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Abstract In this study, the association between physical activity and other potential determinants, objectively measured by
accelerometry, was examined. Sixty-two men attending an infertility clinic participated in the study. Obese men (body mass index
> 30) and those with a waist circumference 102 cm or more had lower semen volume than the other men (P < 0.05). Higher values in
sperm parameters were observed in participants who completed university studies and those who did not consume snuff, compared
with the other participants (P < 0.05). Finally, men who spent an average number of 10 min-bouts of moderate-to-vigorous physical
activity had significantly better semen quality than those who engaged in low or high numbers of bouts of activity (P < 0.05). No
associations were found for sedentary or moderate-to-vigorous physical activity time when it was not sustained over 10 min, i.e. not
in bouts. Men who have average levels of physical activity over sustained periods of 10 min are likely to have better semen quality
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than men who engage in low or high levels of such activity. Similarly, high levels of total and central adiposity, low educational level

and snuff consumption are negatively related to semen quality.
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Introduction

Infertility is an increasing public health problem, affecting about
15% of couples of fertile age (Boivin et al., 2007). Although
reproductive abnormalities in the male partner are identified
in about one-half of these cases, few risk factors for abnor-
mal semen quality have been identified {Juul et al., 1999; Kovad
|et al., 201 3|D. Emerging evidence suggests that lifestyle factors
such as smoking (Ramlau-Hansen et al., 2007; Wegner et al.,
2010), diet (Afeiche et al., 2014), physical activity (Hajizadeh|
Maleki et al., 2013; Vaamonde et al., 2006; Wise et al., 2011)),
overweight and obesity (Crujeiras and Casanueva, 2014;|
[Sermondade et al., 2013)), stress (Janevic et al., 2014), and
sexual activity habits among others seem to have a cumula-
tive effect on sperm quality (Wogatzky et al., 2012)).

Physical activity is an efficient method for preventing
weight gain, and has a broad and positive systemic influ-
ence, such as reducing the risk for cardiovascular diseases,
stroke, type 2-diabetes, cancer and metabolic syndrome
[Department of Health and Human Services, 2008)), and could
therefore be potentially related to sperm quality. Closely
related to physical activity is physical fitness, and particu-
larly cardiorespiratory and muscular strength are consid-
ered powerful markers of health, as well as strong predictors
of morbidity and mortality for cardiovascular disease and for
all causes {Kodama et al., 2009; Ortega et al., 2012; Ruiz et al.,|
[2008). Little information is available on whether fitness levels,
e.g. cardiorespiratory fitness and muscular strength, are
related to sperm quality.

As often happens in human physiology, too much or too
little of something is not good. This is the case for body mass
index (BMI) and semen quality, for which an inverted U-shape
relationship has been proposed, i.e. too low or too high values
of BMI are related to a poorer sperm quality
. This could also be the case for physical activity, as in-
activity and sedentary lifestyle have a well-known harmful
effect on many health outcomes (Pate et al., 2008), whereas
too much physical activity has been negatively associated with
semen quality (De Souza et al., 1994; Safarinejad et al., 2009;|
[Vaamonde et al., 2006). In this context, recent studies support
that recreationally active men have a healthier semen pro-
duction than non-active men, but also than elite athletes, sug-
gesting a U-shape relationship (Hajizadeh Maleki et al., 2013}
[Vaamonde et al., 2012)).

The few studies analysing the association between regular
physical activity and semen quality have shown inconclusive
results (Braga et al., 2012; De Souza et al., 1994; Hajizadeh
Maleki et al., 2013; Safarinejad et al., 2009; Vaamonde et al.,
2006, 2012; Wise et al., 2011; Wogatzky et al., 2012)). Most
of these studies have used self-report methods to assess physi-
cal activity, i.e. questionnaires. Therefore, new empirical and
objective data about physical activity and sperm quality are
needed to better understand the role of physical activity in
male reproductive health.

In the present study, the association of objectively mea-
sured physical activity was analysed using accelerometry, with
semen quality indicators among men attending an infertility
clinic. In addition, the effect of other potentially related
factors, such as fatness markers, educational level, televi-
sion watching, consumption of smokeless tobacco (snuff, which
is highly consumed in Nordic countries), handgrip strength and
self-reported fitness were studied.

