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Abstract

OBJECTIVE—To describe associations between serum inhibin-b and sperm counts adjusted for 

effect of time of blood sampling in larger cohorts than previously reported.

DESIGN—Cross-sectional studies of spermatogenesis markers.

SETTING—Four European and four US centres.

STUDY POPULATION—1,797 fertile men included and examined October 1996 to February 

2005.

Corresponding author: Niels Jørgensen, University Department of Growth and Reproduction, Rigshospitalet, section 5064, 
Blegdamsvej 9, DK-2100 Copenhagen, Denmark, Tel: (+45) 3545 5085, Fax: (+45) 3545 6054, Niels.Joergensen@rh.regionh.dk. 

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our 
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of 
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be 
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

HHS Public Access
Author manuscript
Fertil Steril. Author manuscript; available in PMC 2016 September 23.

Published in final edited form as:
Fertil Steril. 2010 November ; 94(6): 2128–2134. doi:10.1016/j.fertnstert.2009.12.051.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



MAIN OUTCOME MEASURES—Associations between inhibin-b and semen variables 

controlled for time of blood sampling, and other co-variates.

RESULTS—Inhibin-b decreased about 2.00% per hour from 8 AM to 12 PM and then about 

3.25% per hour from 12 PM to 4 PM. There was a strong positive association between inhibin-b 

below 150 pg/ml and both sperm concentration and total sperm count (slopes of the regression 

lines were β =0.011 and β =0.013 for natural-logarithm-transformed sperm concentration and total 

sperm count, respectively). For inhibin-b 150–300 pg/ml the associations were not as steep (β 
=0.002 for both), but still significant. For inhibin-b above 300 pg/ml there was there was little 

association to the sperm counts. Neither sperm motility nor morphology was significantly related 

to inhibin-b in any group.

CONCLUSIONS—Serum inhibin-b levels decrease non-linearly during day-time, and is 

positively correlated with sperm counts, but the predictive power is best when inhibin-b is low.
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Introduction

The relationship between inhibin-b and spermatogenesis was not established until specific 

assays for the inhibin-a and inhibin-b dimers were developed in the early 1990’s (1). 

Following the development of these dimer-specific assays, publications have described the 

associations between serum levels of the hormone and semen parameters, however, utilizing 

either men from infertile couples or relatively small study populations. In a study of 349 

Danish young couples planning their first pregnancy a positive correlation (r=0.38) between 

cubic root transformed serum inhibin-b and cubic root transformed sperm concentration was 

detected (2). Significant positive correlations between inhibin-b and sperm concentration 

and total sperm count were also detected among 303 Danish men with proven fertility as 

well as 289 infertile men (3). A Dutch study of 218 subfertile men also confirmed the 

positive correlation between inhibin-b and total sperm count, and suggested serum inhibin-b 

concentration of 139 pg/ml as a cut-off to identify men with impaired spermatogenesis (4). 

A more recent US study of 388 US men from infertile couples showed that men having 

inhibin-b in the medium or high tertiles were more likely to have a sperm concentration 

above 20 million/ml than men in the lowest tertile, and men in the lowest tertile had a lower 

percentage of morphologically normal spermatozoa (5).

Of the mentioned studies only that of Meeker et al (5) adjusted their calculations of the 

effects of inhibin-b for hour of blood sampling. A study of diurnal changes in serum inhibin-

b levels in 13 healthy volunteers detected declining values of inhibin-b by approximately 3% 

per hour from 09:00 to 17:00 (6). In that study, no diurnal variation was detected for FSH 

and no evidence for a role of FSH in the diurnal variation of inhibin-b was found.

Here, we present data from two coordinated, large multi-center studies of fertile men to 

further elucidate the associations between inhibin-b and semen quality, after controlling for 

confounders including the important diurnal variation of the hormone.
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Materials and Methods

Study populations

In total, 1,797 men from four centers in Europe (N=1,073) and four centers in the Unites 

States (N=724) were included in this study (Table 1). These men, all partners of pregnant 

women, were participants in studies designed to examine geographic variation in semen 

quality. Detailed descriptions of methods have been reported previously (7,8), and are 

summarized briefly here.

