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   What ’ s known on the subject? and What does the study add?  
 FSH is a hormone released by the anterior pituitary gland via stimulation from 
gonadotrophin-releasing hormone and potentially other factors. FSH refl ects the status 
of spermatogenesis (i.e. the ability to produce sperm) as a result of the feedback 
between the testis and hypothalamus/pituitary glands. An elevated FSH level is 
indicative of abnormal spermatogenesis and may indicate primary testicular failure. 
The range for  ‘ normal ’  FSH varies somewhat between institutions but has been defi ned 
by the Strong Memorial Hospital (Rochester, NY, USA) clinical laboratory as 1.4 –
 18.1   IU/L based on the ADVIA Centaur (Siemens Medical Solutions, Tarrytown, NY, USA) 
FSH assay. 

 The fi ndings obtained in the present study could be helpful for predicting male factor 
infertility in patients with a borderline high FSH level ( ≈ 4.5   IU/L) and a low 
testosterone level compared to someone with a borderline high FSH level and a normal 
testosterone level. Although the  ‘ normal ’  range for FSH is qualifi ed as a value in the 
range 1.4 – 18.1   IU/L, the present study shows that an FSH level  > 4.5   IU/L was 
associated with abnormal semen analysis in terms of morphology and sperm 
concentration in the present patient population. Therefore, these fi ndings suggest that 
FSH values lower than those currently considered normal may be associated with 
abnormal semen analysis, and that the  ‘ normal ’  range for FSH used in clinical settings 
may need to be reconsidered. 

 OBJECTIVE 

     •     To examine the correlation between 
follicle-stimulating hormone (FSH) and 
testosterone/FSH levels with semen analysis 
parameters to evaluate whether the range 
for judging normal FSH levels should be 
reconsidered.   

 PATIENTS AND METHODS 

     •     The present study included 610 male 
infertility patients from a single urology 
infertility clinic between 2004 and 2008.  
    •     Patients ( n     =    153) were excluded for 
obstructive azoospermia, 
hypogonadotrophic hypogonadism, steroid 
use or failure to complete testing.  
    •     Abnormal semen analysis values were 
based on the WHO 1999 criteria.  
    •     We performed  t -tests,  ANOVA , chi-squared 
tests and logistic regression to statistically 
examine the association between the FSH 
(or testosterone/FSH ratio) level and semen 
parameters.   

 RESULTS 

     •     The FSH level showed statistically 
signifi cant associations, as well as evidence 

of a dose response, with abnormal sperm 
concentration and morphology but not 
with semen volume.  
    •     In men with FSH levels  > 7.5   IU/L, 
the risk of abnormal semen quality 
was fi ve- to thirteen-fold higher than 
that of men with FSH levels  < 2.8   IU/L 
depending on the specifi c semen 
parameter.  
    •     Similarly, semen parameters were had a 
greater probability of being abnormal with 
decreasing testosterone/FSH ratios.   

 CONCLUSION 

     •     A signifi cantly increased risk of abnormal 
semen analyses among men with FSH levels 
 > 4.5   IU/L and decreasing testosterone/FSH 
ratios suggests that redefi ning normal FSH 
in infertile men would be valuable.    
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   INTRODUCTION 

 Follicle-stimulating hormone (FSH) is a 
hormone released by the anterior pituitary 
gland via stimulation from gonadotrophin-
releasing hormone and potentially other 
factors. It is released in a pulsatile fashion 
and is regulated in part by glycoproteins, 
including activin and inhibin. FSH refl ects 

the status of spermatogenesis as a result of 
the feedback between the testis and 
hypothalamus/pituitary glands   [ 1 ]  . Despite 
the diurnal variations of FSH, single serum 
measurements are fairly representative of 
the estimated FSH in an individual. The 
recently revised AUA Best Practice 
Statement recommends that an endocrine 
evaluation be performed as a part of a full 

evaluation for infertility   [ 2 ]  . The minimum 
initial hormonal evaluation should consist of 
measurements of serum FSH and serum 
testosterone levels. A higher FSH level is 
indicative of abnormal spermatogenesis and 
may indicate primary testicular failure   [ 2 ]  . 
The range for  ‘ normal ’  FSH varies somewhat 
between institutions, although it has been 
defi ned by our institution ’ s clinical 
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laboratory as 1.4 – 18.1   IU/L based on the 
ADVIA Centaur (Siemens Medical Solutions, 
Tarrytown, NY, USA) FSH assay   [ 3 ]  . This large 
range is not clinically useful because almost 
all patients would be considered to have 
normal levels. 