Materials and methods
Study sample and design

Male participants from the Physical Activity and Assisted Re-
productive Technology (ActiART) project were enrolled in the
present study. Data were collected from the Centre for Re-
production at Uppsala University Hospital, Sweden between
February 2011 and January 2014. As couples undergoing in-
fertility treatment might change their everyday physical ac-
tivity levels during the treatment period (Kucuk et al., 2010},
only participants who were attending the clinic for the first
time were recruited, before they received any testing
(including semen collection) or treatment. In total, 72 men
agreed to participate. Participants with azoospermia (n=3)
were excluded from the study. After excluding the partici-
pants with missing values in semen parameters (n = 7), the
final sample size for the prsent study remained 62 men. Most
of the participants did not have children when enrolled in the
study, i.e. 86% with no previous child. The ActiART project
was approved by the Regional Ethical Review Board of Uppsala
on 7 July 2009 (reference number: 2009/084); written in-
formed consent was obtained before participation.

Semen analysis

Semen samples were collected and analysed at the Centre for
Reproduction, at Uppsala University Hospital during routine
fertility evaluation. The accuracy of the semen analysis was
guaranteed by a handful of highly trained embryologists, all
of whom had several or many years of experience, and who
participated regularly in both internal and external (inter-
laboratory) controls to ensure accuracy and reproducibility
of the results.

Each participant provided one semen sample as a routine
fertility work up at the clinic. Participants were asked for 3-5
days of sexual abstinence before the sample collection.
Samples were collected by masturbation at the clinic or at
the participants’ home. In the latter case, the sample had to
be kept at body temperature and brought to the laboratory
within 1.5 h after the collection. On arrival at the labora-
tory, the abstinence period and occurrence of any loss of
ejaculate were recorded.
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Ejaculates were analysed according to the the World Health
Organization (WHO) manual for examining and processing
human semen (WHO, 2010). Concentration of sperm and con-
centration of motile sperm were determined by a Makler
counting chamber (Sefi Medical Instruments, Israel) using stan-
dard clinical procedures. Visually assessed sperm motility,
which indicates the percentage of sperm with progressive and
non-progressive movement , was calculated by
using concentration values for sperm and motile sperm. Total
number of sperm and total number of motile sperm were es-
timated by multiplying the respective concentrations with
semen volume. The latter one was measured by pipette. The
percentage of participants above recommended levels of the

WHO for sperm parameters was calculated
2010).

Assessment of fatness

Double measurement (mean used for analyses) of weight,
height and waist circumference was obtained by an assis-
tant nurse. The BMI was calculated as weight (kg)/height? (m).
On the basis of international BMI cut-off values for adults (24),
participants were grouped into weight status categories. Waist
circumference data were dichotomized according to the
healthy waist circumference recommendation for men

(<102 cm) (WHO, 2011).

Assessment of socioeconomic factors and lifestyle
factors by questionnaire

All participants were asked to fill out a questionnaire so that
information about their education, occupation, smoking and
consumption of snuff and TV watching could be collected. Edu-
cational level was recorded as primary or secondary level or
university or college level. Occupation was recorded as em-
ployed, unemployed or studying.

Assessment of fitness

Physical fitness was objectively measured by the handgrip
strength test, and self-reported by the International Fitness
Scale (IFIS). The handgrip strength test was measured in both
hands (average level was used for analyses) using the TKK
digital hand dynamometer (Takei, Japan), which has shown
to be valid and reliable (Espana-Romero et al., 2010)), fol-
lowing the procedures previously described by our group
(Ruiz-Ruiz et al., 2002)).

The IFIS provides information on individual’s general physi-
cal fitness, cardiovascular fitness, muscular strength, speed-
agility and flexibility (Ortega et al., 2011, 2013b)). This self-
reported scale has shown a good agreement with measured
fitness (validity), and to be reliable (test-retest) and to relate
with health outcomes such as adiposity and metabolic syn-
drome in adults (Ortega et al., 2013b)). A question about par-
ticipants’ overall health was added for ActiART study.
Participants were asked to rate each fitness components, their
overall fitness and overall health perceived on a five-level
Likert scale (1 = very poor, 5 = very good). Because of the

small sample size, few participants fell into the extreme cat-
egories (very poor and very good). Consequently, for statis-
tical analysis, the category ‘very poor ‘was merged with ‘poor’
and ‘very good’ with ‘good’. Fairly equal distribution of par-
ticipants between the groups was obtained.

Assessment of physical activity

Uniaxial ActiGraph accelerometer GT1M (ActiGraph LLC,
Florida, USA) was used to objectively assess the duration and
intensity of physical activity. During the participants’ first visit
to the clinic, a device was distributed together with accel-
erometer wearing information sheet and a diary to docu-
ment the wear- and non-wear time. Participants were asked
to wear an accelerometer for the following 7 days, starting
from the subsequent morning and to remove it only while
swimming, showering or sleeping. The accelerometer was at-
tached to elasticized band, and participants were instructed
to wear it around their waist. Epochs were set at 5s.

