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Abstract OBJECTIVE: Semen quality depends on factors such as lifestyle, environment, and
hormone secretion. Objective: The purpose of the study was to assess the correla-
tion between emotional disorders and the secretion of selected hormones, and to
assess the impact of these disorders on semen quality.

METHODS: The study covered 60 fertile and 112 subfertile males. The sperm was
obtained by masturbation, and examined directly after liquidation according to
the 2010 criteria of the World Health Organization. The research instruments
used were: the Beck Depression Inventory (BDI), and the State-Trait Anxiety
Inventory (STAI). A morning blood sample (5 mL volume) was obtained and
sent to an authorized laboratory to assess serum levels of testosterone, LH, FSH,
prolactin, SHBG, DHEA-S and cortisol.

RESULTS: In the group of infertility patients, higher BDI scores were correlated
with significantly decreased testosterone levels (p=0.001), and increased pro-
lactin and cortisol (p<0.001); statistically significant negative correlations were
also found between BDI score and SHBG and DHEA-S (p<0.001) levels. Higher
STAI-1 and STAI-2 in the low-fertility group were associated with higher mean
prolactin and cortisol levels (p<0.001). Sperm count was shown to be correlated
with BDI, STAI-1 and STAI-2 scores (p<0.001). Semen volume also correlated
with BDI, STAI-1 and STAI-2 scores (p<0.001).

CONCLUSION: Depression and anxiety in subfertile males are associated with
lower secretion of SHBG and DHEA-S, and higher secretion of cortisol and pro-
lactin. Depression and anxiety in male patients cause decreased semen volume
and sperm density.

INTRODUCTION partner (Szkodziak et al. 2016). Semen quality
depend on factors such as lifestyle, environment,

Infertility affects nearly one in five couples of and sex hormone secretion (Wdowiak et al. 2015;
reproductive age. In many cases, the main cause of Wdowiak et al. 2014). The latter is affected by the
infertility is decreased semen quality in the male hypothalamic—pituitary-gonadal axis and by cere-
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bral cortex activity, which can be altered by disorders
such as depression and anxiety (Bhongade et al. 2015).

Hormone secretion in the testes is controlled by
pituitary gonadotropins: the luteinizing hormone
(LH), stimulating sex hormone production by Leydig
cells, and follicle-stimulating hormone (FSH), which,
together with testosterone, acts upon seminiferous
tubules via Sertoli cells to induce and maintain sper-
matogenesis. The release of these two gonadotropins
from the pituitary gland is controlled by hypothalamic
decapeptide, gonadotropin releasing hormone (GnRH).
FSH plays a primary role in hormonal regulation of
spermatogenesis, but androgen activity independent of
FSH is also recognized. FSH stimulates division and dif-
ferentiation, inhibits apoptosis of spermatogonia, and
stimulates meiosis processes, while testosterone con-
trols the course of meiosis, spermatid transformation
and elongation, and spermatid adhesion to Sertoli cells
(WHO 2010). Normal release of gonadotropins (FSH
and LH) occurs with the pulsatile secretion of GnRH.
A number of factors, including psychogenic ones such
as stress disrupt the pulse activity of the hypothalamus,
decreasing gonadotropin levels to a varying extent
(Tellam et al. 2000).

Some steroid hormones acting as androgens are also
synthesized in the adrenal cortex. One adrenal andro-
gen is dehydroepiandrosterone sulfate (DHEA-S),
transformed into dehydroepiandrosterone (DHEA) in
a range of tissues. The chemical structure of DHEA is
similar to that of testosterone and other adrogens, to
which DHEA is an easily transformed precursor (de
Menezes et al. 2016). The adrenal cortex also produces
cortisol, and its release is increased by stress. Prolactin
(PRL) secretion by the pituitary gland is also stimulated
by stress, and can inhibit the production of FSH and LH
(Wdowiak et al. 2014). Androgen transport in the body
is dependent on sex hormone binding globulin (SHBG),
which is synthesized in the liver and shows high affin-
ity for 17-hydroxysteroid hormones. Hormones bound
to SHBG are biologically inactive (Handelsman et al.
2016). The purpose of the study was to assess the cor-
relation between emotional disorders and the secretion
of selected hormones, and to assess the impact of these
disorders on semen quality.

MATERIALS AND METHODS

The study was carried out in 2015 and 2016, at the pri-
vately-owned “Ovum?” Fertility Clinic in Lublin, Poland.
The study was approved by the Bioethics Committee of
the Institute of Rural Health in Lublin (approval no.
24/2013).

The experimental group included 112 men admit-
ted to the clinic for the first time due to the failure to
conceive after 12 months of regular unprotected sexual
intercourse with a regularly ovulating female partner; 60
confirmed fertile sperm donors were included as con-
trols. Men in both groups were aged between 27 and 33
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years,had a BMI between 18.5 and 24.9, were non-smok-
ers with no history of hazardous alcohol consumption,
and used no medications. Patients with azoospermia,
varicocele, and hypogonadotropic hypogonadism
were excluded from the study. Prior to enrollment, all
patients signed a written consent form, allowing the
use of the medical data gathered for research purposes.

