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Abstract: Background: The role of meat and vegetable intake in the development of asthenozoosper-
mia has been controversial, and the role of cooking methods for meat and vegetables in the association
has yet to be determined. The present study aimed to illuminate the relationship between the con-
sumption and cooking methods of meat and vegetables and the risk of asthenozoospermia. Methods:
In this hospital-based case–control study, we enrolled 552 patients with asthenozoospermia and
585 healthy controls. Dietary information was assessed using a validated self-administered food
frequency questionnaire. Asthenozoospermia was diagnosed according to the fifth edition of the
WHO laboratory manual for the examination and processing of human semen. Results: Participants
in the highest tertile of total meat and unprocessed meat intake had a 44% and 39% lower risk of
asthenozoospermia than those in the lowest tertile (OR = 0.56, 95% CI: 0.37, 0.87 and OR = 0.61, 95%
CI: 0.40, 0.93), respectively. Participants with the highest processed meat consumption showed higher
risk (OR = 1.44, 95% CI: 1.01, 2.06). Raw vegetable consumption was negatively associated with the
risk of asthenozoospermia (OR = 0.67, 95% CI: 0.45, 0.98). The stir-frying cooking method for meat
was associated with increased risk of asthenozoospermia (OR = 1.58, 95% CI: 1.02, 2.46). Conclusions:
Intake of total meat, unprocessed meat, and raw vegetable may reduce asthenozoospermia risk, while
higher consumption of processed meat may increase the risk. Cooking methods may play a role in
these associations. These findings need to be confirmed in large and prospective cohort studies.

Keywords: asthenozoospermia; meat; vegetable; cooking methods; case–control study

1. Introduction

Asthenozoospermia is characterized by reduced motility or a total lack of sperm motility
in a fresh ejaculate [1]. Motility is required for sperm to migrate from the vagina to the fallopian
tubes and penetrate the zona pellucida of the egg [2,3]. More than 40% of infertile men exhibit
asthenozoospermia [4], and 24% of infertile cases exhibit isolated asthenozoospermia [5]. A
previous study estimated that the sperm count in U.S. males is decreasing by 1.5% annually [6].
In addition, the sperm concentration has decreased by over 50% in Western countries from
1973 to 2011 [7]. Therefore, it is of great significance to investigate the factors that underlie
this disease to improve male reproductive health. Previous studies have established several
well-known risk factors for asthenozoospermia including sperm dysfunction (such as low
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sperm motility and lower semen quality scores), prolonged period of sexual abstinence,
varicocele, infections (such as viral infections and even the recent COVID-19 pandemic), and
genetic factors [8–15]. In addition, lifestyle patterns may also play an important role in the
development of asthenozoospermia [16]. Of note, compared with these factors, dietary habits
may be more modifiable by preventive interventions.

Previous studies have suggested that fruits, nuts and whole cereals, fish, seafood, poultry,
and low-fat dairy product intake are positively associated with sperm quality. However, diets
high in lipophilic foods, soy isoflavones, and sweets have been shown decreasing the semen
quality [17,18]. Furthermore, animal studies showed that high-fat diet, vitamin D deficiency,
and hypercholesterolemic diet were associated with poor sperm quality, and simultaneous zinc
(Zn) supplementation with iron and olive oil were found to be the protective factors for sperm
quality [19–22]. However, for asthenozoospermia, although many studies have investigated
the associations between diverse food items and its risk [23–26], the conclusions derived
from these studies remain controversial. For example, whereas two observational studies
suggested that poultry intake was associated with a decreased risk of asthenozoospermia
and increased fertilization rates, and intake of processed meat was inversely associated with
the reproductive outcomes [23,26], several cross-sectional studies failed to demonstrate any
associations between the same types of exposure and the progressive motility of sperm [24,25].
We speculate that, in addition to differences in study design and sample size, the inconsistency
and heterogeneity that are evident in the existing literature may also be attributed to the
potential modifying effect of cooking methods, which were not considered in most of these
previous studies [23–26]. The modifying effect created by different cooking methods has
important clinical significance because of the formation of unfavorable heterocyclic amines
(HCAs) [27] and changes in the phytochemical content [28] during cooking. However, to our
knowledge, few studies have considered the association between meat and vegetable intake
and the risk of asthenozoospermia in relation to their cooking methods.

Herein, we conducted a hospital-based case–control study to specifically determine
whether there were any associations between intake of meat and vegetables, cooking
methods, and the risk of asthenozoospermia.

2. Materials and Methods
2.1. Participants

The participants of this case–control study were recruited from the infertility clinic
at Shengjing Hospital of China Medical University in Liaoning Province, China, between
June 2020 and December 2020. In total, 643 asthenozoospermia patients and 662 healthy
controls were recruited. All participants received health examinations and were asked to
complete a structured and self-administered health status questionnaire. The questionnaire
covered questions relating to marital status, employment status, educational level, physical
activity, sleep habits, and dietary habits. The study was approved by the ethics committee
of Shengjing Hospital of China Medical University (2017PS190K) and was performed in
accordance with the ethical standards laid down in the 1964 Declaration of Helsinki and
its later amendments. All participants provided written informed consent prior to study
inclusion.

As shown in Figure 1, we excluded participants who failed to provide detailed infor-
mation on sperm parameters (n = 131) or other basic information (physical activity, weight,
high, smoking status, drinking status, income, and educational level) (n = 16). We also
excluded those who failed to record their food consumption and cooking habits or provide
abnormal values for total energy intake (>6000 kcal or <800 kcal) (n = 21) [29].
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Finally, 552 cases and 585 controls were included in this case–control study.

2.2. Assessment of Dietary Data

Dietary intake was assessed using an original food frequency questionnaire (FFQ) that
included 110 food items and 21 items related to dietary habit (including cooking methods
for meat and total vegetable). We asked participants to recall the average frequency of
dietary intake in the past year. The FFQ included seven frequency categories ranging from
‘almost never’ to ‘twice or more per day’ for foods. The reproducibility and validity of the
questionnaire was assessed in a random sample of 150 participants living in the Northeast
China Region by using data from repeated measurements of the FFQ approximately three
months apart and weight diet records (WDRs) over a four-day period. The spearman
correlation coefficients and intraclass correlation coefficients for reproducibility were above
0.5 for most food groups, and the correlation coefficients were 0.3–0.7 for most food groups
between the FFQ and WDRs [30].

The mean daily intake of food and nutrients (such as meat, total vegetable, and total
energy) were calculated by using an ad hoc computer program developed to specifically
analyze the questionnaire. The intake of food items was calculated from portion size (g/time)
and the frequency of each food item consumed per day. We calculated the amount of each food
in the food group on the basis of data from the twice 4-day WDRs and defined the medium
value of each food as the portion size of each food. Furthermore, valid and reliable Chinese
food composition tables [31] were used as a nutrient database to determine the nutrient
content of each food item. Processed meat was defined as processed meatballs, sausage, ham,
bacon, and bologna. Nutrient intake was calculated by first multiplying the consumption for
each food item (in grams) by its nutrient content (per gram) and then adding the nutrient
contributions across all food items. For cooking methods, participants were asked to select
their most frequent method of cooking meat (steaming, stewing, broiling, deep-frying, and
stir-frying) and total vegetable (raw, stewing, broiling, deep-frying, and stir-frying) following
seven frequency categories: almost never, 2−3 times/month, 1 time/week, 2–3 times/week,
4–6 times/week, 1 time/day, and ≥2 times/day.

