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Abstract

Background—Semen quality appears to have declined over the past decades but reasons for this
decline are unresolved. The concurrent increase in sedentary behavior may be a contributing
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factor. The objective of this study was to evaluate the relationship of physical activity and
television (TV) watching with sperm parameters in a population of young, healthy men

Methods—Men aged 18-22 years (n=189) from the Rochester Young Men's Study (2009-2010)
were used in this analysis. Physical activity (hours/week of moderate and vigorous exercise) and
TV watching (hours/week of TV, video, or DVD watching) over the past 3 months was assessed
via questionnaire. Semen quality was assessed by sperm concentration, motility, morphology, and
total sperm count.

Results—Sperm concentration and total sperm count were directly related to physical activity
after multivariable adjustment (p-trend=0.01 and 0.04); men in the highest quartile of moderate-to-
vigorous activity (=15 hours/week) had 73% (95% CI 15 to 160%) higher sperm concentration
than men in the lowest quartile (< 5 hours/week). TV watching was inversely associated with
sperm concentration and total sperm count in multivariable analyses (p-trend=0.05 and 0.06); men
in the highest quartile of TV watching (>20 hours/week) had 44% (95% CI 15 to 63%) lower
sperm concentration than men in the lowest quartile (0 hours/week). These measures of physical
and leisure time activities were not significantly associated with sperm motility or morphology.

Conclusions—In this population of healthy men, higher moderate-to-vigorous activity and less

TV watching were significantly associated with higher total sperm count and sperm concentration.

Keywords
physical activity; physical inactivity; sperm concentration; sperm morphology; sperm motility

Introduction

There has been much discussion about whether semen quality has been declining over the
past decades.[1-8] Despite the inconsistent findings, the majority of data support a decline in
sperm concentration in most Western countries [9] and the causes of the observed decline
are still debated. One possible explanation could be the concurrent decrease in physical
activity and increase in sedentary behavior over the same time frame.[10] Physical activity
has been associated with many health benefits, including reduced risks of obesity, diabetes
and cardiovascular disease.[11] Yet, strenuous exercise has also been proposed as a risk
factor for male factor infertility,[12] based largely on data showing lower testosterone levels
and semen quality among long-distance runners and cyclists.[13-21] Past studies, however,
have largely evaluated the relation between exercise and semen quality in a limited range of
activities and focused exclusively on high-intensity training. The relation of moderate levels
of physical activity with semen quality has yet to be thoroughly evaluated.

Television (TV) watching, on the other hand, has been associated with many detrimental
health consequences [22] but its effects on semen quality remain unexplored. Substantial
and persistent increase in scrotal temperature can, in experimental settings, markedly disturb
sperm production.[23] While sedentary work has been correlated to a moderate increase in
scrotal temperatures, estimates of its impact on semen quality have been inconsistent.[24-29]
Physical inactivity has also been linked to increased oxidative stress levels which could play
an important role in the pathophysiology of male factor infertility.[30, 31]
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The objective of this study was to evaluate the relationships between semen quality and both
physical activity and TV watching among young, healthy men. We hypothesized that
increased physical activity was associated with higher sperm count, concentration and
motility, and a lower proportion of morphologically abnormal sperm. Furthermore, we
hypothesized that increased TV watching time was associated with decreased semen quality
parameters.

Study population

Participants were part of the Rochester Young Men's Study (RYMS), a cross-sectional study
conducted during 2009-2010 at the University of Rochester (Rochester, NY, USA). Men
were recruited into RYMS through flyers and newspapers at college campuses in the
Rochester area. Subjects were eligible if they were born in the US after December 315,
1987, able to read and speak English, and able to contact their mother and ask her to
complete a questionnaire. A total of 389 potential participants contacted the study. Of these,
305 (78.4%) met all eligibility criteria and 222 men participated in the study. Our analysis
only includes men with complete information on both physical activity and TV watching
(n=189). The University of Rochester Research Subjects Review Board approved the study
and written informed consent was obtained from all subjects before their participation.