European men were enrolled in the study “Partners of Pregnant Women” in Copenhagen 

(Den-mark), Paris (France), Edinburgh (United Kingdom) and Turku (Finland) from October 

1996 to June 1998. US men were enrolled in the “Study for Future Families” (SFF) in Los 

Angeles (California), Minneapolis (Minnesota), Columbia (Missouri) and Iowa City (Iowa) 

from September 1999 to Febru-ary 2005. Pregnant women of couples fulfilling the 

eligibility were approached during routine visits to antenatal care units, and, if the women 

agreed, their partners were invited to participate in the study. The eligibility criteria for each 

man were: partner pregnant at time of enrollment, 20 to 45 years of age at the time of 

invitation, residing in the local referral area of the hospital to which he was recruited, and, in 

the European study, being born in that country. The study pregnancy had to be achieved by 

normal sexual relations, and not as a result of any treatment for subfertility or infertility. 

Men included in the present analysis were those who delivered both a semen sample and a 

blood sample at the same study visit. The participation rates were 43% for men from 

Copenhagen, 15% Paris, 19% Turku,, Los Angeles 14%, Minnesota 19%, Missouri 16% and 

Iowa 14%. The inclusion process in Edinburgh did not allow for calculation of a 

participation rate.

Correlations between sperm concentration and inhibin-b for 303 of the 345 Danish men 

included here have been previously reported (3), although the statistical methods differed 

from those used here.

Human subject committees or Institutional Review Boards for all participating institutions 

approved these studies and all participants signed consent forms.

Questionnaires

At the time of sample collection, participants completed a questionnaire providing 

information on age, previous or current diseases and some life-style factors. Standardized 

questionnaires were developed in English and translated into Danish, Finnish, French and 

for the US, Spanish. These translated questionnaires were back-translated to minimize 

translation errors.

Semen samples

Semen samples were obtained by masturbation and ejaculated into a clean collection tube. In 

all US centers, Paris and Edinburgh all samples were collected in the privacy of a room at 

the study center. Due to limited facilities, approximately 20% of samples from Turku and 

approximately 80% of samples from Copenhagen were collected at the men’s home and 
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delivered to the study center. If collected at home, the samples were protected from extremes 

of temperature (<20 °C and >37 °C) during transport to the laboratory (7). The ejaculation 

abstinence was calculated as the time between the current and previous ejaculation as 

reported by the men. Furthermore, the time from ejaculation to assessment of motility was 

recorded.

The analysis of semen samples was performed following the then current WHO guidelines 

(9), except for assessment of semen volume and morphology. Ejaculate volume was 

estimated by weighing the ejaculate (10). Phase-contrast microscopy was used for 

examination of the fresh semen.

For assessment of sperm motility, 10 μl of well-mixed semen was placed on a clean glass 

slide (which had been kept at 37 °C), covered with a 22 × 22 mm coverslip and immediately 

examined at a total magnification of x400. The spermatozoa were classified as either motile 

(WHO class A+B+C) or immotile (WHO class D) (9) in order to report the proportion of 

motile spermatozoa.

For the assessment of sperm concentration, each semen sample was thoroughly mixed, and 

an aliquot of the sample was put into the diluent using a positive displacement pipette and 

further mixed. The sperm concentration was assessed using haemocytometers (Bürker-Türk 

chamber in Copenhagen and Turku, Thoma chamber in Paris and Neubauer chamber in 

Edinburgh and all four US centres). Only spermatozoa with tails were counted.

Smears for morphology were made, air-dried, fixed and Papanicolaou-stained. The slides 

from the European men were assessed in Turku and the US slides at the University of 

California Davis according to strict criteria (11).

Physical examination

A physical examination of each participant was performed at the day of semen and blood 

sampling. Body weight and height of the participants were assessed. The Tanner stage of 

pubic hair and the presence of varicocele noted, and testicular size measured by use of an 

orchidometer.