Semen was obtained by masturbation, and examined
directly after liquidation according to the 2010 World
Health Organization criteria (WHO, 2010). Prior to
the examination, the patients maintained a 4-day absti-
nence from sex and alcohol. A morning blood sample
(5 mL volume) was obtained and sent to an authorized
laboratory to assess serum levels of testosterone, LH,
FSH, prolactin, SHBG, DHEA-S and cortisol on the
day of semen collection. The study used two question-
naires: the Beck Depression Inventory (BDI), and the
State-Trait Anxiety Inventory (STAI). The Beck Depres-
sion Inventory (BDI) is a 21-item scale that enables the
distinction between healthy individuals and those with
symptoms of depression, as well as the evaluation of
depression severity. Responses are rated on a 4-point
Likert scale and range from 0 (not at all) to 3 (severely).
The total score for all symptoms, ranging between 0
and 63 points, is considered an indicator of depression
severity. For interpretation of study findings, the fol-
lowing cut-off values for depression severity degrees
were used: 0-11 - no depression, 12-26 - mild depres-
sion, 27-49 - moderate depression, 50-63 — severe
depression. The resulting Beck Anxiety Inventory
(BAI) is a 21-item scale that showed high internal con-
sistency (a=0.92) and test-retest reliability over 1 week,
r (81)=0.75 (Beck et al. 1961; Beck et al. 1988).

The State-Trait Anxiety Inventory (STAI) by C.D.
Spielberger, R.L. Gorsuch and R.E. Lushene allows the
evaluation of anxiety as a relatively enduring personality
trait and as a situation-induced state. The questionnaire
comprises two scales: STAI-1 is used for investigating
state anxiety, and STAI-2 — for investigating trait anxi-
ety. Each scale comprises 20 statements. The respon-
dents describe their subjective feelings about each
statement using a 1-4 scale. Sten results of 1-4 indicate
low anxiety severity, 5-6 — moderate severity, and 7-10
- high severity (Sosnowski et al. 2011). Internal con-
sistency coefficients for the scale ranged from 0.86 to
0.95; test-retest reliability coefficients ranged from 0.65
to 0.75 over a 2-month interval (Spielberger et al. 1983).

Quantitative parameters were presented using
means and standard deviations as well as median, mini-
mum and maximum values. Variable distribution in
the groups studied was tested using the Shapiro-Wilk
test for normality. Differences between the groups
were tested using the nonparametric Mann-Whitney
U-test. Correlations between variables were analyzed
using Pearson’s r correlation coefficients. Differences or
correlations at p<0.05 were considered statistically sig-
nificant. The software used for data bases and statistical
analysis was Statistica 9.1 (StatSoft, Poland).
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RESULTS

The comparison of mean serum levels of selected hor-
mones showed lower mean FSH levels in the experi-
mental group (5.25 IU/L), compared with controls
(5.63 TU/L, p>0.05). Mean LH levels in the confirmed-
fertile group (5.99 IU/L) were higher than in patients
treated for fertility disorders (5.53 IU/L), but the dif-
ferences were not significant (p>0.05). Testosterone
levels were higher in fertile controls (21.03nmol/L)
than in patients treated for infertility (13.15nmol/L;
Z=-6.813; p<0.001). The sperm donors had signifi-
cantly lower mean PRL levels (16.93 ng/mL) compared
to the low-fertility patients (25.76 ng/mL; Z=5.10;
p<0.001). Similar dependence were found for SHBG
and DHEA-S. In controls, mean SHBG levels were
higher (142.60 nmol/L) than in the experimental group
(77.29nmol/L), and the difference was statistically
significant (Z=-6.608; p<0.001). The mean DHEA-S

Tab. 1. Hormone levels in the two groups.

concentration in fertile men was 161.28 mg/mL, and
in the low-fertility patients — 94.24 mg/mL (Z=-6.14;
p<0.001). In the experimental group, the mean cor-
tisol level was 165.35 ug/dL, and in controls it was
130.78 ug/dL (Z=5.965; p<0.001) (Table 1).

In the confirmed-fertile group, the mean sperm
count was 57.84 M/mL and was significantly higher
than in the group treated for infertility, where the mean
value was 35.46 M/mL (Z=-5.529; p<0.001). The mean
ejaculate volume was also higher in the sperm donors
(5.56ml) than in the infertility patients (3.38 ml)
(Z=-6.077; p<0.001). Differences between the two
groups in terms of other semen parameters were not
statistically significant (p>0.05) (Table 2).

The infertile patients had higher mean BDI scores
than the sperm donors: 18.69 vs. 5.27 (p<0.001). The
mean state anxiety (STAI-1) score in the experimental
group was 6.05, while in the controls it was 2.15, and
the difference was statistically significant (p<0.001).