2.3. Assessment and Definition of Asthenozoospermia

The rationale and details of semen analysis and definition of asthenozoospermia have
been reported in previous studies [32–34], and the checklist for acceptability of studies based on
human semen analysis is shown in Suppl. A [35].Moreover, guidelines provided by the World
Health Organization (WHO) were used to classify the sperm motility. Asthenozoospermia
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was defined by the fifth edition of the WHO laboratory manual for the examination and
processing of human semen [36] (details shown in Suppl. B). Controls were normozoospermic
men (≥15 × 106 sperm/mL, ≥40% total motility, ≥32% progressive motility, and ≥4% normal
forms) attending the same infertility clinics as the cases.

2.4. The Assessment and Definition of Other Variables

Sociodemographic variables, including age, education, income, mental condition, and
physical activity, were assessed by a questionnaire survey. Information on the smoking
status (never, former, or current smoker) and drinking status (never, former, or current
drinking) of the participants was obtained from the questionnaire survey. Educational level
was divided into three categories: junior secondary or below, senior high school/technical
secondary school, and junior college/university or above. Annual income level was di-
vided into three categories: less than RMB 50,000, RMB 50,000–100,000, and more than
RMB 100,000. Metabolic equivalent (MET) hours per week were calculated using corre-
sponding MET coefficients that have been described in detail previously [37]. Physical
examination data were also collected, including height and weight. Body mass index (BMI)
was calculated as weight in kilograms divided by the square of height in meters (kg/m2).

2.5. Statistical Analysis

The normality of all continuous variables was evaluated through the Kolmogorov–
Smirnov statistic test. The baseline characteristics of the study participants are presented
herein according to asthenozoospermia status. Continuous and categorical variables are
presented as mean ± standard deviation and percentages and were tested with the inde-
pendent sample Student’s t-test and the chi-squared test, respectively. The final categories
for the frequency of different cooking methods for meat and total vegetable according to
the frequency distribution of the responses were as follows: less than 2–3 times per month,
1–3 times per week, and more than 4 times per week. Tertiles were categorized across
the consumption of unprocessed meat, processed meat, and total vegetables and used for
further analyses. Associations between dietary factors (intake of meat, total vegetables,
and different cooking methods) and asthenozoospermia were evaluated by unconditional
logistic regression analysis. Odds ratios (ORs) and 95% confidence intervals (CIs) were also
calculated. The linear trend cross increasing tertiles was tested using the median value of
each quartile as a continuous variable based on logistic regression.

Model 1 was adjusted for age (years) and BMI (kg/m2). Model 2 was adjusted for
age, BMI, smoking status (yes/no), drinking status (yes/no), household income (RMB;
thousand yuan), abstinence time (days) [36,38,39], educational level (junior secondary or
below, senior high school/technical secondary school, and junior college/university or
above), total energy intake (kcal/day), and physical activity (MET/hours/week). For total
meat, model 3 was further adjusted for different cooking methods (times/day) and total
vegetable intake (g/day). For unprocessed meat, model 3 was further adjusted for different
cooking methods (times/day), processed meat intake (g/day), and total vegetable intake
(g/day). For processed meat, model 3 was further adjusted for different cooking methods
(times/day), unprocessed meat intake (g/day), and total vegetable intake (g/day). For
total vegetable, model 3 was further adjusted for different cooking methods (times/day)
and total meat intake (g/day). For meat cooking methods analysis, model 3 was further
adjusted for vegetable cooking methods (times/day), total meat intake, and total vegetable
intake (g/day). For the vegetable cooking method, model 3 was further adjusted for meat
cooking methods (times/day), total meat intake, and total vegetable intake (g/day).

We also carried out subgroup analyses according to age (<32 years or ≥32 years), BMI
level (<25 kg/m2 or ≥25 kg/m2), and smoking status (never-smokers or ever-smokers).
We also tested interaction effects between dietary factors (intake of unprocessed meat, pro-
cessed meat, total vegetables, and different cooking methods for meat and total vegetables),
and age/BMI/smoking on asthenozoospermia. The multiplicative term of dietary factors
and age, dietary factors and BMI, or dietary factors and smoking status, when adjusted for
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all confounding factors, were also calculated to test the significance of interaction effects.
All tests were two-sided, with p < 0.05 considered to be statistically significant. Statistical
analyses were performed using SAS version 9.3 (SAS Institute, Cary, NC, USA)(programs
of main analysis shown in Suppl. C).

3. Results
3.1. Participant Characteristics

The specific characteristics of cases and controls are presented in Table 1. Cases
of asthenozoospermia tended to be older, non-drinkers, and had a longer abstinence
time. Furthermore, such subjects had a lower sperm concentration, total sperm count,
progressive motility, and total motility. They also exhibited less normal sperm morphology
and consumed less total and unprocessed meat (more details shown in Suppl. D).

Table 1. Characteristics of participants according to asthenozoospermia status.

Characteristics Normal Asthenozoospermia p-Value

No. of participants 585 552
Age (years) 32.12 ± 4.50 33.29 ± 5.26 <0.05
Body mass index (kg/m2) 26.25 ± 4.55 26.41 ± 4.41 0.529
Physical activity (MET/hours/week) 166.50 ± 103.04 166.77 ± 103.08 0.965
Abstinence time (days) 4.28 ± 1.39 4.48 ± 1.48 <0.05
Semen parameters

Ejaculate volume (mL) 3.45 ± 1.26 3.62 ± 1.48 <0.05

Sperm concentration (106/mL) 71.09 ± 39.76 58.84 ± 36.09 <0.05

Total sperm count (106/mL) 232.83 ± 133.59 199.68 ± 126.12 <0.05

Progressive motility (%) 44.62 ± 9.33 22.05 ± 8.72 <0.05

Total motility (%) 55.00 ± 11.35 27.97 ± 10.92 <0.05

Normal sperm morphology (%) 6.66 ± 2.72 5.71 ± 2.54 <0.05

Smoking status (%)

No 275 (47.01) 287 (51.99)
0.093

Yes 310 (52.99) 265 (48.01)

Drinking status (%)

No 333 (56.92) 352 (63.77)
<0.05

Yes 252 (43.08) 200 (36.23)

Educational level (%)

Junior secondary or below 143 (24.44) 121 (21.92)
0.603

Senior high school/technical secondary school 843 (14.19) 79 (14.31)

Junior college/university or above 359 (61.37) 352 (63.77)

Annual family income (RMB thousand yuan) (%)

<50 94 (16.07) 99 (17.93)
0.698

50 to <100 229 (39.15) 210 (38.04)

≥100 262 (44.79) 243 (44.02)
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Table 1. Cont.

Characteristics Normal Asthenozoospermia p-Value

Diet

Energy (kcal/d) 1781.26 ± 596.48 1844.26 ± 633.14 0.084

Total meat (g/d) 106.79 ± 48.77 100.50 ± 46.23 <0.05

Unprocessed meat (g/d) 100.33 ± 47.48 93.24 ± 44.58 <0.05

Processed meat (g/d) 6.46 ± 7.36 7.26 ± 8.75 0.093

Total vegetable (g/d) 196.58 ± 135.34 210.86 ± 151.94 0.094

Cooking methods

Deep-frying for meat (times/month) 3.29 ± 4.27 2.71 ± 3.67 <0.05

Stewing for meat (times/month) 10.27 ± 7.88 9.66 ± 7.45 0.227

Broiling for meat (times/month) 3.25 ± 3.02 3.24 ± 3.82 0.782

Stir-frying for meat (times/month) 22.01 ± 12.17 20.72 ± 11.98 <0.05

Steaming for meat (times/month) 1.69 ± 3.05 1.84 ± 3.31 0.403

Deep-frying for total vegetable (times/month) 1.34 ± 4.17 1.26 ± 3.64 0.740

Stewing for total vegetable (times/month) 11.94 ± 11.47 12.53 ± 11.26 0.302

Broiling for total vegetable (times/month) 2.11 ± 3.94 1.74 ± 3.21 0.113

Stir-frying for total vegetable (times/month) 22.97 ± 14.55 24.86 ± 15.64 0.062

Raw vegetables (no cooked) (times/month) 6.08 ± 7.58 7.75 ± 9.92 <0.05

Data were presented in mean ± standard deviation or count (percentage), and p-value was the results from
analysis of independent sample Student’s t-tests or chi-square tests where appropriate.