Actilife software version 6.10.2 (ActiGraph LLC, FL, USA)
was used to analyse accelerometer data. Data with zero counts
lasting for 260 min, with allowance for 1-2 min of counts
between 0 and 100, were considered as non-wear time
(Troiano et al., 2008)), and were therefore excluded. Accord-
ing to previous studies, only days with 10 h or more of reg-
istration time (Troiano et al., 2008)) were included in the
analysis. As 3-4 days of valid data are needed to be repre-
sentative for individual’s habitual physical activity level
[t al., 2005), only men with 3 or more days of valid acceler-
ometer data (n = 57) were included into the physical activ-
ity analysis. Compliance to wearing the accelerometer was
high, i.e. 78.9% of the participants had valid accelerometer
data for 7 days (n=45) and 98.2% for 5 or more days (n =56).

Time in minutes per day spent at different intensities of
physical activity was calculated using Freedson’s cut-points,
as follows: vigorous physical activity if 5725 counts or more
per min (cpm), which refers to activities of high energy ex-
penditure (=6 metabolic equivalents [MET]); moderate physi-
cal activity if 1952-5724 cpm (3-5.9 MET) and sedentary time
if less than 100 cpm (about 1.5 MET) (Freedson et al., 1998]).
Moderate-to-vigorous physical activity (MVPA) was calcu-
lated by summing the time spent at moderate and vigorous
physical activity. Average physical activty expressed as mean
counts per minute, was computed as the sum of counts per
all valid days divided by the total wear time in minutes in these
days.

As accumulation of activity might be important for health
outcomes (US Department of Health and Human Services |
|2008|D, the number of bouts was computed (i.e. blocks of sus-
tained activity at a certain intensity) of MVPA, defined as 10
or more consecutive minutes above the moderate physical
acivity threshold (i.e. 1952 cpm), with allowance for inter-
ruption of 1 or 2 min below threshold (Hagstromer et al., 2010).
A bout was terminated by 3 min below threshold. The mean
number of bouts per day were calculated and used in the
analyses.

Statistical analysis

SPSS 20 for Windows (IBM, Chicago, IL, USA) was used for analy-
sis. For descriptive purposes, mean and standard deviation
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were used for normally distributed variables, whereas median
and percentile 25th and 75th were used for non-normally dis-
tributed variables. Similarly, Pearson’s correlation was used
to analyse the association of age and lifestyle factors, i.e.
physical activity levels, sedentary time, hand grip strength,
weight and height, BMI, waist circumference, with semen
quality indicators, except in categorical variables or those non-
normally distributed (education, bouts of MVPA, IFIS and snuff)
for which Spearman’s correlation was used. Semen param-
eters were used as a continuous variables for all the analysis.

One-way analysis of variance (ANOVA) was used to explore
the differences in the distribution of semen quality values
across groups of the predictors included in this study, e.g. edu-
cational level, snuff consumption and physical activity vari-
ables (categorized as tertiles). Pair-wise comparisons were
conducted using Bonferroni’s adjustment. Physical activity
levels were analysed as continuous variables for correlation
analyses, but were categorized as tertiles for the ANOVA to
test the inverted U-shaped hypothesis. Analysis of covari-
ance was conducted to adjust the models for potential con-
founders, i.e. those variables studied who showed to be
significantly correlated with semen parameters. Statistical sig-
nificance level was set at 5%.

Results
Characteristics

Characteristics of the study sample are shown in Table 1. A
total of 53.2% (n = 33) of participants were overweight or
obese (12.9%, n = 8, of them obese) and 18% (n=11) had a
waist circumference above the recommended limit of 102 cm.
Mean time spent in MVPA was 53.2 min/d and in sedentary
time was 11.7 h/d. The mean value of each semen parameter
was above the WHO reference value for semen characteristics
(36), whereas 27.4% (n = 17) of the participants had one
parameter or more below these reference values.

Relationships between lifestyle factors and
indicators of semen quality

Bivariate correlations between the study exposures and the
semen quality parameters are shown in Table 2. Weight,
BMI and waist circumference showed negative correlation
with ejaculate volume (r =-0.304, P=0.02; r =-0.326, P=
0.01; and r = -0.334, P = 0.009, respectively) and total
number of sperm (r=-0.306, p=0.01; r =-0.258, P=0.04;
and r =-0.286, P = 0.03, respectively).

