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ABSTRACT

Background and Objective
Hormonal measurements play an important role in the evaluation of male fertility potential. In men
without hypogonadism, the impact of androgen status on semen is rarely analyzed.

Material and Methods
We evaluated associations between parameters of the pituitary-gonadal axis: luteinizing hormone
(LH), follicle-stimulating hormone (FSH), total testosterone (T), free testosterone (FT), calculated
testosterone (TC), bioavailable testosterone (TB), sex hormone-binding globulin (SHBG), free andro-
gen index, and semen quality parameters in healthy young men.

Results
In our study group, sperm concentration and sperm count were associated with FSH and FT. The
percentage of  immotile sperm was associated with LH and T. The percentage of  vital sperm was
negatively related to LH. We identified negative, independent associations between T and semen
volume (p<0.026) and TC and semen volume (p<0.025). We observed negative, independent associ-
ation between FSH, FT, and total sperm count (both P<0.002) and between FT and the percentage
of  normal forms (P<0.012). There were positive associations between LH and T and the percentage
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INTRODUCTION

Semen analysis is a primary tool used to assess 
male fertility potential and is often combined 
with hormonal evaluations of the hypothalamo–
pituitary–gonadal axis.1

The key reproductive hormones in men are fol-
licle-stimulating hormone (FSH), luteinizing hor-
mone (LH), and testosterone (T). Synthesis of 
FSH and LH in the pituitary gland is stimulated 
by gonadotropin-releasing hormone (GnRH). 
FSH interacts with Sertoli cells in the seminiferous 
tubules, and LH stimulates androgen synthesis in 
Leydig cells. Intratesticular testosterone (within 
the interstitial and seminal tubules) exerts multiple 
effects on spermatogenesis.2

Endocrine dysfunction, especially hypogonad-
ism resulting from different causes, may affect 
semen quality and lead to reproductive failure. 
Increased FSH levels suggest disturbances of sperm 
production.3,4 Associations between LH, T, and 
semen parameters are less clear. In some studies, T 
was not correlated with semen quality,5,6 while in 
other studies, it was associated with sperm motility 
and morphology.7,8 Associations between FT and 
sperm parameters have not been established.9,10

The presence of low T usually requires further 
evaluation because the precise assessment of 
androgen output is difficult in such circumstances.11 
The following measurements can be considered: 
free testosterone (FT), bioavailable testosterone 
(TB), TC, and sex-hormone binding globulin 
(SHBG) levels, as well as the free androgen index 
(FAI).12 Unfortunately, most currently available 
assays for TT or FT are unsatisfactory.13

Questions on the significance of relationships 
between gonadotropin/androgens and semen 
parameters/sperm morphology are especially 
intriguing with regard to eugonadal men. 
Investigations in this specific group are few, and 
the scope of variations among hormonal/seminal 
constellations is considerable. Given the risk of 
potential bias,14 a need for elucidating existing 
discrepancies has been indicated.7

Our aim was to evaluate the associations 
between pituitary–gonadal axis parameters and 
semen quality (including sperm morphology) in a 
sample of young healthy men.

METHODS

We performed our investigation in a homoge-
nous group of young men (18–35 years) who 
studied or worked in the Lower Silesia region 
(Southern Poland, Europe). The project was 
approved by the Bioethics Committee of the 
University School of Physical Education in 
Wrocław (no. 36/2.12.2013), and we obtained 
written informed consent from all subjects before 
their participation. All the procedures were con-
ducted in compliance with the Declaration of 
Helsinki for human subjects and the European 
Communities Council Directive of 24 November 
1986 (86/609/EEC). The methodology of the 
AndroLS study was described in detail in our pre-
vious reports.15–17

From a target group of 5000 men, 500 subjects 
responded to the invitation and 300 were eligible 
for further analysis. Completed questionnaires 
and blood samples (for hormonal evaluations) 

of  immotile sperm (P<0.007 and P<0.034, respectively). There were no relationships between sperm 
morphology parameters and the parameters of  the pituitary-gonadal axis.

Conclusion
In healthy eugonadal men, variations in FSH, LH, T, and FT (within normal limits) are reflected in 
semen characteristics but not in sperm morphology features.
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were acquired from 203 subjects. In total, semen 
samples were collected from 177 men. We 
excluded three subjects with no spermatozoa in 
the sperm samples and those with hormonal val-
ues beyond the normal range. The mean age of 
the studied subjects was 24.6±3.7 years, and their 
body mass index was 24.0±2.9 kg/m2.