Blood samples

A blood sample was drawn from the cubital vein, centrifuged, and the serum separated and 

kept frozen at minus 20 °C. The time of sampling was recorded. The frozen serum samples 

were sent from all centers (including the US) to Denmark for a centralized analysis at the 

University Department of Growth and Reproduction, Rigshospitalet, Denmark. The serum 

level of inhibin-b was determined by a specific two-sided enzyme linked immunoassay 

(Serotec, UK) and levels of follicle stimulating hormone (FSH) were determined using a 

time-resolved immunofluorometric assay (Delfia, Wallac, Turku, Finland). The intra- and 

inter-assay coefficients of variation (CV) for measurement of inhibin-b were 15% and 18% 

respectively. CV’s for FSH were 3 and 4.5%, respectively.

All hormone assessments of the European men were done June 1998 at the end of the 

European study. For the US men from California, Minnesota and Missouri approximately 
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22%, 35% and 63% of the samples were assessed in November 2001 for inhibin-b, and the 

remaining in July-October 2002. FSH was assessed in September 2002. Samples from 44% 

of Iowa men were assessed for hormones in November 2003 and the remaining in October 

2005. For the European samples the median duration from blood sampling to hormonal 

assessment was 11 months (range 0–20 months) and for the US samples 17 months (0–37 

months).

Statistical analysis

We examined the relationships between time of blood sampling and hormone level using 

General Linear Models. Using these models, we identified a significant diurnal variation for 

inhibin-b which was the same for men from the eight centers, and we therefore used the data 

as originating from one group only in the following calculations for the diurnal variation. We 

did not detect any diurnal variation for FSH. Regression analyses included both linear and 

quadratic terms for time of blood sampling. We also used the model to estimate the inhibin-

B level expected had the man’s blood been drawn at 8:00 am (using a transformed time of 

blood sampling, ie 8:00=0:00, 9:00=1:00 etc), denoted here as adjusted inhibin-b. The effect 

of other co-variates (e.g. BMI) was tested but not included in the final model because they 

did not change the estimates significantly.

After determining that the relationships between inhibin-B and sperm concentration (and 

total count) were nonlinear, we used piece-wise regression to model the relationship between 

sperm concentration (as well as total sperm count), allowing for varying slopes as inhibin-B 

varied. This modeling indicated that the associations between inhibin-b and sperm counts 

were non-linear but fell into three groups: low (adjusted inhibin-b <150 pg/ml), medium 

(adjusted inhibin-b 150–300 pg/ml) and high (adjusted inhibin-b >300 pg/ml) groups. Our 

final models included age, age-squared, abstinence time and abstinence time-squared as 

covariates. BMI, season, investigation center and other potential covariates were also tested 

but found to be non-significant and therefore not included in the final model.

Hormone levels, hour of blood sampling, semen variables, duration of abstinence and 

anthropometric data between low, medium, and high adjusted inhibin-b level groups were 

compared using linear regression analyses. Sperm concentration, total sperm count and 

semen volume were normalized by taking natural logarithms. Sperm motility and 

morphology, which were approximately normally distributed, were not transformed. 

Duration of ejaculation abstinence period was included in regression models for the 

comparisons of sperm concentration, total sperm counts, and semen volume. Time from 

ejaculation to assessment of motility was included in regression models comparing 

percentages of motile spermatozoa.

Statistical analyses were performed using the statistical packages SAS version 9.1 (SAS 

Institute, Inc., Cary, NC, USA) and SPSS version 16.0 (SPSS Inc., Chicago, IL, USA).

Results

Descriptive statistics of the participating men by (adjusted) inhibin-b category (low, medium 

or high) are presented in Table 1. This table includes p-values comparing the low and high 
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inhibin-b groups, respectively, to the middle group. Men in the low inhibin-b group had 

lower values of all semen parameters, except percentage of morphologically normal 

spermatozoa, than the groups with higher adjusted inhibin-b levels. More men in the low 

inhibin-b group had cryptorchidism in their medical history (12.2% vs. 7.3% and 5.7% for 

the intermediate and high inhibin-b groups, respectively). The average testis size differed 

between the three groups with smallest volume in the low inhibin group, which also had the 

highest body weight and BMI. Cryptorchidism in the medical history, smaller testis size and 

increasing BMI, analyzed individually or in combination, were all negatively associated with 

adjusted inhibin-b as well as sperm concentration and total sperm count (all p<0.0001). 