3.2. Meat Consumption, Cooking Method, and Asthenozoospermia Risk

Participants in the highest tertile of total meat and unprocessed meat intakes had a 44%
and 39% lower risk of asthenozoospermia than those in the lowest tertile (OR = 0.56, 95%
CI: 0.37, 0.87; p-trend < 0.05 and OR = 0.61, 95% CI: 0.40, 0.93; p-trend < 0.05), respectively.
However, participants with the highest consumption of processed meat had a higher risk
of asthenozoospermia (OR = 1.44, 95% CI: 1.01, 2.06) (Table 2). Significant associations
between these factors were also observed in the subgroup analyses when stratified by age,
BMI, and smoking status (Figure S1, Table S1). Moreover, we found stir-fried meat was
associated with an increased risk of asthenozoospermia in model 2 (OR = 1.58, 95% CI: 1.02,
2.46) (Table 3). However, other cooking methods for meat were not significantly associated
with asthenozoospermia (Table 3 and Table S2). The same results were observed in the
interaction analysis of meat intake and cooking methods with asthenozoospermia risk
(Table S3).
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Table 2. Associations between meat and total vegetable intake and the asthenozoospermia risk.

Consumption of Meat and Vegetables
p-Trend *

Level 1 Level 2 Level 3

Total Meat (g/d) ≤89.43 89.43–116.44 >116.44
Case/control 222/193 160/189 170/203

Model 1 a 1.00 (reference) 0.72 (0.54, 0.97) † 0.75 (0.56, 0.99) 0.010
Model 2 b 1.00 (reference) 0.69 (0.51, 0.92) 0.63 (0.46, 0.86) 0.002
Model 3 c 1.00 (reference) 0.63 (0.43, 0.91) 0.56 (0.37, 0.87) 0.008

Unprocessed meat (g/d) ≤85.68 85.68–108.56 >108.56
Case/control 190/173 117/116 245/296

Model 1 a 1.00 (reference) 0.91 (0.65, 1.27) 0.75 (0.57, 0.98) 0.039
Model 2 b 1.00 (reference) 0.89 (0.63, 1.24) 0.66 (0.49, 0.88) 0.006
Model 3 c 1.00 (reference) 0.83 (0.55, 1.24) 0.61 (0.40, 0.93) 0.021

Processed meat (g/d) ≤2.87 2.87–5.74 ≥5.74
Case/control 96/116 196/207 260/262

Model 1 a 1.00 (reference) 1.31 (0.93, 1.85) 1.45 (1.04, 2.04) 0.048
Model 2 b 1.00 (reference) 1.35 (0.96, 1.92) 1.41 (0.99, 2.01) 0.111
Model 3 c 1.00 (reference) 1.41 (0.99, 2.01) 1.44 (1.01, 2.06) 0.112

Total vegetable (g/d) ≤121.25 121.25–207.07 >207.07
Case/control 174/194 179/195 199/196

Model 1 a 1.00 (reference) 1.03 (0.77, 1.37) 1.13 (0.85, 1.50) 0.399
Model 2 b 1.00 (reference) 0.95 (0.70, 1.28) 0.91 (0.64, 1.27) 0.576
Model 3 c 1.00 (reference) 0.94 (0.69, 1.27) 0.83 (0.58, 1.18) 0.299

* Analysis of multiple logistic regression. † Odds ratio (95% confidence interval) (all such value). a Adjusted for
age and BMI. b Adjusted for age, BMI, smoking status, drinking status, total energy intake, household income,
abstinence time, educational level, and physical activity. c Further adjusted for cooking methods, total meat
intake, unprocessed meat intake, processed meat intake, and total vegetable intake (based on model 2) (mutually
adjusted for one another).

Table 3. Associations between different cooking methods for meat and asthenozoospermia.

Frequency of Different Cooking Methods for Meat
p-Trend *

2–3 Times/Month 2~3 Times/Week 4 Times/Week

Deep-frying
Case/control 428/437 113/133 11/15

Model 1 a 1.00 (reference) 1.17 (0.52, 2.71) † 1.29 (0.59, 2.94) 0.409
Model 2 b 1.00 (reference) 1.21 (0.53, 2.86) 1.41 (0.62, 3.28) 0.286
Model 3 c 1.00 (reference) 0.98 (0.42, 2.34) 1.10 (0.48, 2.61) 0.655
Stewing

Case/control 132/126 328/349 92/110
Model 1 a 1.00 (reference) 1.14 (0.83, 1.56) 1.26 (0.87, 1.83) 0.268
Model 2 b 1.00 (reference) 1.12 (0.88, 1.70) 1.38 (0.93, 2.04) 0.125
Model 3 c 1.00 (reference) 0.96 (0.67, 1.38) 0.94 (0.59, 1.49) 0.802
Broiling

Case/control 425/452 122/128 5/5
Model 1 a 1.00 (reference) 1.01 (0.27, 3.72) 0.97 (0.27, 3.52) 0.835
Model 2 b 1.00 (reference) 1.06 (0.28, 3.94) 0.98 (0.27, 3.62) 0.765
Model 3 c 1.00 (reference) 0.88 (0.23, 3.35) 0.79 (0.21, 3.00) 0.515

Stir-frying
Case/control 56/41 135/148 361/396

Model 1 a 1.00 (reference) 1.00 (0.76, 1.32) 1.47 (0.96, 2.28) 0.340
Model 2 b 1.00 (reference) 1.07 (0.80, 1.42) 1.58 (1.02, 2.46) 0.161
Model 3 c 1.00 (reference) 0.84 (0.61, 1.16) 1.09 (0.67, 1.81) 0.522
Steaming

Case/control 471/503 76/78 5/4
Model 1 a 1.00 (reference) 0.89 (0.21, 3.53) 0.84 (0.21, 3.23) 0.700
Model 2 b 1.00 (reference) 0.84 (0.20, 3.37) 0.85 (0.21, 3.31) 0.859
Model 3 c 1.00 (reference) 0.78 (0.18, 3.23) 0.73 (0.17, 3.00) 0.609

* Analysis of multiple logistic regression. † Odds ratio (95% confidence interval) (all such value). a Adjusted for
age and BMI. b Adjusted for age, BMI, smoking status, drinking status, total energy intake, household income,
abstinence time, educational level, and physical activity. c Further adjusted for total meat intake, total vegetable
intake, and different cooking methods for total vegetable (based on model 2).
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3.3. Vegetable Consumption, Cooking Method, and the Risk of Asthenozoospermia

Although total vegetable intake was not associated with the risk of asthenozoospermia
in all participants (Table 2), we observed an inverse association in participants whose BMI
was ≥25 kg/m2 (, Table S1). In addition, compared with participants in the lowest tertile,
the highest tertile of raw vegetable consumption was negatively associated with the risk
of asthenozoospermia (OR = 0.67, 95% CI: 0.45, 0.98, p-trend < 0.05) (Table 4). We did not
identify any significant associations between total vegetable intake, cooking methods and
the risk of asthenozoospermia in our interaction analyses (Table S4).

