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Abstract: The influence of individual lifestyle factors is widely described in studies on semen
quality. However, their synergistic effect is often neglected. The aim of the study was to examine
the association between semen quality and dietary approaches to stop hypertension (DASH)
diet, physical activity (PA), and the two separately and in combination. A cross-sectional study
was carried out among 207 men aged 20-55. Dietary data were collected by a food frequency
questionnaire (FFQ) and analysed according to the DASH scoring index. Physical activity was
evaluated by the International Physical Activity Questionnaire. Semen parameters were assessed
via the computer-aided semen analysis (CASA). Adherence to the DASH diet was associated with
higher sperm count (Arz.17 = 82.1 min/ej) and concentration (Ars.7; = 24.6 mln/mL). Higher PA was
related to higher sperm count (A7s.7; = 69.4 mln/ej), total (Ars.17 = 11.9%), and progressive motility
(A73.11 = 8.5%) and morphology (Arz.17 = 2.8%) in the crude model and remained significant after
adjustment. The combination of the DASH diet and PA, was significantly positively associated with
sperm count (Arz.r7 = 98.1 mln/ej), sperm concentration (Ars.7; = 17.5 mIn/mL), total (Arz.11 = 11.8%),
and progressive motility (Arz.t; = 10.0%) and morphology (Ars.17 = 3.3%) in both models. Adherence
to the DASH diet was related to higher sperm count and concentration, whereas after its combination
with physical activity it was also positively correlated with sperm motility and morphology.

Keywords: DASH diet; physical activity; semen quality; male fertility; sedentary activities;
dietary patterns

1. Introduction

In recent years, infertility has been recognized as a rapidly increasing worldwide problem [1].
Childlessness, caused by the male factor, ranges from 20% to 70% and is associated with impaired
semen quality [2]. Abnormalities of semen parameters or function, besides anatomical, endocrine,
genetic, functional, or immunological disturbances [3], may be caused by nutritional, lifestyle,
and environmental factors [4-6], and they may occur in men with and without adverse medical history.
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Most of the epidemiological studies have assessed the effects of single foods, nutrients and other
lifestyle factors on semen parameters [6-9], whereas their synergistic effect is neglected. Some lifestyle
behaviours co-occur together and in combination are more beneficial to health than their cumulative
individual effect. Moreover, interventions aimed at multiple-behaviour change may have a potentially
greater impact on health than interventions based on a single risk factor [10].

The easiest modifiable lifestyle factors, with the important impact on semen quality, are diet
and physical activity. The dietary approaches to stop hypertension (DASH) diet is one of the
most well-known dietary strategies, and its effect is often linked with prevention and treatment of
hypertension, diabetes, obesity, and coronary artery disease [11]. Moreover, its effects were studied in
the context of other diseases [12], including semen quality [13]. The DASH diet can be adapted to any
variance in regional diet, which can make lifestyle-related health factors grow more sustainable [14].
The DASH diet reflects a healthy eating pattern holistically, promoting food such as food sources of
vitamins, minerals, and antioxidants, and limiting food high in saturated fats, sugar, and sodium.
Previous research has indicated that this dietary pattern may be important to maintain proper semen
quality [6,13].

Physical activity is one of the health promoting lifestyle factors. However, earlier studies
describing a link between physical activity and semen quality provided inconsistent results [15]. Some
authors suggested that moderate-to-vigorous physical activity can be related to proper quality sperm
parameters, whereas too high or too low [16] physical activity may translate to poorer semen quality.
On the other hand, other studies have suggested no association between physical activity (PA) and
semen quality [17]. It needs to be underlined that not only the amount but also the type of physical
activity is important for male reproductive health [4].

Although we already have some indications about the individual impact of diet [6] and physical
activity [4] on semen quality, much uncertainty still exists about the relationship when they co-occur.
Thus, the aim of the study was to examine the association between semen quality and the DASH diet,
physical activity, both separately and in combination.

2. Materials and Methods

2.1. Participants

Participants enrolled in this cross-sectional study were men from Northern-Eastern Poland who
attended the centre of reproductive medicine in Olsztyn (Poland) or voluntarily joined the study
in 2014-2018. The eligibility criteria for the participation in the study was being aged 20-55 years,
the absence of a specific clinical condition, willingness to undergo examinations, and the absence of
acute or chronic reproductive tract diseases or diagnosed hormonal disorders. Initially, the study
population consisted of 541 men who gave their consent to share available results of the semen analysis
with the study personnel. However, only 233 (43.1%) men were willing to participate in further stages
of the study. During the data verification, subjects were excluded due to missing (n = 11) or unreliable
(n = 15) data. Finally, 207 (38.3%) men were enrolled in the study.