Educational levels showed positive correlation with sperm
concentration (r = 0.347, P =0.006), total number of sperm
(r=0.384, P=0.002), motile sperm concentration (r =0.264,
P = 0.04) and total motile sperm (r = 0.293, P = 0.02).
Consumption of snuff was negatively correlated with sperm
concentration (r =-0.314, P=0.02), total number of sperm
(r=-0.299, P=0.02), motile sperm concentration (r =-0.375,
P=0.003), total motile sperm (r =-0.349, P=0.006) and total
motility percentage (r = -0.299, P = 0.02). A borderline
significant and positive association was also found between
the number of 10-min bouts of MVPA and sperm concentration

(r=0.261, P=0.05). No significant correlations were found
between the other physical activity variables, television
watching, handgrip or self-reported fitness and semen
parameters (Table 2).

The ANOVA analyses showed a significantly higher ejacu-
late volume in men with normal weight compared with obese
men (3.41 + 1.5 versus 2.07 + 0.9 ml, P = 0.04; no differ-
ences observed between normoweight and overweight men);
and borderline significant difference in men who met the rec-
ommendation for waist circumference control compared with
men who did not (3.23 + 1.4 versus 2.33 + 1 ml, P = 0.05).
Men who attended university level studies showed higher sperm
concentration (61.8 + 46.3 versus 33.3 £ 37.0 M/ml, P=0.006,
total number of sperm (209.81 + 176.6 versus 89.47 £ 92.7,
P =0.004), motile sperm concentration (38.3 + 33.7 versus
21.2 +22.4 M/ml, P=0.03) and total motile sperm (133.8 +
135.5 versus 59.9 + 67.2 M, P = 0.02) compared with those
men who only attended primary or secondary school
(Figure 1). Men who did not consume snuff had better sperm
quality compared with those men who consumed snuff, par-
ticularly in sperm concentration (56.7 + 44.0 versus 33.2 +
45.0 M/ml, P=0.02), motile sperm concentration (36.0 +29.6
versus 17.7 £ 30.1 M/ml, P=0.007), total motile sperm (117.1
+109.5 versus 62.4 £ 120.5 M, P=0.008) and total motile per-
centage (59.51 £ 18.3 versus 45.15 + 19.5 %, P < 0.009)
(Figure 2). Please, note that the Figures show the informa-
tion as entered in the final models, i.e. transformed data as
appropriate, whereas, in the text above, the raw means are
presented as complementary information to the Figures.

Semen parameters were compared with ANOVA accord-
ing to tertiles (T) of 10-min bouts of MVPA, and an inverted
U-shape association was observed for most of the semen
quality indicators studied (Figure 3). Significant differences
were found in sperm concentration (overall P=0.02, T1 versus
T2 P=0.01), total sperm number (overall P=0.03, T1 versus
T2 P =0.03), motile sperm concentration (overall P = 0.01,
T1 versus T2 P=0.01) and total motile sperm (overall P=0.01,
T1 versus T2 P=0.01). After adjusting the model for educa-
tional level and snuff consumption, the U-shape trend per-
sisted (Figure 3). Similar U-shape pattern was observed for
the rest of variables studied (sedentary time, MVPA and
average physical activity), yet differences between groups
were not significant (data not shown).

Discussion

This study analysed the relationship of objectively mea-
sured physical activity, muscular strength, self-reported
fitness, total and central adiposity and lifestyle variables such
as educational level, employment status, snuff consump-
tion, and television-watching, with semen quality param-
eters among men attending an infertility clinic. Several major
findings were obtained: (i) higher BMI and waist circumfer-
ence were related with semen volume, but not with the rest
of semen parameters studied; (ii) lower educational levels and
snuff consumption were associated with poorer semen quality;
and (iii) an inverted U-shape association was observed between
the number of bouts of MVPA, i.e. blocks of 10-min of sus-
tained activity, and most of semen parameters studied, yet
no association was observed in the rest of physical activity
or sedentary variables studied.
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Table 1 Characteristics of the study sample B

N Mean +SD or %

Age (years) (mean = SD) 62 35.2 £ 5.7
Weight (kg) (mean % SD) 62 85 + 12.7
Height (cm) (mean + SD) 62 181.5 + 8.1
BMI (kg/m?) (mean * SD) 62 25.8 + 4
BMI categories