 Given this paradigm, the usefulness of 
elevated FSH levels as a marker of testicular 
function is questionable given the assay ’ s 
wide range for  ‘ normal ’  FSH. The use of 
hormone levels as a potential predictor of 
semen quality has been previously 
evaluated. Specifi cally, previous studies in 
the infertility literature have investigated 
the correlation between semen quality and 
FSH   [ 4 – 8 ]  . Invariably, a signifi cant negative 
correlation has been described between FSH 
and sperm concentration and morphology 
  [ 4 – 8 ]  . Some of these studies have suggested 
that an FSH level  > 10   IU/L could serve as a 
predictor of abnormal sperm concentration 
  [ 4,5 ]  . 

 The present study further investigated the 
 ‘ normal ’  range of FSH and its use as a 
marker with a clinically useful range to 
predict male fertility potential. Accordingly, 
we attempted to defi ne a more clinically 
useful range for FSH as a predictor of male 
infertility.  

  PATIENTS AND METHODS 

  STUDY POPULATION 

 A retrospective chart review of 610 men was 
completed. These individuals visited a single 
urologist ’ s practice during 2004 – 2008. Men 
included in the present study were initially 
evaluated in an infertility clinic; however, 
male infertility had not necessarily been 
defi ned as the causative factor for the 
couple ’ s inability to conceive. Therefore, this 
population included men with normal and 
subfertility, as well as infertility. Exclusionary 
criteria included incomplete evaluation 
(including failure to complete a semen 
analysis) or concurrent use of exogenous 
hormones at the time of evaluation. Patients 
determined to have obstructive azoospermia 
or hypogonadotrophic hypogonadism were 
also excluded. In total 457 patients were 
considered eligible and all were included in 
the evaluation. Semen and blood samples 
were collected. All subjects had complete 
histories and physical examinations and 
lifestyle and habits were reviewed. History 

included caffeine, tobacco, drug and steroid 
use.  

  SEMEN ANALYSIS 

 Semen samples were collected by 
masturbation into sterile plastic specimen 
cups and a routine semen analysis was 
completed within 1   h of submission, which 
included volume, sperm concentration, 
motility, progressive velocity and sperm 
morphology. Semen samples were analyzed 
using computer-aided semen analysis 
(HTM-IVOS, Hamilton-Thorn Research, 
Beverly, MA, USA) with sperm concentration 
and motility factors defi ned by the 
Hamilton-Thorn Company and reference 
ranges defi ned by the WHO. 

 Morphology was analyzed using two slides 
made from the each fresh semen sample, 
which was allowed to air dry before staining 
with a Diff- Quick staining kit (Dad Behring 
AG, Dudingen, Switzerland). A minimum of 
200 sperm cells were counted from the two 
slides for each specimen and WHO 4th 
edition was used to defi ne normal and 
abnormal morphology.  