The study protocol was approved by the institutional review board of the Bioethical Committee
of the Warmia-Mazury Medical Chamber in Olsztyn (no. 9/2015). All participants gave written
informed consent.

2.2. Dietary Data Collection

All participants filled out a semi-quantitative 165-food-item food frequency questionnaire (FFQ)
validated for the Polish population [18]. During the face-to-face interview, participants were asked
about the average portion size and frequency of food consumption ranging as times per day, week,
month, or year, and “never”, “I do not know how often”, or “I do not know if I ate”, within a year
prior to involvement in the study. Food items from the FFQ were reduced to 23 food groups on the
basis of origin and similar nutrient content, and this was used for further analysis.
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Adherence to the DASH diet was assessed with the index developed by Giinther et al. [19]. DASH
diet score is composed of eight food groups. Six components (fruit, including juices; vegetables,
including potatoes; meat, poultry, fish, and eggs; nuts, seeds, and legumes; fats and oils; sweets)
were on a 10-point scale (0-10) and four components were on a 5-point scale (0-5) (grains: total and
high-fibre; dairy products: total and low-fat). Adherence to the DASH diet was based in the overall
score, ranging from 0 to 80. Servings intake between a minimum and maximum level were scored
proportionally. Individuals received the maximum score if their intakes met the recommendation.
In the case of intakes of sweets, fats, and oils, and meat, poultry, fish, and eggs, where lower intakes
are favourable, components were reverse-coded and received a maximum score of 10 if their intakes
were at or below the target level. The number of each food group servings was assigned on the basis
of the energy levels (Table S1) [19,20]. For each individual daily energy intake, we assigned to the
closest literature-based energy intake category (1200, 1400, 1600, 1800, 2000, 2600, and 3100 kcal/day)
recommended by the National Health Institute [20].

2.3. Physical and Sedentary Activity

The procedure for assessing physical activity (PA) and sedentary time were described
previously [21]. In brief, PA was evaluated by the validated International Physical Activity
Questionnaire (IPAQ)—long version [22]. Participants were asked about average duration (in minutes)
and frequency (days) they spent on four PA domains (work-related, transport-related, domestic and
gardening (yard), leisure time) during the week prior to the appointment. PA was expressed as a sum
of all activities (MET (metabolic equivalent of task) min/week) and as weekly time in which individuals
spent on each type of PA intensity (min/week). A sum of the average time per week spent on sitting
(at work and home, and while driving) expressed the sedentary time (h/week).

2.4. Semen Analysis

Details of the semen sample analysis were described previously [21]. Briefly, samples were
collected at the clinic by masturbation. Before analysis, the samples were liquefied for 30 min at
37 °C. Macroscopic examination of raw semen samples was performed manually [23]. Microscopic
measurements were determined with the use of computer-aided semen analysis (CASA) by the
system composed of a bright-field microscope (Olympus CX41, Tokyo, Japan), a digital camera to
capture images (Olympus U-CMAD3, Tokyo, Japan) and professional software (SCA Microptic S.L.,
Barcelona, Spain). Sperm concentration and motility were determined with a four-chamber GoldCyto
slide (10 um depth) by applying 4 uL of semen, and analysed under phase-contrast optics at X100
magnification. Morphology of at least 50 spermatozoa was assessed on semen smears stained with
Diff-Quick method, using a bright-field optics at 600X magnification. To evaluate abnormal values of
semen quality parameters, the WHO [23] cut-off points were used. All analyses were performed by an
experienced technician.

2.5. Other Measurements

Bodyweight (with accuracy to 0.1 kg) and height (with accuracy to 0.1 m) were measured in light
clothing and barefoot using a digital scale and stadiometer, respectively. Body mass index (BMI) was
calculated as the ratio of body weight and squared height, and evaluated according to the WHO cut-off
points [24]. All participants provided answers regarding their economic status (below average, average,
above average), educational level (basic and vocational, intermediate, high), place of residence (village,
less than 50,000 citizens, 50,000-100,000 thousand citizens, more than 100,000 citizens), smoking status
(current, past, or never), and sleep duration (average hours).