Underweight (%) 0 0

Normal weight (%) 29 46.8

Overweight (%) 25 40.3

Obese (%) 8 12.9
Waist circumference (cm) (mean * SD) 61 90.3 + 10.7
Waist circumference >102 cm (%) 11 18.0
Education

Primary or secondary education (%) 23 371

University or college education (%) 39 62.9
Occupation

Employed (%) 56 93.3

Unemployed (%) 1 1.7

Studying (%) 3 5
Smoking

Never (%) 40 67.8

Yes, before, but not now (%) 15 25.4

Yes, more than one cigarette per day (%) 1 1.7

Yes, less than cigarette per day (%) 3 5.1
Snuff: Yes (%) 17 28.3
Television watching (h/day) (mean + SD) 62 1.9 + 1.3
International Fitness Scale (IFIS):
General physical fitness

Poor/average/good (%) 4/24/34 6.5/38.7/54.8
Cardiovascular fitness

Poor/average/good (%) 10/24/28 16.1/38.7/45.2
Muscular strength

Poor/average/good (%) 3/12/47 4.8/19.4/75.8
Speed-agility

Poor/average/good (%) 9/15/38 14.5/24.2/61.3
Flexibility

Poor/average/good (%) 10/26/26 16.1/41.9/41.9
Overall health

Poor/average/good (%) 05/9/48 8.1/14.5/77.4
Handgrip (kg) (mean + SD) 62 53.6 £ 7.4
Physical activity levels (measured by accelerometry):

Sedentary time (min/da) (mean * SD) 57 701.2 £ 70.4

MVPA (min/day) (mean + SD) 57 53.2 £+ 19.4

Number of bouts (10 min) of MVPA (median (p25th, p75th) 57 0.5(0.2, 1.1)

Average physical activity (counts/min) (mean + SD) 57 321.8 + 100.9
Semen parameters

Volume (ml) (mean + SD) 62 31+ 1.4

Sperm concentration (M/ml) (mean + SD) 62 51.2 £ 45.0

Total number (M) (mean + SD) 62 165.2 + 161.2

Motile concentration (M/ml) (mean + SD) 62 31.9 £ 31.0

Total motile sperm (M) (mean + SD) 62 106.4 + 120.0

Total motility percentage (mean * SD) 62 56 + 19.6
Semen parameters below WHO reference values:

Volume (%) 5 8.1

Sperm concentration (%) 15 24.2

Total number (%) 17 27.4

Motile concentration 15 24.2

Total motile sperm (%) 15 24.2

Total motility percentage (%) 9 14.5

BMI = body mass index; MVPA = moderate to vigorous physical activity.
2WHO reference values (2010) for semen parameters: volume 1.5 ml or greater; sperm concentration 15 M/
ml (million/ml) or greater; total number 39 M or greater; motile concentration 6 M/ml or greater; total

motile sperm 15 M or greater; total motility 40% or greater (35).



Table 2 Correlations between physical activity and sedentary time, muscular strength, anthropometric and lifestyle variables with semen parameters.

n Volume Sperm concentratior® Total number Motile concentratiord Total motile spernf Total motility
r(p) r(p) r(p) r(p) r(p) r(p)
Age 62 0.022 (NS) -0.045 (NS) -0.045 (NS) -0.020 (NS) -0.022 (NS) 0.082 (NS)
Body mass index 62  -0.3268 (0.010)  -0.107 (NS) -0.258 (0.043)  -0.173 (NS) -0.204 (NS) -0.235 (NS)
Waist circumference 61 -0.334 (0.009) —0.112 (NS) —0.2862 (0.026) —0.158 (NS) —0.184 (NS) —0.168 (NS)
Educatior® 62 0.167 (NS) 0.3474 (0.006) 0.384d (0.002) 0.2644 (0.038) 0.293 (0.021) —0.004 (NS)
Snuff@ 60  -0.048 (NS) -0.3142 (0.015) -0.299 (0.020) -0.379# (0.003) -0.349 (0.006) -0.299 (0.020)
Television (h/day) 62  —0.046 (NS) 0.041 (NS) -0.007 (NS) 0.018 (NS) 0.025 (NS) -0.010 (NS)
International Fitness Scale:
General physical conditior 62 0.103 (NS) 0.096 (NS) 0.105 (NS) 0.039 (NS) 0.056 (NS) —0.037 (NS)
Cardiovascular fitnesd 62 0.226 (NS) 0.086 (NS) 0.149 (NS) 0.078 (NS) 0.123 (NS) 0.038 (NS)
Muscular strengtHEI 62 —0.150 (NS) —0.071 (NS) —0.149 (NS) —0.068 (NS) —0.128 (NS) —0.055 (NS)
Speed- agilityd 62 0.071 (NS) —0.077 (NS) —0.046 (NS) —0.071 (NS) —0.040 (NS) 0.012 (NS)
Flexibilityll 62 —-0.021 (NS) -0.015 (NS) -0.014 (NS) -0.022 (NS) -0.018 (NS) 0.030 (NS)
Overall healtH 62 0.231 (NS) 0.110 (NS) 0.170 (NS) 0.046 (NS) 0.116 (NS) -0.048 (NS)
Handgrip 62 0.068 (NS) 0.096 (NS) 0.050 (NS) 0.108 (NS) 0.135 (NS) 0.072 (NS)
Physical activity levels
Sedentary time 57 0.221 (NS) -0.039 (NS) 0.130 (NS) 0.005 (NS) 0.028 (NS) 0.098 (NS)
MVPA 57  -0.133 (NS) -0.084 (NS) -0.127 (NS) -0.123 (NS) -0.223 (NS) -0.177 (NS)
Bouts of MVPAR 57 0.021 (NS) 0.2618 (NS) 0.220 (NS) 0.168 (NS) 0.155 (NS) 0.002 (NS)
Average physical activity 57 —0.126 (NS) —0.044 (NS) -0.106 (NS) —0.083 (NS) —0.156 (NS) —0.146 (NS)

