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Decline of semen quality during IVF is not
associated with subjective male stress
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Lukas A Hefler?, Clemens B Tempfer*

The aim of the present study was to assess if semen quality declines during in vitro fertilization (IVF) and whether or not this
phenomenon is triggered by chronic male stress. In order to test this hypothesis, we first investigated a retrospective cohort of
155 male IVF patients (testing cohort). Subsequently, we started a prospective cohort study in men undergoing their first IVF
and assessed semen quality and subjective male chronic stress using a validated tool, i.e. the Fertility Problem Inventory (FPI)
questionnaire. The association between stress and sperm quality decline measured 4-6 weeks before the start of IVF (T1) and at
the day of oocyte retrieval (T2) was the primary outcome. Live birth rate, first trimester abortion and rate of poor responders were
secondary outcomes. In the testing cohort, mean progressive motility, but not mean sperm density significantly declined. There
were 78/154 (51%) men who showed a decline in semen density and 50/154 (32%) men who showed a decline in progressive
motility. In the validation cohort, progressive motility declined, whereas, sperm density increased from T1 to T2. Of 78 men, 27 men
had increased stress (FPI-score > 146). Sperm density and progressive motility were not significantly different in men with and
without stress. However, in the presence of male stress, couples had a higher rate of poor responders, miscarriages and a lower
rate of live births. Subjective stress is not associated with a decline in semen quality observed during IVF but may be associated

with adverse pregnancy outcome.
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INTRODUCTION
It has been hypothesized that stress and stress-related factors have
an influence on the autonomic, neuroendocrine and immune
systems.! Reproduction is a central issue in most couples’ lives. Thus,
if a couple fails to conceive spontaneously, both partners are likely
to experience frustration and disappointment, which could lead to
stress. Supporting this assumption, the length of time to conceive has
been demonstrated to be associated with stress in infertile couples.? In
addition; procedure- and non-procedure-related stress may negatively
affect the course and outcome of assisted reproduction techniques.
For example, stressful life events are associated with poor in vitro
fertilization (IVF) outcome® and baseline psychological measures of
stress, such as anxiety and depression, negatively influence the clinical
pregnancy rate after IVF in women with tubal factor infertility.* An
association between anxiety and depression and IVF outcomes has
been described in some,’” but not in other studies.®

Both the female and male partner of couples undergoing IVF are
affected by stress, with women being more vulnerable to stress.” For
example, in a study of couples preparing for IVF, women consistently
scored higher on multiple measures of psychological distress than
their male partners.’* However, men also react to stress with a decline
in reproductive parameters, as demonstrated by studies showing a
negative impact of stress on semen quantity and quality.'"'? Various

types of stressors can affect semen quality, such as job stress,' stress
related to the recent loss of a family member,'? stress resulting from
war'* and even stress due to natural disasters, such as an earthquake."
To date, only two studies have been published assessing the relationship
between male psychological stress and semen quality among couples
undergoing their first IVF (PubMed search 12 February 2013; search
terms: stress, semen, sperm motility, sperm density, IVE, ART and
outcome).'®"” In a study of 31 men undergoing IVF for the first time,
sperm quantity and density significantly declined from before IVF to
the day of oocyte retrieval. Semen parameter decline was associated
with the perceived importance of producing an adequate semen
specimen.'® Vellani et al.'” investigated 94 first-attempt IVF patients
and 85 age-matched, random subjects and found increased levels of
both state and trait anxiety to be associated with lower semen volume,
sperm concentration and count, reduced sperm motility and increased
sperm DNA fragmentation.

Based on these data, we hypothesized that semen quality declines
during IVF and that male stress may trigger this phenomenon. In order
to test this hypothesis, we investigated a retrospective cohort of male
IVEF patients (testing cohort) in order to confirm that there is a decline
in semen quality during IVF at our institution. After confirmation of
a semen quality decline, we started a prospective cohort study in men
undergoing their first IVF and assessed semen quality and subjective
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stress using a validated tool, i.e. the Fertility Problem Inventory (FPI)
questionnaire. This questionnaire has been designed and validated to
reveal chronic stress, as indicated by high FPI scores.'® The objectives
of the present study were: (i) to assess the influence of subjective
stress measured at the start of IVF on the decline of semen quantity
and quality in first-time male IVF patients compared to a baseline
semen analysis and a semen analysis at the time of oocyte retrieval
as the primary outcome; and (ii) to study the relationship between
male subjective stress and the rate of poor responders, first trimester
abortions and the live birth rate as secondary outcomes.