Experimental group

Control group

Hormones z p-value
Mean + SD Median Range Mean + SD Median Range
FSH [1U/1] 5.25+3.83 4.51 0.55-15.78 5.63%+1.75 5.51 1.78-9.97 -2.187 0.029
LH [1U/1] 5.53+3.91 4.67 0.77-16.56 5.99+2.47 5.90 1.59-18.55 -1.703 0.089
Testosterone [nmol/I] 13.1546.51 12.00 5-31 21.03+£5.78 22.00 9-31 -6.814 <0.001
Prolactin [ng/ml] 25.76+10.61 25.00 8.5-42.8 16.93+6.58 16.40 8.2-33.5 5.105 <0.001
SHBG [nmol/I] 77.29+55.26 52.00 18-170 142.6+16.97 145.00 100-171 -6.608 <0.001
DHEA-S [mg/ml] 94.24+74.83 84.00 25-351 161.28+79.29 130.00 78-390 -6.145 <0.001
Cortisol [ug/dL] 165.35+38.69 160.00 105-237 130.78+24.67 121.00 105-210 5.965 <0.001
Tab. 2. Comparison of semen quality between confirmed-fertile and infertile men.
Semen o Experimental group Control group . i
characteristics Mean+SD  Median Range Mean + SD Median Range prvatue
Sperm count [mIn/ml]  35.46+23.66 24.00 8-118 57.84+21.59 51.00 32-132 -5.530 <0.001
Progresive motility [%]  51.79+7.67 53.86 25.18-62.91 49.64+8.63 51.36 25.18-62.73 1.603 0.109
Viability [%] 75.7£12.9 79.00 29-91 74.77+14.84 78.00 29-91 0.153 0.878
Normal morpholgy [%] 8.84+4.43 9.00 1-19 9.77+5.18 11.00 1-19 -1.330 0.184
Semen volume [ml] 3.38+1.97 3.00 0.5-9.5 5.57%2 5.50 1.5-9.5 -6.077 <0.001
MAR test 19G [%] 74611442 0.00 0-95 5.62+7.01 5.00 0-35 -0.081 0.935
MAR test IgA [%] 10.87£15.81 5.00 0-98 9.1£9.59 7.00 0-40 -0.023 0.982
Tab. 3. The mean BDI, STAI-1, and STAI-2 scores in the two groups.
_ Experimental group Control group : p-value
Mean + SD Median Range Mean £ SD Median Range
BDI 18.69+15.62 11.00 0.5-9.5 5.27£1.92 5.00 1.5-9.5 7.882 <0.001
STAI-1 6.05+2.68 7.00 29-91 2.15+0.95 2.00 29-91 8.263 <0.001
STAI-2 5.79+2.92 6.50 25.18-62.91 1.50+0.68 1.00 25.18-62.73 8.578 <0.001
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A similar distribution of scores was obtained for trait
anxiety (STAI-2): the mean score for infertility patients
was 5.79, while for sperm donors it was 1.50 (p<0.001)
(Table 3).

In the experimental group, higher BDI scores were
associated with significantly decreased testosterone
(r=-0.322; p<0.001), increased prolactin (r=0.562;
p<0.001), and increased cortisol levels (r=0.657;
p<0.001). Statistical analysis also showed significant
negative correlations between BDI score and SHBG
(r=-0.712; p<0.001) and DHEA-S levels (r=-0.588;
p<0.001) in the group. No significant correlations were
found for FSH and LH (p>0.05). In the confirmed-
fertile group there were no statistically significant cor-
relations between BDI scores and the mean levels of the
hormones studied (p>0.05). Our analyses showed that
higher STAI-1 scores in the infertility patient group
were associated with higher mean prolactin (r=0.598;
p<0.001) and cortisol levels (r=0.697; p<0.001), and
with lower SHBG (r=-0.843, p<0.001) and DHEA-S
levels (r=-0.766, p<0.001). No significant correlations
were found between STAI-1 and FSH, LH, or testoster-
one (p>0.05). In the confirmed-fertile group there were
no statistically significant correlations between STAI-1
scores and the hormones studied (p>0.05). In the low-
fertility group, higher STAI-2 scores were correlated
with lower SHBG (r=-0.858; p<0.001) and DHEA-S
levels (r=-0.732; p<0.001). The study also showed a
positive correlation between STAI-2 scores and prolac-
tin (r=0.639; p<0.001) and cortisol (r=0.665; p<0.001).
No statistically significant correlations were found
between STAI-2 and FSH, LH, or testosterone in the
experimental group (p>0.05). In the control group, the
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only positive significant correlation was found between
STAI-2 and LH (r=0.354; p<0.01) (Table 4).

In the low-fertility group, statistically significant
negative correlations were found between sperm count
and scores in the BDI (r=-0.496; p<0.001) (Figure 1),
STAI-1 (r=-0.665; p<0.001) (Figure 2), and STAI-2
(r=-0.645; p<0.001) (Figure 3).

Ejaculate volume was negative correlated with BDI
(r=-0.484; p<0.001) (Figure 4), STAI-1 (r=-0.568;
p<0.001) (Figure 5), and STAI-2 (r=-0.656; p<0.001)
(Figure 6) in the infertility patient group.

In the low-fertility group higher percentages of
sperm with progressive motility were associated with
lower STAI-1 (r=-0.239; p<0.05) and STAI-2 scores

r=-0.496, p<0.001
70

60 R p °
0
50
_ 40 Oo 8o
8 _[-.900MD

30

20

100 120 140

0 20 40 60 80
sperm count [min/ml]

Fig. 1. Correlation between BDI scores and sperm count in the
experimental group.

Tab. 4. Correlations between BDI, STAI-1, and STAI-2 scores and mean hormone levels in the experimental group and in the controls.

BDI STAI-1 STAI-2
Hormones Experimental Control Experimental Control Experimental Control
group group group group group group
FSH -0.046 -0.141 -0.044 -0.224 -0.061 0.151
o/ p=0.631 p=0.286 p=0.645 p=0.085 p=0.523 p=0.252
LH 0.031 -0.079 0.007 -0.081 0.033 0.354
o/ p=0.752 p=0.548 p=0.941 p=0.537 p=0.729 p<0.01
Testosterone -0.322 -0.007 -0.048 -0.019 -0.074 0.013
(nmol/I] p<0.001 p=0.958 p=0.612 p=0.882 p=0.443 p=0.924
Prolactin 0.562 -0.045 0.598 0.167 0.639 -0.173
[ng/mi] p<0.001 p=0.734 p<0.001 p=0.201 p<0.001 p=0.187
SHBG -0.712 0.115 -0.843 -0.013 -0.858 0.021
(nmol/I] p<0.001 p=0.381 p<0.001 p=0.917 p<0.001 p=0.873
DHEA-S -0.588 0.268 -0.766 -0.074 -0.732 0.142
[mg/ml] p=0.000 p=0.039 p<0.001 p=0.573 p<0.001 p=0.279
Cortisol 0.657 -0.036 0.697 0.162 0.665 ~0.031
[ng/dL] p<0.001 p=0.787 p<0.001 p=0.215 p<0.001 p=0.818
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r=-0.665, p<0.001
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r=-0.645, p<0.001
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Fig. 2. Correlation between STAI-1 scores and sperm count in the
experimental group.