However, neither cryptorchidism, testis size nor BMI affected the associations between 

inhibin-b and sperm concentration or total sperm counts. Thus, the curves presented in the 

figures did not change when excluding men with these conditions from the calculations (not 

shown).

Table 2 shows the time of day of blood sampling, and the unadjusted and time adjusted 

inhibin-b values for men from the eight participating centers. The time of blood sampling 

differed between the centers (P<0.0005), however the effect of time of blood sampling on 

inhibin-b levels did not differ between centers (P=0.6). The results from the centers were 

therefore merged in subsequent analyses. Figure 1 illustrates the decline of inhibin-b over 

the course of the day. From 8:00 to 12:00 inhibin-b fell to 92%, corresponding to an hourly 

decrease of 2.00%. The following four hours the hormone level decreased further to 79%, 

corresponding to an hourly decrease of 3.25% (R2 of the model 0.061, p<0.0001). The 

adjusted inhibin-b levels in Table 2 are corrected for this diurnal variation and calculated to 

the levels expected had all blood samples been drawn at 08:00. FSH levels were not affected 

by the time of blood sampling (p=0.8). Season was not significantly associated to inhibin-b 

or FSH levels (p=0.7 and 0.6, respectively).

Figure 2 illustrates the associations between adjusted inhibin-b and the untransformed sperm 

concentration and total sperm counts, respectively. The strength of the association between 

sperm count and inhibin-b decreases with increasing inhibin-b level. The increase is steepest 

for men in the low inhibin-b group. In this group, the slope of the regression lines between 

inhibin-B and semen variables were β =0.011 and β =0.013 for natural logarithmic 

transformed sperm concentration and total sperm count, respectively. For men in the 

medium group, the increases were not as steep (β =0.002 for both), but still significant. 

However, for men in the high group there was little relationship between either sperm 

concentration (β =0.0001) or total count (β =0.0001) and inhibin-b. These trends did not 

differ by center (P=0.2).

Discussion

Previous publications have described associations between inhibin-b and sperm 

concentration and/or total sperm count, and some have also stated that inhibin-b and sperm 

counts are better correlated at lower inhibin-b levels (2–5). Here we strengthen those 

findings in an analysis on a much larger population (N=1,797) than examined in the past and 

with control for time of blood sampling and other important covariates. Our primary finding 

is that the relationships between inhibin-b and sperm concentration and number are non-
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linear. The greatest increase in sperm count is seen as inhibin-b increased from 37 pg/ml 

(which was the lowest adjusted inhibin-b in our study population) to approximately 150 

pg/ml. Between 150 pg/ml and approximately 300 pg/ml, we saw a more moderate increase 

in sperm counts, while sperm counts are nearly independent of inhibin-b above 300 pg/ml. 

Secondly, we showed a non-linear decrease in inhibin-b level with the time of blood 

sampling. Previously, this question had only been addressed in a longitudinal study of 13 

men who, however, had blood samples drawn throughout a 24 hour period (6). That study 

detected an average decline in inhibin-b of 3% per hour during the day. The non-linear 

association between inhibin-b and sperm counts as well the nonlinear, and pronounced, 

inhibin-b decrease during daytime has implications both for clinicians interpreting a 

patient’s inhibin-b level and for researchers planning to use inhibin-b as a marker of 

spermatogenesis. Ideally, blood samples should be drawn at a predetermined time of day. If 

this is not possible, the inhibin-b results should be adjusted according to time of blood 

sampling to aid in interpreting results. This will, however, not account for inter-individual 

differences in diurnal variation, and therefore a correction may be most useful in 

epidemiologic studies.