Table 4. Association between different cooking methods for total vegetables and asthenozoospermia.

Frequency of Different Cooking Methods for Total
Vegetables p-Trend *

2–3 Times/Month 2~3 Times/Week 4 Times/Week

Deep-frying for total
vegetable

Case/control 508/531 34/45 10/9
Model 1 a 1.00 (reference) 0.66 (0.24, 1.82) † 0.83 (0.32, 2.08) 0.923
Model 2 b 1.00 (reference) 0.82 (0.29, 2.30) 1.07 (0.40, 2.79) 0.669
Model 3 c 1.00 (reference) 0.98 (0.34, 2.84) 1.28 (0.48, 3.44) 0.441

Stewing for total
vegetable

Case/control 119/137 254/289 179/159
Model 1 a 1.00 (reference) 0.78 (0.59, 1.03) 0.79 (0.57, 1.09) 0.065
Model 2 b 1.00 (reference) 0.79 (0.60, 1.05) 0.85 (0.60, 1.19) 0.140
Model 3 c 1.00 (reference) 0.76 (0.58, 1.01) 0.82 (0.58, 1.15) 0.086

Broiling for total
vegetable

Case/control 486/496 58/76 8/13
Model 1 a 1.00 (reference) 1.51 (0.45, 3.09) 1.44 (0.60, 3.67) 0.255
Model 2 b 1.00 (reference) 1.43 (0.54, 4.10) 1.85 (0.73, 5.13) 0.116
Model 3 c 1.00 (reference) 1.55 (0.57, 4.59) 1.97 (0.75, 5.67) 0.107

Stir-frying for total
vegetable

Case/control 30/38 131/148 391/399
Model 1 a 1.00 (reference) 0.92 (0.70, 1.21) 0.84 (0.51, 1.39) 0.416
Model 2 b 1.00 (reference) 0.98 (0.74, 1.30) 0.93 (0.55, 1.54) 0.790
Model 3 c 1.00 (reference) 0.97 (0.73, 1.28) 0.91 (0.54, 1.53) 0.724

Raw vegetable
Case/control 265/315 198/201 89/69

Model 1 a 1.00 (reference) 0.76 (0.52, 1.10) 0.66 (0.46, 0.95) 0.025
Model 2 b 1.00 (reference) 0.78 (0.53, 1.14) 0.69 (0.48, 1.00) 0.054
Model 3 c 1.00 (reference) 0.75 (0.51, 1.11) 0.67 (0.45, 0.98) 0.041

* Analysis of multiple logistic regression. † Odds ratio (95% confidence interval) (all such value). a Adjusted for
age and BMI. b Adjusted for age, BMI, smoking status, drinking status, total energy intake, household income,
abstinence time, educational level, and physical activity. c Further adjusted for total meat intake, different cooking
methods for meat, and total vegetable intake (based on model 2).

4. Discussions

To the best of our knowledge, this is the first study to investigate the roles of cooking
methods in the association between meat and vegetable intake and asthenozoospermia.
Our study showed that intake of total meat, unprocessed meat, and raw vegetables was
associated with a reduced risk of asthenozoospermia, while the intake of processed meat
and stir-fried meat was associated with an increased risk of this disease.

Our findings that total and unprocessed meat intake were associated with a reduced risk
of asthenozoospermia were in line with some previous studies. For example, two case–control
studies highlighted the protective effects of red meat and poultry intake on asthenozoospermia
and sperm quality [23,40]. A cohort study involving 141 men also demonstrated a positive
association between poultry intake and fertilization rates [26]. However, several studies failed
to verify the significance of these associations [24,25,41–44]. We speculate that this might be
attributed to limited sample size of these studies. In addition, difference in age and race of the
participants may also have contributed to the inconsistencies. For example, compared with our
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study (mean age = 33.29 years), participants of studies in the United States (mean age = 19.8
years) and Spain (median age = 20.5 years) were relatively younger [25,41]. On the other hand,
results on the relationship between processed meat and sperm quality has been relatively
consistent. For instance, a previous case–control study showed that processed meat intake
was significantly associated with high risk of asthenozoospermia after adjusting for potential
confounders [23]. Moreover, other previous studies demonstrated that participants with low
sperm quality tended to consume more processed meat [42,43,45]. In this sense, our finding
on the positive association between consumption of processed meat and increased risk of
asthenozoospermia was supporting these published studies [23,42,43,45], further illustrating
the adverse effect of processed meat on sperm quality.

The cooking methods for meat in relation to asthenozoospermia have not been reported
before. Our current study has identified a positive association between the meat cooked
by stir-frying and the risk of asthenozoospermia. This finding is important in a couple
of ways. First, although our study has demonstrated that higher intake of total meat or
the unprocessed meat is beneficial to sperm motility, improper cooking such as stir-frying
could change the protective role of the meat and reduce or eliminate such beneficial effect.
It reminds us that proper cooking method for meat is needed to maintain its role for a
healthy diet. Second, our study has shown that the most frequent method of cooking
for meat was stir-frying (Table 3), indicating that our patients or population should be
educated about the healthy way of cooking the meat. In this regard, it might be interesting
to note that our study also found (albeit not statistically significant) that steaming tended
to represent a potentially useful means of protecting nutrients of the meat and a relatively
healthy cooking method [46]. However, further study is needed to confirm this finding.

Similarly, inconsistency in study findings on the relationship between vegetable in-
take and sperm quality also exists. Our study failed to identify a significant association
between total vegetable intake and the risk of asthenozoospermia, supporting the results
of some previous studies [41,47,48]. However, a case–control study in Iran, including
72 asthenozoospermic cases and 169 normozoospermic controls, found that a high intake
of vegetables was significantly associated with a reduced risk of asthenozoospermia [23].
Moreover, a cross-sectional study conducted in Rotterdam, involving 161 men, showed that
the intake of vegetables was positively correlated with sperm quality [44]. We speculate
that these inconsistencies may also be partly due to different population characteristics (e.g.,
age, income level, and physical activity) and the sample size. In this regard, it might be
important to note that participants of one previous study were patients undergoing in vitro
fertilization treatment, which may constitute a different population from subjects in our
study [41]. Finally, regarding the cooking method for vegetables, similar to our results, one
case–control study conducted in Spain also found that raw vegetable intake was associated
with better sperm quality [43]. Therefore, it might be beneficial to encourage patients to
increase the raw vegetable component of their diet.

Meat is a natural source of Zn elements [44]. Zn acts as a membrane-stabilizing
source by inhibiting membrane-bound oxidative enzymes such as NAD(p) oxidase [49],
thus increasing sperm motility [50]. However, consumption of processed meat is known
to have a detrimental effect on asthenozoospermia; this may stem from the presence of
preservatives and more residues of active substances (such as exogenous estrogens) [51–54].
Previous experimental research found that preservatives in the food reduced the synthesis
of androgens, which led to decreased sperm production and function in the treated male rats.
This effect could be mediated by a decreased synthesis of lutenizing hormone and follicle-
stimulating hormone from the pituitary gland caused by the disruption of the hypothalamo–
pituitary–gonadal axis [55]. Moreover, cooking processes that involve water inevitably
result in the leaching of nutrients (e.g., Zn) from meat into the cooking medium [56,57].
In addition, unfavorable heterocyclic amine (HCAs) may be formed during the cooking
processes [58], and further formation of reactive species during HCA metabolism may result
in oxidative stress, causing cellular damage and the loss of biological function [59]. Indeed,
one animal experiment showed that HCAs had strong testis toxicity in F344 male rats [60].
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On the other hand, the mechanisms that have been proposed to explain the protective role
of raw vegetables is also strongly related to the high vitamin content in the vegetables.
At high temperature and over a long period of time, just as in the process of cooking,
there is large amount of degradation of heat-sensitive micronutrients, such as vitamin C,
folates, and thiamine [61]. Therefore, consumption of raw vegetables may avoid the loss of
vitamins and may have a more significant protective effect on asthenozoospermia.