  REPRODUCTIVE HORMONE ANALYSIS 

 A non-fasting blood sample was drawn on 
patients within 30 days of a collected semen 
sample, with abstinence of 2 – 3 days before 
the semen sample. Testosterone was 
measured using the ADVIA Centaur 
Testosterone assay (ADVIA Centaur and 
ADVIA Centaur XP Systems; Siemens Medical 
Solutions), which has inter-assay and 
intra-assay coeffi cients of variation of less 
than 7% and less than 8%, respectively, 
with a sensitivity of 10   nmol/L   [ 9 ]  . The 
testosterone assay was standardized using 
international standards manufactured 
analytically, traceable to gas 
chromatography – mass spectroscopy. The 
serum FSH concentrations were determined 
by the ADVIA Centaur FSH assay (ADVIA 
Centaur and ADVIA Centaur XP Systems)   [ 3 ]  . 
The inter-assay and intra-assay coeffi cients 
of variation of FSH were less than 3% and 
less than 4%, respectively, with a sensitivity 
of 0.3   IU/L   [ 3 ]  . The FSH assay was standardized 
based on the WHO 2nd International 
Standard for human FSH (IS 94/632). The 
testosterone/FSH ratio was calculated by 
dividing testosterone (nmol/L) by FSH (IU/L).  

  STATISTICAL ANALYSIS 

 Initially, a descriptive univariate analysis was 
performed to describe the present study 
population of 457 participants in terms 
of age, semen parameters, FSH and 
testosterone. Indices of central tendency 
included means and medians for continuous 
measures, and proportions for nominal and 
ordinal variables. In addition, the standard 
deviation for continuous variables is 
reported as a measure of variability in the 
data. 

 Subsequently, bivariate analyses were 
conducted with chi-squared statistics to 
compare the proportion of patients with 
abnormal semen quality among patients at 
different levels of FSH and testosterone/FSH 
ratio. Subsequent logistic regression, 
adjusting for age, computed odds ratios 
and 95% CI for the association between 
categorical hormone levels (i.e. FSH level 
 < 2.8, 2.8 to  < 4.5, 4.5 to  < 7.5 and 7.5 +    IU/L; 
testosterone/FSH ratio  < 46.2, 46.2 to  < 86.3, 
86.3 to  < 129.6, 129.6 + ) and dichotomous 
semen parameters. Hormone level categories 
were based on quartiles of the distribution 
in the overall population. Semen parameters 
were dichotomized according to established 
thresholds (reference) with abnormal values 
being defi ned as  < 50% for motility,  < 20 
millions/mL for sperm concentration,  < 2   mL 
for volume and  < 20% for morphology. 

 Finally, using logistic regression with 
continuous hormone level variables, 
receiver-operating characteristic (ROC) 
curves were created to derive optimal 
thresholds for hormone levels that best 
predicted abnormal semen quality. An ROC 
curve plots the discriminatory ability of the 
test (or range of threshold values) to 
correctly diagnose disease (or event) against 
the probability of a false positive result. The 
curve is represented by a line graph where 
the best possible threshold is in the upper 
left corner of the graph when sensitivity is 
on the  y -axis and 1  –  specifi city is on the 
 x -axis. Accordingly, FSH and testosterone/
FSH thresholds were selected that 
maximized the sensitivity and specifi city to 
accurate classify  ‘ events ’  (i.e. abnormal 
semen quality). 

 Tobacco use did not impact any of our 
sperm quality measures; therefore, this 
variable was not controlled for in the 
logistic regression analysis. 
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 All tests of signifi cance were two-sided. 
Analyses were conducting using SAS, version 
9.1 (SAS Institute, Cary, NC, USA).   

  RESULTS 

 Of the 610 patients reviewed in the present 
study, 153 were excluded for incomplete 
testing or taking hormone medications. Of 
the remaining patients, 457 men provided 
both semen samples and serum for FSH 
level measurements. There were 447 men 
who provided semen samples and serum for 
both FSH and testosterone level 
measurements. 

  Table   1  shows descriptive data for age, 
tobacco use, semen parameters and 
hormone levels. Analysis of the total men in 
our database showed a mean ( SD ) age of 35 
(6) years. There were 69 (15%) patients who 
reported tobacco use. The mean ( SD ) FSH 
and log FSH were 6.6 (6.7)   IU/L and 1.55 
(0.78)   IU/L, respectively. The mean ( SD ) 
volume, motility, morphology and sperm 
concentration were 3 (2.4)   mL, 33% (20%), 
14% (11%), and 41 millions/mL ( SD  52), 
respectively. The mean ( SD ) testosterone/FSH 
and log testosterone/FSH were 105 (94) and 
4.32 (0.88), respectively. In total, 23% of 
patients had abnormal semen volume; 78% 
of patients had abnormal motility; 12% of 
patients were azoospermic; 36% of patients 
were oligospermic; and 19% of patients had 
abnormal morphology. 

