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Objective: To evaluate associations between work-related stress, stressful life events, and perceived stress and semen quality.
Design: Cross-sectional analysis.
Setting: Northern California.
Patient(s): 193 men from the Child Health and Development Studies evaluated between 2005–2008.
Intervention(s): None.
Main Outcome Measure(s): Measures of stress including job strain, perceived stress, and stressful life events; outcome measures of
sperm concentration, percentage of motile sperm, and percentage of morphologically normal sperm.
Result(s): We found an inverse association between perceived stress score and sperm concentration (estimated coefficient b¼�0.09�
103/mL; 95% confidence interval [CI] ¼�0.18, �0.01), motility (b ¼ �0.39; 95% CI ¼ �0.79, 0.01), and morphology (b¼�0.14; 95%
CI, �0.25, �0.04) in covariate-adjusted linear regression analyses. Men who experienced two or more stressful life events in the past
year compared with no stressful events had a lower percentage of motile sperm (b¼ �8.22; 95% CI, �14.31, �2.13) and a lower
percentage of morphologically normal sperm (b ¼ �1.66; 95% CI, �3.35, 0.03) but a similar sperm concentration. Job strain was
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not associated with semen parameters.
Conclusion(s): In this first study to examine all three domains of stress, perceived stress and
stressful life events but not work-related stress were associated with semen quality. (Fertil
Steril� 2014;102:530–8. �2014 by American Society for Reproductive Medicine.)
Key Words: Semen quality, stress, work

Discuss: You can discuss this article with its authors and with other ASRM members at http://
fertstertforum.com/janevict-work-life-stress-semen-quality/
to scan this QR code
and connect to the
discussion forum for
this article now.*

* Download a free QR code scanner by searching for “QR
scanner” in your smartphone’s app store or app marketplace.
S emen quality is a key marker of
male reproductive health. Identi-
fying the psychosocial risk fac-

tors such as stress for poor semen
quality is important for improving
fecundity and fertility, and may also
have implications for life course and
intergenerational health (1). However,
the research examining the association
between psychosocial stress and semen
quality has been inconsistent. In
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studies examining life stress, one pro-
spective study found no association
(2), another study found positive results
for only one particular stressful life
event (death of a family member) (3),
and others were inconsistent in regard
to the semen parameter with which an
association was found (3–6). One
study of work stress found an inverse
association with semen quality (7), but
two others did not (2, 3).
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Several reasons may explain the
inconsistent associations. First, many
studies are based on populations of cou-
ples from prenatal clinics or infertility
clinics, which are select populations
who may not reflect the levels of stress
or semen quality in amore general pop-
ulation. Second, no previous study has
included both subjective and objective
validated measures of stress as well as
measures in both work and life do-
mains. Subjective measures of stress
focus on an individual’s perception of
his ability to cope with the demands of
events, whereas objective measures of
stress assess experiences thought to be
universally associated with a stress
response (8); both may be necessary to
characterize stress in relation to male
reproductive health.
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Our objective was to examine sperm concentration,
motility, and morphology in association with work stress
and both subjective and objective measures of life stress in a
sample of 193 healthy men aged 38 to 49 years from the gen-
eral population in northern California. We hypothesized that
lower job control, higher job demands, higher perceived stress,
and a higher number of stressful life events would be associ-
ated with poorer semen quality. Additionally, we explored a
potential neuroendocrine pathway between stress and semen
measures by examining covariate-adjusted associations
between stress measures and reproductive hormones—total
testosterone and follicle-stimulating hormone (FSH)—and
between reproductive hormones and semen measures.