There are several limitations in our study that should be noted. Recall bias and se-
lection bias existed due to the nature of the self-reporting questionnaire form used in
this hospital-based case–control study. In addition, it is impossible to infer causality by a
case-control study design, and reverse causality cannot be avoided. Therefore, large and
prospective cohort studies and animal experiments are needed to confirm our findings.
Moreover, only a few participants reported some cooking methods as the most frequently
used in subgroup analyses (e.g., broiling meat in the cohort of smokers). Therefore, the
statistical power of our study may not have been sufficient to detect a significant association.
The results derived from our subgroup analyses should be interpreted with caution due to
the limited sample size in some categories. Furthermore, although we adjusted for a con-
siderable number of potential confounding factors, residual or unmeasured confounding
may still exist (such as psychological stress, physical stress, and type of jobs). In addition,
due to geographical and its related dietary reasons, our findings should be interpreted
with caution. Finally, the use of antibiotics could be a confounding factor and potentially
responsible for the inconsistencies between the studies on meat products. Previous studies
showed that antibiotic residues in food had adverse reproductive effects [18,62]. However,
due to the limitation of data, we did not estimate the effect of antibiotic residues.

Nevertheless, this is the first case–control study to explore the roles of intake content
and cooking methods for meat and vegetables in relation to the risk of asthenozoospermia,
and significant results have been found. The strengths of our study include the use of a
validated FFQ to collect detailed information about habitual food intake. Moreover, compared
with previous studies, our large sample size and high participation rates were advantageous
in reducing the random errors that are often associated with studies with low participant
numbers. Furthermore, we adjusted a considerable number of potential confounders, such as
sociodemographic characteristics, lifestyle factors, and other dietary information.

5. Conclusions

Our study showed that the intake of total meat, unprocessed meat, and raw vegeta-
bles was associated with reduced risk of asthenozoospermia, whereas consumption of
processed meat was associated with increased risk of asthenozoospermia. In addition,
certain cooking style for meat such as stir-frying was also associated with increased risk of
asthenozoospermia. These findings suggest that increasing the intake of unprocessed meat
and raw vegetables, decreasing the intake of processed meat, and using the right cooking
method for meat may be beneficial to the sperm motility. Further large and prospective
cohort studies are needed to confirm these findings.

Supplementary Materials: The following supporting information can be downloaded at https:
//www.mdpi.com/article/10.3390/nu14091956/s1. Suppl. A–D, Supplementary Figure S1, and
Supplementary Tables 1–5. Figure S1. Subgroup analysis of association between food intake and
asthenozoospermia by age, BMI, and smoking status. Analysis of multiple logistic regression, adjusted
for age, BMI, smoking status, drinking status, household income, abstinence time, educational level,
physical activity, total energy intake, different cooking methods, total meat intake, unprocessed meat
intake, processed meat intake, and total vegetable intake (mutually adjusted for one another). Table
S1. Subgroup analysis of association between food intake and asthenozoospermia by age, BMI, and
smoking status. Table S2. Subgroup analysis of association between different cooking methods
and asthenozoospermia by age, BMI, and smoking status. Table S3. Odds ratio (95% CI) for risk
of asthenozoospermia according to combined effect of meat intake and cooking methods. Table S4.
Association between different cooking methods for vegetables and asthenozoospermia. Table S5.
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Odds ratio (95% CI) for risk of asthenozoospermia according to combined effect of vegetables intake
and cooking methods.

Author Contributions: Y.-X.Z., Q.-J.W., B.-C.P. and Y.-H.Z. conceived the study. Y.-S.L., Q.-J.W.,
B.-C.P. and Y.-H.Z. contributed to the design. X.-B.W., F.-H.L. and B.-C.P. collected the data. Y.-S.L.
and F.-H.L. cleaned the data and checked the discrepancy. Y.-S.L. and F.-H.L. analyzed the data.
Y.-X.Z., X-BW, Q.-J.W. and B.-C.P. interpreted the data. All authors have read and agreed to the
published version of the manuscript.

Funding: This work was supported by the National Key R&D Program of China (No. 2017YFC0907403
to Yu-Hong Zhao), the Shengjing Hospital Clinical Research Project (No. M0071 to Bo-Chen Pan),
and the 345 Talent Project of Shengjing Hospital of China Medical University (Yi-Xiao Zhang).

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Institutional Review Board (or Ethics Committee) of Shengjing
Hospital of China Medical University (2017PS190K). The studies involving human participants were
reviewed and approved by the ethics committee of Shengjing Hospital of China Medical University.
The patients/participants provided their written informed consent to participate in this study.

Informed Consent Statement: Informed consent was obtained from all subjects involved in
the study.

Data Availability Statement: The original contributions presented in the study are included in the
article/Supplementary Material; further inquiries can be directed to the corresponding authors.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Ortega, C.; Verheyen, G.; Raick, D.; Camus, M.; Devroey, P.; Tournaye, H. Absolute asthenozoospermia and ICSI: What are the

options? Hum. Reprod. Update 2011, 17, 684–692. [CrossRef] [PubMed]
2. Beauchamp, P.J.; Galle, P.C.; Blasco, L. Human sperm velocity and postinsemination cervical mucus test in the evaluation of the

infertile couple. Arch. Androl. 1984, 13, 107–112. [CrossRef] [PubMed]
3. Mortimer, D.; Pandya, I.J.; Sawers, R.S. Relationship between human sperm motility characteristics and sperm penetration into

human cervical mucus in vitro. J. Reprod. Fertil. 1986, 78, 93–102. [CrossRef] [PubMed]
4. Jungwirth, A.; Giwercman, A.; Tournaye, H.; Diemer, T.; Kopa, Z.; Dohle, G.; Krausz, C.; European Association of Urology

Working Group on Male Infertility. European Association of Urology guidelines on Male Infertility: The 2012 update. Eur. Urol.
2012, 62, 324–332. [CrossRef] [PubMed]

5. Luconi, M.; Forti, G.; Baldi, E. Pathophysiology of sperm motility. Front. Biosci. 2006, 11, 1433–1447. [CrossRef]
6. Swan, S.H.; Elkin, E.P.; Fenster, L. The question of declining sperm density revisited: An analysis of 101 studies published

1934-1996. Environ. Health Perspect. 2000, 108, 961–966. [CrossRef]
7. Levine, H.; Jorgensen, N.; Martino-Andrade, A.; Mendiola, J.; Weksler-Derri, D.; Mindlis, I.; Pinotti, R.; Swan, S.H. Temporal

trends in sperm count: A systematic review and meta-regression analysis. Hum. Reprod. Update 2017, 23, 646–659. [CrossRef]
8. Zuccarello, D.; Ferlin, A.; Garolla, A.; Pati, M.A.; Moretti, A.; Cazzadore, C.; Francavilla, S.; Foresta, C. A possible association of a

human tektin-t gene mutation (A229V) with isolated non-syndromic asthenozoospermia: Case report. Hum. Reprod. 2008, 23,
996–1001. [CrossRef]