Fig. 3. Correlation between STAI-2 scores and sperm count in the
experimental group.

r=-0.484, p<0.001
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Fig. 4. Correlation between BDI scores and ejaculate volume in the
experimental group.

(r=-0.255; p<0.01). In this group, there were also weak
correlations between sperm morphology and scores in
the BDI (r=-0.256; p<0.01), STAI-1 (r=-0.224; p<0.01),
and STAI-2 (r=-0.253; p<0.01) scales. No statistically
significant correlations were found in the experimen-
tal group between BDI scores, and sperm motility,
vitality, IgG-MAR, or IgA-MAR (p>0.05). Similarly,
neither STAI-1 nor STAI-2 were significant correlated
with sperm vitality, IgG-MAR, or IgA-MAR (p>0.05)
in this group. In the confirmed-fertile group, no cor-
relation was found between the depression and anxiety
scales and any semen characteristics analyzed (p>0.05)
(Table 5).

DISCUSSION

Literature on the subject of male infertility becomes
more extensive every year. It provides a wealth of
information on infertility, including its causes, treat-
ment, and social and psychological aspects (Newson
et al. 2007; Drosdzol & Skrzypulec 2009; Gollenberg et
al. 2010; Wichman et al. 2011; Fisher & Hammarberg

Fig. 5. Correlation between STAI-1 scores and ejaculate volume in
the experimental group.

r=-0.656, p<0.001
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Fig. 6. Correlation between STAI-2 scores and ejaculate volume in
the experimental group.

2012; Wdowiak et al. 2017). The purpose of the study
was to assess the correlation between emotional dis-
orders and the secretion of selected hormones, and to
assess the impact of these disorders on semen quality
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Tab. 5. Correlations between BDI, STAI-1, and STAI-2 scores and semen characteristics in the experimental group and in the controls.

BDI STAI-1 STAI-2
Hormones Experimental Control Experimental Control Experimental Control
group group group group group group
Progresive motility -0.162 0.125 -0.239 -0.112 -0.255 0.084
(%] p=0.088 p=0.340 p<0.05 p=0.397 p<0.01 p=0.523
Viability -0.161 0.078 -0.152 -0.149 -0.124 0.063
%] p=0.090 p=0.555 p=0.109 p=0.256 p=0.194 p=0.632
Normal morpholgy -0.256 -0.067 -0.224 -0.029 -0.253 -0.201
(%] p<0.01 p=0.611 p<0.01 p=0.822 p<0.01 p=0.125
MAR test 0.169 -0.009 0.173 0.072 0.119 0.119
19G [%] p=0.075 p=0.940 p=0.069 p=0.584 p=0.213 p=0.364
MAR test 0.142 -0.034 0.171 0.016 0.108 0.209
IgA [%] p=0.134 p=0.798 p=0.071 p=0.902 p=0.259 p=0.109

in men treated for infertility. Study findings showed
that men with fertility problems are more likely to have
emotional disorders than fertile sperm donors. In the
patients, more severe depressive symptoms (BDI: 18.69
vs. 5.277), state anxiety (STAI-1: 6.05 vs. 2.15), and trait
anxiety (STAI-2: 5.79 vs. 1.50) were found. Analyses
of the results showed that the mean BDI in the experi-
mental group indicated mild depression, while mean
STAI scores indicated moderate anxiety. These find-
ings are in line with those reported by Drozdzol and
Skrzypulec, and Wichman et al. (Drosdzol & Skrzypu-
lec 2009; Wichman et al. 2011). A study by Volgsten et
al. including 545 couples treated for infertility showed
that approximately 30% of infertile women and 10% of
infertile men fulfilled the diagnostic criteria for depres-
sion and/or anxiety disorders, including subthreshold
diagnoses (Volgsten et al. 2008). Furthermore, a study
by Tiizer et al. indicated that depressive symptoms in
men predicted increased anxiety during infertility treat-
ment (Tuzer et al. 2010). One should consider that stress
levels in infertile patients tend to increase as treatment
continues, in proportion to time in treatment, meaning
that the mean severity of depression and anxiety can
increase (Gollenberg et al. 2010; Fisher & Hammar-
berg 2012). This may be due e.g. to repeated treatment
procedures (such as semen collection), fertility treat-
ment costs, or the male patients’ awareness of being the
one with the fertility problem (Tiizer et al. 2010). On
the other hand, Wichman et al’s analysis of the clini-
cal indicators of mental health in infertile and healthy
men showed no significant differences between the two
groups. However, the impact of a range of factors on
infertile men’s psychological state should be empha-
sized. Men with a tendency towards social isolation,
with an avoidance coping style, and perceiving stressful
events as overwhelming, are more likely to experience
severe anxiety than those without these traits (Wich-
man et al. 2011).

Increased emotional tension or emotional distur-
bance associated with infertility diagnostics and treat-
ment can interfere with normal functioning of the body.
The present study of interaction between depression
and anxiety disorders on the one hand, and hormone
secretion on the other, showed higher depression sever-
ity to be correlated with lower testosterone, SHGB,
and DHEA-S levels, and with increased prolactin and
cortisol levels. No similar association with FSH or LH
was found. Meanwhile, Bak ef al. in their study of men
with nonobstructive azoospermia (NOA), reported a
positive correlation between FSH and LH and anxiety,
in contrast to testosterone, which was inversely associ-
ated with anxiety (Bak et al. 2012). Similar results were
obtained by Bhongade et al. who investigated the impact
of psychological stress on male sex hormones. Men with
a higher severity of anxiety and depression had higher
serum levels of FSH and LH than those without similar
disorders (Bhongade et al. 2015).