2.6. Statistical Analysis

The normality of the data was assessed by the Shapiro-Wilk test. All continuous variables
had nonparametric distribution and were presented as the median and interquartile range (IQR).
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Differences between tertiles of the DASH diet and PA were evaluated using the Kruskal-Wallis test
and Dunn’s post-hoc test. Categorical variables were expressed using number and percentage and
compared between tertiles using chi-square or Fisher’s exact test.

To extract the participants’ adherence to a low, medium, or high subgroup of the combination
of the DASH diet and PA, the matrix based on tertiles distribution of these two factors was created
(Scheme S1). Participants with low adherence to the combination of the DASH diet and PA were
characterised by a low score of the DASH diet and low or moderate PA, or moderate score of the
DASH diet and low PA. Participants with moderate adherence to the combination of the DASH diet
and PA were characterised by a high score of the DASH diet and low PA, a high or moderate score of
the DASH diet and moderate PA, or moderate or low score of the DASH diet and high PA. Participants
with high adherence to the combination of the DASH diet and PA were characterised by a high score of
the DASH diet and a high PA.

The association between semen parameters and the DASH diet, PA, and their combination was
evaluated by the general linear model. Semen parameters were log-transformed before inclusion in
analyses. Linear trends were assessed by assigning the median value (excluding the combination of
the DASH diet and PA) within each tertile and modelling this variable continuously. Two adjustment
sets were considered: model 1—unadjusted and model 2—adjusted for age, BMI, and energy intake
to total energy expenditure ratio (EI/TEE) (as continuous variables), and smoking status (yes/no)
and socioeconomic status (low/medium/high) (as categorical variables). Results were presented as
backtransformed least square means of semen parameters (and their corresponding standard errors)
and their cross-tertile differences (Ars.11).

Separate models including single components of the DASH diet and PA were fitted to identify
those which contributed to the effects observed in main analyses. The applied model was adjusted
for age, BMI, EI/TEE ratio (as continuous variables); and smoking status (yes/no) and socioeconomic
status (SES) (low/medium/high) (as categorical variables), and respectively for other components of
the DASH diet score or a sum of other PA intensities. All p-values were two-sided and an alpha level
of <0.05 was considered as significant. All statistical tests were performed using STATISTICA software
(version 13.1 PL; StatSoft Inc.: Tulsa, USA/Inc: Krakow, Poland)

3. Results

Table 1 shows socioeconomic and semen quality characteristics of study participants by tertiles
of the DASH diet and PA. The majority of participants, with a median age 26.0 (23.9; 29.0) years and
BMI 24.8 (23.1; 26.8), had a normal weight (53.1%), were non-smokers (75.8%), urban residents (73.4%),
and had basic or intermediate education (59.9%). In tertiles (T1, T2, T3) of the DASH diet and PA,
there were no differences for socioeconomic parameters. None of the semen parameters differed across
tertiles of the DASH diet. According to the PA, men in T3 had higher sperm count and concentration,
total and progressive motility, as well as morphology compared with men in T1. Significantly more
participants with abnormal total and progressive sperm motility were observed in T1 (38.2% and
61.8%, respectively) compared with in T2 (19.1% and 45.6%, respectively) and T3 (18.3% and 42.6%,
respectively).

Table S2 shows diet and physical activity characteristics among tertiles of the DASH score and
PA. Medians of consumption frequency of vegetables, fruits and nuts, seeds, legumes, and percentage
of high-fibre grains and low-fat dairy in the DASH T3 were higher compared with the DASH T1
(3.8 vs. 1.6 times/day, 1.8 vs. 0.6 times/day, 3.7 vs. 0.8 times/week, 32.5% vs. 7.3%, and 80.7% vs.
69.3%, respectively). Median consumption frequencies of meat, fish, eggs, fats and oils, and sweets in
the DASH T3 were lower compared with the DASH T1 (3.5 vs. 3.8 times/day, 1.9 vs. 2.7 times/day,
and 4.9 vs. 7.2 times/week, respectively). However, none of the consumed food groups were found
to differ across PA tertiles. Men in the DASH T3 spent more time on total and moderate PA than
men in DASH T2 (205 vs. 116 min/week and 73 vs. 38.5 min/week, respectively), and spent less time
sedentary than men in DASH T1 (1.8 vs. 2.9 h/week), but there was no difference in total PA (p = 0.598).
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As expected, we observed the highest total PA and the total time of PA in PA T3, and differences were
significant across all tertiles (p < 0.001).