 In total, 80% of azoospermic patients and 
66% of oligospermic patients had an FSH 
level  > 4.5   IU/L ( P     <    0.001) and 75% of 
patients with an abnormal morphology had 
an FSH level  > 4.5   IU/L ( P     <    0.001). 

 Results for logistic regression are shown in 
 Tables   2 – 4 . When comparing FSH in terms 
of abnormal sperm concentration vs normal 
sperm concentration, 40% of patients with 
an abnormal sperm concentration had an 
FSH level  > 7.5   IU/L compared to only 9% of 
patients with a normal sperm concentration. 
If FSH was  > 7.5   IU/L, the risk of abnormal 
sperm concentration was 13-fold higher 
(95% CI, 6.9 – 25.3), and the risk of abnormal 
morphology was fi vefold higher (95% CI, 
2.6 – 9.7) compared to a male with an FSH 
level  < 2.8   IU/L. FSH levels did not correlate 
with semen volume. When looking at the 
testosterone/FSH ratio, a similar dose 
response trend was found: the lower the 

Characteristic Value
Tobacco use,  n  (%) 69 (15)
Age, mean ( SD ) 35 (6)
Motility (%), mean ( SD ) 33 (20.5)
Morphology (%), mean ( SD ) 14 (10.8)
Volume (mL), mean ( SD ) 3 (2.4)
Sperm concentration (millions/mL), mean ( SD ) 41 (52.3)
FSH (IU/L), mean ( SD ) 6.6 (6.7)
Testosterone/FSH, mean ( SD ) 105 (93.6)
Normal volume,  n  (%) 412 (77)
Abnormal volume,  n  (%) 126 (23)
Normal motility,  n  (%) 120 (22)
Abnormal motility,  n  (%) 418 (78)
Normal morphology,  n  (%) 436 (81)
Abnormal morphology,  n  (%) 102 (19)
Azoospermia,  n  (%) 63 (12)
Oligospermia,  n  (%) 192 (36)
Normal sperm concentration,  n  (%) 283 (53)

    TABLE   1  
Descriptive characteristics 
of male infertility patients   

  FSH, follicle-stimulating 
hormone.  

    TABLE   2  Association between follicle-stimulating hormone (FSH) and abnormal morphology   

FSH 
(IU/L)

Normal morphology, 
 n  (%)

Abnormal morphology, 
 n  (%)

Odds ratio 
(95% CI)

 < 2.8 95 (26) 15 (16) 1.0 (reference)
2.8 – 4.5 111 (30) 8 (9) 0.46 (0.19 – 1.14)
4.5 – 7.5 97 (27) 19 (21) 1.26 (0.61 – 2.64)
 > 7.5 63 (17) 49 (54) 5.02 (2.59 – 9.74)
Total 366 91

    TABLE   3  Association between follicle-stimulating hormone (FSH), azoospermia and oligospermia   

FSH 
(IU/L)

Normal, 
 n  (%)

Azoospermia, 
 n  (%)

Oligospermia, 
 n  (%) Total

 < 2.8 81 (35) 6 (11) 23 (13) 110
2.8 – 4.5 77 (34) 5 (9) 37 (21) 119
4.5 – 7.5 51 (22) 10 (19) 55 (32) 116
 > 7.5 20 (9) 33 (61) 59 (34) 112
Total 229 54 174 457

    TABLE   4  Association between follicle-stimulating hormone (FSH) and abnormal sperm concentration   

FSH 
(IU/L)

Normal sperm 
concentration, 
 n  (%)

Abnormal sperm 
concentration,
 n  (%)

Odds ratio (95% 
CI)