MATERIALS AND METHODS
Study Population

This cross-sectional analysis used data collected from men
aged 38 to 49 years as part of the Study of the Environment
and Reproduction (SER) follow-up to the Child Health and
Development Studies (CHDS). The CHDS is a pregnancy
cohort study conducted among members of Kaiser Founda-
tion Health Plan in the Oakland, California, area. Over
15,000 women participated between 1959 and 1966, resulting
in about 20,000 pregnancies. One of a series of follow-up
studies launched in 2005 to explore how fetal and childhood
growth and development affect adult health, SER was de-
signed to investigate the effects of prenatal organochlorine
exposure on men’s reproductive health (9, 10). To become
participants, the couples were required to have birth length
and weight data, maternal interview data, sufficient second-
trimester and postpartum serum available for serologic mea-
sures, and to live within approximately 100miles of the Kaiser
Oakland Clinic. Out of 3,531 eligible patients, 654 were traced,
338 of whom (52%) qualified and agreed to participate. Of
those, 196 (58%) provided semen samples for analysis. This
report is based on the 193 who provided a semen sample
and for whom we were able to calculate subject and objective
stress scores. The institutional review boards at Columbia
University Medical Center, Kaiser Permanente, and the Public
Health Institute approved this study.
Data Collection

Data were collected between December 2005 and April 2008.
The men traveled to the clinic for 1-hour in-person interviews
in which they provided extensive demographic, lifestyle, and
occupational information. There were no exclusion criteria
for participation, but detailed health and reproductive his-
tories were taken to be considered for later exclusion if neces-
sary. Subsequent to the interview, men were asked to provide
semen samples followed by blood samples.
Stress Measures

As part of the in-person interview, participants completed
three stress scales to measure work stress and both subjective
and objective life stress. Among employed men, work stress
over the past 3 months was assessed using 16 items from
the Job Content Questionnaire (JCQ) (11). The time frame of
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3months was chosen to correlate with the period of spermato-
genesis, approximately 72 days (1). The JCQ measures job
characteristics among two dimensions—job demands and
job control—and can be characterized as an assessment of
the psychological and social structure of the work situation.
Respondents are asked their agreement on a Likert scale for
job demand items such as ‘‘I have time to get my work
done,’’ and job control items such as ‘‘At my job, I am given
a lot of freedom to decide how I do my work.’’ We calculated
quantitative demands and control dimensions based on re-
coding for directionality and summing, with a higher score
indicating greater job demands or greater job control. We
then combined these to create a dichotomous job strain vari-
able by categorizing those subjects above the median job de-
mand score (median score: 32, range: 12–48) and below the
median job control score (median score: 74, range: 26–96)
as ‘‘high job strain.’’ An additional question was asked
regarding the security of the men’s current job. We collapsed
the 4-point Likert scale response to create a dichotomous se-
curity variable (1 ¼ strongly agree/agree; 0 ¼ strongly
disagree/disagree).

To measure subjective stress, participants were asked to
complete a validated abbreviated version (10 out 14 items)
of the Perceived Stress Scale (PSS) (12). The PSS measures
how often events are perceived as stressful by asking about
feelings during the last month. For example, ‘‘During the
last month, how often have you felt that things were going
your way?’’ Items in the PSS were scored on a 5-point fre-
quency scale (0 ¼ never, 4 ¼ very often). After recoding for
consistent directionality, we summed response numbers to
yield a quantitative total PSS score, with a higher score indi-
cating greater perceived stress.

Participants also completed a validated shortened version
of the Life Events Inventory (LEI) (13), including the top 10
stressors identified by men in an occupational sample (14),
to provide an objective measure of stressful events experi-
enced over the past year. The number of events was summed,
and a 3-level ordinal categorical LEI score was used for anal-
ysis: 0, 1, and R2 negative life events based on the distribu-
tion of the variable and to be consistent with previous
literature (6).
Semen Quality Measures

