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Abstract

Background Semen quality significantly influences conception, and its preservation is crucial for couples seeking
pregnancy. We investigated dietary and lifestyle risk factors impacting semen quality.

Methods A total of 466 males from the Guangzhou Women and Children’s Medical Center’s pre-pregnancy con-
sultation clinic were recruited between January 2021 and March 2023 for inclusion. Semen analysis was performed,
and diet and lifestyle data were gathered via questionnaire. Logistic regression was utilized to examine the link
between diet, lifestyle variables, and semen quality.

Results Smoking worsened progressive sperm motility (38.0% vs. 36.0%, t=2.262; P=0.049). Alcohol consumption
impaired progressive motility (40.5+17.8% vs. 34.7 £ 16.1%, t=3.396; P <0.001) and total motility (56.0% vs. 64.0%;
P=0.001). Using plastic beverage bottles for oil or seasonings lowered sperm concentrations (40.4% vs. 59.0% vs.
65.5%; P=0.032). A sweet diet correlated with higher total sperm motility (55.0% vs. 60.0%, 62.0% vs. 63.2%; P=0.017).
Higher milk product intake improved sperm concentration (41.610° vs. 63.710° vs. 66.1%10% P=0.021) and motility
(54.5% vs. 56.0% vs. 63.0%; P=0.033). More frequent egg consumption increased semen volume (3.1 mL vs. 3.8 mL vs.
4.0 mL; P=0.038). Roughage intake enhanced sperm concentration (160.8 100 vs. 224.610% P=0.027), and adequate
sleep improved progressive sperm motility rate (35.4% + 18.2% vs. 40.2 + 16.3%, F =3.747, P=0.024) and total motility
(52.7% vs. 61.5%; P=0.013). The regression model showed that using plastic containers for condiments was a protec-
tive factor for semen volume (OR: 0.12; C1 0.03-0.55; P=0.006), sperm concentration (OR: 0.001, CI 0.00-0.30; P=0.012),
and count (OR: 0.12, C1 0.03-0.48; P=0.003). Milk and egg consumption were also protective for semen volume (OR:
0.18,C10.06-0.51; P=0.001 and OR: 0.11, Cl 0.03-0.55; P=0.006, respectively), while sufficient sleep benefitted total
sperm motility (OR: 0.47, Cl 0.24-0.95; P=0.034).

Conclusions Smoking and drinking, type of condiment container, diet preference, sleep duration, and milk, rough-
age, and egg consumption may reduce semen quality.
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Background

Couples who fail to conceive after 12 months of regu-
lar unprotected sexual activity are defined as infertile.
In China, infertility has risen from approximately 12%
to 18% as a result of improvements in education levels
and quality of life, as well as changes in the concept of
childbearing, and delays in the age of marriage and preg-
nancy [1]. Studies have shown that semen quality in adult
males has been declining globally and has stabilized at
low levels in recent decades [2]. Although the underlying
causes of declining semen quality are the focus of current
research, poor dietary habits and lifestyles may go some
way to explain these trends. Therefore, there is an urgent
need to identify the risk factors associated with infertility
to help couples to restore their fertility.

Infertility affects both males and females. According to
Sengupta P et al.,, male factors cause infertility in up to
40% of couples [3]. In clinical and scientific work, semen
parameters, including semen volume, sperm concentra-
tion, sperm count, sperm progressive motility, and total
motility, are often used as indicators to assess male fertil-
ity [4]. Spermatogenesis is a dynamically changing physi-
ological process [5], which is easily influenced by lifestyle
and diet. A review by Ostojic pointed out that creatine
is a potential supplement for couples preparing for preg-
nancy, while another review indicated that the intake of
myo-inositol is an effective supplement for sperm qual-
ity [6]. The muscles of animals, such as beef and pork,
are rich in creatine and myo-inositol, which are difficult
to obtain. Herbal foodstufts such as onions, garlic, and
carrots contain numerous nutrients that have positive
effects on testosterone production and improve semen
quality. Overall, a varied and balanced diet is important
for maintaining good semen quality [7].

Unhealthy lifestyle is another unavoidable aspect of
semen quality. Indeed, there is a consensus about moder-
ate exercise as a positive factor for semen quality [8—10].
This may be because men who undertake moderate exer-
cise have higher metabolic levels and better body shape,
which are protective against obesity—a negative factor
for semen quality [11]. Moderate abstinence has also
been reported to be a positive factor for semen volume,
total motility, and sperm concerntration [12]. Addition-
ally, the World Health Organization (WHO) advised that
patients should have 3-7 days of abstinence before col-
lecting samples for semen analysis [13]. Furthermore, a
study from Ghana showed that sitting for a long time and
smoking were both related to lower sperm count [14].