Physical Activity and TV Watching

Men were asked to report the number of hours they spent in a normal week over the past 3
months engaged in vigorous, moderate, or mild exercise. Our main exposure of physical
activity was hours per week of moderate to vigorous activity defined as the sum of those two
categories. This type of activity corresponded to any exercise that makes you somewhat to
very windy or sweaty. Alternate measures of physical activity were also calculated including
total metabolic equivalents (METSs) and moderate to vigorous METs. Mild (<3 METS),
moderate (3-6 METS), and vigorous (>6 METS) activities were given an average MET level
of 2, 4.5, and 6 respectively to calculate the total METS per person [32]. TV watching was
assessed in the same questionnaire by asking men to select the category of TV watching
time per workday or weekend day that corresponded to their average habits over the past 3
months. Categories for response were “none/almost none”, “1-3 hours/day”, “4-6 hours/
day”, “7-9 hours/day”, and “over 10 hours/day”. The median value for each category was
used to assign TV watching time and a weighted average of weekend and workdays was
taken to give the average amount of TV watching time per week.

Semen collection and analysis

Semen samples were collected by masturbation at the clinic where upon arrival men were
asked to report the time of their previous ejaculation. The men had been asked to abstain
from ejaculation for at least 48 hr before sample collection; however they were not excluded
if this was not the case (n=26). Abstinence times > 240 hr (n = 7) were truncated at 240 hr.
Sample processing was initiated within 30 min of collection. Ejaculate volumes were
estimated by specimen weight, assuming a semen density of 1.0 g/mL. Sperm concentration
was evaluated by hemocytometer (Improved Neubauer; Hauser Scientific Inc., Horsham,
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PA, USA). Two chambers of the hemocytometer were counted, and the average was used in
this analysis. Motility was analyzed using World Health Organization 1999 criteria and was
classified as both progressive (A + B) and total (A+B+C).[33] Smears for morphology were
air-dried, fixed, and shipped to the University Department of Growth and Reproduction at
the Rigshospitalet (Copenhagen, Denmark). The slides were Papanicolaou stained and
assessed using strict criteria.[34] To increase consistency and comparability of methods, six
sets of duplicate semen samples were sent over the course of the study from the University
of Copenhagen's Department of Growth and Reproduction to the Andrology Laboratory
(University of Rochester), which is Clinical Laboratory Improvement Amendments
certified.

Covariate assessment

A physical examination of each participant was performed on the same day as semen
sampling. Assessments included weight, height, testis size by palpation using Prader's
orchidometer (Andrology Australia, Clayton, Victoria, Australia), and the presence of
varicocele or other genital abnormalities. Men also completed questionnaires concerning
demographics, medical and reproductive history, psychological stress, medication use
(antibiotics, antidepressants, and hormones), and smoking habits. Substantial psychosocial
stress was defined as indicating a positive response to 2 or more questions out of 6 questions
on stressful life events. Diet was assessed using a validated questionnaire.[35] Diet quality
was summarized by two previously described dietary patterns [36]: a Prudent pattern
(characterized by high intakes of fish, chicken, fruit, cruciferous vegetables, tomatoes, leafy
green vegetables, legumes, and whole grains) and Western pattern (characterized by high
intakes of red and processed meat, butter, high fat dairy, refined grains, pizza, snacks, high
energy drinks, mayonnaise, and sweets). All covariates were 100% complete.

Statistical Analysis

Men were classified into quartiles according to their average moderate to vigorous physical
activity and TV watching per week. Descriptive statistics were calculated for demographic
characteristics across quartiles of activity. Multivariable linear regression was used to
evaluate the associations between quartile of activity and sperm parameters. Sperm
concentration and sperm count were log-transformed to normalize distributions. The
association between activity and sperm parameters was also evaluated as continuous linear
and quadratic variable. Tests for non-linearity used the likelihood ratio test, comparing the
model without any activity term to the model with the linear and quadratic term. Tests for
trend were conducted across quartiles using a variable with the median physical activity and
TV watching level in each quartile as a continuous variable in the linear regression models.
All results are presented as adjusted means for the median level of each covariate. For sperm
concentration and count (which were log-transformed for linear regression), adjusted means
were obtained by exponentiating (“back-transforming”) the estimated beta coefficients for
the median level of each covariate.