Menwere asked to provide two semen samples approximately
2 weeks apart, remaining abstinent for 2 to 5 days before each
donation. Samples were given at the Kaiser clinic and only
counted if all of the ejaculate was captured in the provided
container; if not, the man was asked to return for an addi-
tional visit. Men were asked the date and time of their last
ejaculation, and the date and time of the sample collection
were also recorded. Analysis was conducted by three androl-
ogy technicians trained at the University of California–Davis
(UCD), according to the same protocol used by the National
Institute of Child Health and Human Development–funded
National Cooperative Reproductive Medicine Network (Fertile
Male Study) (15). Briefly, within 1 hour of sample collection at
the Kaiser clinic, technicians measured the ejaculate’s volume
by weight and determined the sperm concentration and
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percentage of motile sperm. Clinic technicians also prepared
seminal smears that were shipped to the andrology laboratory
at UCD, where they were stained and then analyzed to deter-
mine the percentage of normal morphology. Sperm were clas-
sified as having normal or abnormal morphology according
to strict criteria (16). Between-technician reliability was
excellent (ICC >0.9 for all three outcome measures). Further
details of the semen analysis procedure have been published
elsewhere (10). A total of 355 semen samples were provided
by 196 men. For the men who contributed two samples, the
mean concentration, motility, and morphology measures
were used for the analysis. To approximate a normal distribu-
tion, we square-root transformed sperm concentration;
motility and morphology measures were approximately
normal and therefore were left untransformed.
Covariates

Information on behavioral, sociodemographic, and medical
risk factors for infertility were assessed during the in-
person interview. Covariates were identified as potential
confounders based on a review of the literature and a causal
diagram, including time since last ejaculation, age (contin-
uous), race (white, black, other), education (high school,
some college, bachelor’s degree, graduate level), body mass
index (BMI) in quartiles, smoking status (current vs. ever/
never), ever diagnosed with sexually transmitted infection
(STI), frequent biking (R5 hours per week), and hazardous
exposures through job or hobbies. Hazardous exposures
were assessed with a checklist regarding exposures in the
past 3 months and included items hypothesized to be associ-
ated with semen quality such as heat and paint. Exposures
were summed, and separate scores were created for occupa-
tional and for recreational exposure; after examination of
the distribution, scores were dichotomized into any versus
none. Coffee and alcohol drinking were assessed but not
considered as potential confounders as it has been previously
reported that they are not associated with semen quality in
this study sample (10).
Statistical Analysis

In bivariate analyses, we conducted analysis of variance
(ANOVA) to compare the mean of job demands, job con-
trol, and perceived stress score according to levels of cate-
gorical covariates. A chi-square test was used to detect
association between categorical predictor and outcome
variables.

Using the subsample of men employed during the past
3 months, we undertook a series of linear regression analyses
to estimate the associations between each of the four job
stress parameters and the three continuous outcome mea-
sures: sperm concentration, percent motility, and percent
normal morphology. For each outcome measure, we created
three models: an unadjustedmodel with only themain effects,
a second model with the main effects adjusted for potential
confounders, and a third additionally adjusting for life stress
measures. In addition to the dichotomous measure of job
strain, we evaluated job strain using two other methods: [1]
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entering a term into the model for job demands divided by
job control, and [2] entering into the model a cross-product
term for job demands by job control (17).

Using the full sample of men, we repeated unadjusted and
covariate-adjusted models to estimate associations between
the two life stress scales (LEI and PSS) and the three outcome
measures.We did not include the twomeasures of life stress as
predictors in the same model because they are two different
measures of the same underlying construct; they also were
highly correlated. We then produced scatter plots for PSS
score and the three outcome measures along with predicted
values from the covariate-adjusted regression models. We
also examined a series of covariate-adjusted models to test
for additive interaction between each job stress and life stress
variable using cross-product terms. Finally, because of the
concurrent timing of our study with the economic recession
in California, we were interested in unemployment alone as
a stressor, so we conducted a secondary analysis in which
we compared semen measures between the men who were
currently employed at the time of the survey with those
who were unemployed.