Lifestyle and dietary factors have been shown to impact
semen quality. Nevertheless, given the myriad of poten-
tial influences in lifestyle and diet, numerous factors
remain unexamined in their relation to semen quality.
Also, given that the confounding factors are vast, relevant
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studies are still needed to clarify which factors are affect-
ing the human sperm quality. To investigate unknown
life forms and environmental determinants of semen
quality, and partially validate other studies’ findings, we
developed three questionnaires focusing on demographic
traits, dietary patterns, and lifestyle factor exposures, tai-
lored to the living habits of the Chinese population.
Based on our fertility cohort, more than 466 couples
were enrolled between June 2020 and July 2021. We col-
lected the couples’ essential information and completed
diet as well as lifestyle factor questionnaires to verify
the effects of certain lifestyles and diet factor on semen,
explore more lifestyle and dietary factors related to
semen quality, and guide couples in healthy pregnancy
preparation and promote sexual reproductive health.

Methods

Study population

We enrolled couples from the pre-pregnancy consulta-
tion clinic of the Guangzhou Women and Children’s
Medical Center in Guangzhou, China, who were invited
to participate in a prospective cohort study that focused
on whether lifestyle and dietary factors influenced fertil-
ity. After normalizing the female partners’ confounding
factors and excluding male partners who had a medical
history of systemic diseases and infertility-related dis-
eases (including varicocele, cryptorchidism, and azoo-
spermia), a total of 466 couples were included in this
study between January 2021 and March 2023. Male part-
ners aged 30—42 years completed three questionnaires
relating to lifestyle, diet, and demographic information.
All of the couples were East Asian.

Physical examination and semen analysis
Physical examinations and semen analysis were per-
formed on the same day. The testicles and scrotum of
each participant were examined to exclude patients with
varicocele or other reproductive organ abnormalities.

The participants were required to abstain from sex for
3-7 days before semen analysis and physical examina-
tion. Semen samples were collected in a sterile semen
container following masturbation and placed in a 37 °C
incubator for 30 min to liquefy. After liquefaction, semen
analysis was performed using computer-aided sperm
analysis (CASA, SuiJia Software, Beijing, China) to evalu-
ate the semen pH, volume, concentration, count, pro-
gressive motility, and total motility. All operations and
reference values for semen parameters were in accord-
ance with the latest guidelines of the WHO [13].

Our laboratory regularly conducts quality control
screening to ensure the quality of semen analysis results.
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Diet and lifestyle questionnaires

Based on the living habits of people in China, we
designed two individual questionnaires to assess par-
ticipants’ diet and lifestyle exposures. We also designed
elaborate questions for factors related to low semen
quality, such as smoking [15, 16], alcohol consump-
tion [17, 18], and duration of sleep [19, 20]. We also
designed additional questions based on the partici-
pants’ demographic characteristics. All of the study
questionnaires used choice questions.

Ethics statement

The study was approved by the Ethics Review Com-
mittee of Guangzhou Women and Children’s Medical
Center. Written informed consent was obtained from
all of the participants.

Statistical analysis

The Shapiro—Wilk test was used to assess the normality
of the data. None of the semen quality parameters were
normal except for progressive motility (%). Normally
distributed data are presented as the mean+stand-
ard deviation, whereas other data are presented as
the median (25th and 75th percentiles). Associations
among semen quality parameters, diet, and lifestyle fac-
tors were evaluated. The Mann—Whitney U-test and
Kruskal-Wallis H test were used for data with a non-
normal distribution, and ANOVA was used for nor-
mally distributed data.

To further explore the association between semen
quality and environmental and occupational factors,
binomial logistic regression was applied to detect inde-
pendent predictors that significantly affected semen
quality, and the following confounders were adjusted
for in the analysis: education [21], BMI [22] and age
[23]. Statistical significance was set at P<0.05. Statis-
tical analyses were performed using SPSS version 26.0
(SPSS Inc., Chicago, IL, USA).

Result

Characteristics of the study population

As shown in Table 1, we enrolled 466 males of repro-
ductive age, with a mean age of 37.53 £+ 5.75 years. Every
participant had a stable job and was willing to accept
follow-up services. Our study included individuals with
varying degrees of education.