We present data on fertile men, but it is likely that our observations are applicable to the 

general population. Firstly, we detected similar diurnal variations and associations with 

sperm count and concentration across our eight different populations. Among these the 

Finnish men have previously been shown to have a better semen quality than Danish men 

and men from Minnesota better quality than men from Missouri (7,8). Secondly, the study 

subjects were partners of pregnant women, inevitably implying that subfertile men were 

under-represented, however, some of the investigated men had suboptimal semen quality 

(12–14). Thirdly, the estimated associations between inhibin-b and sperm counts were not 

altered depending on whether the men had cryptorchidism in their medical history, whether 

their testis size was reduced or whether they were obese.

Our results cannot provide an explanation for the non-linear association between inhibin-b 

and sperm concentration and total sperm counts or the lack of associations for the high 

levels of inhibin-b. We speculate, that there may be more than one underlying mechanism 

for the associations, which then in combination result in the associations we have detected, 

but we don’t have any direct information to elucidate this further.

In a previous analysis of data obtained from the European part of the study it was shown that 

increasing sperm concentration up to approximately 55 million/ml and increasing total count 

up to approximately 145 million were inversely correlated with waiting time to pregnancy 

(TTP) (14). In a study of young couples planning their first pregnancy it has also been 

indicated that increasing sperm concentration up to 40 million/ml was inversely correlated 

with TTP (12). Similarly, Guzick et al detected inverse correlations between sperm 

concentration up to 48 million/ml and TTP (13). These studies seem to indicate a 

“threshold” value for declining fecundity at sperm concentration around 40–55 million/ml. It 

is therefore striking that the cutoff for the strongest association between adjusted inhi-bin-b 

(ie 150 pg/ml) and sperm concentration corresponded to a sperm concentration of 52 

million/ml as illustrated in Figure 2A. Thus, in epidemiologic studies adjusted inhibin-b 

values below 150 pg/ml may indicate sub-fertility and impaired semen quality. Previous 
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studies have not indicated any clear-cut “cut-offs”. Jensen et al suggested a cut-off at 

inhibin-b at 80 pg/ml mainly because 95.7% of men having a sperm concentration above 20 

million/ml had inhibin-b above 80 pg/ml (2). In contrast Uhler et al found that sperm 

concentration increased steadily with increasing inhibin-b (15). Our finding of 

approximately 150 pg/ml is in better agreement with the Dutch study of sub-fertile men 

finding 139 pg/ml as a cut-off (4). The size of our study population, the fact that we detected 

the same tendencies in eight different study centers and the combined statistical analyses 

make us believe that the suggested 150 pg/ml is a more relevant “cut-off” than previously 

published suggestions. However, our study design did not allow for repeated measures from 

the individual men to test the predictive value of the model any further.

All men were investigated according to coordinated, and standardized protocols, and all 

analyses were controlled for known confounders. All hormone analyses were conducted in 

one laboratory, thus eliminating inter-laboratory variation. All routine quality control (both 

internal and external) programs were followed and inter-assay variations were low. The fact 

that associations were similar across different centers suggests that assay variation is 

unlikely to explain these findings. Also, we don’t believe that our results are biased by long 

or different storage time of serum samples before hormone assessments. Previously, 

Andersson et al have indicated that there was no time trend in inhi-bin-b level according to 

storage time at minus 20 °C for up to 15 years (16). The samples we used had not previously 

been thawed before assessment of inhibin-b and FSH. Thus, repeated freezing and thawing 

procedures cannot have influenced the hormonal levels we detected. Furthermore, our 

laboratory has previously investigated for changes in hormone levels following repeated 

freezing and thawing cycles, without being able to show any significant or consistent 

changes in inhibin-b or FSH levels (not shown).

Also, inter-laboratory differences in assessment of sperm concentrations were controlled by 

external quality control programs within the US and European laboratories, respectively, as 

previously reported (7,8). We did not have any quality control that directly could evaluate 

the inter-laboratory variation in assessment of sperm concentration between the US and 

European laboratories. However, the Danish, the Finnish and the Californian laboratories 

participated in the same quality control program during 2001 and 2002 when the Californian 

study was ongoing, and the variation between these three laboratories did not differ 

significantly (data not shown). Furthermore, imprecisely obtained data or significant inter- 

or intra-laboratory variations would tend to blur the associations we have detected. 