We also examined the associations using an alternative
statistical approach: instead of using the mean of the two
semenmeasures, we applied linear models with repeated mea-
sures that used generalized estimating equations to take into
account within-person correlation in the semen measures
when estimating model parameters and testing the hypothe-
ses. All data were analyzed using SAS 9.2 statistical software
(SAS Institute).
RESULTS
Descriptive Analyses

The mean value for sperm concentration was 72.5 � 106/mL
(range: 0–429.9), for the percentage of motile sperm was
39.4% (range: 0–76.5), and for the percentage of morpholog-
ically normal sperm was 7.6% (range: 0–20.0). In descriptive
analyses, higher job demands were associated with college
education, older age, and fewer exposures to hazardous sub-
stances at work (Table 1). Lower job control was associated
with lower education level, lower income, and no hazardous
exposures from hobbies. Job strain was not associated with
any study characteristic. A higher number of stressful life
events was associated with lower education. It also was asso-
ciated with income but in a nonlinear pattern such that those
in the lowest and third quartile of income had a greater num-
ber of events than in the other two categories. Current
smokers also experienced a greater number of stressful life
events. Menwith a lower income had a higher perceived stress
score; men who currently smoked and had ever had a sexually
transmitted infection also had higher perceived stress scores.

In bivariate analyses of potential confounders and semen
parameters, current smokers had a lower percentage of motile
and morphologically normal sperm, as reported previously
elsewhere (10). Current smokers compared with nonsmokers
had a lower percentage of motile sperm (30.8% vs. 41.2%)
and lower percentage of morphologically normal sperm
(6.3% vs. 7.9%). Men with a lower income had a lower per-
centage of motile sperm (34.0% for those in the lowest
VOL. 102 NO. 2 / AUGUST 2014



TABLE 1

Life and work stress exposures by study covariates, California, 2005–2008.

Characteristic

Job demands Job control Job strain (%) Job security (%) Life Events Inventory (%) Perceived Stress Scale

n Mean (SD) Mean (SD) High High n 0 adverse events 1 adverse event ‡2 adverse events Mean (SD)

Education 155 188
High school 22 32.5 (4.5)a 69.2 (15.7)a 22.7 86.4 35 28.6 22.9 48.6a 13.3 (6.9)
Some college 59 33.7 (6.5) 72.8 (11.5) 28.8 89.8 72 45.8 31.9 22.2 12.5 (6.6)
Bachelor’s degree 54 33.0 (6.6) 75.7 (12.9) 18.5 87.0 59 59.3 23.7 17.0 12.2 (4.8)
Graduate level 20 29.2 (6.0) 84.5 (9.4) 10.0 80.0 22 77.3 9.1 13.6 10.4 (4.8)

Income 151 183
%$50,000 33 31.3 (5.9) 68.5 (12.1)b 30.3 81.8 56 33.9 28.6 37.5a 14.4 (7.1)a

$50,000–99,000 59 33.6 (5.6) 72.1 (13.8) 23.7 86.4 66 57.6 25.8 16.7 11.6 (5.7)
$100,000–149,000 29 31.4 (7.4) 81.2 (8.2) 13.8 96.6 31 48.4 19.4 32.3 10.6 (4.5)
R$150,000 30 33.2 (7.1) 81.1 (11.6) 13.3 86.7 30 70.0 20.0 10.0 11.6 (4.5)

Age (range: 39–47 y) 155 193
%43 y 55 34.3 (6.0)a 72.9 (13.0) 27.3 87.3 68 55.9 26.5 17.7 12.7 (5.7)
>43 y 100 31.8 (6.4) 75.8 (13.1) 19.0 87.0 125 46.4 25.6 28.0 12.2 (6.1)

Race 155 193
White 90 32.3 (7.1) 75.9 (13.4) 18.9 85.6 108 50.0 27.8 22.2 12.2 (5.8)
Black 31 33.5 (5.7) 73.0 (12.3) 29.0 90.3 48 41.7 25.0 33.3 13.4 (5.9)
Other 34 33.0 (4.5) 73.6 (12.8) 23.5 88.2 37 59.5 21.6 18.9 11.6 (6.6)