Confounding was evaluated using a hybrid approach combining prior knowledge using
directed acyclic graphs (DAGS) and a statistical approach based on change in point
estimates.[37] A set of variables was determined by a review of the prior literature and a
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detailed DAG was created identifying variables that should be included in the models. An
exploratory confounding evaluation was also used with covariates being included in the
model if they changed the exposure coefficient by more than 15% and were significant at the
P=0.10 level. Variables retained in the final multivariable models were abstinence time (hr),
race (white/other), smoking status (current/former or never), BMI (kg/m?2), recruitment
period (2009/2010), total energy intake (kcals), TV watching (for physical activity analyses)
and moderate to vigorous exercise (for TV watching analyses). Motility analyses were
additionally adjusted for time from semen collection to start of semen analysis.[38]

Effect modification by BMI (< 25 kg/m? and = 25 kg/m?2), smoking status (current and
never/former smokers), physical activity (<8.25 hrs/week (median) and =8.25 hrs/week
moderate-to-vigorous activity), and TV watching (<14 hrs/week (median) and =14 hrs/
week) were tested using cross-product terms in the final multivariate model. SAS version
9.2 (SAS Institute, Cary, NC, USA) was used for all statistical analyses.

Men had a median age of 19.6 years (range 18 to 22 yr), 81.5% were Caucasian, 58.4% had
normal BMI (< 25 kg/m?), 77.4% were non-smoking, and had a low prevalence of relevant
reproductive morbidity (Table 1). The median (interquartile range; IQR), hours per week of
moderate to vigorous physical activity was 8.25 (5 to 14 hrs/week) and median hours per
week of TV was 14 (4 to 20 hrs/week). Median sperm concentration was 53 x 10%/ml (21 to
96 x 108/ml), median percent progressively motile sperm was 60% (50 to 70%), and median
percent morphologically normal sperm was 8.5% (5.0 to 12.0%). Basic demographic
characteristics did not differ significantly by levels of physical activity or TV watching
(Table 1). Men who were more physically active had stronger adherence to a Prudent dietary
pattern and men who watched more TV had stronger adherence to a Western dietary pattern
(P <0.001 for both). Physical activity and TV watching were not highly correlated
(Spearman correlation coefficient = 0.19).

Moderate to vigorous physical activity was positively related to sperm concentration (Figure
1). In the fully adjusted model, men in the second, third, and fourth quartiles of physical
activity had -5% (95% CI -34 to 39%), 27% (95% CI -14 to 86%), and 73% (95% CI 15 to
160%) higher sperm concentration than men in the lowest quartile (P for trend=0.003). The
relation with total sperm count (sperm concentration x volume) were -27% (95% CI -52 to
10%), 14.6 (95% CI -25 to 75%), and 41% (95% CI -11 to 121%) higher total sperm count
than men in the first quartile (P, trend=0.04). Sperm motility (total and progressive), sperm
morphology, and sample volume were unrelated to physical activity. When intensity of
physical activity was investigated, both moderate and vigorous activities had positive
associations with sperm concentration; however, light physical activity was not related to
sperm concentration (Table 2). Total METs and moderate to vigorous METS also showed
consistent positive associations with sperm concentration.

TV watching was inversely related to sperm concentration (Figure 2). In the multivariable
model, men in the second, third, and fourth quartiles of TV watching had 23% (95% CI -16
to 49), 14% (95% CI -27 to 42%), and 44% (95% CI 15 to 63%) lower sperm concentration
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than men in the first quartile (P, trend=0.03). Findings for total sperm count closely mirrored
those for concentration (P for trend=0.06). TV watching was unrelated to sperm motility
(total or progressive), sperm morphology, or sample volume.

Similar results were also found when the semen quality parameters were dichotomized
according to the WHO 2010 semen quality cut points. Men in the highest quartile of
moderate-to-vigorous activity had an adjusted odds ratio of 0.25 (95% CI 0.05 to 1.20) for
low sperm concentration (<15 x 108) compared to men in the lowest quartile (P for trend
across quartiles=0.04). Men in the highest quartile of TV watching had an adjusted odds
ratio of 5.45 (95% CI 1.22 to 24.40) of low sperm concentration compared to men in the
lowest quartile (P for trend across quartiles=0.08). There was no significant association
between moderate-to-vigorous activity and TV watching and odds of having low progressive
motility (<32% progressive sperm) or low morphologically normal sperm (<4% normal)
(data not shown).