Collecting the semen sample at home rather than at the study site did not bias the results. We 

could not detect any difference in the association between sperm counts and inhibin-b for 

men from Copenhagen (where 80% collected at home), men from Finland (20% collected at 

home) and the remaining centers where all men collected at the study site. Thus, we do not 

believe that technical errors can explain our findings.

The absence of any diurnal variation in FSH, together with an increase in FSH paralleling 

the decrease in inhibin-b, suggests that other factors in addition to inhibin-b contribute to the 

endocrine feed-back loop from the testicles. The study by Carlsen et al detected a negative 

feed-back effect of FSH on the mean levels of inhibin-b (6), which was also the case in our 

study. Neither in that study nor this one, changes in FSH levels could explain the diurnal 
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variation of inhibin-b. Some studies have detected a seasonal variation in sperm counts (7, 

and references therein) but whether season also might affects FSH is not clear (17). We did 

not detect any effect of season on inhibin-b or FSH. Thus, our study does not indicate that 

seasonality needs to be accounted for when interpreting inhibin-b results. However, we had 

no opportunity to evaluate the potential confounding effects of photoperiods, humidity or 

temperatures directly, as suggested by Adamopoulos (17).

In conclusion, we have shown that the associations between inhibin-b and sperm 

concentration and total sperm count are non-linear, with pronounced increases in sperm 

counts as inhibin-b increases up to approximately 150 pg/ml and virtually no associations 

when inhibin-b levels are above 300 pg/ml. We have also confirmed that inhibin-b levels 

decrease significantly during the day and have provided tables and figures that may be of 

practical value for those working clinically or epidemiolog-ically with inhibin-b.

Acknowledgments

This work was supported in part by the following grants: The Danish Agency for Science, Technology and 
Innovation (grant no. 271070678), the Academy of Finland, Sigrid Juselius Foundation and Turku University 
Hospital, the European Union (contract nos. BMH4-CT96-0314 and QLK4-1999-01422 and most recently 
FP7/2007-2013, DEER grant agreement no. 212844). The National Institutes of Health: R01-ES09916 to the 
University of Missouri from the NIEHS; MO1-RR00400 to the University of Minnesota General Clinical Research 
Center, and MO1-RR0425 to the Research and Education Institute at Harbor-UCLA Medical Center and the 
Cedars-Sinai Research Institute from the National Center for Research Resources, and the University of Iowa 
Center for Health Effects of Environmental Contamination cooperative project grant.

References

1. Groome N, O’Brien M. Immunoassays for inhibin and its subunits. Further applications of the 
synthetic peptide approach. J Immunol Methods. 1993; 165:167–76. [PubMed: 7693820] 

2. Jensen TK, Andersson AM, Hjollund NH, Scheike T, Kolstad H, Giwercman A, et al. Inhibin B as a 
serum marker of spermatogenesis: correlation to differences in sperm concentration and follicle-
stimulating hormone levels. A study of 349 Danish men. J Clin Endocrinol Metab. 1997; 82:4059–
63. [PubMed: 9398713] 

3. Andersson AM, Petersen JH, Jorgensen N, Jensen TK, Skakkebaek NE. Serum inhibin B and 
follicle-stimulating hormone levels as tools in the evaluation of infertile men: significance of 
adequate reference values from proven fertile men. J Clin Endocrinol Metab. 2004; 89:2873–9. 
[PubMed: 15181071] 

4. Pierik FH, Vreeburg JT, Stijnen T, De Jong FH, Weber RF. Serum inhibin B as a marker of 
spermatogenesis. J Clin Endocrinol Metab. 1998; 83:3110–4. [PubMed: 9745412] 

5. Meeker JD, Godfrey-Bailey L, Hauser R. Relationships between serum hormone levels and semen 
quality among men from an infertility clinic. J Androl. 2007; 28:397–406. [PubMed: 17135633] 

6. Carlsen E, Olsson C, Petersen JH, Andersson AM, Skakkebaek NE. Diurnal rhythm in serum levels 
of inhibin B in normal men: relation to testicular steroids and gonadotropins. J Clin Endo-crinol 
Metab. 1999; 84:1664–9.

