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INTRODUCTION
Human follicle stimulating hormone (FSH) is a het-
erodimeric pituitary glycoprotein that regulates gonadal
function in both male and female. 
In males, FSH stimulates Sertoli cell proliferation and
function. It shares with testosterone in the initiation and
maintenance of spermatogenesis (1-3). Several workers
reported the positive outcome of FSH therapy on sperm
quality and fertilizing capability (4-7), sperm produc-
tion (5, 7-10), sperm fine construction (11, 12) and
enhancement in conception rate after gamete microma-
nipulation (7, 13, 14). Because of these obviously sig-
nificant tasks on spermatogenesis, FSH has been
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Summary

acknowledged as a regular laboratory test in the evalua-
tion of the infertile male (2, 6).
Most reports dealing with FSH in males have focused on
its high level associated with disorders of testicular struc-
ture and altered spermatogenesis, and how it can act as
a predictor of retrieving sperms for subsequent in-vitro
gamete micromanipulation (15, 16). In such situations,
FSH altered level is often accompanied with changes in
other requested hormones like testosterone and LH. On
the contrary, studies investigating the isolated deficiency
of FSH in males on clinical level are lacking. Literature
review shows mostly few case reports indicating such
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unique deficiency in males (17-19). At best, isolated low
FSH in men was cited at a glance on referring to a small
study subgroup whose patients were extremely few, and
only to reveal the beneficial effect of FSH therapy on
these patients (20). Infertile females were fortunate.
Their problems with isolated low FSH received better
attention. There are several studies which reported this
problem in females, and research was expedited to inves-
tigate polymorphism in FSH receptor (21) and FSH
auto-antibodies (22, 23). Therefore, the prevalence of
isolated low FSH in infertile males have not yet been
reported. This prompted us to assess this prevalence
among Egyptian infertile males, highlight their demo-
graphics and report the implication of the isolated low
FSH on their standard semen parameters; with a special
emphasis on sperm morphology.

PATIENTS AND METHODS

Study design
This retrospective study was carried out at the
Departments of Urology and Clinical Pathology, Alexandria
Faculty of Medicine, Alexandria, Egypt. 
Evaluation of records of 3335 consecutive men consult-
ing for delayed pregnancy, during the period between
February 2004 to May 2012, was accomplished. Patients
with FSH value ≤ the lower limit of the normal range
(1.5-12.4 mIU/mL) given by our laboratory kits were
recruited. The study was approved by the Departmental
Review Boards.

Inclusion criteria
These criteria defined what we meant by isolated low FSH.
So, male patients with low FSH but with normal levels of
testosterone (T), luteinizing hormone (LH) and prolactin
(PRL) were enrolled in the study. The criteria included
also absence of any clinically detectable varicocele, excess
white blood cells (WBC) in semen, antibody-mediated
sperm disorder or female factor. Absence of varicocele was
further confirmed by scrotal duplex scanning using 7.5
MHz probe (ALOKA,SSD-1700, Dynaview II, Tokyo, Japan).
The presence of abnormally elevated WBC in semen (24,
25) was confirmed using peroxidase test (26). Lack of
sperm-associated antibody was indicated by mixed anti-
globulin reaction (MAR) which failed to demonstrate any
antisperm antibodies in semen of these patients. 

Hormonal assay
Blood samples were taken for hormonal assays in the
morning at 9: 00-10: 00 o’clock in a heparinized syringe.
Serum FSH concentrations as well as other hormones
(T, LH and PRL) were measured using Roche Elycsys
4020 and Cobas e411 automated electrochemilumines-
cence systems (Roche Diagnostics GmbH, Mannheim,
Germany). The lower detection limit for FSH was 0.1
mIU/ mL. FSH levels were confirmed by re-testing on 2
different occasions. The intra-assay and inter-assay coef-
ficients of variation were < 10%. 

Additional retrieved data
After final recruitment of the study patients, additional

data were retrieved from their files. These included
socio-demographic features as age, occupation, body
weight, alcohol intake and smoking habit. Retrieved
data also incorporated past, drug and family histories,
duration of infertility, physical examination and semen
analysis results. 