BMI (kg/cm2) 154 191
<25 35 31.2 (6.6) 75.0 (15.7) 20.0 82.9 44 47.7 25.0 27.3 11.5 (5.6)
25–29.9 68 33.0 (5.8) 75.5 (12.7) 19.1 88.2 79 53.2 26.6 20.3 11.9 (5.9)
30–34.9 31 33.4 (6.6) 71.0 (11.7) 32.3 87.1 44 38.6 22.7 38.6 14.3 (6.9)
R35 20 34.2 (6.5) 78.2 (10.6) 20.0 90.0 24 62.5 29.2 8.3 12.5 (4.8)

Smoking 155 188
Never/ever 137 32.7 (6.6) 75.2 (13.1) 21.2 86.1 155 55.5 22.6 21.9a 11.9 (5.7)a

Current 18 32.7 (3.3) 71.7 (12.6) 27.8 94.4 33 27.3 36.4 36.4 14.3 (6.6)
STI 154 187
None 113 32.7 (5.9) 75.3 (13.0) 19.5 86.7 135 54.1 23.0 23.0 11.7 (5.8)a

Any 41 32.7 (7.5) 73.7 (13.3) 29.3 87.8 52 42.3 30.8 26.9 13.9 (6.3)
Biking 153 190
<5 h/wk 150 32.8 (6.0)c 74.6 (13.1) 22.0 86.7 186 51.1 24.7 24.2 12.4 (6.0)
R5 h/wk 3 26.3 (17.6) 83.3 (9.0) 0.0 100.0 4 25.0 50.0 25.0 10.3 (6.3)

Hazardous exposuresd

From job 155 193
None 88 31.8 (7.0)a 74.8 (14.1) 20.5 87.5 120 48.3 23.3 28.3 12.7 (6.2)
Any 67 33.9 (5.1) 74.8 (11.7) 23.9 86.6 73 52.1 30.1 17.8 11.8 (5.4)

From hobbies 155 193
None 77 32.6 (5.1) 72.6 (13.8)a 23.4 89.6 97 51.6 26.8 21.7 12.4 (5.6)
Any 78 32.8 (7.4) 77.0 (12.0) 20.5 84.6 96 47.9 25.0 27.1 12.4 (6.4)

Note: n ¼ 193 for life stress variables; n ¼ 165 for work stress variables (employed men only). BMI ¼ body mass index; SD ¼ standard deviation; STI ¼ sexually transmitted infection.
a P< .05, chi-square test.
b P< .0001, chi-square test.
c P< .1, chi-square test.
d Hazardous exposures include solvents, lead, paint, pesticides, metal fumes, anesthetic gases, chemotherapeutic drugs, excess heat, vibration, radiation, electromagnetic fields, and other.
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quartile of income, compared with 40.3%, 45.0%, and 41.3%
for the 2nd, 3rd, and 4th quartiles of income, respectively).
Black men had both a lower percentage of motile and lower
percentage of morphologically normal sperm than white
men and men of other races/ethnicities (32.8% vs. 41.0%
and 43.3%, respectively). Men who biked at least 5 hours
per week had a lower percentage of motile sperm than those
who did not (12.1% vs. 16.4%). Other potential confounders
were not statistically significantly associated with semen
parameters.
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Work Stress

Work stress measures were not associated with semen pa-
rameters in unadjusted or covariate-adjusted analyses
(Table 2). Estimates additionally adjusted for perceived stress
score or Life Events Inventory did not alter the results (data
not shown). Job strain calculated using the two alternative
methods also showed no association with semen parameters
(data not shown).
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Life Stress

In unadjusted analyses of perceived stress, a 1 point increase
in perceived stress score was associated with a decrease
in mean of square root transformed sperm concentration
(� 103/mL) (b ¼ �0.06; 95% CI, �0.14, 0.02), a decrease
in the percentage of motile sperm (b ¼ �0.58; 95% CI,
�0.97, �0.20), and a decrease in the percentage of morpho-
logically normal sperm (b ¼ �0.13; 95% CI, �0.23, �0.03)
(Table 3). After adjusting for potential confounders, the co-
efficients relating the perceived stress score to semen mea-
sures were similar (see Table 3). The scatter plots in
Figure 1 show the covariate-adjusted regression line for
perceived stress score predicting semen measures.