Hormonal Evaluation
Blood sampling was performed before 9.00 am 

after overnight fasting. Serum concentrations of 
FSH, LH, SHBG, total T, and FT were deter-
mined by electrochemiluminescence assay 
(ECLIA) using the Elecsys system COBAS E 601 
(Roche, Switzerland). The intra- and interassay 
coefficients of variation (CVs) and the limits of 
detection were, respectively, as follows: 2.6%, 
3.9%, and <0.100 mIU/mL for FSH; 0.9%, 1.9%, 
and 0.100 mIU/mL for LH; 1.4%, 2.7%, and 0.350 
nmol/L for SHBG; 5.3%, 6.3%, and 0.025 ng/mL 
for total T; and 6.4%, 8.0%, and 0.002 pg/mL for 
FT. The FAI was calculated as testosterone/SHBG 
× 100. Calculated free testosterone (TC) and TB 
levels were calculated using measured serum con-
centrations of total testosterone and SHBG (at a 
fixed albumin concentration of 4.3 g/dL) using 
equations developed by the Hormonology 
Department, University Hospital of Ghent, 
Belgium (http://www.issam.ch/freetesto.htm).

Statistical Analysis
Continuous variables were first analyzed for 

normal distribution using the Kolmogorov–
Smirnoff  test with the Lilliefors correction test. 
Almost all semen parameters exhibited non-nor-
mal distributions. Biochemical parameters 
describing the hormonal status of  the partici-
pants, such as LH, FSH, T, and SHGB, exhib-
ited normal distributions, whereas FAI, TC, TF, 
and TB did not pass the normality test. 
Descriptive statistics are presented based on 
untransformed data. All values are expressed as 
means±standard deviation (SD) as well as 

medians and 5th and 95th percentiles. Linear 
simple and multiple regression analyses were 
performed to estimate the associations between 
semen quality parameters and hormonal param-
eters. Dependent variables, such as semen vol-
ume, sperm concentration, and total sperm 
count, were transformed using the Box Cox 
transformation to obtain a normally distributed 
data set. Semen characteristics expressed as per-
centages (total sperm motility, vitality, and the 
amount of  normal sperm forms) were first con-
verted into proportions and were then trans-
formed by arcsin square root transformation. 
Factors with P-values <0.1 in linear simple 
regression analysis were included in linear multi-
ple regression analyses. A P-value of  <0.05 was 
considered significant. The data were analyzed 
using the SigmaPlot (Systat Software Inc., 
London, UK) statistics package, version 13, 
with the exception of  Box-Cox transformation 
which was performed using Statistica version 12 
(StatSoft, Krakow, Poland).

RESULTS

Parameters of the pituitary–gonadal axis in 
the studied population are presented in Table 1. 
The mean concentrations of LH, FSH, T, FT, 
and SHBG were within normal ranges for healthy 
adults.

The characteristics of the semen samples of 
the participants are presented in Table 2, and a 
detailed description of sperm morphology is pre-
sented in Table 3. The mean values of the major-
ity of the semen parameters of the participants 
were above the lower World Health Organization 
(WHO) thresholds.18 The only exception was the 
total motility of sperm, which was below the 
lower reference limit set at 40%.

Associations between LH, FSH, T, FT, TC, 
TB, FAI, and SHBG are presented in Table 4.

We observed significant correlations between 
LH and testosterone as well as between FT and 
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TB (Table 4). FSH was negatively and signifi-
cantly associated with FT, TB and the FAI. There 
was a positive significant association between 
FSH and SHBG (Table 4).

We applied a linear regression method to 
search for associations between semen parame-
ters, sperm morphology, and hormonal vari-
ables (Appendix: Tables 1A and 2A). We 
observed significant associations between 
sperm concentration/sperm count and FSH, 
FT (Figure 1). The percentage of  immotile 
sperm was positively associated with LH and 
testosterone levels, whereas the percentage of 

vital sperm was negatively correlated with LH 
only (Figure 2).

Because a range of associations were on the 
verge of statistical significance, we performed a 
multiple regression analysis to evaluate any 
potential, mutual effect of multiple factors (inde-
pendent variables) on a specific parameter (depen-
dent variables) (Table 5).