Semen Analysis
At least, each patient had 3 previous semen reports when
he was first seen in our university clinic. All these reports
denoted abnormality in one or more of sperm parame-
ters. Then a recent semen analysis was accomplished in
our facility using manual check up in 16 cases but com-
puter assisted semen analysis (CASA) in the subsequent
13 cases. The CASA machine was Sperm Class Analyser
SCA GII (Barcelona, Spain). The examination included
assessment of semen volume, sperm concentration / mL,
percentage total and active (scale A-B) motility of sperm
and percentage normal sperm forms. The World Health
Organization (WHO) sperm criteria were used to define
normal or abnormal semen parameters using WHO
1992 handbook (24) for manual assessment and WHO
1999 handbook (25) for CASA evaluation as the study
patients were recruited along several years. For further
study of the association between state of FSH in the cur-
rent study and details of sperm morphology as assessed
by CASA for 13 patients (CASA subgroup), a control
group (n = 13) was included. 

Statistics
The raised data were analyzed using SPSS statistical soft-
ware for Windows Release 20 (SPSS Inc., Chicago, USA) on a
personal computer. The relationships between serum FSH
and sperm parameters were quantified using the
Spearman rank correlation coefficient (r). FSH levels were
categorized into 3 groups based on the number of affect-
ed sperm parameter (one, two or three) which included
sperm count, total motility and morphology, and compar-
ison between the resulting 3 groups was done using
Mann-Whitney test. The sperm parameters were arranged
into 2 groups (normal vs abnormal), and FSH of each
resulting group was included. Comparison between nor-
mal vs abnormal group per each sperm parameter was
done using independent-samples T test. According to
smoking history, patients’ data including FSH levels and
sperm parameters were put into 2 groups (smoking vs
nonsmoking). Impact of smoking on these variables was
also analyzed with independent-samples T test. The same
test was also used to compare between the study patients
and controls as regard detailed description of the sperm
morphology. P-value < 0.05 was considered significant.

RESULTS

Patients
Of 3335 checked files, 29 patients with isolated low FSH
were recruited. This yielded a prevalence of 0.87% for
this group of patients. At entry, the patients had age
(30.55 yr ± 3.85), weight (76 kg ± 15.97) and FSH level
(1.146 mIU/mL ± 0.219). There was no significant cor-
relation between patient FSH levels and ages (r = - 0.1,
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p = 0.61). All patients had primary infertility with a
duration (3 yr ± 2.8); except 3 who had secondary infer-
tility with a duration (5.73 yr ± 4.94). All study patients
were white collar employees. 
Their partners were (16-29) yr old for the group of pri-
mary infertility and (21-37) yr old for the group of sec-
ondary infertility. Fertility check up of the partners
excluded female factor. Past and family histories were
irrelevant and the patients did not receive any prior hor-
monal treatment or medications which might affect tes-
ticular function. Self-reported alcohol intake was nil.
Thirteen patients were smokers, another 13 were non-
smokers while no data were available for 3 patients.
Clinical examination showed no abnormalities. The 13
controls had comparable age ( 27.3 y ± 3.1 vs 30 y ± 2.8)
to that of the CASA-patients subgroup. They were clini-
cally free and had normal FSH (4.9 mIU/mL ± 1). Their
other hormones and lab data were normal.

Sperm parameters
All the study patients presented normal semen volumes
(2.87 mL ± 1.26). They showed abnormalities in their
semen reports. These abnormalities involved one or
more of the studied sperm parameter(s). The number of
the patients presented with 2 combined abnormal
parameters was higher than those of the patients who
had either 1 or 3 abnormal parameters (Table 1). 
The most frequently affected parameter was morphology
(Table 2).