Table 2 shows the association between semen parameters and adherence to the DASH diet, PA,
and their combination. There were a substantially higher sperm concentration and count across tertiles of
DASH diet adherence in the both crude and adjusted model (sperm concentration: Arz.r; = 24.6 min/ej;
sperm count: Arsz.7q = 82.1 mIn/mL and 85.4 mln/mL in the crude and adjusted model, respectively).
However, adherence to the DASH diet was not associated with other semen parameters. A significant
positive association was observed in sperm parameters across tertiles of PA. Higher PA was directly
associated with sperm count (Ars.r; = 69.4 mIn/ej, pireng = 0.043), total motility (Arsz.r; = 11.9%,
Ptrend < 0.001), progressive motility (Ars.71 = 8.5%, Pirend < 0.001), and morphology (Ars.11 = 2.8%,
Ptrend = 0.003) in the crude model. Except for sperm count, these effects remained significant after
adjusting for age, BMI, EI/TEE, smoking status, and SES. A key point of the analysis was to compare
sperm parameters across tertiles of the DASH diet and PA combination. Both in crude and adjusted
models, positive cross-tertile trends were observed in sperm concentration (Arz.r; = 17.5 mIn/ej; prend
= 0.016), sperm count (Arz.t; = 98.1 mIn/mL; pyeng = 0.036), total (Arz.r1 = 11.8%; Pirend = 0.002),
and progressive motility (Arz.1; = 10.0%; pyrend = 0.003) and morphology (Ars-11 = 3.3%; Prrend = 0.004).