9. Nimavat, N.; Singh, S.; Fichadiya, N.; Sharma, P.; Patel, N.; Kumar, M.; Chauhan, G.; Pandit, N. Online Medical Education in
India—Different Challenges and Probable Solutions in the Age of COVID-19. Adv. Med. Educ. Pract. 2021, 12, 237–243. [CrossRef]

10. Napolitano, L.; Barone, B.; Crocetto, F.; Capece, M.; La Rocca, R. The COVID-19 Pandemic: Is It a Wolf Consuming Fertility? Int. J.
Fertil. Steril. 2020, 14, 159–160. [CrossRef]

11. Gdoura, R.; Kchaou, W.; Chaari, C.; Znazen, A.; Keskes, L.; Rebai, T.; Hammami, A. Ureaplasma urealyticum, Ureaplasma
parvum, Mycoplasma hominis and Mycoplasma genitalium infections and semen quality of infertile men. BMC Infect. Dis. 2007,
7, 129. [CrossRef] [PubMed]

12. Martini, A.C.; Tissera, A.; Estofan, D.; Molina, R.I.; Mangeaud, A.; de Cuneo, M.F.; Ruiz, R.D. Overweight and seminal quality: A
study of 794 patients. Fertil. Steril. 2010, 94, 1739–1743. [CrossRef] [PubMed]

13. Pasqualotto, F.F.; Sharma, R.K.; Pasqualotto, E.B.; Agarwal, A. Poor semen quality and ROS-TAC scores in patients with idiopathic
infertility. Urol. Int. 2008, 81, 263–270. [CrossRef] [PubMed]

14. Pasqualotto, F.F.; Sundaram, A.; Sharma, R.K.; Borges, E., Jr.; Pasqualotto, E.B.; Agarwal, A. Semen quality and oxidative stress
scores in fertile and infertile patients with varicocele. Fertil. Steril. 2008, 89, 602–607. [CrossRef] [PubMed]

15. Guo, T.H.; Sang, M.Y.; Bai, S.; Ma, H.; Wan, Y.Y.; Jiang, X.H.; Zhang, Y.W.; Xu, B.; Chen, H.; Zheng, X.Y.; et al. Semen parameters
in men recovered from COVID-19. Asian J. Androl. 2021, 23, 479–483. [CrossRef]

http://doi.org/10.1093/humupd/dmr018
http://www.ncbi.nlm.nih.gov/pubmed/21816768
http://doi.org/10.3109/01485018408987508
http://www.ncbi.nlm.nih.gov/pubmed/6537738
http://doi.org/10.1530/jrf.0.0780093
http://www.ncbi.nlm.nih.gov/pubmed/3761279
http://doi.org/10.1016/j.eururo.2012.04.048
http://www.ncbi.nlm.nih.gov/pubmed/22591628
http://doi.org/10.2741/1894
http://doi.org/10.1289/ehp.00108961
http://doi.org/10.1093/humupd/dmx022
http://doi.org/10.1093/humrep/dem400
http://doi.org/10.2147/AMEP.S295728
http://doi.org/10.22074/ijfs.2020.6302
http://doi.org/10.1186/1471-2334-7-129
http://www.ncbi.nlm.nih.gov/pubmed/17988404
http://doi.org/10.1016/j.fertnstert.2009.11.017
http://www.ncbi.nlm.nih.gov/pubmed/20056217
http://doi.org/10.1159/000151401
http://www.ncbi.nlm.nih.gov/pubmed/18931540
http://doi.org/10.1016/j.fertnstert.2007.03.057
http://www.ncbi.nlm.nih.gov/pubmed/17485092
http://doi.org/10.4103/aja.aja_31_21


Nutrients 2022, 14, 1956 12 of 13

16. Cutillas-Tolin, A.; Adoamnei, E.; Navarrete-Munoz, E.M.; Vioque, J.; Monino-Garcia, M.; Jorgensen, N.; Chavarro, J.E.; Mendiola,
J.; Torres-Cantero, A.M. Adherence to diet quality indices in relation to semen quality and reproductive hormones in young men.
Hum. Reprod. 2019, 34, 1866–1875. [CrossRef]

17. Giahi, L.; Mohammadmoradi, S.; Javidan, A.; Sadeghi, M.R. Nutritional modifications in male infertility: A systematic review
covering 2 decades. Nutr. Rev. 2016, 74, 118–130. [CrossRef]

18. Salas-Huetos, A.; James, E.R.; Aston, K.I.; Jenkins, T.G.; Carrell, D.T. Diet and sperm quality: Nutrients, foods and dietary patterns.
Reprod. Biol. 2019, 19, 219–224. [CrossRef]

19. Ding, N.; Zhang, X.; Zhang, X.D.; Jing, J.; Liu, S.S.; Mu, Y.P.; Peng, L.L.; Yan, Y.J.; Xiao, G.M.; Bi, X.Y.; et al. Impairment of
spermatogenesis and sperm motility by the high-fat diet-induced dysbiosis of gut microbes. Gut 2020, 69, 1608–1619. [CrossRef]

20. Saez Lancellotti, T.E.; Boarelli, P.V.; Romero, A.A.; Funes, A.K.; Cid-Barria, M.; Cabrillana, M.E.; Monclus, M.A.; Simon, L.; Vicenti,
A.E.; Fornes, M.W. Semen quality and sperm function loss by hypercholesterolemic diet was recovered by addition of olive oil to
diet in rabbit. PLoS ONE 2013, 8, e52386. [CrossRef]

21. Madej, D.; Pietruszka, B.; Kaluza, J. The effect of iron and/or zinc diet supplementation and termination of this practice on the
antioxidant status of the reproductive tissues and sperm viability in rats. J. Trace Elem. Med. Biol. 2021, 64, 126689. [CrossRef]
[PubMed]

22. Merino, O.; Sanchez, R.; Gregorio, M.B.; Sampaio, F.; Risopatron, J. Effect of high-fat and vitamin D deficient diet on rat sperm
quality and fertility. Theriogenology 2019, 125, 6–11. [CrossRef] [PubMed]

23. Eslamian, G.; Amirjannati, N.; Rashidkhani, B.; Sadeghi, M.R.; Hekmatdoost, A. Intake of food groups and idiopathic astheno-
zoospermia: A case-control study. Hum. Reprod. 2012, 27, 3328–3336. [CrossRef]

24. Ghiasvand, R.; Marvast, L.D.; Shariatpanahi, S.P.; Pourmasoumi, M.; Clark, C.C.T.; Haeri, F. The association between animal flesh
foods consumption and semen parameters among infertile Iranian men: A cross-sectional study. Nutr. J. 2020, 19, 113. [CrossRef]

25. Maldonado-Carceles, A.B.; Minguez-Alarcon, L.; Mendiola, J.; Vioque, J.; Jorgensen, N.; Arense-Gonzalo, J.J.; Torres-Cantero,
A.M.; Chavarro, J.E. Meat intake in relation to semen quality and reproductive hormone levels among young men in Spain. Br. J.
Nutr. 2019, 121, 451–460. [CrossRef] [PubMed]

26. Xia, W.; Chiu, Y.H.; Williams, P.L.; Gaskins, A.J.; Toth, T.L.; Tanrikut, C.; Hauser, R.; Chavarro, J.E. Men’s meat intake and
treatment outcomes among couples undergoing assisted reproduction. Fertil. Steril. 2015, 104, 972–979. [CrossRef] [PubMed]

27. Dong, H.; Xian, Y.; Li, H.; Wu, Y.; Bai, W.; Zeng, X. Analysis of heterocyclic aromatic amine profiles in Chinese traditional bacon
and sausage based on ultrahigh-performance liquid chromatography-quadrupole-Orbitrap high-resolution mass spectrometry
(UHPLC-Q-Orbitrap-HRMS). Food Chem. 2020, 310, 125937. [CrossRef] [PubMed]