Abnormal testosterone levels can impair the mecha-
nisms of spermatogenesis and spermiogenesis. Fur-
thermore, low testosterone concentration is a marker
of HPA activation. One factor that can dysregulate tes-
tosterone secretion is chronic anxiety and depression
(Lieberman et al. 2016). In the present study, higher
depression severity was associated with lower testoster-
one. This is not, however, corroborated by Ponholzer et
al’s study, where testosterone levels were not correlated
with depression or its severity (Ponholzer et al. 2009).
By testing for total testosterone and SHBG levels it is
possible to determine the bioavailability of testosterone.
Increased SHBG levels indicate that the concentration
of unbound testosterone available to tissues is lower
than can be expected based on the total testosterone
level. In turn, decreased SHBG suggests a higher bio-
availability of testosterone (Handelsman et al. 2016; Li
et al. 2016). In the present study, the mean SHBG level
was inversely associated with mean depression sever-
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ity (BDI) and anxiety (STAI-1 and STAI-2) scores in
the infertility patient group only. The available litera-
ture includes no reports on correlations between SHBG
levels and emotional disorders.

The present study showed an association between
increased prolactin levels and higher severity of depres-
sion and anxiety. Available literature reports regarding
the role of PRL secretion in emotional disorders are
equivocal, both for humans and for animal models.
Animal studies by Torner et al. demonstrated that
exogenous PRL administration has an anxiolytic effect
in rats of both sexes (Torner et al. 2001). Long-term
prolactin administration in ovariectomized female rats
used to simulate the endocrine status of pregnancy
was shown to decrease anxiety (Donner et al. 2007).
Meanwhile, another study involving rodents showed an
association between high prolactin levels and increased
anxiety. Increased basal and stress-induced levels of
PRL were reported in male rats bred for high-anxiety
behavior as compared to low-anxiety behavior rats
(Landgraf et al. 1999). Similarly conflicting results are
reported in human models. On the one hand, patients
with hyperprolactinemia report more anxiety and hos-
tility than controls (Reavley et al. 1997). On the other
hand, experiments by Reavley et al. and by Oliveira et
al. found no differences in terms of depression between
patients with hyperprolactinemia and controls (Reav-
ley et al. 1997; Oliveira et al. 2000). Literature on the
subject does not include studies directly investigating
the association between emotional disorders and pro-
lactin secretion in male patients treated for infertility.
Existing reports regarding animal and human models
without reference to fertility disorders point to a need
for further investigation of this area in the light of the
present findings. DHEA-S is a marker of stress that per-
sists longer after secretion than cortisol and plays a role
in modulating the body’s susceptibility to the negative
effects of stress (Morgan et al. 2004). In the experimen-
tal group, negative correlations were found between
DHEA-S levels and mean depression, state anxiety, and
trait anxiety scores. This is corroborated by Maninger et
al. and Mocking et al. reporting an association between
depression and low DHEA-S levels, especially when
related to high cortisol, though the authors emphasize
that the findings are not conclusive (Maninger et al.
2009; Mocking et al. 2015).

Cortisol is a biological marker of hypothalamic-
pituitary-adrenal (HPA) axis activation in humans.
It also shows complex associations with depressive
disorders (Morgan et al. 2004; Mocking et al. 2015).
Bhongade et al. Ogawa et al. and Slade et al. analyzing
stress levels in men treated for infertility, showed it to
be higher than in healthy men (Bhongade et al. 2015;
Ogawa et al. 2011; Slade et al. (2007). In men, stress
adversely affects semen quality and can inhibit GnRH
secretion through hypothalamic-pituitary axis activa-
tion (Tellam et al. 2000; Pantalone & Faiman 2012).
Stress-induced spermatogenesis impairment is typically

manifested in decreased sperm count and motility, and
an increased percentage of morphologically abnormal
sperm. Importantly, hormonal imbalances depend on
the strength and type of stressor, the time the stressor is
active, and the initial state of the patient.

The present analysis showed high BDI, STAI-1, and
STAI-2 scores to be correlated with high cortisol levels.
Disorders affecting the hypothalamic-pituitary—adre-
nal (HPA) axis, glucocorticoids such as cortisol, and
pituitary proopiomelanocortin derivatives induced by
the corticotropin-releasing hormone (CRH) inhibit
hypothalamic-pituitary-gonadal axis control. The
adverse impact of stress on the reproductive function
might also be due to an increased level of tumor necro-
sis factor (TNF) and an increased number of natural
killer (NK) cells (Cwikel et al. 2004). An increase in
stress hormone levels, i.e. cortisol and adrenocortico-
tropic hormone (ACTH), can impair androstenedione
to testosterone conversion in Leydig cells. This dis-
rupts the hormonal transformation cycle required for
testosterone secretion, leading to lower average values
of semen volume and sperm density (Gollenberg et al.
2010; Klimek et al. 2005). Moreover, acute or chronic
stress in men can activate the HPA, as demonstrated by
increased levels of the catabolic hormone cortisol and
suppressed release of the anabolic hormone testoster-
one (Lieberman et al. 2016).