MATERIALS AND METHODS

This was a prospective and retrospective cohort study of men
undergoing their first IVF at the IVF Unit of the Department
of Reproductive Medicine and Clinical Endocrinology, Medical
University of Vienna, Vienna, Austria, between March 2008 and June
2012. They had no previous ART treatment (intrauterine insemination
or IVF/intracytoplasmic sperm injection therapy) in any other center
before, and infertility duration in all cases was under 24 months.

We excluded all patients who had an existing psychological or
psychiatric problem before or at the time of the IVF/intracytoplasmic
sperm injection therapy. All men during that period undergoing
their first IVF cycle who agreed to participate were eligible. The
study protocol was approved by the Ethics Committee of the Medical
University of Vienna. Written, informed consent was obtained from
all participants before enrollment in the study. Each participant
completed the FPI before the start of the first IVF cycle and provided
two semen samples at the following times: 4-6 weeks prior to the first
IVE cycle (T1) and at the time of oocyte retrieval (T2).

Sperm handling and assessment

Semen samples were collected by masturbation into a plastic container
in a temperature-controlled setting. According to our study protocol,
all the semen specimens were to be produced onsite. Men were asked
to adhere to a 48-72h abstinence period prior to semen sampling
and whether they had kept to the abstinence time was checked on the
day of collection. All the patients were confirmed. After collection,
semen samples liquefied at room temperature for 30-45 min and
were incubated at 37°C and analyzed within 1 h. Seminal fluid volume
was measured to the nearest 0.1 ml with a 5ml calibrated pipette.
A microbiological exam was performed on all specimens. Undiluted
semen (5ml) was placed in a Makler chamber. The concentration of
spermatozoa per milliliter was determined at a magnification of x400,
and the total sperm count was calculated. Sperm concentration,
quantity and progressive motility were assessed manually. The
analysis was performed by trained laboratory workers according to
the World Health Organization Laboratory Manual 1992." Although
the new World Health Organization guidelines for semen analysis
were published in 2010, we still used the criteria of 1992 in our study
population in order to preserve the homogeneity in methods of our
study.

IVF treatment

The antagonist protocol was used for all patients. The initial exams
were performed on day three of the menstrual period, and included
a transvaginal ultrasound examination to assess the antral follicle
count and a blood sample for hormone analyses (thyroid stimulating
hormone, follicle stimulating hormone, luteinizing hormone, estradiol
and prolactin) using standard protocols at the Central Laboratory
of the General Hospital of Vienna, Department of Laboratory
Diagnostics, Medical University of Vienna, Vienna, Austria. The
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protocol was initiated only in patients with normal concentrations
of the above-mentioned hormones and normal-appearing ovaries
without cysts or an antral follicle count of less than 15 in each ovary.
The stimulation protocol was started on day 3 of the menstrual cycle,
with a basal dosage of 200IU of recombinant follicle stimulating
hormone (Puregon, MSD Pharma). Monitoring was carried out by
transvaginal sonography. When necessary, the follicle stimulating
hormone dosage was adjusted according to the number and
diameter of follicles. When adequate stimulation was achieved (three
follicles of 218 mm in diameter), 10 000IU of human chorionic
gonadotropin (Pregnyl, MSD Pharma) were administered. Oocyte
retrieval was performed 35h after human chorionic gonadotropin
injection. Conventional IVE, following standard techniques, was used.
A maximum of two embryos were transferred through a Wallace
catheter between days 3 and 5 after oocyte retrieval. All patients
received 10 mg of dydrogesterone (Duphaston, Solvay Pharma) orally,
twice daily, and 200 mg of progesterone (Utrogestan, Meda Pharma)
vaginally, three times daily, for luteal support. Biochemical pregnancy
was defined as a positive urinary human chorionic gonadotropin test on
day 14 after transfer. A clinical pregnancy was defined as a pregnancy
verified by transvaginal sonography 5 weeks after embryo transfer.
During the whole IVF/intracytoplasmic sperm injection therapy; all
the patients were offered the same counseling procedure for treatment.
According to the therapy protocol, medical staff discusses lifestyle
issues, like stress, depression and grieving during and after therapy and
offered all the patients further psychological support from a clinical
psychologist who specialized in issues associated with ART treatment.
All the patients who participated in the study refused this option.
Patients were followed through the course of their pregnancies
to evaluate the number of pregnancies, the number of miscarriages,
extrauterine pregnancies, spontaneous abortions and the number of
live births, including information about gestational week at delivery
and delivery mode. Patients who delivered in another hospital were
asked to provide a copy of the hospital delivery report after delivery.