 < 2.8 81 (35) 29 (13) 1.0 (reference)
2.8 – 4.5 77 (34) 42 (18) 1.55 (0.88 – 2.74)
4.5 – 7.5 51 (22) 65 (29) 3.66 (2.08 – 6.44)
 > 7.5 20 (9) 92 (40) 13.23 (6.93 – 25.27)
Total 229 228
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testosterone/FSH ratio, the greater the risk 
of abnormal semen parameters. Most 
patients with an abnormal morphology 
(65%) and sperm concentration (64%) had a 
testosterone/FSH  < 86; 79% of azoospermic 
patients had a testosterone/FSH ratio  < 86. 
For a testosterone/FSH ratio  < 46, there was 
a fi vefold increased risk for abnormal 
morphology and a sevenfold increased risk 
for abnormal sperm concentration compared 
to the highest quartile ( > 129). 

 ROC curves ( Figs   1,2 ) show FSH to have a 
 ‘ fair ’  discriminatory ability for morphology 
(71.7%) and concentration (75.2%). 
Calculating the FSH threshold for predicting 
abnormal semen parameters by maximizing 
a combination of sensitivity and specifi city 
showed an FSH level of 4.3   IU/L for sperm 
concentration and an FSH level of 4.9   IU/L 
for morphology.  

  DISCUSSION 

 Assessment of semen parameters and 
reproductive hormone levels remains a 
routine and integral component of 
evaluating a patient for infertility. Together, 
they are useful for evaluating testicular 
function and the hypothalmic – pituitary –
 gonadal axis. Testosterone and follicle 
stimulating hormone are necessary for 
signaling Sertoli cells to produce factors 
required for maturation of germ cells into 
spermatozoa   [ 10 ]  . FSH refl ects the status of 
spermatogenesis as a result of the feedback 
between the testis and hypothalamus/
pituitary glands   [ 1 ]  . Reproductive hormone 
levels, being easily obtainable, are often the 
starting point in the evaluation process and 
are ordered by primary care physicians 
before referral to specialists for infertility. 
For these results to be interpreted 
appropriately, the range that is defi ned as 
 ‘ normal ’  needs to be considered. In our 
hospital ’ s laboratory, the normal reference 
range of FSH is defi ned by the ADVIA 
Centaur assay as 1.4 – 18.1 for males   [ 3 ]  . This 
range was based on a central 95% interval 
of a sampling of 117  ‘ apparently healthy ’  
men aged 13 – 70 years   [ 3 ]  . This reference 
range was based on a small selection of 
men, with a large age range, without any 
information regarding patient fertility. Upon 
contacting three other hospitals in the city 
of Rochester (NY, USA), similar laboratory 
reference ranges were discovered for FSH 
assays. 

 Previous studies have looked at the 
relationship between semen parameters and 
hormonal levels. Jensen  et   al .   [ 4 ]   looked 
at the correlation between sperm 
concentration and FSH in a study of 349 
Danish men. Men with unknown fertility, 
between the ages of 20 – 35 years, were 
enrolled at two separate centres. Their study 
found a median FSH level of 3.42 and 
3.21   IU/L, respectively. They reported a 
predictive power of 85.7% for predicting 
oligospermia ( < 20 millions/mL) with an 
FSH level  > 10   IU/L   [ 4 ]  . Uhler  et   al .   [ 5 ]   
similarly examined the relationship 
between semen analysis measures and 
fertility in 145 male partners of presumed 
normal couples. Although the men in 
their study had unproven fertility, 82% 
of the couples achieved pregnancy within 
12 months. In their study, 17 out of the 
22 men with oligospermia had an FSH 
level  > 10   IU/L. Their studies were focused 

on the reproductive health of men in 
the general population but indicated 
an FSH level  > 10   IU/L to be predictive 
of male factor infertility and thereby 
 ‘ abnormal ’    [ 5 ]  . 