The present study demonstrated that correlations
between scores in the STAI and BDI scales and the hor-
mone levels and semen characteristics analyzed are only
statistically significant in the group of men treated for
infertility, and not in the confirmed-fertile group. It is
likely that this is due to the fact that the fertile controls
were less affected by emotional disorders. The negative
correlation between BDI scores and testosterone levels
in the infertility patient group can be related to the
lower sperm density and semen volume resulting from
spermatogenesis dysfunction induced by depression
(which affects the hypothalamic-pituitary-gonadal
axis). The impact of sex hormone secretion on repro-
ductive dysfunction has been confirmed in a number
of studies, including Wdowiak et al. Tellam et al. and
Pantalone and Faiman (Wdowiak et al. 2014; Tellam et
al. 2000; Pantalone & Faiman 2012).

The present results corroborate the report by
Bhongade et al. who administered the Hospital Anxi-
ety and Depression Score (HADS) questionnaire to 70
men treated for infertility, and compared the results
to sex hormone levels and semen parameters. The
patients were divided into two groups: those with
normal HADS (<8) and those with increased HADS
(diagnosed with emotional disturbance). Patients with
emotional disturbance were found by Bhongade et al. to
have lower testosterone levels and sperm density. Based
on the correlation between HADS and sperm density,
the authors found that higher HADS is associated with
lower sperm density and motility and higher percent-
age of morphologically abnormal sperm, which is cor-

Copyright © 2017 Neuroendocrinology Letters ISSN0172-780X « www.nel.edu



roborated by the present study (Bhongade et al. 2015).
Somewhat different findings were reported by Giirhan
et al. who investigated associations between depression
(BDI) and anxiety (STAI), and sperm count and motil-
ity, among other factors. The authors found no correla-
tion between men’s emotional disorders and the semen
characteristics studied (Guirhan et al. 2009).

Zorn et als regression analyses indicated a signifi-
cant positive correlation between the sperm concentra-
tion and the WHO Well-Being Index score; successive
correlations were found between psychological factors
and sperm’ rapid progressive motility and normal mor-
phology (Zorn et al. 2008). With regard to sperm den-
sity, these results are in line with those of the present
study and those reported by Bhongade et al. but they
differ with regard to sperm motility and morphology
(Zorn et al. 2008; Bhongade et al. 2015). Eskiocak et
al. explained the sperm quality decrease from stress-
ors by referring to the decrease in glutathione and free
sulphydryl in seminal plasma (Eskiocak et al. 2005).
These authors investigated the impact of psychologi-
cal stress (assessed using the STAI questionnaire) on
seminal glutathione and free sulphydryl content and
sperm quality. Two semen samples were collected from
each of 34 healthy volunteers: one under stress, and one
in the absence of stressors. The analysis demonstrated
that under stress, the motility index of spermatozoa was
significantly lower, whereas the percentage of morpho-
logically abnormal spermatozoa was higher than during
the non-stress period. An association between seminal
plasma glutathione and motility index was observed at
both periods. These results confirm the impact of stress
on sperm density, in line with the present findings and
those reported by other authors (Eskiocak et al. 2005;
Zorn et al. 2008; Bhongade et al. 2015). Gollenberg et
al. note that the experience of two or more stressful life
events is associated with decreased sperm density and
the percentage of motile sperm, as well as an increased
likelihood of testing below normal ranges for concen-
tration, motility, and morphology. However, as empha-
sized by the authors, further studies should investigate
whether the elimination of stressful life events could
effect an increase in semen quality, and whether the
adverse impact of stress is lasting or temporary (Gol-
lenberg et al. 2010).

Postmeiotic germ cells grow in an immune-privi-
leged site, thanks to the barrier formed by Sertoli cell
tight junctions. If the “blood-testis barrier” is breached,
antibodies are formed against spermatozoa. Conditions
resulting in damage to the blood-testis barrier and
antisperm antibody formation include testis trauma,
toxicity, inflammation and infection (Niederberger,
2011). Antibody levels determined in both groups in
the present study were not correlated with the partici-
pants’ emotional state. The available literature also lacks
reports associating antibody levels in the semen with
emotional disorders. However, the report on IgG, IgM,
and IgA antibodies in blood serum of women by Kian-

Emotional disorders and infertility

bakth et al. indicates that IgG secretion is decreased in
depressive patients (Kianbakth et al. 2013). A similar
finding was reported by Goldm et al. regarding IgA
antibodies, whose secretion was decreased in depres-
sive patients, while IgG and IgM levels were not associ-
ated with emotional disorders (Gold et al. 2012). The
issue of immune response and emotional disorders will
undoubtedly require further investigation.

The present study demonstrated that depression and
anxiety disorders can disrupt hormonal balance and
adversely affect semen quality. They can also have a
negative impact on infertility treatment outcomes, thus
warranting the development of management guidelines
for cases of emotional disorders in the course of such
treatment. The psychological background of infertility
is difficult to diagnose by a physician, requiring collab-
oration with other specialists: psychiatrists, psycholo-
gists, psychotherapists. On the other hand, Fisher and
Hammarberg report that men with fertility problems
prefer to receive emotional support from infertility cli-
nicians rather than from mental health professionals,
self-help support groups or friends (Fisher & Hammar-
berg 2012).

CONCLUSIONS

+ Men treated for infertility are found to have more
severe depression and anxiety than those confirmed
to be fertile.

» Depressive disorders in men treated for infertility
contribute to decreased testosterone levels.

+ Depression and anxiety in low-fertility male patients
are associated with lower secretion of SHBG and
DHEA-S, and higher secretion of cortisol and
prolactin.

o Depression and anxiety in male patients cause
decreased semen volume and sperm density.

ACKNOWLEDGMENTS

We would like to express our deepest gratitude to all the
men who agreed to participate.