The final set of models explored stressful life events and
semen parameters. Two ormore stressful life events compared
with none was associated with a decline in the percentage of
motile sperm (b ¼ �9.59; 95% CI, �15.27, �3.91) and in the
percentage of morphologically normal sperm (b ¼ �1.83;
95%CI,�3.30, 0.35) (see Table 3). After the adjustment for po-
tential confounders, these associations were similar (b ¼
�8.22; 95% CI, �14.31, �2.13; and b ¼ �1.66; 95% CI,
�3.35, 0.03). Two or more stressful life events compared
with none was not associated with sperm concentration;
one stressful life event compared with none was not associ-
ated with any semen parameter. Models including both
work and life stress as independent variables did not substan-
tially alter the results for any of the semen parameters (data
not shown). Interaction terms examining the additive joint ef-
fects ofwork and life stress on semenparameterswere not sta-
tistically significant.

Employed men compared with unemployed men had
higher measures of sperm concentration, percentage of
motile sperm, and percentage of morphologically normal
sperm, adjusting for potential confounders (b ¼ 2.04, 95%
CI, 0.51, 3.58; b ¼ 8.07, 95% CI, 0.89, 15.24; and b ¼
2.18, 95% CI, 0.2, 4.13, respectively). After additionally
534 VOL. 102 NO. 2 / AUGUST 2014
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adjusting for the first perceived stress scale and second Life
Events Inventory, the coefficients were similar.

Repeated measures analyses produced nearly identical
results. For example, the coefficient for job strain was
�0.45 (95% CI �1.74, 0.84) in the original model for mean
measures and �0.55 (95% CI, �1.74, 0.84) in the model
for repeated measures; for PSS was �0.09 (95% CI, �0.18,
�0.01) in the original model and �0.09 (95% CI, �0.19,
0.00) in the model for repeated measures; and for LEI was
�0.74 (95% CI, �2.08, 0.60) in the original model and
�0.72 (95% CI, �2.09, 0.65) in the model for repeated mea-
sures. We also performed a sensitivity analysis by removing
three men with a measure of 0 for sperm parameters; again,
the results were very similar.

Because job strain has been associated with reduced
study participation in previous research, we examined
whether men who gave a semen sample had lower job strain
than those who did not (18). Men who gave a semen sample
had similar levels of job strain (22%) than those who did not
(19%), suggesting that participation bias is not a likely
explanation for modest or null associations between job
strain and semen quality. However, we do not know the
levels of job strain in the men who did not participate in
either segment of the study, so participation bias cannot
be ruled out entirely.
Neuroendocrine Mediators of Stress and Semen
Quality

In covariate-adjustedmodels examiningassociations between
both FSH and total testosterone with semen quality, FSH was
inversely associated with sperm concentration (b ¼ �0.37;
95% CI, �0.50, �0.24), motility (b ¼�1.17; 95% CI, �1.80,
�0.55), and morphology (b ¼ �0.17; 95% CI, �0.37, 0.02).
Testosterone was only weakly associated with motility (b ¼
�0.01; 95% CI, �0.02, 0.01) and morphology (b ¼ �0.003,
�0.007, 0.001). Life stress measures were not associated
with FSH or total testosterone in covariate-adjusted models.
High job strain was associated with lower levels of testos-
terone (b¼ �81.81; 95% CI, �145.37, �18.24) but not FSH
(b ¼ �0.57, �2.08, 0.94). Other work stress variables were
not associated with total testosterone or FSH.
Influence of Previous Reproductive Health
Problems or Comorbidities

To explore the alternative explanation that men who were
concerned about their fertility reported higher levels of
stress, we conducted an analysis in which we excluded
men who answered yes to the question ‘‘Have you ever
been concerned about a possible problem with your
fertility?’’ (n ¼ 13) or who had reported a history of repro-
ductive health problems, including erectile dysfunction
(n ¼ 10), varicose veins around the testis (n ¼ 1), surgery
in genital or pelvic area (n ¼ 10), or other urologic condi-
tions or genital injuries (n ¼ 4). The resulting estimates
increased very slightly in magnitude, and the overall pat-
terns were similar. Because other health conditions that
might influence semen quality might also influence the
535