NS = non-significant P-values ; MVPA = moderate to vigorous physical activity.
2The variables ‘sperm concentration’ and ‘motile concentration’ were squared-root formed and ‘total motile sperm’ was Ln transformed to obtain a mormal distribution. The variables smoking
and occupation were not included for correlation analyses since there were too few subjects in some of the categories.
bPearson correlation was used in all variables, except in categorical variables or those not normally distributed, in which Spearman correlation was used. The variable ‘education’ was coded
as primary = 1, secondary = 2, university less than 3 years = 3 and university more than 3 years = 4; the subcategories for variable IFIS were coded as poor = 1, average = 2, good = 3; the

variable snuff was coded as yes =1, no=0.
Significant correlation, P < 0.05.
9dBorderline significant correlation, P = 0.05.
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Indicators of semen quality according to dichotomous educational level categories. Dots in the graph represent group means;

vertical lines mark the error bars (95% confidence intervals). Semen concentration and motile concentration were square-root trans-
formed (SQRT), and for total motile sperm logarithmic transformation was applied (Ln) to obtain a normal distribution. One way analy-
sis of variance test was used to identify the differences between the groups and P refers to the significance level of the differences
between these groups. Significant P-values are presented in numbers, and non-significant P-values are presented as NS.

Body mass index, waist circumference and semen
quality

Widespread evidence suggests that fatness has a harmful effect

Sermondade et al., 2013) and increased infertility
et al., 2007) than a medium BMI (normoweight). In addi-
tion, a waist circumference greater than 102 cm has also been
related with a poorer semen quality (ejaculate volume, sperm
concentration, sperm number, motile sperm number and some
reproductive hormones) (Fejes et al., 2005; Hammiche et al. |

on general health and reproductive health (Crujeiras and|
. Several studies have shown that a BMI over
25, i.e. overweight, but also a BMI less than 20, i.e. under-
weight, is associated with a lower ejaculate volume, sperm
concentration, motility and total sperm count dHammiche
et al., 2012; Hammoud et al., 2008; Jensen et al., 2004;
Sermondade et al., 2013; Wogatzky et al., 2012)). Further-
more, the Norwegian Mother and Child Cohort study of 26,300
couples showed that higher BMI is associated with increased
risk of infertility (Nguyen et al., 2007). These findings refer
to U-shaped relationships, where low or high level of BMI is
associated with poorer sperm quality (Jensen et al., 2004;|

[2012). In the present study sample, no underweight men were
included; therefore, we could not test this U-shape hypoth-
esis. Normoweight men, however, were compared with over-
weight or obese men, and a significant decrease in ejaculate
volume was found in obese men and those with a waist cir-
cumference equal or higher than 102 cm. This is consistent
with a previous study (Hammiche et al., 2012)), which found
that BMI and waist circumference were related to ejaculate
volume, sperm concentration and sperm motility. A nega-
tive relationship between overweight and central adiposity
and semen quality is an important finding, as it is preventable
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Snuff consumption