TV watching (dichotomized as above and below the median, 14 hrs) significantly modified
the association between moderate to vigorous physical activity and sperm concentration (p-
interaction=0.02) (Figure 3). Men who watched > 14 hrs/week of TV had a significant
positive association between physical activity and sperm concentration (P for trend= <
0.001) while men who watched <14 hrs/week of TV had no significant association between
physical activity and sperm concentration (P for trend=0.69). Overall, men with the highest
TV watching (= 14 hrs/week) and lowest physical activity (0 to 4.5 hrs/week) had the lowest
adjusted mean sperm concentration, 24 x 108/mL (95% CI 14 to 40). There was no
significant effect modification by BMI or smoking status.

Discussion

In this population of healthy young men, higher moderate to vigorous physical activity and
lower TV watching were associated with higher sperm concentration and total sperm count
but unrelated to sperm morphology, motility or sample volume. These associations with
sperm counts suggest that lifestyle changes such as increases in physical activity may
positively influence sperm count and concentration in reproductive-aged men.

Results of previous research on physical activity and semen quality parameters have been
inconsistent, with some studies finding a positive association,[17, 39] others finding no
associations,[19, 21, 40, 41] and some finding an inverse association.[13, 15, 20, 42] This is
likely due to differences in type, range, and intensity of physical activity across studies.
Nevertheless, our findings are in agreement with a rodent model which showed that running
slows testicular aging, possibly through decreased oxidative stress.[43] In the largest human
study to date, Wise et al. found no association between overall self-reported physical activity
and semen quality parameters in 2,261 men attending a fertility clinic.[19] However, in
contrast to our study, the majority of their population reported no exercise (43%) and the
median hours of exercise per week was much lower than ours (4.0 hrs/week) limiting their
statistical power to detect an association. For instance, their top category of physical
activity, = 40 total MET hrs/week, is comparable to our second quartile of total MET hrs/
week. In agreement with Wise, we found no significant differences in semen quality
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parameters when comparing our second quartile to the first. Of note, we found no
detrimental effects of very high levels of physical activity on semen parameters which
conflicts with several studies in which highly active men, particularly long-distance runners
and cyclists, had reduced semen quality.[13-21] Although we may have had some elite
athletes in our population, this raises the question of whether the detrimental effects of
vigorous exercise seen previously might be specific to exercise modality or extreme activity
levels. In support of this notion, Wise et al. found no association between total exercise and
semen quality but found a detrimental effect of bicycling on sperm concentration.[19] Based
on sport population figures from the National Collegiate Athletic Association it is most
likely that the highly active men in our study were football, baseball, track, soccer, or
basketball players which might explain why we did not see the detrimental effects.[44] In
contrast to cycling and long distance running which are strongly associated with negative
energy balance,[45, 46] these sports do not require as much energy expenditure.

TV watching and semen quality has not been studied previously. Of closest relevance,
however, are studies on the relationship between sedentary behavior and semen quality
parameters. In two different studies, Hjollund et al. showed that sedentary position at work
was correlated with scrotal temperature in a dose-response manner,[25] but unrelated to
semen quality.[26] In a large observational study of 1747 men, Stoy et al. found a
suggestive, but not statistically significant, decline in sperm concentration across quintiles of
sedentary work.[24] More recently, Magnusdottir et al. showed that in men with normal
semen quality, sedentary work was significantly more common among men with the lower
sperm concentration (59%) compared to the men with the higher sperm concentration
(22%).[28] However, in this study it was difficult to disentangle the effect of obesity from
that of inactivity. The modifying effect of TV watching on the association between physical
activity and sperm counts was unexpected as this has not been documented in previous
literature. It is possible that this might be a chance finding, therefore further research is
needed to confirm this result and explore the possible mechanisms of action.