The results of the analysis for individual DASH diet components (after adjustment for multiple
confounders) (Table 3) indicated a negative association between grains and sperm concentration
(B =-0.162; p = 0.028) and total motility ( = —0.162; p = 0.030), as well as dairy and sperm
concentration (3 = —0.147; p = 0.037). A significant positive association was found between low-fat
dairy and sperm volume (3 = 0.186; p = 0.009); nuts, seeds, and legumes and sperm concentration
(B =0.158; p = 0.033); and fats and oils and sperm count (3 = 0.188; p = 0.011). Sweets scoring was
also positively associated with sperm concentration (3 = 0.190; p = 0.010), but reverse coding needs
to be taken into account. We also evaluated the link between semen parameters and each level of
PA intensity (Table 3). The results indicate that vigorous PA was positively associated with sperm
count (3 = 0.188; p = 0.009), total ( = 0.182; p = 0.009) and progressive (3 = 0.182; p = 0.010) motility,
and morphology (3 = 0.195; p = 0.007). Moderate PA was positively associated with total sperm
motility (B = 0.143; p = 0.049).
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Table 1. Socioeconomics and semen quality characteristics among tertiles of dietary approaches to stop hypertension (DASH) score and physical activity.
Variable Total DASH p Physical Activity p
T1 T2 T3 T1 T2 T3
n 207 62 75 70 68 68 71
DASH score 34-76 34-45 46-54 55-76 47 (40; 51) 49.5 (41; 56) 47 (42; 53) 0.377
Age (years) 26.0(23.9,29.0)  26.0(24.2;30.0)  26.0(23.3;29.0)  25.2(24.0;28.3) 0.651 26.0 (24.2; 32.0) 26.0 (23.0 27.5) 26.0 (23.6; 28.3) 0.058
BMI (kg/m?) 24.8(23.1;26.8) 24.8(227;27.0) 24.8(23.2;269)  24.9 (23.7;26.5) 0.986 24.9 (234;27.1)  24.6 (22.6;26.1) 25.2 (23.7; 26.9) 0.209
Overweight or obese, 11 (%) 97 (46.9) 30 (48.4) 34 (45.3) 33 (47.1) 0.937 33 (48.5) 28 (41.2) 36 (50.7) 0.502
Urban residence, 11 (%) 152 (73.4) 42 (67.7) 56 (77.1) 54 (77.1) 0.454 55 (80.9) 49 (72.1) 48 (67.6) 0.198
Higher education, 7 (%) 83 (40.1) 19 (30.7) 30 (40.0) 34 (48.6) 0.111 29 (42.7) 28 (41.2) 26 (36.6) 0.750
Current smokers, 11 (%) 50 (24.2) 19 (30.6) 19 (25.3) 12 (17.1) 0.186 16 (23.5) 14 (20.6) 20 (28.2) 0.574
. 2058.7 2079.3 2081.7 2002.6 1794.8 2050.1 2100.0
Energy intake (kcal/day) (1591.6;2418.8)  (1485.2;23817)  (1602.9;24104)  (1625.1;25148) U817 (1521.6;2211.6)  (1576.0; 2842.4) (1685.9; 2514.8) 0.118
Semen parameters
Volume (mL) 4.0 (2.7;5.0) 42(3.1;5.2) 3.8 (2.5;5.0) 3.8(2.5;5.0) 0.257 3.1(2.8;4.9) 4.0 (3.0;5.0) 4.0(2.5;5.4) 0.708
Abnormal volume ! 8(3.9) 4(6.5) 4(5.3) 0(0.0) 0.113 2(29) 2(2.9) 4(5.6) 0.634
Sperm concentration (mln/mL) ~ 27.9 (10.3;63.6)  20.8 (9.8; 41.7) 30.6 (12; 61.4)  34.7 (10.6; 78.1) 0.087 204 (7.7;44.7)%  31.1(11.2;64.2)  33.2(14.4;785)2 0.029
Abnormal sperm concentration ! 68 (32.9) 26 (41.9) 21 (28.0) 21 (30.0) 0.185 27 (39.7) 22 (32.4) 19 (26.8) 0.266
Sperm count (mln/ejaculate) 102.9 (37.9;219) 74.6 (31.3;165.7)  115.7 (37.9; 201) 12;'985%)5'8’ 0.153 74.1 (26.9; 162.9) 2 102'391%)9'4’ 124.5 (48.4; 306.3) @ 0.019
Abnormal sperm count ! 53 (25.6) 18 (29.0) 20 (26.7) 15 (21.4) 0.586 24 (35.3) 16 (23.5) 13 (18.3) 0.064
Total motility (%) 52.7(39.8;65.1)  505(39.7;62.5) 521 (40.8;653) 549(39.8;67.0) 0481  47.9(32.8;58.6)®  54.6(42.3;629)  57.4(47.5;73.5)2 <0.001
Abnormal total motility ! 52(25.1) 16 (25.8) 18 (24.0) 18 (25.7) 0.961 26 (38.2) 13 (19.1) 13 (18.3) 0.010
Progressive motility (%) 32.1(21.7;43.6) 31.0(20.9;405) 31.3(21.7;41.2)  34.1(22.1;45.2) 0.541 268 (16;36.1) P 33.0(22.5;44.1)2  36.1 (24.4;49.0) b 0.002
Abnormal progressive motility ! 103 (49.8) 35 (56.5) 40 (53.3) 28 (40.0) 0.125 42 (61.8) 31 (45.6) 30 (42.6) 0.049
Morphology (% of normal) 7.0 (4.0;12.0) 6.0 (4.0;9.0) 8.0(4.0; 13.0) 8.0 (4.0;13.0) 0.554 6.0(2.1;9.5)2 8.0 (4.0;12.5) 8.2(4.0;14.0) 0.010
Abnormal morphology 1 43 (20.8) 13 (21.0) 16 (21.3) 14 (20.0) 0.980 20 (29.4) 11 (16.2) 12 (16.9) 0.100

Data are presented as median and interquartile range (IQR) for continuous variables and number and (%) categorical variables. DASH: diet approaches to stop hypertension, BMI:
body mass index. ! Compared to group with normal semen parameters. p-values for continuous variables were derived from the Kruskal-Wallis test (* ® Dunn post-hoc test presented
differences between pairs of tertiles) and categorical variables were derived from the x? test.
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Table 2. DASH, physical activity, and their combination in relation to semen parameters.