28. Palermo, M.; Pellegrini, N.; Fogliano, V. The effect of cooking on the phytochemical content of vegetables. J. Sci. Food Agric. 2014,
94, 1057–1070. [CrossRef]

29. Yuan, S.; Ming-Wei, L.; Qi-Qiang, H.; Larsson, S.C. Egg, cholesterol and protein intake and incident type 2 diabetes mellitus:
Results of repeated measurements from a prospective cohort study. Clin. Nutr. 2021, 40, 4180–4186. [CrossRef]

30. Wei, Y.F.; Sun, M.L.; Wen, Z.Y.; Liu, F.H.; Liu, Y.S.; Yan, S.; Qin, X.; Gao, S.; Li, X.Q.; Zhao, Y.H.; et al. Pre-diagnosis meat intake
and cooking method and ovarian cancer survival: Results from the Ovarian Cancer Follow-Up Study (OOPS). Food Funct. 2022,
13, 4653–4663. [CrossRef]

31. Yang, Y.; Wang, G.; He, M.; Pan, C.; Wang, Z. China Food Composition (Standard Edition); Peking University Medical Press: Beijing,
China, 2018.

32. Wang, X.B.; Wu, Q.J.; Liu, F.H.; Zhang, S.; Wang, H.Y.; Guo, R.H.; Leng, X.; Du, Q.; Zhao, Y.H.; Pan, B.C. The Association Between
Dairy Product Consumption and Asthenozoospermia Risk: A Hospital-Based Case-Control Study. Front. Nutr. 2021, 8, 714291.
[CrossRef] [PubMed]

33. Wang, X.B.; Wu, Q.J.; Guo, R.H.; Leng, X.; Du, Q.; Zhao, Y.H.; Pan, B.C. Dairy Product Consumption and Oligo-Astheno-
Teratozoospermia Risk: A Hospital-Based Case-Control Study in China. Front Nutr. 2021, 8, 742375. [CrossRef] [PubMed]

34. Liu, F.H.; Wang, X.B.; Wen, Z.Y.; Wang, H.Y.; Zhang, M.; Zhang, S.; Jiang, Y.T.; Zhang, J.Y.; Sun, H.; Pan, B.C.; et al. Dietary
Inflammatory Index and Risk of Asthenozoospermia: A Hospital-Based Case-Controlled Study in China. Front Nutr. 2021, 8,
706869. [CrossRef]

35. Bjorndahl, L.; Barratt, C.L.; Mortimer, D.; Jouannet, P. ‘How to count sperm properly’: Checklist for acceptability of studies based
on human semen analysis. Hum. Reprod. 2016, 31, 227–232. [CrossRef]

36. WHO. WHO Laboratory Manual for the Examination and Processing of Human Semen; World Health Organization: Geneva, Switzer-
land, 2010.

37. Du, H.; Bennett, D.; Li, L.; Whitlock, G.; Guo, Y.; Collins, R.; Chen, J.; Bian, Z.; Hong, L.S.; Feng, S.; et al. Physical activity and
sedentary leisure time and their associations with BMI, waist circumference, and percentage body fat in 0.5 million adults: The
China Kadoorie Biobank study. Am. J. Clin. Nutr. 2013, 97, 487–496. [CrossRef] [PubMed]

38. Agarwal, A.; Gupta, S.; Du Plessis, S.; Sharma, R.; Esteves, S.C.; Cirenza, C.; Eliwa, J.; Al-Najjar, W.; Kumaresan, D.; Haroun, N.;
et al. Abstinence Time and Its Impact on Basic and Advanced Semen Parameters. Urology 2016, 94, 102–110. [CrossRef] [PubMed]

39. Hanson, B.M.; Aston, K.I.; Jenkins, T.G.; Carrell, D.T.; Hotaling, J.M. The impact of ejaculatory abstinence on semen analysis
parameters: A systematic review. J. Assist. Reprod. Genet. 2018, 35, 213–220. [CrossRef]

http://doi.org/10.1093/humrep/dez157
http://doi.org/10.1093/nutrit/nuv059
http://doi.org/10.1016/j.repbio.2019.07.005
http://doi.org/10.1136/gutjnl-2019-319127
http://doi.org/10.1371/journal.pone.0052386
http://doi.org/10.1016/j.jtemb.2020.126689
http://www.ncbi.nlm.nih.gov/pubmed/33248336
http://doi.org/10.1016/j.theriogenology.2018.09.030
http://www.ncbi.nlm.nih.gov/pubmed/30368129
http://doi.org/10.1093/humrep/des311
http://doi.org/10.1186/s12937-020-00633-w
http://doi.org/10.1017/S0007114518003458
http://www.ncbi.nlm.nih.gov/pubmed/30560757
http://doi.org/10.1016/j.fertnstert.2015.06.037
http://www.ncbi.nlm.nih.gov/pubmed/26206344
http://doi.org/10.1016/j.foodchem.2019.125937
http://www.ncbi.nlm.nih.gov/pubmed/31821934
http://doi.org/10.1002/jsfa.6478
http://doi.org/10.1016/j.clnu.2021.01.041
http://doi.org/10.1039/D1FO03825G
http://doi.org/10.3389/fnut.2021.714291
http://www.ncbi.nlm.nih.gov/pubmed/34746202
http://doi.org/10.3389/fnut.2021.742375
http://www.ncbi.nlm.nih.gov/pubmed/34993218
http://doi.org/10.3389/fnut.2021.706869
http://doi.org/10.1093/humrep/dev305
http://doi.org/10.3945/ajcn.112.046854
http://www.ncbi.nlm.nih.gov/pubmed/23364014
http://doi.org/10.1016/j.urology.2016.03.059
http://www.ncbi.nlm.nih.gov/pubmed/27196032
http://doi.org/10.1007/s10815-017-1086-0


Nutrients 2022, 14, 1956 13 of 13

40. Povey, A.C.; Clyma, J.A.; McNamee, R.; Moore, H.D.; Baillie, H.; Pacey, A.A.; Cade, J.E.; Cherry, N.M.; Participating Centres
of Chaps, U.K. Phytoestrogen intake and other dietary risk factors for low motile sperm count and poor sperm morphology.
Andrology 2020, 8, 1805–1814. [CrossRef]

41. Gaskins, A.J.; Colaci, D.S.; Mendiola, J.; Swan, S.H.; Chavarro, J.E. Dietary patterns and semen quality in young men. Hum.
Reprod. 2012, 27, 2899–2907. [CrossRef]

42. Afeiche, M.C.; Gaskins, A.J.; Williams, P.L.; Toth, T.L.; Wright, D.L.; Tanrikut, C.; Hauser, R.; Chavarro, J.E. Processed meat intake
is unfavorably and fish intake favorably associated with semen quality indicators among men attending a fertility clinic. J. Nutr.
2014, 144, 1091–1098. [CrossRef]

43. Mendiola, J.; Torres-Cantero, A.M.; Moreno-Grau, J.M.; Ten, J.; Roca, M.; Moreno-Grau, S.; Bernabeu, R. Food intake and its
relationship with semen quality: A case-control study. Fertil. Steril. 2009, 91, 812–818. [CrossRef] [PubMed]

44. Vujkovic, M.; de Vries, J.H.; Dohle, G.R.; Bonsel, G.J.; Lindemans, J.; Macklon, N.S.; van der Spek, P.J.; Steegers, E.A.; Steegers-
Theunissen, R.P. Associations between dietary patterns and semen quality in men undergoing IVF/ICSI treatment. Hum. Reprod.
2009, 24, 1304–1312. [CrossRef] [PubMed]