We observed negative, independent associa-
tions between T, TC, and semen volume (P<0.026 
and P<0.025, respectively). There were negative, 
independent associations between FSH, FT, and 
total sperm count (both P<0.002) and between 

TABLE 1 Outcomes of the Laboratory Evaluation of the Participants (n=174)
Variable Mean±SD Median (95% CI)
LH (mIU/mL) 4.9±2.3 4.5 (1.6–11.8)
FSH (mIU/mL) 4.1±3.5 3.2 (1.0–10.2)
T (ng/mL) 6.0±2.1 5.9 (3.2–10.9)
FT (ng/L) 15.2±6.4 14.5 (6.7–27.6)
TC (ng/mL) 0.12±0.10 0.10 (0.06–0.30)
TB (ng/mL) 2.6±1.1 2.4 (1.3–4.7)
FAI (nmol/L) 56.6±19.5 54.2 (27.2–118.5)
SHBG (nmol/L) 39.9±17.0 37.7 (14.2–92.1)

CI = confidence interval; FAI = free androgen index; FSH = follicle-stimulating hormone; FT = free testosterone; LH = luteinizing 
hormone; T = total testosterone; TB = testosterone bioavailable; TC = testosterone calculated; SHBG = sex hormone-binding globulin; 
SD = standard deviation.

TABLE 2 Semen Parameters of the Participants (n=174)
Variable Mean±SD Median (95% CI)
Time of liquefaction (min) 27.4±9.2 25.0 (15.0–53.8)
Semen volume (mL) 3.34±2.2 3.0 (0.9–6.1)
pH 7.9±0.2 7.9 (7.7–8.4)
Leukocytes (106/mL) 0.11±0.27 0.0 (0.0–1.0)
Sperm concentration (106/mL) 59±45 50 (5–184)
Total sperm number (106/ejaculate) 171±131 147 (13–563)
Progressive motility (%) 44.8±15.8 43.0 (24.0–75.0)
Total motility (%) 35.6±14.0 37.0 (8.0–61.6)
Normal forms (%) 14.6±6.7 14.0 (2.2–28.8)
Vitality (%) 60.3±14.7 61.5 (30.5–81.0)

CI = confidence interval; SD = standard deviation.
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FT and the percentage of normal forms 
(P<0.012). In turn, we noted a positive associa-
tion between LH, T, and the percentage of immo-
tile sperm. The power of the test was ≥0.8.

In the multivariate regression analysis model, 
there were no significant relationships between 
sperm morphology characteristics and the hor-
monal milieu of the studied subjects.

DISCUSSION

We detected associations between the serum 
concentrations of gonadotropins/androgens and 

a number of semen quality parameters in young 
healthy men. We emphasize that such relation-
ships were present in subjects with an intact pitu-
itary–gonadal axis. We also found correlations 
between gonadotropins and free/bioavailable tes-
tosterone. We did not notice any significant asso-
ciations between hormonal status and specific 
sperm morphology features in the studied group.

Testosterone, in concert with gonadotropins, 
enables intact spermatogenesis. LH stimulates 
the  synthesis of testosterone in Leydig cells, 
whereas FSH is closely related to Sertoli cell 

TABLE 3 Sperm Morphology of the Participants (n=174)
Morphology characteristics Mean±SD Median (95% CI)
Normal forms (%) 14.6±6.7 14.0 (2.2–28.9)
Pathological forms (%) 84.8±8.8 86.0 (70.3–97.0)
Amorphous-headed sperm (%) 54.8±6.9 54.5 (42.2–70.0)
Round-headed sperm (%) 3.9±8.7 3.0 (0.0–10.8)
Tapered-headed sperm (%) 2.2±3.4 1.0 (0.0–12.7)
Double-headed sperm (%) 0.3±0.6 0.0 (0.0–2.0)
Microcephalus-headed sperm (%) 2.1±2.4 2.0 (0.0–8.0)
Macrocephalus-headed sperm (%) 2.9±2.2 3.0 (0.0–7.8)
Head with cytoplasmic droplets (%) 0.1±0.2 0.0 (0.0–1.0)
Vacuolated-headed sperm (%) 3.7±1.8 3.0 (1.0–7.7)
Abnormal middle-piece sperm (%) 7.6±4.1 7.0 (2.0–16.7)
Abnormally tailed sperm (%) 8.1±4.3 7.0 (2.0–17.0)

CI = confidence interval; SD = standard deviation.