. .. DASH and Physical
Variable DASH Ar3r1 Ptrend Physical Activity Ar3.r1 Ptrend Activity Ar3t1 Ptrend
T1 T2 T3 T1 T2 T3 T1 T2 T3
n 62 75 70 68 68 71 68 113 26
Sperm volume (mL)
37 4.1 3.8 4.0 4.2 4.0 3.9 4.6
Crude 4.3(0.2) 02) 02) 0.2 0.617 02) 02) 03) 04 0.252 0.2) 0.2) (0.5) 0.6 0.271
37 4.0 3.8 39 41 3.9 3.8 4.6
Model 1 4.3(0.2) 02) 02) 0.3 0.598 02) 02) 02) 0.3 0.277 0.2) 02) 0.4) 0.7 0.288
Sperm count (mln/ej)
162.6 218.2 138.7 172.1 208.1 124.9 191.4 222.5
Crude 136.1 (20.3) (20.9) (29.3) 82.1 0.018 (23.8) (21.8) (26.4) 69.4 0.043 (18.5) (20.1) (47.0) 97.6 0.014
162.6 2213 137.0 169.3 203.2 125.4 189.1 2225
Model 1 135.9 (26.7) (25.2) (26.9) 85.4 0.016 (26.7) (27.2) (25.7) 66.2 0.057 (25.9) 21.2) (41.4) 98.1 0.016
Sperm concentration
(mln/mL)
46.1 60.8 38.3 51.6 54.1 33.9 55.7 51.9
Crude 36.2 (5.5) 5.3) 7.9) 24.6 0.008 (5.9) 7.1) 63) 15.8 0.101 (4.6) 5.8) 9.3) 18.0 0.032
46.2 61.8 38.3 50.5 54.2 34.0 55.8 51.5
Model 1 37.2(7.1) ©67) 72) 24.6 0.009 7.1) (7.3) 6.9) 15.9 0.107 (6.9) 5.7) (11.0) 17.5 0.036
Total motility (%)
52.1 54.0 459 53.3 57.8 47.9 53.5 59.8
Crude 51.0(2.2) 2.0) 2.2) 3.0 0.314 2.0) (1.9) 2.2) 11.9 <0.001 (1.9) (1.6) 4.1) 11.9 0.002
53.1 55.1 46.7 53.7 58.9 48.7 54.6 60.5
Model 1 51.8 (2.3) 2.2) 2.4) 33 0.301 2.2) 2.3) 2.2) 12.2 <0.001 2.2) (1.8) 3.6) 11.8 0.002
Progressive motility (%)
31.6 34.1. 27.7 33.2 36.2 29.2 33.1 39.4
Crude 32.0 (1.9) (1.6) (1.9) 2.1 0.411 1.7) (1.6) (1.8) 8.5 <0.001 (1.7) (1.4) (3.3) 10.2 0.003
323 35.0 28.4 33.5 37.5 29.8 34.1 39.8
Model 1 32.8 (2.0 (1.9) 2.0) 22 0.394 (1.9) (1.9) (1.8) 9.1 <0.001 (19) (1.5) (3.0) 10.0 0.003
Morphology (%)
8.5 8.6 6.6 8.6 9.4 6.8 8.7 10.0
Crude 7.5(0.6) 07) 07) 1.1 0.267 0.6) 07) 07) 2.8 0.003 0.6) 0.5) (1.4) 3.2 0.004
85 8.6 6.7 85 9.7 6.9 8.9 10.2
Model 1 7.5(0.6) 07) ©07) 1.1 0.309 07) 07) 07) 3.0 0.002 0.7) 0.6) (1.1) 3.3 0.004

Data are presented as least square means and standard error (SE). Reference groups are participants from a group of normal semen parameters (according to WHO 2010 recommendation).
Crude: unadjusted; model 1: adjusted for age, BMI, and energy intake to total energy expenditure ratio (EI/TEE) ratio (as continuous variables), and smoking status (yes/no) and
socioeconomic status (low/medium/high) (as categorical variables).
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Table 3. Association of semen parameters by individual DASH diet components and physical activity components (1 = 207).

Variable Semen Volume Sperm Concentration Sperm Count Total Motility Progressive Motility Morphology
B (SE) * p B (SE)* p B (SE)* p B (SE) * p B (SE)* p B (SE) * p
DASH components ?
Grains, total (servings/day) (8:(1)22) 0.165 (‘00017% 0.028 (‘000(;752) 0.338 (‘0001764% 0.030 (‘000% 0.066 (‘000(;22) 0.275
Grotdayeningy 07 O Que 00 qge O gm0 gm0 gl oa
Vegetables (servings/day) (_0(_)(')073£ 0.596 (8.'8% 0.763 (_()(.)6(;21?)’ 0.744 (_0%0773 0.309 (_()(.)6()7319) 0.588 (_()(_)(')()76123 0.337
Fruit (servings/day) (_0000773? 0.300 (8853) 0.762 (gggg) 0.933 (8(1);;) 0.109 (883?6,) 0.240 (88;3) 0.631
Dairy, total (servings/day) (8:(1)(7)‘11) 0.146 (_0%17% 0.037 (_0%1720) 0.158 (_0%0713 0.830 (8:8;}) 0.669 (_0%07% 0.917
Meat(’s‘éi’“fﬁrgys’/ﬂfy‘; °88° (_ooo%? 0.281 (8:8%) 0.618 (8:828) 0.947 (8:853) 0.291 (818?8) 0.515 (gfg%) 0.653
e B S o S TS S X B AR VORI SN S
Fats, oils (servings/day) (8:8% 0.488 (8:(1]% 0.073 (8:(1)?2) 0.011 (_o(.)(')(;f)) 0.840 (_()(.)6()7?:19) 0.600 (8:852) 0.479
Sweets (servings/week) (_000071? 0.198 (8332) 0.010 (88%) 0.189 (88;;1) 0.320 (8892) 0.946 (88;i) 0.223
Physical activity