Indicators of semen quality according to snuff consumption. Dots in the graph represent group means; vertical lines mark

the error bars (95% confidence intervals). Semen concentration and motile concentration were square-root transformed (SQRT), and
for total motile sperm logarithmic transformation was applied (Ln) to obtain a normal distribution. One way analysis of variance test
was used to identify the differences between the groups and P refers to the significance level of the differences between these groups.
Significant P-values are presented in numbers, and non-significant P-values are presented as NS.

by regular physical activity. Indeed, a study conducted in obese
men showed that a median weight loss of 15% resulted in a
significant increase of total sperm count, semen volume and
serum testosterone (Hakonsen et al., 2011). The relation-
ship between BMI, waist circumference and semen quality in-
dicators could be explained by genetic, hormonal and
environmental factors, adipokines and physical mechanisms
(Cabler et al., 2010). It could be also linked to oxidative stress,
which has been reported to be increased in overweight men

d unc et al., 2011) and, as previously indicated, is harmful
for semen (Saleh and Agarwal, 2002)).

Educational level, snuff consumption and semen
quality

Educational level has shown to be a lifestyle factor related

[Keil, 1993; Ortega et al., 2013a)). The few studies investigat-
ing the influence of educational level on male fertility have
reported that the higher the educational level the lower the
semen quality (Lund and Sarensen, 1995)), and the higher the
percentage of couples not achieving pregnancy 1Zinaman etal. ,|
[2000). In contrast, higher levels of education were ob-
served to be related to a better semen profile. Indeed, a recent
multi-centre prospective cohort study on over 500,000 indi-
viduals showed that higher educational levels were related
to lower BMI and waist circumference (Hermann et al., 2011).
As evidence of the deleterious effect of BMI and waist cir-
cumference in male fertility is lacking, this could partially
explain the relationship found in the present sample between
educational level and semen quality.

Previous studies have shown the harmful effect of tobacco
(smoked or chewed) on semen quality (Ramlau-Hansen et al. |
[2007; Said et al., 2005)). The reason why smokeless tobacco

to different health outcomes (Cleland et al., 2009; Kaplan and]

could cause harm to semen is probably due to the increased
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in the graph represent group means; vertical lines mark the error bars (95% confidence intervals). Semen concentration and Motile
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the covariance test was used to adjust the model for educational level and snuff consumption. Bold font for P values refers to the
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oxidative stress in snuff users (Samal et al., 2006)). Snuff has
proved to decrease sperm quality gradually (sperm counts,

snuff regularly, and its use is rapidly increasing worldwide
ftal )

, 2012)). Among our study population, the prevalence of

motility, morphology and viability) as the use increases dSaid|
et al., 2005). Also, in our study, snuff users had significantly
lower sperm concentration, motile sperm number, motile sperm

concentration and motile sperm percentage. In Nordic coun-
tries, snuff is frequently used: about 20% of Swedish men use

snuff users was even higher than in previous studies (28%).
The results of the present study confirm the negative effects
of smokeless tobacco on semen quality and, therefore, couples
undergoing infertility treatment should be advised about the
potential adverse effects of snuff on sperm quality.
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Studies on the relationship between regular physical activ-
ity and semen quality are scarce and their results inconsis-
tent. Some of these studies have observed no association
between physical activity and sperm quality dBraga et al.,|
[2012; Wise et al., 2011; Wogatzky et al., 2012). All these
studies, however, used self-reported methods, i.e. question-
naires for assessing physical activity. Although question-
naires can provide important information, their limitations
are well-known, including the complexity to accurately recall
the amount of time spent in physical activity, the intensity
and frequency of the activity.

|[Hajizadeh Maleki et al. (2013)| compared several sperm
quality indicators in three groups of men: non-active men,
recreational active men and elite athletes. They concluded
that the recreationally active men had healthier sperm values
than both non-active men and elite athletes, supporting the
notion that physical activity could relate to semen in a U-shape
fashion. In line with these findings, some studies have found
an association between high intensity physical activity
(Safarinejad et al., 2009; Vaamonde et al., 2006 and high
volumes of physical activity (De Souza et al., 1994) with poorer
semen quality compared with men who engage in moderate
recreational physical activity. Also supporting this U-shape hy-
pothesis, [Vaamonde et al. (2012)| observed a poorer semen
quality in sedentary men compared with recreationally physi-
cally active men (Vaamonde et al., 2012). Our results provide
additional support to the U-shape association, yet it is im-
portant to mention that only the variable of number of bouts
of 10-min of MVPA significantly showed this pattern. The vari-
ables time spent in sedentary activities, MVPA or average
physical activity (cpm) were not significantly associated with
sperm parameters, yet the U-shape trend was observed in most
of the analyses. Although the U-shape association was clear
and consistent for the variable number of bouts of MVPA, it
is important to highlight that statistical significance was ob-
served mainly between the low and middle physically active
groups (i.e. tertile 1 versus tertile 2) in most of semen pa-
rameters studied. This indicates that the worst semen values
are observed in participants with low number of bouts of physi-
cal activity being in line with previous studies dDe Souza et al.,
1994; Hajizadeh Maleki et al., 2013; Safarinejad et al., 2009;
Vaamonde et al., 2006). Nevertheless, one should bear in mind
when interpreting our findings that the present sample does
not include elite athletes, so the high physical activity groups
cannot be interpreted as extremely high physical activity
levels.