Semen quality

The results showed that the median (25th, 75th per-
centiles) semen pH, volume, concentration, count,
and total motility were 7.3 (7.2-7.5), 3.6 (2.5-5.0) mL,
63.6 (38.3-100.0)*10°/mL, 213.7 (121.8-422.0)*10°%
mL, and 58.0 (42.0-73.0)%, respectively. Additionally,
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Table 1 General characteristics of the study population (n=466)

Variables N (%) or mean+SD
Age, years 36.53+5.75
Nationality, n (%)
Han nationality 456 (97.94)
Other 10 (2.06)
Education, n (%)
Primary school and below 13(2.72)
Junior high school 67 (14.36)
High school 165 (35.40)
College or university degree 197 (42.33)
A master’s degree 22 (4.70)
PhD 2(0.50)

the mean+SD progressive
36.4% + 16.8% (Table 2).

sperm motility was

Association between diet and lifestyle factors with semen
quality

As mentioned above, none of the semen parameters
fit a normal distribution except for progressive motil-
ity (%). The Mann—Whitney U-test and Kruskal-Wal-
lis H test were applied for all skewness distribution
semen parameter data analyses. Analysis of variance
(ANOVA) was applied to analyze normally distrib-
uted semen measurements. Our results suggested that
smoking (38.0% vs. 36.0%, for no and yes, respectively;
t=2.262; P=0.049) and alcohol consumption (64.0% vs.
56.0% for no and yes, respectively; P=0.001) decreased
the progressive sperm motility, while alcohol consump-
tion significantly decreases the total sperm motility
(40.5% £ 17.8% vs. 34.7% + 16.1% for no and yes, respec-
tively; t=3.396; P <0.001). The frequency of using plas-
tic beverage bottles as containers for cooking oil and
condiments was a negative factor for sperm concen-
tration (65.5*10°/mL vs. 59.0*10°/mL vs. 40.4*10°/
mL for never, occasionally, and often, respectively;
P=0.032). According to our results, taste preference
was also related to total sperm motility (55.0% vs. 63.2%
vs. 62.0% vs. 60.0% for partial light, partial sweet, par-
tial salty, and partial greasy, respectively; P=0.017).
Moreover, the frequency of eating roughage was a
positive factor for the total sperm count (224.6*10°
vs. 160.8*10° for occasionally and basically do not;
P =0.042), while the frequency of consuming milk and
dairy products was beneficial to the total sperm motil-
ity (63.0% vs. 56.0% vs. 54.5% for every day, occasion-
ally, and basically do not, respectively; P=0.021) and
sperm concentration (66.1*10°/mL vs. 63.7*10°%
mL vs. 41.6*10%/mL for every day, occasionally, and
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Table 2 Summary of semen parameters of males

Variables Statistics

Semen volume(ml), Median (25th, 75th percentiles) 36(2.5-5.0)

Sperm progressive motility (%), Mean +SD 36.0 (23.0-49.0)
Total motility (%), Median (25th, 75th percentiles) 58.0 (42.0-73.0)
Sperm concentration (10° mL™"), Median (25th, 75th percentiles) 63.6 (38.3-100.0)
Sperm count (10° mL™", Median (25th, 75th percentiles) 213.7(121.8-422.0)
pH value, Median (25th, 75th percentiles) 73 (7.2-7.5)

basically do not, respectively; P=0.033). Our results
suggested that eating eggs constantly may contrib-
ute to increased semen volume (4.0 mL vs. 3.8 mL vs.
3.1 mL for every day, occasionally, and basically do
not, respectively). Moreover, sufficient sleep was vital
to total sperm motility (61.5% vs. 57.0% vs. 52.7% for
do not feel sleepy, feel sleepy occasionally, and often
feel sleepy; P=0.013) and progressive sperm motil-
ity (40.2%+16.3% vs. 35.2%+16.5% vs. 35.4% +18.2%
for do not feel sleepy, feel sleepy occasionally, and
often feel sleepy; F=3.747; P=0.024). We also found
that several factors significantly affected the semen
pH value, but there was no significant change in the
pH value, The difference in significance and the sta-
tistical analyses that were conducted to obtain these
results are unclear. According to the WHO guidelines,
a pH value>7.2 and<7.8 is normal for a healthy man,
and none of the study participants showed abnormal
pH values [13]. Therefore, further research is needed
to determine whether lifestyle and dietary factors can
affect semen pH (Tables 3 and 4).

Independent predictors of low semen quality by binomial
logistic regression analysis

Table 5 and Fig. 1 show the results of binomial logis-
tic analysis. Abnormal semen quality parameters were
defined by the guidelines of the WHO [13]. After adjust-
ing for education state, we observed that not using plas-
tic beverage bottles for cooking oil and condiments was a
positive factor for semen volume (odds ratio [OR]: 0.12;
95% confidence interval [CI] 0.03-0.55; P=0.006), sperm
concentration (OR: 0.001; 95% CI 0.00-0.30; P=0.012),
and total sperm count (OR: 0.12; 95% CI 0.03-0.48;
P=0.003). Moreover, consuming milk and dairy prod-
ucts (OR: 0.11; 95% CI 0.09-0.97; P=0.044) contributed
to increased semen volume, while eggs intake may con-
tribute to reductions in semen volume (OR: 9.41; 95% CI
1.55-57.27; P=0.015). Finally, getting a sufficient amount
of sleep was a positive factor for total sperm motility
(OR: 0.47; 95% CI 0.24—0.95; P =0.034).