7. Jørgensen N, Andersen AG, Eustache F, Irvine DS, Suominen J, Petersen JH, et al. Regional 
differences in semen quality in Europe. Hum Reprod. 2001; 16:1012–9. [PubMed: 11331653] 

8. Swan SH, Brazil C, Drobnis EZ, Liu F, Kruse RL, Hatch M, et al. Geographic differences in semen 
quality of fertile U.S. males. Environ Health Perspect. 2003; 111:414–20. [PubMed: 12676592] 

9. World Health Organization. WHO laboratory manual for the examination of human semen and 
sperm-cervical mucus interaction. Cambridge: Cambridge University Press; 1992. 

10. Jørgensen N, Auger J, Giwercman A, Irvine DS, Jensen TK, Jouannet P, et al. Semen analysis 
performed by different laboratory teams: an intervariation study. Int J Androl. 1997; 20:201–8. 
[PubMed: 9401822] 

Jørgensen et al. Page 9

Fertil Steril. Author manuscript; available in PMC 2016 September 23.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



11. Menkveld R, Stander FS, Kotze TJ, Kruger TF, van Zyl JA. The evaluation of morphological 
characteristics of human spermatozoa according to stricter criteria. Hum Reprod. 1990; 5:586–92. 
[PubMed: 2394790] 

12. Bonde JP, Ernst E, Jensen TK, Hjollund NH, Kolstad H, Henriksen TB, et al. Relation between 
semen quality and fertility: a population-based study of 430 first-pregnancy planners. Lancet. 
1998; 352:1172–7. [PubMed: 9777833] 

13. Guzick DS, Overstreet JW, Factor-Litvak P, Brazil CK, Nakajima ST, Coutifaris C, et al. Sperm 
morphology, motility, and concentration in fertile and infertile men. N Engl J Med. 2001; 
345:1388–93. [PubMed: 11794171] 

14. Slama R, Eustache F, Ducot B, Jensen TK, Jørgensen N, Horte A, et al. Time to pregnancy and 
semen parameters: a cross-sectional study among fertile couples from four European cities. Hum 
Reprod. 2002; 17:503–15. [PubMed: 11821304] 

15. Uhler ML, Zinaman MJ, Brown CC, Clegg ED. Relationship between sperm characteristics and 
hormonal parameters in normal couples. Fertil Steril. 2003; 79(suppl 3):1535–42. [PubMed: 
12801556] 

16. Andersson AM, Müller J, Skakkebæk NE. Different roles of prepubertal and postpubertal germ 
cells and sertoli cells in the regulation of serum inhibin b levels. J Clin Endocrinol Metab. 1998; 
83:4451–8. [PubMed: 9851793] 

17. Adamopoulos DA, Pappa A, Billa E, Nicopoulou SC, Koukkou E, Venekai E. Seasonality in sperm 
parameters in normal men and dyspermic patients on medical entervention. Andrologia. 2009; 
41:118–24. [PubMed: 19260849] 

Jørgensen et al. Page 10

Fertil Steril. Author manuscript; available in PMC 2016 September 23.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. 
The black full line and the two black broken lines closest to this represent the calculated 

average inhibin-b level according to hour of blood sampling and the 95% confidence 

intervals of this, respectively. The broken lines at highest and lowest represents 95% of the 

data set. A shows the entire data set and B a higher magnification that more clearly shows 

the decreasing inhibin-b level over the day.

Jørgensen et al. Page 11

Fertil Steril. Author manuscript; available in PMC 2016 September 23.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. 
The associations between time adjusted inhibin-b values and non-transformed sperm 

concentrations (A) and total sperm counts (B) are shown as function of inhibin-b adjusted 

for the time of day of the blood drawing. Sperm counts increased steeply with increasing 

time adjusted inhibin-b values up to approximately 150 pg/ml, followed by a less steep 

increase up to approximately 300 pg/ml where after further increase in time adjusted 

inhibin-b was not reflected by a further increase in sperm counts.
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