REFERENCES

1 Bak CW, Seok HH, Song SH, Kim ES, Her YS, Yoon TK (2012). Hor-
monal imbalances and psychological scars left behind in infertile
men. J Androl. 33: 181-189. doi: 10.2164/jandrol.110.012351.

2 Beck AT, Epstein N, Brown G, Steer RA (1988). An inventory for
measuring clinical anxiety: psychometric properties. J Consult
Clin Psychol. 56: 893-897.

3 Beck AT, Ward CH, Mendelson M, Mock J, Erbaugh J (1961). An
inventory for measuring depression. Arch Gen Psychiatry 4:
561-571.

4 Bhongade MB, Prasad S, Jiloha RC, Ray PC, Mohapatra S, Koner
BC (2015). Effect of psychological stress on fertility hormones
and seminal quality in male partners of infertile couples. Andro-
logia 47:336-42. doi: 10.1111/and.12268.

5 Cwikel J, Gidron Y, Sheiner E (2004). Psychological interactions
with infertility among women. Eur J Obstet Gynecol Reprod Biol.
117:126-131.

Neuroendocrinology Letters Vol.38 No.1 2017 « Article available online: http://node.nel.edu

57



Artur Wdowiak, Agnieszka Bieni, Grazyna Iwanowicz-Palus, Marta Makara-Studziriska, Iwona Bojar

6 de Menezes KJ, Peixoto C, Nardi AE, Carta MG, Machado S, Veras
AB (2016). Dehydroepiandrosterone, its sulfate and cognitive
functions. Clin Pract Epidemiol Ment Health 12: 24-37.

7 Donner N, Bredewold R, Maloumby R, Neumann ID (2007).
Chronic intracerebral prolactin attenuates neuronal stress
circuitries in virgin rats. Eur J Neurosci. 25: 1804-1814. doi.
10.1111/j.1460-9568.2007.05416.x

8 Drosdzol A, Skrzypulec V (2009). Depression and anxiety
among Polish infertile couples - an evaluative preva-
lence study. J Psychosom Obstet Gynecol. 30: 11-20. doi:
10.1080/01674820902830276.

9 Eskiocak S, Gozen AS, Yapar SB, Tavas F, Kilic AS, Eskiocak M
(2005). Glutathione and free sulphydryl content of seminal
plasma in healthy medical students during and after exam
stress. Hum Reprod. 20: 2595-600.

10 Fisher JR, Hammarberg K (2012). Psychological and social
aspects of infertility in men: an overview of the evidence and
implications for psychologically informed clinical care and future
research. Asian J Androl. 14: 121-129. doi: 10.1038/aja.2011.72.

11 Gold PW, Pavlatou MG, Carlson PJ, Luckenbaugh DA, Costello
R, Bonne O, et al. (2012). Unmedicated, remitted patients with
major depression have decreased serum immunoglobulin A.
Neurosci Lett. 520: 1-5. doi: 10.1016/j.neulet.2012.04.072.

12 Gollenberg AL, Liu F, Brazil C, Drobnis EZ, Guzick D, Overstreet
JW, et al. (2010). Semen quality in fertile men in relation to psy-
chosocial stress. Fertil Steril. 93: 1104-1111. doi: 10.1016/j.fertn-
stert. 2008.12.018.

13 Gurhan N, Akyliz A, Atici D, Kisa S (2009). Association of depres-
sion and anxiety with oocyte and sperm numbers and preg-
nancy outcomes during in vitro fertilization treatment. Psychol
Rep. 104: 796-806.

14 Handelsman DJ, Sikaris K, Ly LP (2016). Estimating age-specific
trends in circulating testosterone and sex hormone-binding
globulin in males and females across the lifespan. Ann Clin Bio-
chem. 53:377-384. doi: 10.1177/0004563215610589.

15 Kianbakht S, Mashhadi E, Jamillian HR, Ghazavi A (2013).
Immune phenomena in neonates of women with depression
during pregnancy: a case-control study. J Matern Fetal Neonatal
Med. 26: 608-610. doi: 10.3109/14767058.2012.741633.

16 Klimek M, Pabian W, Tomaszewska B, Kotodziejczyk J (2005).
Levels of plasma ACTH in men from infertile couples. Neuro
Endocrinol Letter. 26: 347-350.

17 Landgraf R, Wigger A, Holsboer F, Neumann ID (1999). Hyper-
reactive hypothalamo-pituitary-adrenocortical axis in rats
bred for high anxiety-related behavior. J Neuroendocrinol. 11:
405-407.10.1046/j.1365-2826.1999.00342.x

18 Li H, Pham T, McWhinney BC, Ungerer JP, Pretorius CJ, Richard
DJ, et al. (2016). Mortimer, R.H., d’Emden, M.C., Richard, K. sex
hormone binding globulin modifies testosterone action and
metabolism in prostate cancer cells. Int J Endocrinol. 2016:
6437585. doi: 10.1155/2016/6437585.

19 Lieberman HR, Farina EK, Caldwell J, Williams KW, Thompson LA,
Niro, PJ, et al. (2016). Cognitive function, stress hormones, heart
rate and nutritional status during simulated captivity in military
survival training. Physiol Behav. 165: 86-97. doi: 10.1016/j.phys-
beh.2016.06.037.

20 Maninger N, Wolkowitz OM, Reus VI, Epel ES, Mellon SH (2009).
Neurobiological and neuropsychiatric effects of dehy-droepi-
androsterone (DHEA) and DHEA sulfate (DHEAS). Front Neuroen-
docrinol. 30: 65-91.