FPI questionnaire

Perceived infertility-related stress was assessed using the German
version of the FPI'** containing the following items: social concern;
sexual concern; relationship concern; rejection of child-free lifestyle;
need for parenthood; and global stress. All items were scored on a
Likert scale, ranging from 1 (I do not agree) to 6 (I totally agree). For
the purposes of this study, the primary endpoint, subjective stress, was
defined according to Newton et al.' as a FPI score >84"™ percentile in
men, i.e. >146.

Statistical analysis

Group differences for categorical variables were tested by Chi-square
test and for continuous variables by Student’s ¢-test. The FPI scores
were compared with normative data'® using a one-sample ¢-test. Semen
parameters were analyzed by repeated-measures ANOVA (analysis
of variance) using time as a within-subjects factor and group as a
between-factors grouping variable. Where appropriate, simple effect
tests were conducted for significant main effects or interaction effect
terms. We performed a multiple linear regression model to test
whether the effect of stress on semen parameters was independent of
potential confounders, such as age (<50 vs >50) and causative factor
of the infertility (male factor vs female factor). A power calculation
demonstrated that, with a sample size of 78, the study had a power
of >80% to detect an absolute 40% difference in semen parameters at
a significance level of 0.05, using a Mann-Whitney U test. A difference



of at least 40% was estimated to be clinically relevant. A P < 0.05
was considered statistically significant. Values are expressed as
means + standard deviation unless indicated otherwise. We used
the software Statistical Package for Social Sciences, version 11.0 for
Windows (SPSS 11.0, SPSS Inc, Chicago, IL, USA) for statistical
analyses.

RESULTS

Retrospective testing cohort

The retrospective testing cohort consisted of 155 men undergoing
their first IVE Mean semen density (50.0 + 50.3 vs43.8 + 51.6, P=0.2)
and mean progressive motility (10.1 + 15.8 vs 5.0 = 10.9, P = 0.001)
declined during IVF as evidenced by T1 and T2 comparison, but
the difference was only statistically significant for mean progressive
motility. Of 154 men, 78 (51%) showed a decline in semen density and
50/154 (32%) men showed a decline in progressive motility. A decline
in semen density and progressive motility were seen both in male
factor (56/110 and 29/110, respectively) and female factor (20/45 and
24/45, respectively) participants. The quantitative amount of semen
density and progressive motility decline was evenly distributed among
affected males. Specifically, a <25%, 25%-50% and >50% decline in
semen density was observed in 22, 16 and 38 men, respectively. On
the other hand, the quantitative amount of progressive motility decline
was severe in most affected males. A <25%, 25%-50% and >50%
decline in progressive motility density was observed in three, four
and 46 men, respectively. In a multiple linear regression analysis,
the presence of a male factor (P = 0.02), male smoking (P = 0.04)
and endometriosis (P = 0.002), but not male body size (P = 0.8),
female smoking (P = 0.7) and polycystic ovary syndrome (P = 0.6),
independently influenced progressive motility.