TABLE 4 Associations between Hormonal Parameters. Upper and Lower Values Represent the 
Regression Coefficient (r) and Statistical Significance (P)

LH (mIU/mL) FSH (mIU/mL) FAI (nmol/L) SHGB (nmol/L)
T (ng/mL) 0.217 0.010* −0.030 0.696 0.254 <0.001* 0.514 <0.001*
FT (ng/L) 0.169 0.045 −0.166 <0.001* 0.474 <0.001* 0.023 0.760
TC (ng/mL) −0.022 0.793 −0.133 0.080 0.288 <0.001* −0.080 0.294
TB (ng/mL) 0.167 0.047* −0.163 0.032* 0.817 <0.001* −0.202 0.008*
FAI (nmol/L) 0.067 0.428 −0.189 0.025* – –
SHGB (nmol/L) 0.082 0.336 0.197 0.019* −0.639 <0.001* –

FAI = free androgen index; FSH = follicle-stimulating hormone; FT = free testosterone; LH = luteinizing hormone; T = total 
testosterone; TB = testosterone bioavailable; TC = testosterone calculated; SHBG = sex hormone-binding globulin.
*p< 0.05.
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function. Androgen signaling is essential for 
sperm production, and even transient alterations 
in testosterone concentrations (e.g., as the result 
of doping with anabolic-androgenic steroids) 
may impair or stop this process. Such actions 
occur within the mechanism of a negative impact 
loop with the pituitary (LH, FSH) and the hypo-
thalamus (GnRH).2 It is important to remember 
that blood concentrations do not parallel intrat-
esticular concentrations of testosterone.

A few association studies performed in healthy 
men have suggested an inverse relationship between 
gonadotropins and semen quality; for example, in a 

study of healthy Americans, a negative correlation 
was detected between FSH (evaluated by RIA or a 
bio-assay) and sperm count, motility, and normal 
sperm.5 A similar observation (with regard to sperm 
concentration and count) was made in Australian 3 
and (with regard to sperm count and sperm mor-
phology) in Flemish subjects.9 In many studies, the 
quality of semen was related to LH, although in 
healthy subjects from another region within our 
country, this relationship was not observed.19

As expected, LH was correlated with T, FT, and 
TB in our study subjects. Similar relationships 
between LH and testosterone evaluations were 

FIG. 1 Associations between follicle-stimulating hormone (FSH)/free testosterone (FT) 
concentrations and sperm concentration/total sperm count. *Data after Cox–Box transformation 
are shown. Data of semen characteristics were transformed to normality before regression 
analyses. λ values were in the range of 0.34 to 0.39, and all data sets passed the normality test after 
transformation.
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demonstrated previously.5,14 LH is often thought to 
be related to spermatozoa motility; however, 
according to our observations, higher concentra-
tions of LH (and T) were associated with higher 
percentages of immotile and less vital sperm. We 
attempt to explain this based on a hypothesis 
involving compensated Leydig cell dysfunction.14 
According to the abovementioned phenomenon, 
normal testosterone concentration is secured by an 
increase in LH release; then, sperm production is 
assumed to be maintained at a level that is suffi-
cient for reproduction. Research suggesting the 
presence of worrisome trends in semen quality, 
sperm counts, and other reproductive problems 

(e.g., the deterioration of Leydig cell function) fur-
ther supports this hypothesis.20

Despite their potential clinical value, varia-
tions of normal concentrations of LH and T are 
not analyzed as an indicator of altered spermato-
genesis. However, it is clear that higher than nor-
mal concentrations of LH are detected in infertile 
men.8

FSH is necessary for optimal sperm produc-
tion; however, its role is thought to be primarily 
synergistic, and spermatogenesis may be main-
tained in FSH-deficient subjects.2,21 In men of 
Danish couples who had not previously attempted 
to achieve a pregnancy, there was a trend toward 

FIG. 2 Associations between luteinizing hormone (LH)/testosterone concentrations and the 
percentages of immotile and vital sperm. *Semen characteristics were normalized by arcsin square 
root transformation to pass the normality test.
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higher sperm concentrations in subjects with 
lower FSH.4 Consistent with this, reduced sperm 
concentration has been associated with increased 
FSH in oligospermic men.22 It has also been 
reported that isolated FSH deficiency is associ-
ated with a low percentage of motile sperm.23 In 
the literature, several cases of an autosomal reces-
sive disease manifesting as azoospermia have 
been described in the presence of normal testos-
terone levels; these cases were caused by muta-
tions of the FSH beta-subunit.24