21 Mocking RJ, Pellikaan CM, Lok A, Assies J, Ruhé HG, Koeter MW
(2015). DHEAS and cortisol / DHEAS-ratio in recurrent depres-
sion: State, or trait predicting 10-year recurrence? Psychoneuro-
endocrinology 59:91-101.

22 Morgan ChA, Southwick S, Hazlett G, Rasmusson A, Hoyt G,
Zimolo Z, et al. (2004). Relationships among plasma dehydro-
epiandrosterone sulfate and cortisol levels, symptoms of disso-
ciation, and objective performance in humans exposed to acute
stress. Arch Gen Psychiatry. 61: 819-825.

23 Newson L, Postmen T, Lea SEG, Webley P, Richerson PJ, Mcelreath
R (2007). Influences on communication about reproduction: the
cultural evolution of low fertility. Evol Hum Behav. 28: 199-210.

24 Niederberger C (2011). Clinical evaluation of the male. In: Nie-
derberger C, editor. An Introduction to Male Reproductive Medi-
cine. 1st ed. Chicago: Cambridge University Press. p. 29-57.

25 Ogawa M, Takamatsu K, Horiguchi F (2011). Evaluation of factors
associated with the anxiety and depression of female infertility
patients. Biopsychosoc Med. 5: 15. doi: 10.1186/1751-0759-5-15.

26 Oliveira MC, Pizarro CB, Golbert L, Micheletto C (2000). Hyperp-
rolactinemia and psychological disturbance. Arq Neuropsiquiatr.
58 (3A):671-676.

27 Pantalone KM, Faiman C (2012). Male hypogonadism: more
than just a low testosterone. Cleve Clin J Med. 79: 717-725. doi:
10.3949/ccjm.79a.11174.

28 Ponholzer A, Madersbacher S, Rauchenwald M, Jungwirth S,
Fischer P, Tragl KH (2009). Serum androgen levels and their
association to depression and Alzheimer dementia in a cohort
of 75-year-old men over 5 years: results of the VITA study. Int J
Impot Res. 21: 187-191.

29 Reavley A, Fisher AD, Owen D, Creed FH, Davis JR (1997). Psy-
chological distress in patients with hyperprolactinaemia. Clin
Endocrinol. (Oxf). 47: 343-348.

30 Slade P, O'Neill C, Simpson AJ, Lashen H (2007). The relationship
between perceived stigma, disclosure patterns, support and
distress in new attendees at an infertility clinic. Hum Reprod. 22:
2309-2317.

31 Sosnowski T, Wrzesniewski K, Jaworowska A, Fecenec D, edi-
tors (2011). STAI - The State-Trait Anxiety Inventory. Warszawa:
Pracownia Testow Psychologicznych Polskiego Towarzystwa
Psychologicznego.

32 Spielberger C, Gorsuch R, Lushene PR, Vagg PR, Jacobs AG
(1983). Manual for the State-Trait Anxiety Inventory. Palo Alto:
Consulting Psychologists Press.

33 Szkodziak P, Wozniak S, Czuczwar P, Wozniakowska E, Milart P,
Mroczkowski A, et al. (2016). Infertility in the light of new scien-
tific reports - focus on male factor. Ann Agric Environ Med. 23:
227-230.

34 Tellam DJ, Mohammad YN, Lovejoy DA (2000). Molecular inte-
gration of hypothalamo-pituitary-adrenal axis-related neurohor-
mones on the GnRH neuron. Biochem Cell Biol. 78: 205-216.

35 Torner L, Toschi N, Pohlinger A, Landgraf R, Neumann ID (2001).
Anxiolytic and anti-stress effects of brain prolactin: improved
efficacy of antisense targeting of the prolactin receptor by
molecular modeling. J Neurosci. 21: 3207-3214.

36 Tuzer V, Tuncel A, Goka S, Bulut SD, Yiksel FV, Atan A, et al.
(2010). Marital adjustment and emotional symptoms in infertile
couples: gender differences. Turk J Med Sci. 40: 229-237.

37 Volgsten H, Skoog Svanberg A, Ekselius L, Lundkvist O, Sund-
strom Poromaa | (2008). Prevalence of psychiatric disorders
in infertile women and men undergoing in vitro fertilization
treatment. Hum Reprod. 23: 2056-2063. doi: 10.1093/humrep/
den154.

38 Wdowiak A, Bakalczuk G, Bakalczuk S (2015). Evaluation of effect
of selected trace elements on dynamics of sperm DNA fragmen-
tation. Postepy Hig. Med. Dosw. (Online). 69: 1405-1410.

39 Wdowiak A, Raczkiewicz D, Stasiak M, Bojar | (2014). Levels of
FSH, LH and testosterone, and sperm DNA fragmentation. Neuro
Endocrinol Lett. 35: 73-79.

40 Wdowiak A, Mazurek PA, Wdowiak A, Bojar | (2017). Effect of
electromagnetic waves on human reproduction. Ann. Agric.
Environ. Med. 24: 13-18.

41 Wichman CL, Ehlers SL, Wichman SE, Weaver AL, Coddington C
(2011). Comparison of multiple psychological distress measures
between men and women preparing for in vitro fertilization.
Fertil Steril. 95: 717-721. doi: 10.1016/j.fertnstert.2010.09.043.

42 World Health Organization. WHO Laboratory Manual for the
Examination and Processing of Human Semen, 5th edn. Geneva:
World Health Organization 2010.

43 Zorn B, Auger J, Velikonja V, Kolbezen M, Meden-Vrtovec H
(2008). Psychological factors in male partners of infertile cou-
ples: relationship with semen quality and early miscarriage. Int
J Androl. 31: 557-564.

Copyright © 2017 Neuroendocrinology Letters ISSN0172-780X « www.nel.edu