Vigorous (MET-min/week) (grggg) 0.406 (8:(1);; 0.070 (8183213) 0.009 (8:325) 0.009 (8:(1)%) 0.010 (8:(1)??) 0.007
Moderate (MET-min/week) (8:(1)‘;; 0.055 (8:832) 0.192 (8:(1)% 0.152 (8:(1)‘;% 0.049 (8:(1)(7)2) 0.146 (8:8% 0.602
Walking (MET-min/week) (8:852) 0.364 (_0%07%()) 0.282 (_()[.)b(;i? 0.723 (8:(1)32) 0.133 (8:(1)22) 0.168 (_()(_)(')0712 0.893

Data are presented as {3 coefficients and standard errors (SE). * Adjusted for age, BMI, and EI/TEE ratio (as continuous variables), and smoking status (yes/no) and socioeconomic status
(low/medium/high) (as categorical variables). @ Other components of DASH diet score or ® sum of other physical activity intensity. MET: metabolic equivalent of task.
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4. Discussion

In this study, we investigated the association between semen quality and DASH diet, PA, and their
combination. We found that greater adherence to the DASH diet was associated with higher sperm
count and concentration, whereas higher PA level was associated with better total and progressive
motility and morphology. To our best knowledge, this is the first study assessing the cluster of diet
and PA in relation to semen quality. Our study provides evidence that assessing the effect of a healthy
diet combined with a higher level of PA may be a better indicator of semen quality than evaluation of
individual factors in separation.

Studies assessing the effect of healthy dietary patterns, regardless of whether they were data-
or hypothesis-driven, presented a positive relationship with sperm quality [25]. Healthy dietary
patterns, including the DASH diet, correlated positively with the intake of foods or nutrients, which
have a favourable effect on maintaining or improving semen quality [26]. In our study, we did not
observe differences in semen parameters across tertiles of the DASH diet. However, higher adherence
to this diet was associated with higher sperm count and concentration. Additionally, analysis of
single components of the DASH diet showed that sperm concentration was positively correlated with
nuts, seeds, and legumes and inversely with sweets, total dairy, and total grains. Sperm volume
and count were positively associated with low-fat dairy and fats and oils, respectively, whereas total
sperm motility was inversely associated with total grains. Our results are partially consistent with
Cutillas-Tolin et al. [27] where higher adherence to the DASH diet was associated with higher sperm
concentration, total sperm count, and total motile sperm count in healthy young Spanish students.
Some similarities may also be found with observations made by Efrat et al. [13], where higher adherence
to the DASH diet was associated with higher sperm concentration and morphology among men
attending an Israeli fertility centre.

The DASH diet, similar to the Mediterranean diet and prudent dietary style, assumes a higher
intake of fruit, vegetables, whole grains, and legumes. These food groups are positively associated
with sperm count, concentration [28], sperm motility [29,30], and morphology [28]. As a naturally rich
source of vitamins, minerals, and polyphenols, the DASH diet may be perceived as antioxidative and
anti-inflammatory. The antioxidants in male reproductive health may be positively associated with
semen parameters [31-33], fertilization rate [34], decreasing oxidative damage to spermatozoa [35,36],
DNA maintenance, transfer RNA, protein synthesis [37], and the reduction of the negative effects of
inflammation [36,38]. Moreover, the DASH diet recommends a reduction in sweets, meat, eggs, and fat
consumption that, due to the content of sugars, saturated/trans fatty acids, and sodium, may adversely
affect sperm count [28], concentration [39,40], sperm motility [29,40,41], and morphology [40,41].