Prospective validation cohort

Eighty-four men consented to participate in the prospective study and
completed the FPI. The analysis was restricted to 78 men, for whom
FPI scores, semen parameters and IVF outcomes were available.
Participant characteristics of the men in the validation cohort are
shown in Table 1 and IVF in contrast to the testing cohort, mean semen
density (33.5 +31.4 vs 39.8 £ 41.3, P=0.05) increased in the validation
cohortand sperm volume (3.6 + 1.9 vs 3.8 + 1.8) was unchanged when
T1 and T2 were compared. In accordance with the testing cohort,
mean progressive motility (11.3 +18.2 vs6.9 + 11.6, P=0.05) declined
during IVE

FPI scores are depicted in Table 2. The mean FPI score
(global stress) in the whole cohort was 134.2 + 30.5. Compared with
a normative sample of the FPL" study participants had a significantly
higher global stress score, as reflected by significantly higher scores
in three of five subscales (Table 2). Twenty-seven of 78 men were
categorized as having stress based on an FPI-score >146. The presence
of stress did not influence semen density, progressive motility and
sperm volume (Table 3). However, in the presence of male stress,
couples had a higher rate of poor responders, miscarriages and a lower
rate of live births (Table 4).

Since male factor versus female factor infertility might induce
different stress effects on semen quality, we replicated the analyses after
grouping according to male and female factor infertility. The two groups
did not differ regarding FPI scores, FPI grouping and IVF outcomes.
Mean semen density and sperm volume at the two time points, T1
and T2, did not differ in the two groups. However, sperm motility
was differently affected in the two groups, as can be seen in Figure 1.
ANOVA demonstrated a significant group effect for progressive
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Table 1: Patient characteristics of men and women undergoing their
first IVF (validation cohort)

Patient sample validation cohort (n=78)
33.5+6.1
29.7+4.6
6/78 (8%)

Age (men, year)
Age (women, year)
Poor responders

Pregnancy 28/78 (36%)
Live birth 21/78 (26%)
First trimester abortion 7178 (9%)
Male/female factor infertility 57/21

IVF: in vitro fertilization

Table 2: Fertility problem inventory questionnaire scores

Study group Normative sample t P value
Social concern 22.318.5 22.1+9.3 0.32 NS
Sexual concern 16.2+7.5 14.6+5.9 2.13 0.05
Relationship concern 20.3+7.9 19.6+7.9 0.98 NS
Rejection of child-free lifestyle 33.0+7.9 26.4+7.7 7.70 0.001
Need for parenthood 42.4+8.6 33.9+10.0 8.82 0.001
Global stress 134.2+30.5 117.0+29.3 5.12 0.001

NS: not significant; s.d.: standard deviation. Data are presented as meanzs.d.

Table 3: Global fertility problem inventory stress score and sperm quality

FPI score (mean=s.d.)

<146 (n=50) >146 (n=26)
Density T1 (10°ml-1) 33.4+31.6 23.2+25.1
Density T2 (106ml-?) 41.2+39.1 28.7+30.1
Motility T1 (%) 10.9+£18.7 11.2+19.3
Motility T2 (%) 6.7+11.0 3.1+6.2
Volume T1 (ml) 3.4+1.8 3.9+2.0
Volume T1 (ml) 3.7+20.0 4.0+1.5

s.d.: standard deviation; T1: 4-6weeks before treatment; T2: at the time of egg retrieval

Table 4: Global fertility problem inventory stress scores of men and IVF
outcome of female partners

FPI score (%)

<146 (n=51) >146 (n=26)
Poor responder 3 (6) 3(11)
Nonpregnant 29 (57) 15 (55)
Miscarriage 3 (6) 4 (14)
Live birth 16 (31) 5(18)

IVF: in vitro fertilization

motility. Specifically, loss of progressive motility between T1 and T2
was significantly more pronounced in female factor compared to male
factor study participants (P = 0.02; Figure 1).

