values, after the washout 
period, strongly supports that the observed effect is truly 
due to the administration of FSH.

Based on the clinical trials discussed in the present 
article, we can speculate that FSH has a double action 
on both spermatogonia and round spermatids. This dou-
ble action can be used in different clinical contexts; for 
instance, a long-term (at least 3 months) treatment will 
increase sperm parameters with an ultimate potential ben-
efit on spontaneous pregnancy rate. On the other hand, a 
1-month therapy could be indicated prior to ART, with 
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the aim to increase the proportion of functionally mature 
spermatozoa with consequent higher likelihood of assisted 
pregnancy [80]. In order to verify the clinical value of 
the short-term regimen, a placebo-controlled study with 
the primary end-point of assisted pregnancy is urgently 
needed. In addition, basic research, aimed at unrevealing 
the physiological mechanisms of FSH action on germ cell 
proliferation and maturation, is needed to help clinicians 
to define the most appropriate treatment length.

Idiopathic infertility is a heterogeneous etiologic cat-
egory in which many different, yet unknown genetic/epi-
genetic factors are likely to be involved [2, 3]. Since these 
etiologic factors are not necessary related to hormonal 
regulation of spermatogenesis, it is plausible that only a 
portion of idiopathic OAT men respond to FSH therapy. 
One of the most challenging aspects of FSH treatment con-
sists in our ability to predict responsiveness prior therapy. 
In this respect, pharmacogenetics [40, 48, 65, 79] has been 
proposed as a potential predictive tool. The hypothesis 
behind the pharmacogenetic approach is based on genetic 
polymorphisms, able to modulate FSH synthesis and 
action. Hence, one of the most likely “responsive” sub-
group is expected to include those individuals who have a 
genetically determined low capacity either to synthesize 
(polymorphism in the promoter region of FSHB gene) and/
or to respond to FSH (polymorphisms in the FSHR gene) 
[81]. Such a “functional central hypogonadism” could be 
responsible for the inappropriately normal FSH levels in 
the presence of oligozoospermia and the administration 
of exogenous FSH could overcome this functional defect. 
Clearly, such a pharmacogenetic approach could convert 
FSH treatment in idiopathic infertile men from empiric 
into rational therapy. Unfortunately, data in the literature 
are scarce and inconclusive, underlying the need for future 
clinical trials on large study populations, with the possibil-
ity to analyse the combined effect of the above polymor-
phisms. Apart from “functional central hypogonadism”, 
we can also expect that a “reinforced” FSH action may be 
efficient also in oligozoospermia caused by mutations in 
FSH responsive genes. Again, basic research and future 
genetic studies in infertile men will likely to provide a 
more rational basis for the selection of the best candidates 
for FSH therapy.

Our medical armamentarium in idiopathic OAT is frus-
tratingly scarce and FSH treatment represents a glimmer of 
hope for these patients. Although more clinical and basic 
studies are needed to better define the best therapeutic 
regimen, current data are encouraging and suggest that 
a 3-month FSH therapy with a minimum weekly dose of 
300 IU can be attempted in idiopathic OAT with the aim 
to improve both quantitative and qualitative sperm param-
eters and pregnancy rate.
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