In our study, semen parameters differed across PA tertiles and were positively correlated with PA.
Analysis of the impact of individual PA components on semen parameters indicated that the obtained
results were mostly affected by vigorous PA. In our study, the type of PA that corresponded to this
effect was work-related activity. This result suggests that a high cumulative effect of PA from the whole
day could be as important as recreational PA.

Ibanez-Perez et al. [4] in their meta-analysis revealed that moderate or high recreational PA
could have a beneficial influence on semen quality. Authors also highlighted that different types of
PA did not modify that association. On the other hand, elite PA was correlated with a decline in
volume, concentration, total motility, and morphology [4] and affects sperm DNA fragmentation [42].
However, some studies present that PA was not related to semen quality in young men and those from
infertile couples [4,17,43,44]. Nevertheless, the promotion of moderate-to-vigorous PA may improve
semen parameters, sperm DNA integrity, impaired seminal markers of inflammation, and oxidative
stress [45,46]. Interestingly, the impact of different intensities showed an inverted U-shape association
between PA and semen quality [47,48]. Also, other studies supported this finding, suggesting poorer
semen quality in sedentary [7,16,49] or highly active men [42] compared with recreationally or moderate
physically active men.
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The possible mechanisms through which PA might exert its effect on semen are oxidative stress,
impaired hypothalamus-pituitary-testicular (HPT) axis function, and hormonal imbalance [50-52].
Exercise naturally increases oxygen consumption, resulting in a general increase in reactive oxygen
species (ROS) production. With increased exercise intensity, the body can no longer eliminate the
increasing ROS concentration, which leads to oxidative stress and damage of cellular components [50,51].
These effects can be explained by the so-called hormesis theory. Regular moderate PA improves
antioxidant enzyme activity and resistance to oxidative stress. Simultaneously, forceful exercise results
in an increase of oxidative stress, ROS, and oxidative damage, whereas the activity of antioxidant
enzymes and the capacity of oxidative damage repair are impaired [50]. The impact of PA on HPT
axis functioning can be miscellaneous and depends on activity levels [52,53]. A moderate PA could
be related to higher follicle-stimulating hormone (FSH), luteinizing hormone (LH), and testosterone
(T) level in comparison to the sedentary controls [54]. High-intensity exercise may lead to a decrease
in plasma LH, FSH, and T concentration, as well as sperm parameters [55]. The suppression of the
HPT axis could be caused by decreased production of gonadotropin-releasing hormone and a reduced
response of gonadotropins during acute prolonged physical exercise [53,56].

The major strength of this study was the use of validated questionnaires for assessing food
consumption and PA. Also, the FFQ measures food intake during the past 12 months, which minimises
risk of misclassification of the DASH score and overlaps with spermatogenesis time for the taken
sample. Additionally, the use of hypothesis-based dietary patterns more closely reflects real food
consumption, and it could be easily applicable by other researchers or dietitians and physicians in
their practice.

However, some limitations of the study should be acknowledged. First, the nature of the
cross-sectional study limited the identification of causal relationships between diet, PA, and semen
quality. Secondly, we assessed the semen quality based at a one-time point, which does not consider
the within-person variability in semen parameters. Third, the usage of the questionnaire to assess PA
could be a source of bias, whereas the use of accelerometers is a recommended method to objectively
measure PA. Our study measured the semen condition only in the context of six parameters and did
not include the viability, acrosomal reactivity, and spermatozoa kinematics parameters, which are
useful for evaluating semen quality and its fertilization capacity. Also, the number of participants with
low PA was relatively small, which did not allow for the selection of a subgroup strongly adherent to a
sedentary lifestyle.

5. Conclusions

Adherence to the DASH diet was related to higher sperm count and concentration, whereas
their combination with physical activity was also positively correlated with sperm motility and
morphology. Furthermore, we observed that daily physical activity was firmly associated with semen
parameters. Following our novel findings, we would recommend the use of the DASH diet and
physical activity together as a better indicator of semen quality compared with both factors analysed
separately. However, our findings need to be confirmed by further prospective observational and
clinical studies. Because the management of infertility involves many different treatment strategies,
cooperation between physicians, dieticians, and public health educators might be of great importance.

Supplementary Materials: The following are available online at http://www.mdpi.com/2072-6643/12/1/39/s1:
Table S1: List of components of the DASH score and their description; Table S2: Diet and physical activity
characteristics among tertiles of DASH score and physical activity; Scheme S1: Matrix of the DASH diet and
physical activity tertile distribution.
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