Abnormal sperm morphology in the CASA-patients subgroup
This was seen involving the head, mid-piece and tail.
The head was the part with the highest percentage of
abnormalities (40% ± 4.4) compared with mid-piece
(24.3% ± 6.5) or tail (29.3% ± 4.3). The most frequent
head deformity was abnormal acrosome (49.2% ± 6.2).
The controls showed significantly less anomalies in the
sperm head (21.6% ± 5.2; p < 0.001) and acrosome
(20.1% ± 3.5; p < 0.001).

Relation between FSH level and semen parameters 
The level of FSH declined as the number of affected
sperm parameters increased. However, this decline in
FSH level was not significant (Table 1). 
It was of interest that the FSH levels were obviously lower
in all the patients’ groups with abnormal sperm parame-
ters compared to those levels of the patients’ groups with
normal parameters (Table 2). 
Again, these differences in FSH levels were insignificant;
except with total sperm motility. There were also no sig-
nificant correlation between FSH level and semen volume
(r = -0.27, p = 0.16) or any abnormally affected sperm
parameter (Table 3). 

No negative impact of smoking on the study variables
No statistically significant differences were appreciated
between the smoking and nonsmoking group in regard
to any of the study variables (Table 4).

Number of negative Patient number FSH (mean ± SD) 
sperm parameter(s) (%) mIU/mL

1 5 (17.2) 1.22 ± 0.29

2 14 (48.3) 1.17  ± 0.20

3 10 (34.5) 1.07 ± 0.20 

Sperm parameter Normal levels Abnormal levels p-value

Mean ± SD Patient no. FSH Mean ± SD Patient no. FSH 
no. (%) (mean ± SD) (%) (mean ± SD) 

Count (106/mL) 82.91 ±  40.46 11 (38) 1.16 ± 0.28 2.59 ± 3.3 18 (62) 1.14 ± 0.18 0.845

Total motility (%) 54 ± 4.6 11 (38) 1.27 ± 0.13 23.42 ± 14.82 18 (62) 1.08 ± 0.23 0.011

Active motility (%) 33.75 ± 7.44 8 (27.6) 1.17  ±0.14 6.76 ± 7.36 21 (72.4) 1.14 ± 0.25 0.683

Morphology (%)

- WHO 1992 37.5 ± 9.6 4 (13.8) 1.18 ± 0.32 15.67 ± 6.73 12 (41.4) 1.15 ± 0.25 0.878
- WHO 1999 - - 6.39 ± 1.33 13 (44.8) 1.13 ± 0.18 -

25 (86.2)

Table 1.

Categorization of FSH levels in relation to the number of negative sperm parameter(s)*.

Table 2.

Normal and abnormal sperm parameters of the study patients and FSH levels (mIU/mL) in each group*.

P = 0.143

P = 0.515
P = 0.326

}
} }

* Mann-Whitney test

* Independent-samples T- test.
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DISCUSSION
Gonadotropin deficiency in men is rather uncommon.
Low FSH was reported previously; either in studies deal-
ing with hypogonadotrophic hypogonadism (9, 27) or
without any note about other reproductive hormones
(28). So, such reported low FSH was not an isolated defi-
ciency. Recently, a study by Efesoy et al. (20) included a
subgroup of infertile men with a real isolated low FSH
among its other subgroups while checking for response
to FSH therapy. However, the sample was very small in
number and just touched at a glance without detailed
reporting of related demographical, clinical or laborato-
ry findings. Clinical studies investigating the isolated
deficiency of FSH in males are lacking and mostly old
case-reports (17-19, 29). Enrollment of male patients to
launch a study related to this isolated hormonal defi-
ciency, either clinically or epidemiologically, is extreme-
ly difficult. Therefore, the characteristic features of
patients with this deficiency have not been well defined
so far. In the present study out of 3335 infertile males,
only 29 patients with isolated FSH deficiency were suc-
cessfully recruited giving a prevalence of 0.87%. To the
best of our knowledge, this is the first study document-
ing this prevalence of isolated low FSH in infertile males,
and it included the largest number of infertile men with
this deficiency so far in the literature. This rarity of selec-