In our participants, FSH was negatively asso-
ciated with FT, TB, and FAI and positively 

associated with SHBG. Interestingly, we observed 
that high-normal concentrations of FSH were 
associated with higher sperm count and sperm 
concentration in this group. We hypothesize that 
the differences in semen quality may be present 
even within the normal limits for FSH. Similar to 
the abovementioned changes of Leydig cell 
action, increased production of FSH might com-
pensate for non-overt alterations in sperm pro-
duction. For example, it has been documented 
that body mass index is associated with semen 
parameters, and slimmer men were found to have 
higher FSH levels.25 It has also been suggested 

TABLE 5 The Results of Multiple Regression Analysis for Associations between Semen Quality and 
Morphology Characteristics and the Levels of Testosterone and Gonadotropins
Dependent variable: semen volume (mL)

β P α
T (ng/mL) −0.175 0.026* 0.801
TC (ng/mL) −0.177 0.025*
Dependent variable: sperm concentration (106/mL)
LH (mIU/mL) −0.090 0.251 0.999
FSH (mIU/mL) −0.227 0.005*
T (ng/mL) 0.067 0.498
FT (ng/L) −0.297 0.002*
TB (ng/mL) −0.060 0.560
Dependent variable: total sperm count (106/ejaculate)
FSH (mIU/mL) −0.230 0.002* 0.980
FT (ng/L) −0.233 0.002*
Dependent variable: normal forms (%)
FT (ng/L) −0.215 0.012* 0.866
FAI (nmol/L) −0.031 0.712
FT (ng/L) −0.202 0.008*
TB (ng/mL) −0.196 0.010*
Dependent variable: immotile sperm (%)
LH (mIU/mL) 0.205 0.007* 0.932
T (ng/mL) 0.154 0.034*
FT (ng/L) 0.099 0.280

FAI = free androgen index; FSH = follicle-stimulating hormone; FT = free testosterone; LH = luteinizing hormone; T = total 
testosterone; TB = testosterone bioavailable; TC = testosterone calculated; SHBG = = sex hormone-binding globulin; β = standardized 
regression coefficient; α = power of the test.
*p< 0.05.
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that the administration of FSH might be effective 
in infertile patients with normal FSH levels. 
Whether FSH treatment in such cases positively 
affects the structure of the spermatozoon, DNA 
fragmentation, oxidative processes, or aneuploidy 
(which might, e.g., reflect polymorphisms of the 
FSH receptor gene) remains hypothetical.26

Thus far, there is no gold standard for total T 
measurement in the clinical setting. All available 
assays have substantial shortcomings.13,27 In our 
investigation, T was correlated with semen volume 
only. According to other reports, total T was found 
to be related to the motility of spermatozoa.25 The 
relationship between LH/T and immotile sperm 
observed by us was not reported in healthy volun-
teers. We found a negative association between T, TC, 
and semen volume. We could not find any informa-
tion on such relationships in studies by other authors.

We found (in our linear regression analysis) 
that FT was inversely related to sperm concentra-
tion, total sperm count, and the percentage of 
normal sperm. These findings suggest a potential 
role for this parameter in evaluating semen qual-
ity. We are aware of the methodological problems 
encountered during FT evaluation. Unfortunately, 
due to the study design, we were unable to inves-
tigate the relationship between serum and semi-
nal concentrations of FT, which can associate 
differently with semen parameters.10

In our analysis, none of the parameters 
describing sperm morphology were related to 
hormonal markers. Previously, it was suggested 
that FSH concentrations may be negatively cor-
related with the percentage of normal sperm.4 
Similar relationships were also reported for infer-
tile men.28 This area of seminal diagnostics is rel-
atively poorly understood.

A strength of our study is that the data were 
gathered from a unique group that has no special 
interest in medical (particularly andrological) 
investigations. Young healthy men do not undergo 
routine andrological screening unless faced with 
fertility issues. The study subjects were derived 

from a genetically homogenous population. We 
avoided potential biases resulting from the collec-
tion of semen at home, seasonal fluctuations of 
andrological parameters, and interobserver incon-
sistencies/variation. All semen samples were col-
lected during one season (winter) in a room 
adjacent to a laboratory that specializes in andro-
logical evaluations. The samples were assessed by a 
single, experienced medical analyst. The perfor-
mance of the laboratory is routinely verified by an 
international, external quality control program. 
Additionally, we tested the significance of poten-
tial lifestyle confounders (diet, alcohol consump-
tion, physical activity, and mobile phone usage).