Several mechanisms can explain why both activity extremes
result in lower semen quality. First, high-intensity exercise
training is associated with increase in oxidative stress
. A high level of reactive oxygen species, possibly
toxic to sperm, could potentially reduce its quality dHajizadeh|
[Maleki et al., 2013; Saleh and Agarwal, 2002)). Second,
extreme physical activity affects body’s homeostasis
(Safarinejad et al., 2009). It has also been hypothesised that
high intensity exercise could affect the hypothalamic-
pituitary-gonadal axis and thus levels of testosterone in
participants who do endurance training (Daly et al., 2005; De]
[Souza and Miller, 1997).[Safarinejad et al. (2009)|reported the
same effect, but also indicated that during recovery phase

testosterone level normalized. Testosterone is the major male
reproductive hormone and alterations in its levels could
influence semen quality. Furthermore, sperm quality is
receptive to increases in scrotal temperature 1iJung and|
[Schuppe, 2007). Jung and Schuppe (2007)| observed that,
compared with walking, sitting position increased scrotal
temperature up to 2°C. This might explain a negative effect
of cycling to sperm quality, as lower sperm concentration and
total motile sperm among men who cycle 5 h or more per
week was observed, whereas, no association was found with
regular physical activity (Wise et al., 2011). In the present
study, however, the type of activity was not assessed;
therefore it is a limitation that should be faced in future
studies.

Limitations and strengths

Some limitations should be addressed. The relatively small
sample size should be acknowledged, yet the accurate and
objective method used to assess physical activity counter-
acts this drawback. Collecting data about cycling habits would
have provided meaningful information, as this specific type
of physical activity has been related to lower semen quality
. Further, as semen samples might have
some intra-individual variability, double semen sample would
have given more precise results. Also, sperm morphology was
not measured in our study, yet it has been indicated to be a
relevant parameter and negative association has
been reported between sperm morphology and physical ac-
tivity levels (MacDonald et al., 2010). Because of practical
reasons, not all the main health-related components of physi-
cal fitness could be assessed. A validated scale (IFIS) was used
as the only alternative available, by which the participants
self-reported their fitness levels. Although this scale has high
agreement with actual fitness levels measured by standard-
ized fitness tests (Ortega et al., 2011, 2013b; Sanchez-Lopez]
|et al., 2014_1|D, this scale was originally designed to be used in
large-scale and population-based studies, so that its valid-
ity is limited when used in relatively small sample sizes as it
is the case in this study. In addition to self-reported fitness,
handgrip strength test was used as an indicator of muscular
strength, and no significant association with semen param-
eters was observed. It is important to bear in mind, however,
that handgrip strength is higher in overweight and obese
people, owing to their higher muscle mass (Artero et al., 2010)
which could counteract a potential beneficial effect of mus-
cular strength on semen quality. Finally, although this study
examined a relatively large number of factors potentially
related to male infertility, it is unknown whether other non-
measured factors, such as diet or lipid profile could have in-
fluence the results. On the other hand, this study should be
acknowledged as the first study, to the best of our knowl-
edge, to relate sperm quality to objectively measured physi-
cal activity and sedentary time, using accelerometers instead
of using only questionnaires.

The findings of this study provide evidence for an in-
verted U-shape association between physical activity and
semen quality, suggesting that men who engage in an average
number of 10-min bouts of MVPA tend to have better semen
quality compared with those with low or high number of bouts
of MVPA. These findings, however, should be interpreted




118

T Parn et al.

cautiously, as not all physical activity variables studied were
significantly related to semen quality. Further, our findings
support previous studies about the negative association of high
levels of adiposity (both total and central, as measured by
BMI and waist circumference) with sperm quality param-
eters, particularly semen volume. Finally, our data also suggest
that more educated men and those who do not consume snuff
might have better sperm quality.
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