tive FSH deficiency in males made
some investigators to claim that
existence of this deficiency as a pri-
mary entity is not clear (29). 
These investigators presented case
reports for patients with remark-
ably low and sometimes unde-
tectable levels of FSH. In the cur-
rent study, we presented a com-
plete and true degree of selective
FSH deficiency, and we think that
it could be found as a primary enti-
ty. Three reasons may support our
suggestion. First, the levels of FSH
(1.146 ± 0.219 mIU/mL) in our
patients were obviously below the
lower limit of normal laboratory
range. This low level, a) was not
due to spurious laboratory results
as retesting FSH level confirmed
the first result, and b) would
remain low even on considering
FSH periodicity which was docu-
mented in some studies to have an
amplitude of 0.21 ± 0.03 mIU/mL
(30). The standardized chemilumi-
nescence used in the present study
was, therefore, suitable although it
is less sensitive than other assays
like Delfia method (31). 
We wished also to test serum
inhibin and anti-Mullerian hor-
mone levels which could have
been used as a lab corollary to the
low FSH but such testing was,
unfortunately, not available in this

country during the time when the study patients were
first seen in the clinic, long years ago. Second, we select-
ed only the patients with really isolated low FSH. So, the
potentially negative implications imposed by clinical or
other reproductive hormonal disorders were excluded
from the start. Third, tobacco smoking, which was the
only unavoidable factor in the current study, did not
cause any further adverse effect on the already declined
sperm parameters. However the declined parameters of
the patients in the smoking group showed less drop than
those of the non-smoking group patients. This current
finding about lack of negative effect of tobacco smoking
comes in line with other investigators who denied any
effect of smoking on any sperm parameter (32) but it dis-
agrees with others who reported negative implications
on sperm parameters induced by smoking (33). 
This point may be criticized by some as the number of
patients in the smoking group was 13 patients and might
by relatively small to draw conclusion. However, recruit-
ment of sufficient number of patients with isolated low
FSH and also with negative history of smoking would be
extremely difficult; if not impossible. We tried, in the
present study, to exclude any factors with negative
impact on sperm parameters as much as possible in
order to demonstrate clearly the real relationship
between isolated low FSH and sperm parameters. 

Study point Smoking group Nonsmoking group p-value

FSH level (mIU/mL) 1.12 ± 0.24 1.14  ± 0.19 0.758

Semen volume (mL) 2.89  ± 0.83 2.59 ± 0.74 0.352

Sperm count (106/mL) 43.61 ± 57.19 19.52 ± 32.7 0.2

Sperm total motility (%) 36.15 ± 18.61 33.08 ± 20.67 0.694

Sperm active motility (%) 14.77 ± 12.94 16.92 ± 15.75 0.707

Sperm normal forms (%)

- WHO 1992 23.29 ± 9.34 18.33 ± 17.22 0.548

- WHO 1999 6.67 ± 1.63 6.14 ± 1.07 0.52

Table 4.

FSH levels and sperm parameters in relation to smoking *.

* Independent-samples T- test.

Sperm parameter Mean ± SD Correlation with FSH

Count (106/mL) 33.06 ± 46.52 p = 0.66
r = 0.09

Total motility (%) 33.97 ± 19.15 p = 0.19
r = 0.25

Active motility (%) 14.21 ± 14.26 p = 0.77
r = 0.06

Morphology (%)
- WHO 1992 21.13 ± 11.11 p = 0.89

r = - 0.04
- WHO 1999     6.39 ± 1.31 p = 0.24

r = 0.35

Table 3.

Sperm parameters of the 29 study patients and correlation with FSH levels *.

* Spearman rank correlation coefficient.