Among the limitations of our investigation, we 
have to include the analyses of only one semen sam-
ple and one blood sample per subject. Recent evi-
dence suggests that at least in cases of semen 
samples, analysis of a single sample can be suffi-
cient.29 Of note, our volunteers were not compen-
sated for their participation. We did not measure 
inhibin B because this parameter is not routinely 
used in clinical practice. In our previous publica-
tions, we discussed the possible impacts of physical 
activity15 and alcohol consumption16 on semen 
parameters in the studied group. With regard to the 
latter, the findings are conflicting.30 The educational 
level of the participants was above average: all had 
accomplished at least 12 years of education. The 
participants lived in an industrialized region of 
Poland, which can be compared to other regions in 
Europe. We are aware of the geographical and even 
regional variations in semen characteristics.31 We 
questioned our subjects on maternal tobacco smok-
ing and on the use of other substances/drugs, but 
the responses did not correlate with semen or hor-
monal characteristics (data not shown). A detailed 
analysis of prenatal or current chemical/toxic expo-
sures was beyond the scope of this study.

Our results pertain to young urban subjects 
not seeking help for fertility. We would refrain 
from simply transferring these results to the gen-
eral population or subfertile/infertile men and 
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those preparing for ART (assisted reproductive 
technology) procedures. The findings might have 
been different if  we had included subjects with a 
previous medical history, chronic diseases, hypo-
gonadal issues, etc.

CONCLUSIONS

In healthy young men with untested fecundity, 
concentrations of gonadotropins are correlated 
with concentrations of bioavailable and free tes-
tosterone, and semen quality is significantly asso-
ciated with variations in pituitary–gonadal axis 
parameters.

Differences in concentrations of FSH, LH, T, 
and FT (all within normal limits) seem to be 
reflected in semen characteristics.

An in-depth evaluation of the hormonal 
milieu may have significance for the assessment 
of semen quality in subjects with hyper- or hypo-
gonadism as well as in eugonadal men.
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APPENDIX

There are two additional tables available for interested readers: Tables 1A and 2A.

TABLE 1A Correlation coefficients by simple regression analyses between semen quality parameters 
and various hormonal characteristics (n=174).

Semen 
volume 

(ml)

Semen 
pH

Sperm 
concentration 

(106/ml)

Total sperm 
count (106/
ejaculate)

Progressive 
motility (%)

Total 
motility  

(%)

Immotile 
(%)

Vitality 
(%)

LH (mIU/ml) -0.030
0.692

0.205
0.007*

-0.131
0.087

-0.093
0.222

0.006
0.940

-0.194
0.011*

0.194
0.037*

-0.177
0.020*

FSH (mIU/ml) -0.055
0.470

0.048
0.529

-0.203
0.007*

-0.191
0.012*

0.120
0.149

0.006
0.938

0.012
0.870

-0.002
0.977

T (ng/ml) -0.126
0.098

0.062
0.419

-0.128
0.092

-0.011
0.888

0.051
0.541

-0.110
0.151

0.152
0.045*

-0.101
0.187

FT (ng/l) -0.110
0.150

0.114
0.136

-0.243
0.001*

-0.195
0.010*

0.050
0.544

-0.081
0.288

0.128
0.094

-0.044
0.568

TC (ng/ml) -0.128
0.093

0.038
0.621

-0.125
0.101

0.019
0.799

-0.017
0.818

-0.016
0.833

0.047
0.540

-0.011
0.883

TB (ng/ml) 0.043
0.573

0.032
0.672

-0.152
0.045*

-0.060
0.430

-0.092
0.266

-0.011
0.887

0.103
0.179

0.080
0.296

FAI (nmol/l) 0.083
0.277

0.027
0.721

-0.112
0.143

-0.009
0.907

-0.004
0.964

0.002
0.979

0.016
0.830

0.029
0.706

SHBG (nmol/l) -0.004
0.961

0.142
0.062

0.009
0.962

-0.001
0.988

0.076
0.362

-0.059
0.444

0.072
0.349

-0.076
0.322

Upper and lower values represent the regression coefficient (r) and statistical significance (P).
LH, luteinizing hormone; FSH, follicle-stimulating hormone; T, total testosterone; FT, free testosterone; TC, testosterone calculated; 
TB, testosterone bioavailable; FAI, free androgen index; SHBG, sex hormone-binding globulin.
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