Despite inconsistencies in the literature, an effect of physical activity and inactivity on
sperm counts (concentration and total) has biological plausibility. Physical activity can
impact reproductive function through its ability to regulate energy balance and affect BMI.
At both extremes of the energy spectrum, disorders of chronic energy excess and energy
deficiency are characterized by a wide range of reproductive disorders, including altered
spermatogenesis in men.[47] As it seems we had few men with an excessive or deficient
energy balance, this could possibly explain why we saw no detrimental effects of physical
activity on semen quality. Physical activity not leading to exhaustion, has been shown to
increase the expression of antioxidant enzymes throughout the body.[48] In contrast,
physical inactivity has been associated with increased levels of oxidative stress.[30]
Therefore regular exercise might work to prevent reactive oxygen species generation and
protect male germ cells from oxidative damage.[49] Finally, the sedentary position and
physical activity have been related to scrotal temperatures.[27] Given the correlation
between scrotal temperatures and semen quality, this might also be a plausible mechanism.
While important to note, given its extensive discussion in previous literature, this argument
is controversial with some authors proposing that high scrotal temperatures are a
consequence, rather than a cause, of impaired sperm production.[50]
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While this study expands on previous research it does have several limitations. First, this
was a cross-sectional and observational study, which limits our ability to determine causality
of the observed relations. Additionally, it is not possible to conclude from these findings
whether the observed differences in sperm counts translate into clinically relevant
differences in fertility. Although some semen quality parameters, including sperm
concentration, are known to predict spontaneous fertility, it is not possible to know whether
the observed associations may translate into differences in reproductive success.[51] Like
other observational studies, misclassification of physical activity and TV watching is
possible. However, similar physical activity questionnaires have been validated.[52] We also
did not collect information on the specific modality of physical activity which limited our
ability to explore whether this had any impact on results. While we did see strong
associations between physical activity and sperm counts, due to our small sample size, we
cannot rule out that chance could play a role in this study. Additionally, we only had one
semen sample from each man. Nevertheless, there are limited advantages to using more than
one semen sample per man in epidemiologic studies.[53] Finally, the homogeneity of our
study population may limit the generalizability of our findings to clinical groups and more
diverse populations.

The RYMS study had a number of strengths. First, the study population was composed of
healthy volunteers from a relatively homogenous setting (young, college men) with no
knowledge of their fertility potential thereby decreasing the likelihood of reverse causation.
We also had detailed information on a variety of lifestyle risk factors which improved our
ability to adjust for confounding. Finally, our study's relatively large sample size and wide
range of physical activity and TV watching compared to the majority of previous literature
greatly improved our ability to discern an association.

In conclusion, higher physical activity and lower TV watching were associated with higher
sperm count and concentration in young healthy men. These results are consistent with
previous animal models of the role of physical activity on male reproductive aging. Our
findings suggest that a more physically active lifestyle may improve semen quality. Further
research is needed to confirm these findings and extend these results to other populations.
Future studies should also evaluate the extent to which different exercise types affect semen
quality as previous studies suggest there might be opposing effects of different types of
activity on semen characteristics.
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Figure 1.

Association between quartile of moderate to vigorous activity and semen quality parameters.
Adjusted means are presented for the median abstinence time (70.6 hrs), race (white),
smoking status (former or never smoker), BMI (24.6 kg/m?2), recruitment period (2009),
total calorie intake (2939 kcals/day), and TV watching (14 hrs/week). Adjusted means for
motility were additionally adjusted for median time from semen collection to start of semen
analysis (10.0 hours). Tests for trend were conducted across quartiles using a variable with
the median activity level in each quartile as a continuous variable in the linear regression

models.
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p for trend: 0.06
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p for trend: 0.21
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40
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Quartile of TV Watching [Range]

Association between quartile of TV watching and semen quality parameters. Adjusted
means are presented for the median abstinence time (70.6 hrs), race (white), smoking status
(former or never smoker), BMI (24.6 kg/m2), recruitment period (2009), total calorie intake
(2939 kcals/day), and moderate to vigorous activity (8.25 hrs/week). Adjusted means for
motility were additionally adjusted for median time from semen collection to start of semen
analysis (10.0 hours). Tests for trend were conducted across quartiles using a variable with
the median TV watching time in each quartile as a continuous variable in the linear
regression models.
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Figure 3.
Effect modification of TV time on physical activity and sperm concentration (108/ml).

Adjusted means are presented for the median abstinence time (70.6 hrs), race (white),
smoking status (former or never smoker), BMI (24.6 kg/m?2), recruitment period (2009),
total calorie intake (2939 kcals/day), and TV watching (4 hrs/week and 14 hrs/week). Tests
for trend were conducted across quartiles using a variable with the median activity level in
each quartile as a continuous variable in the linear regression models. Tests for interaction
were conducted were using a cross-product term (median activity level in each quartile as
continuous variable x indicator variable for TV = 14 hrs/week or < 14 hrs/week) in the final
multivariate model. TV = 14 hrs/week: p-trend < 0.001; TV < 14 hrs/week: p-trend 0.69; p-
interaction 0.02.
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