Archivio Italiano di Urologia e Andrologia 2013; 85, 3

N. Salama, M. El-Sawy 

122

Pathogenic alterations in the hypothalamus or the pitu-
itary have been incriminated as possible reasons for the
defect in FSH secretion. In the current study, LH was
within normal levels in all patients. So, a discrepancy in
the levels of both hormones happened although different
studies pointed out that both hormones are released
from the same pituitary cell type (34). A possible expla-
nation could be attributed to a change in the nature of
GnRH pulse frequency and/or amplitude with a conse-
quent abnormal FSH secretion by the pituitary cells (35).
In support for this suggestion, recent studies demon-
strated the differential interpretation ability of the same
gonadotropin to the different GnRH inputs which
depends mainly on signal-regulated mechanisms (36) as
well as epigenetic factors (37) in maintaining these ener-
getic responses of the gonadotropin.
Other causes which may decrease the FSH level alone
may be attributed to multifaceted mutations in the cod-
ing region of the FSH gene (21). In the current study,
screening for FSH-β gene has not been done due to
financial reasons. These shortcomings in the present
study may not unveil the exact reasons involved in the
isolated FSH decline in the study patients. The present
study is just a preliminary report, and we are starting
now to collect new patients with similar abnormality
who will be thoroughly screened for possible etiology in
a new study. 
In the present work, isolated low FSH was associated
with low percentage motile sperm in the majority of the
patients. This comes in line with Efesoy et al. (20) and
Novero et al. (28) although the number of patients in
both studies were very limited. Maroulis et al. have also
reported similar abnormalities in sperm motility in their
case reporting for 2 patients (18). This drop in sperm
motility may be explained on the basis of the alteration
in Sertoli cell function due to the decline in FSH level
which is known to stimulate its structure and function
(3). This modification in function is expected to affect
the growth factors secreted by the Sertoli cell (38) where
many of these factors are known to promote sperm
motility (39). Recent studies have addressed the exis-
tence of specific receptors for many of these factors on
the sperm membrane itself (40). 
This may be a probable reason why some patients of the
current work were infertile although they had sufficient
number of motile sperms which may deal with their
problem of asthenospermia. The drop in sperm concen-
tration in the majority (62%) of the study patients is well
accredited to the crucial role of FSH in the induction,
regulation and maintenance of the spermatogenesis (3).
The present study revealed also increased percentage
abnormal forms as governed by WHO criteria (24, 25) in
all patients, except only 4. This ranked the abnormal
sperm morphology as the most prevailing anomaly asso-
ciated with isolated low FSH. We agree, therefore, with
Novero and his co-workers (28) who showed a decline
in normal forms in one of their patients and a borderline
state in the second. The present study showed also an
interesting finding, that is related to the sperm head
anomalies. These anomalies represented the most fre-
quent abnormalities in sperm morphology. They
involved, in particular, the sperm acrosome. This may

agree indirectly with Bartoov et al. (41) who showed that
abnormal forms, from infertile men who were kept on
FSH therapy, were associated with significant improve-
ment in acrosome shape with drop in its agenesis to
reach normal frequency. 
The present finding of increased percentage of acrosome
anomalies agrees also with Courtens and Courot (42) who
showed that morphogenesis of the acrosome and its
expansion in hypophysectomized ram was modulated by
FSH and testosterone. Recently, the enhancing effect of
recombinant FSH on sperm morphology was also
addressed in many studies which reported a significant
increase in the sperm normal morphology after treat-
ment (4, 6-8, 11, 14, 43). Some of these studies indicat-
ed clearly the drop in head and acrosomal aberrations
with this treatment (4, 11). 

CONCLUSION
Isolated low FSH in infertile men has a low prevalence.
Disturbance in one or more sperm parameter (s) is (are)
usually existent although abnormal sperm morphology
was almost always present. Anomalous sperm head with
abnormal acrosome were the most eminent morphologi-
cal findings. 
Therefore, the need to measure serum FSH concentra-
tion in the infertile male has been reconfirmed. Although
the number of reported male patients with isolated low
FSH in the literature is extremely limited so far, never-
theless, we believe that infertile men with isolated low
FSH may be found as a primary entity in male infertility.
Extension of this work to thoroughly screen these
patients for possible etiologies is highly recommended to
validate this hypothesis. 

Notes
A master table containing the retrieved data of this study
is documented, certified and saved at the Department of
Urology, Alexandria Faculty of Medicine, Alexandria,
Egypt. 
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