FIGURE 1

Predicted mean for association between perceived stress score and sperm concentration (A), percentage of motile sperm (B), and percentage of
morphologically normal sperm (C).
Janevic. Stress and semen quality. Fertil Steril 2014.
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reporting of stress, we additionally conducted an analysis
excluding 80 men who reported having been previously diag-
nosed with diabetes, stroke, hypertension, anxiety, or depres-
sion, or were taking medications for these conditions. Again,
the results were similar, thus providing no support to reverse
causality as an alternative explanation for our findings.
DISCUSSION
In this first study of semen quality to measure three dimen-
sions of stress, we found that life stress measured both subjec-
tively (Perceived Stress Scale) and objectively (Life Events
Inventory) was associated with sperm concentration, motility,
and morphology. The exception was life events and sperm
concentration, for which there was no association. Work
stress was not associated with semen measures, although
the coefficients comparing men with high job strain to low
job strain were in the hypothesized direction.

Our study is consistent with some but not all previous
studies. A recent study of U.S. men recruited from five prena-
536
tal clinics that examined associations between stressful live
events and semen quality found that two or more stressful
life events was associated with reduction in sperm concentra-
tion and the percentage of motile sperm, but was not associ-
ated with a continuous measure of the percentage of
morphologically normal sperm (6). In a recent population-
based study of stress and semen quality in China, higher
perceived stress was associated with decreased sperm concen-
tration and a decreased percentage of morphologically
normal sperm but was not associated with motility (19). The
findings of an earlier study in California reported an associa-
tion between one particular life event (death of a family mem-
ber) and one semen parameter (motility) (3). In Auger et al. (5),
perceived stress was associated with poorer morphology, but
other semen parameters were not studied. In contrast to these
studies in which stress was associated with one or more semen
parameters, Hjollund et al. (2) found no association at all.

Inconsistent results in studies examining perceived life
stress and semen quality might be explained by the measures
of stress that were used. Three previous studies measured
VOL. 102 NO. 2 / AUGUST 2014
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perceived stress; of these, two did so using only one interview
question (4, 5), and the third used the General Health
Questionnaire (2), a scale not designed specifically to
measure perceived stress (6). We used the Perceived Stress
Scale and found associations with all semen parameters,
suggesting it may be the most valid measure of life stress in
etiologic studies of semen quality. The inconsistent results
in previous studies points to the need to use comprehensive
measures that measure different aspects of stress, as we did
in our study.

In contrast with the life stress measure, we found no as-
sociation between work stress and semen quality. The litera-
ture regarding work stress and semen quality has also had
mixed findings. One study using only a single measure of
work stress found an association with poorer sperm motility
and morphology (7), but two others using Karasek’s Job Con-
tent Questionnaire, similar to the measure used in our study,
did not (2, 3). An additional case-control study found an as-
sociation between job ‘‘burn-out’’ and infertility (20). Howev-
er, just as we found that men with high job strain had a not
statistically significant trend toward poorer semen quality,
Hjollund et al. (2) similarly found not statistically significant
trends. It may be that job strain in the populations studied
does not result in a high enough level of stress to have a dele-
terious effect on semen quality. In addition, we did find an as-
sociation between high job strain and decreased levels of total
testosterone, consistent with previous research (21). Work
stress is an important dimension of stress to measure that re-
flects a separate domain than life events and perceived stress
and has implications for workplace wellness programs as well
as how to best measure stress in studies of male reproductive
health. Taken together, our results for analyses associating
job strain, total testosterone, and semen quality suggest that
job strain may be important to male reproductive health,
but our measures or study design have not sufficiently
modeled the relationship. Other measures of job stress, such
as effort-reward imbalance, long work hours, or organiza-
tional injustice, need to be examined in relation to semen
quality (22–24).