45. Afeiche, M.C.; Williams, P.L.; Gaskins, A.J.; Mendiola, J.; Jorgensen, N.; Swan, S.H.; Chavarro, J.E. Meat intake and reproductive
parameters among young men. Epidemiology 2014, 25, 323–330. [CrossRef] [PubMed]

46. McKillop, D.J.; Pentieva, K.; Daly, D.; McPartlin, J.M.; Hughes, J.; Strain, J.J.; Scott, J.M.; McNulty, H. The effect of different
cooking methods on folate retention in various foods that are amongst the major contributors to folate intake in the UK diet. Br. J.
Nutr. 2002, 88, 681–688. [CrossRef]

47. Danielewicz, A.; Morze, J.; Przybylowicz, M.; Przybylowicz, K.E. Association of the Dietary Approaches to Stop Hypertension,
Physical Activity, and Their Combination with Semen Quality: A Cross-Sectional Study. Nutrients 2019, 12, 39. [CrossRef]
[PubMed]

48. Chiu, Y.H.; Afeiche, M.C.; Gaskins, A.J.; Williams, P.L.; Petrozza, J.C.; Tanrikut, C.; Hauser, R.; Chavarro, J.E. Fruit and vegetable
intake and their pesticide residues in relation to semen quality among men from a fertility clinic. Hum. Reprod. 2015, 30, 1342–1351.
[CrossRef] [PubMed]

49. Prasad, A.S. Clinical, immunological, anti-inflammatory and antioxidant roles of zinc. Exp. Gerontol. 2008, 43, 370–377. [CrossRef]
50. Salas-Huetos, A.; Rosique-Esteban, N.; Becerra-Tomas, N.; Vizmanos, B.; Bullo, M.; Salas-Salvado, J. The Effect of Nutrients and

Dietary Supplements on Sperm Quality Parameters: A Systematic Review and Meta-Analysis of Randomized Clinical Trials. Adv.
Nutr. 2018, 9, 833–848. [CrossRef]

51. Nassan, F.L.; Chavarro, J.E.; Tanrikut, C. Diet and men’s fertility: Does diet affect sperm quality? Fertil. Steril. 2018, 110, 570–577.
[CrossRef]

52. Skoracka, K.; Eder, P.; Lykowska-Szuber, L.; Dobrowolska, A.; Krela-Kazmierczak, I. Diet and Nutritional Factors in Male
(In)fertility-Underestimated Factors. J. Clin. Med. 2020, 9, 1400. [CrossRef]

53. Willingham, E.J. Environmental Review: Trenbolone and Other Cattle Growth Promoters: Need for a New Risk-Assessment
Framework. Environ. Pract. 2006, 8, 58–65. [CrossRef]

54. Andersson, A.M.; Skakkebaek, N.E. Exposure to exogenous estrogens in food: Possible impact on human development and
health. Eur. J. Endocrinol. 1999, 140, 477–485. [CrossRef] [PubMed]

55. Kumar, V.; Chakraborty, A.; Kural, M.R.; Roy, P. Alteration of testicular steroidogenesis and histopathology of reproductive
system in male rats treated with triclosan. Reprod. Toxicol. 2009, 27, 177–185. [CrossRef] [PubMed]

56. Gerber, N.; Scheeder, M.R.; Wenk, C. The influence of cooking and fat trimming on the actual nutrient intake from meat. Meat Sci.
2009, 81, 148–154. [CrossRef] [PubMed]

57. Badiani, A.; Stipa, S.; Bitossi, F.; Gatta, P.P.; Vignola, G.; Chizzolini, R. Lipid composition, retention and oxidation in fresh and
completely trimmed beef muscles as affected by common culinary practices. Meat Sci. 2002, 60, 169–186. [CrossRef]

58. Singh, R.; Barden, A.; Mori, T.; Beilin, L. Advanced glycation end-products: A review. Diabetologia 2001, 44, 129–146. [CrossRef]
[PubMed]

59. Carvalho, A.M.; Miranda, A.M.; Santos, F.A.; Loureiro, A.P.; Fisberg, R.M.; Marchioni, D.M. High intake of heterocyclic amines
from meat is associated with oxidative stress. Br. J. Nutr. 2015, 113, 1301–1307. [CrossRef]

60. Totsuka, Y.; Kawamori, T.; Hisada, S.; Mitsumori, K.; Ishihara, J.; Sugimura, T.; Wakabayashi, K. Testicular toxicity in F344 rats by
aminophenylnorharman, formed from norharman and aniline. Toxicol. Appl. Pharm. 2001, 175, 169–175. [CrossRef]

61. Goldberg, T.; Cai, W.; Peppa, M.; Dardaine, V.; Baliga, B.S.; Uribarri, J.; Vlassara, H. Advanced glycoxidation end products in
commonly consumed foods. J. Am. Diet. Assoc. 2004, 104, 1287–1291. [CrossRef]

62. Chen, J.; Ying, G.G.; Deng, W.J. Antibiotic Residues in Food: Extraction, Analysis, and Human Health Concerns. J. Agric. Food
Chem. 2019, 67, 7569–7586. [CrossRef]

http://doi.org/10.1111/andr.12858
http://doi.org/10.1093/humrep/des298
http://doi.org/10.3945/jn.113.190173
http://doi.org/10.1016/j.fertnstert.2008.01.020
http://www.ncbi.nlm.nih.gov/pubmed/18314116
http://doi.org/10.1093/humrep/dep024
http://www.ncbi.nlm.nih.gov/pubmed/19228759
http://doi.org/10.1097/EDE.0000000000000092
http://www.ncbi.nlm.nih.gov/pubmed/24681577
http://doi.org/10.1079/BJN2002733
http://doi.org/10.3390/nu12010039
http://www.ncbi.nlm.nih.gov/pubmed/31877862
http://doi.org/10.1093/humrep/dev064
http://www.ncbi.nlm.nih.gov/pubmed/25824023
http://doi.org/10.1016/j.exger.2007.10.013
http://doi.org/10.1093/advances/nmy057
http://doi.org/10.1016/j.fertnstert.2018.05.025
http://doi.org/10.3390/jcm9051400
http://doi.org/10.1017/S1466046606060042
http://doi.org/10.1530/eje.0.1400477
http://www.ncbi.nlm.nih.gov/pubmed/10366402
http://doi.org/10.1016/j.reprotox.2008.12.002
http://www.ncbi.nlm.nih.gov/pubmed/19118620
http://doi.org/10.1016/j.meatsci.2008.07.012
http://www.ncbi.nlm.nih.gov/pubmed/22063975
http://doi.org/10.1016/S0309-1740(01)00119-X
http://doi.org/10.1007/s001250051591
http://www.ncbi.nlm.nih.gov/pubmed/11270668
http://doi.org/10.1017/S0007114515000628
http://doi.org/10.1006/taap.2001.9236
http://doi.org/10.1016/j.jada.2004.05.214
http://doi.org/10.1021/acs.jafc.9b01334

	Introduction 
	Materials and Methods 
	Participants 
	Assessment of Dietary Data 
	Assessment and Definition of Asthenozoospermia 
	The Assessment and Definition of Other Variables 
	Statistical Analysis 

	Results 
	Participant Characteristics 
	Meat Consumption, Cooking Method, and Asthenozoospermia Risk 
	Vegetable Consumption, Cooking Method, and the Risk of Asthenozoospermia 

	Discussions 
	Conclusions 
	References