 Meeker  et   al .   [ 6 ]   evaluated the relationship 
between serum hormone levels and semen 
quality among 388 men from an infertility 
clinic. They reported FSH to be inversely 
associated with sperm concentration, 
morphology and motility. Compared to men 
in the lowest FSH tertile, men in the highest 
tertile had an almost fi vefold greater 
probability of having oligospermia (odds 
ratio, 4.6; 95% CI, 1.9 – 11.2) and a twofold 
greater probability of having an abnormal 
morphology (odds ratio, 2.3; 95% CI, 
1.2 – 4.4). An FSH level  > 10   IU/L was 
predictive of oligospermia with a sensitivity 
of 0.55   [ 6 ]  . 

 Morrow  et   al .   [ 7 ]   performed a retrospective 
chart review on 1745 male infertility 
patients from a single clinic. They reported 
on semen characteristics and hormone levels 
on 1479 men with different ranges of FSH. 
Their results showed a mean sperm 
concentration of 22 millions/mL for an FSH 
level in the range 6 – 9   IU/L, and a mean 
sperm concentration of less than 1 millions/
mL for an FSH level  > 9   IU/L. It was 
concluded that there was an inverse 
relationship between increasing FSH 
and decreasing sperm concentration. 
On a subgroup analysis of 342 patients 
who had undergone testicular biopsy, 
normal biopsy ( n     =    33) and mild 
hypospermatogenesis ( n     =    58) was 
associated with a mean FSH level of 3.1 and 
3.5   IU/L, respectively   [ 7 ]  . 

 Schoor  et   al .   [ 11 ]   performed a retrospective 
analysis of 153 azoospermic men, 54 of 
whom had non-obstructive azoospermia. It 
was found that, in men with obstructive 
azoospermia, 96% had an FSH level 
 ≤ 7.6   IU/L. However, 89% of men with 
non-obstructive azoospermia had an FSH 
level  > 7.6   IU/L. It was concluded that men 
with an FSH level of  ≥ 7.6   IU/L may be 
considered to have non-obstructive 
azoospermia. However, their study included 
a relatively small number of non-obstructive 
azoospermic patients and did not address 
patients with oligospermia   [ 11 ]  . 

 Consistent with previous studies, the present 
study found a correlation between 

         FIG.   1.     Receiver-operating characteristic curve: 
morphology and follicle-stimulating hormone 
(FSH).   
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         FIG.   2.     Receiver-operating characteristic curve: 
sperm concentration and follicle-stimulating 
hormone (FSH).   
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increasing FSH levels and abnormal semen 
parameters. Although many stusies have 
investigated the relationship between semen 
parameters and hormone levels, to our 
knowledge, the present study is the fi rst to 
attempt to redefi ne the  ‘ normal ’  reference 
range of FSH. In the present study, an FSH 
level  > 4.5   IU/L showed statistically 
signifi cant associations with abnormal 
sperm concentration and morphology 
( P     <    0.001). This places the  ‘ normal ’  
reference range of FSH lower than in 
previous studies. In addition, semen 
parameters had a greater probability of 
being abnormal with decreasing 
testosterone/FSH ratios. This could be 
helpful in patients with a borderline high 
FSH level ( ≈ 4.5   IU/L) and a low testosterone 
level compared to someone with borderline 
a high FSH level and a normal testosterone 
level. 

 The limitations of the present study include 
it comprising a retrospective review with no 
fertile control group to compare FSH and 
semen analysis values. In addition, semen 
analysis and blood draws were not obtained 
on the same day. In addition, the present 
study did not control for potentially 
important covariates other than age. 
Despite being retrospective, the present 
study reviews a large population of 
male infertility patients, all of whom 
were from a single urologist ’ s practice. 
All semen analyses were completed through 
the same andrology laboratory and all 
blood samples were analyzed using the 
same assay. 

 Although the  ‘ normal ’  range for FSH is 
qualifi ed as a value in the range 1.4 –
 18.1   IU/L, the present study has shown that 
an FSH level  > 4.5   IU/L is predictive of an 
abnormal semen analysis in terms of 
morphology and sperm concentration. 
Therefore, we suggest that an FSH level 

 > 4.5   IU/L in the male should be considered 
as an abnormal value when evaluating 
patients with possible male infertility.   
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