Because our study included some unemployed men, we
were curious as to whether our data would suggest that unem-
ployment, itself a stressor, is associated with poor semen
quality. In a secondary analysis, we found that employed
men compared with unemployed men consistently had higher
measures of sperm concentration, percentage of motile sperm,
and percentage of morphologically normal sperm, adjusting
for potential confounders and independent of perceived stress
and other stressful life events. These findings are particularly
of interest given that the data collection of this study partially
overlapped the economic crisis in California (25). The finding
that unemployment is associated with reduced semen quality
is consistent with previous literature demonstrating that male
unemployment and economic recession generally are associ-
ated with reduced fertility at the population level (26).

The proposed mechanism by which stress influences
semen quality occurs via neuroendocrine factors influencing
spermatogenesis. Stress leads to increased levels of glucocor-
ticoids, leading to decreased rates of testosterone excretion
from Leydig cells, responsible for spermatogenesis (27).
VOL. 102 NO. 2 / AUGUST 2014
Glucocorticoids may also induce apoptosis of Leydig cells,
thus reducing the total number of cells (28). In exploratory
analyses, we found expected associations FSH and total
testosterone with semen measures, but we found no associa-
tions between stress measures and either FSH or total testos-
terone, and thus were not able to produce evidence to support
a neuroendocrine mechanism for associations between life
stress and semen measures. However, given the exploratory
nature of this analysis, a neuroendocrine mechanism should
not be ruled out.

Several other mechanisms may also explain our study
findings. It has been proposed that stress results in increased
levels of seminal plasma reactive oxygen species, which in
turn results in oxidative stress, which has been shown to in-
fluence semen quality and fertility (29, 30). In addition,
animal studies suggest that exposure to maternal stress in
utero may result in a reduced testosterone level in adult
males exposed to stress, possibly even apoptosis of Leydig
cells (28). Although this area of research needs further
development, it suggests the importance of stress across the
life course and intergenerational stress to male reproductive
health.

Our study had several strengths. Our study sample,
recruited from the CHDS cohort, is a diverse sample of
men in which we measured a wide range of both stress ex-
posures and semen quality parameters. Our survey included
both perceived and objective validated measures of stress.
The overlap of the data collection with a period of
increasing unemployment allowed us to observe effects of
this stressor. The semen collection and evaluation followed
a validated protocol in an experienced laboratory that also
participated in the Fertile Male Study, reducing outcome
misclassification (6).

One limitation of our study is that the cross-sectional
design does not allow us to establish temporality between
stress and semen quality. However, in analyses in which we
excluded men who had concerns about their fertility, had a
history of reproductive health problems, or had other comor-
bidities, we found similar results, thus providing no support to
reverse causality as an alternative explanation for our find-
ings. The issue of reverse causality does highlight one strength
of objective measures of stress, such as the LEI, because re-
porting on major life events is less likely to be influenced
by worries regarding fertility than is the subjective measure
of the PSS.

Our study has several other limitations, some of which are
common among studies of semen quality. First, due to the
expense and difficulty in recruiting men to provide semen
samples, our sample size was limited and did not allow us
the power to examine dichotomous outcomes such as the
World Health Organization (WHO) thresholds for normal
criteria, which may be of clinical interest (7). Next, there are
three critical periods important to semen quality: in utero, pu-
berty, and 72 days before ejaculation (1). Future analyses
could incorporate a life-course perspective by examining
the effects of stress at each of these periods on semen quality.
Finally, although our study measured most major known risk
factors for decreased semen quality, we cannot rule out that
our findings are due to the influence of unmeasured variables.
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We found that life stress measured both objectively and
subjectively was associated with sperm concentration,
motility, and morphology. The Perceived Stress Scale, not
previously used in studies of semen quality, best captured
the association between life stress and semen quality. Work
stress was not similarly associated with these measures, and
unemployed men had poorer semen quality than employed
men. Exploratory analyses of a neuroendocrine mechanism
produced unclear results. Future research should examine
the influence of life course psychosocial stress on male repro-
ductive health.
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