DISCUSSION

In the present study, we found that sperm density did not change
significantly during the course of first IVF in the testing and validation
cohorts. However, functional sperm quality, as measured by progressive
motility, was nearly halved in both cohorts with a pronounced and
significant effect in the testing cohort. Our study hypothesis that the
decline in semen quality in men undergoing their first IVF is influenced
by male subjective stress was rejected. We found that FPI questionnaire
scores did not influence semen density nor did they affect progressive
motility or sperm volume. On the other hand, secondary outcomes
such the rate of poor responders, miscarriages and live births were
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Figure 1 Semen quality (mean + standard error of the mean (s.e.m.)) as a function of male/female factor infertility. time 1: 4-6weeks before treatment;

time 2: at the time of egg retrieval.

negatively affected in the presence of male stress. Males with a male
factor infertility had significantly lower sperm density and progressive
motility compared to men with a female factor infertility. However, the
decline in progressive motility during IVF was much more pronounced
in males of couples with female factor infertility. This indicates that
IVE couples with female factor infertility are more vulnerable to sperm
quality decline. Multiple linear regression analysis indicated that male
smoking and a history of endometriosis may play an etiologic role
regarding this effect. It is also possible that a potential sperm quality
decline does not become obvious in male factor infertility couples,
since affected males have significantly lower sperm quality in the first
place, as demonstrated in Figure 1.

Our results have to put in line with the data of Kentenich et al.*
and Harrison et al*' demonstrating a significant decline in sperm
concentration, total sperm count and motility during IVE According
to the existing literature, not only stressful life events, but also
socio-psycho-behavioral factors, such as occupational class, may be
associated with decreased semen quality in fertile men.”*** We can
confirm in both the testing and the validation cohort that progressive
motility seems to be markedly diminished during IVE. This is in
accordance with the data reported by Vellani et al.'” who have reported
increased levels of both state and trait anxiety to be associated with
lower semen volume, sperm concentration and count, reduced sperm
motility and increased sperm DNA fragmentation. Of note, semen
density and semen volume did not deteriorate over time in our study
between T1 and T2. Thus, we conclude that the functionally oriented
measurement of progressive sperm motility may be a more stable and
thus more reliable parameter of semen quality decline during IVE.

It is an interesting finding that the presence of male stress did not
influence semen density, volume and progressive motility, but was
indeed associated with a higher rate of poor responders, miscarriages
and a lower rate of live births. If this is a true finding and not due to
chance, male stress may adversely affect pregnancy outcome in first
time IVF couples, but not via a reduction of semen density, volume or
progressive motility. If the most obvious and direct male contribution,
i.e. semen, is not the vehicle of the impact of male stress on pregnancy
outcome, then more indirect interactions such as social behavior or
female stress induced by the stressed male may be candidates for such
an interaction.

Our study has strengths and weaknesses. For example, our study
rejects the hypothesis that male stress reduces semen parameters by at
least 40%. More subtle differences may be present, but would have been
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missed by our study. In addition, the FPI consisting of items such as
social concern, sexual concern, relationship concern and global stress
has not been specifically developed for and may not be representative of
stress among IVF couples. Also, the time points T1 (4-6 weeks before
the start of IVF) and T2 (at the time of oocyte retrieval) were arbitrarily
chosen. Therefore, our data do not rule out that stress measurements at
other, more suitable time points, may identify an association between
male stress and variations in sperm quality.

In addition, we have focused on chronic stress. The assessment of
acute stress might be an additional valuable item when the relationship
between sperm quality and acute physiological stress responses is being
tested. Based on the physiology of sperm maturation, however, we feel
that chronic stress is more likely to influence sperm quality measures
compared to acute stress. This was the reason why we focused on the
FPI questionnaire, an established tool for measuring chronic stress,
with special emphasis on chronic stress as a result of fertility problems.
Nevertheless, this study cannot comment on the potential influence of
acute stress events on sperm quality.

In conclusion, data from the present study showed a decline
of progressive motility, but not semen density in male partners
during their first IVF in a retrospective and prospective setting.
However, stress, as measured by the FPI questionnaire, was clearly
not associated with sperm parameters. The way stress interacts with
pregnancy-related parameters in IVF couples thus remains unclear.
As a secondary finding, male stress did adversely affect pregnancy
outcomes in first time IVF couples. Further research is needed to
determine whether psychological interventions would be of any use
in reducing the stress in males, and thus, may improve pregnancy
outcome in this population.
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