Discussion

In this cross-sectional study, we enrolled 466 couples
who were attempting to conceive, and focused on the
dietary and lifestyle factors that affect the fertility of male
partners. Several independent factors have been found to
correlate with semen quality, and some of those identi-
fied in the current study are supported by previous stud-
ies. Indeed, smoking and alcohol consumption have been
associated with reduced sperm motility and are well-
known factors that affect semen quality. A new system-
atic evaluation and meta-analysis of 5,865 men showed
that smoking was associated with reduced sperm count
and viability, with a more pronounced deterioration in
semen quality observed in moderate and heavy smok-
ers [24]. The effect of smoking on spermatogenesis may
be explained by dual mechanisms. First, a reduction in
T concentration in the testicular tissue due to impaired
Leydig cell function may result in disturbed spermato-
genesis, spermiogenesis, and epididymal function, which
may explain the disturbances in sperm motility and
morphological characteristics. Second, nicotine or cat-
echolamines released during smoking can directly affect
steroidogenesis and spermatogenesis [25]. In conclusion,
smoking in men may affect their fertility by interfer-
ing with normal testicular steroid production and sper-
matogenesis due to stress-induced overactivity of the
adrenal medulla and adrenal cortex. Furthermore, the
association between chronic alcohol consumption and
poor semen quality is mainly due to the development of
oxidative stress and its genotoxic effects on hormonal
regulation and DNA integrity, which in turn affect the
health of the offspring [17]. Sleep quality is another fac-
tor that has been widely reported to be associated with
semen quality, and has also been found to affect sperm
motility [26]. Indeed, Chen et al. assessed the relation-
ship between sleep quality and semen parameters in 842
healthy men, and found that poor sleep quality was asso-
ciated with impaired semen parameters [27]. Moreover,
in 2013, Jensen et al. reported an inverse relationship
between sleep disturbance and sperm concentration,
total count, and percentage of normal morphology in
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Fig. 1 Forest plot showing the effect of different diet and lifestyle on semen volume (A), progressive motility (B), total motility (C), sperm
concentration (D), sperm count (E), pH value (F). Dots represent ORs. Error bars indicate 95% Cls

953 healthy Danish men. These findings are consistent
with our results [28]. Although living habits, such as diet
preference and using plastic beverage bottles as contain-
ers for cooking oil, have been seldom reported by other
researchers, we found close associations between them
and semen quality. Moreover, improper spice containers
can cause harmful substances in the plastic to leach into
the spice, which can be absorbed by the body and lead
to a reduction in semen quality, and even birth defects
in offspring [29]. Indeed, a recent study by Xia indicated
that microplastics (MP) have reproductive toxicity and

transgenerational effects in aquatic species, with poten-
tial adverse effects on mammalian reproduction [30].
Besides, Jin et al. demonstrated that long-term exposure
to PS-MPs at concentrations equivalent to environmen-
tal contamination resulted in impaired testicular tissue
structure, reduced sperm quality, and decreased testos-
terone levels, leading to male reproductive toxicity in
mice. Among them, the PS-MPs-induced decrease in tes-
tosterone levels was achieved through inhibition of the
LH-mediated LHR/cAMP/PKA/StAR pathway [31]. Our
results also suggested that food choice is vital to semen
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quality, with foods such as eggs and roughage being asso-
ciated with changes in semen quality. However, these
food preference factors and their association with semen
quality have been rarely reported. We also noticed that
the consumption of milk wasbeneficial to the total sperm
motility and concentration; however, the classification
of dairy products was unclear owing to the small sam-
ple size. The literature on the relationship between dairy
products is inconclusive. Although some studies have
suggested that dairy products may be a risk factor for
poor semen parameters, others do not support this the-
ory. In a case—control study comparing the dietary habits
of men with oligozoospermia and normospermia, case
subjects consumed higher amounts of whole milk prod-
ucts (yogurt, whole milk, cheese, and semi-fermented
milk) and lower amounts of skim milk than control sub-
jects [32]. Moreover, in an American cohort study, intake
of low-fat dairy products was associated with higher
sperm concentration and better motility [33]. Further-
more, in a study of young men engaged in physical labor,
the intake of full-fat dairy products, especially cheese,
was adversely associated with normal sperm morpho-
logical characteristics and progressive sperm motility
[34]. However, in another study of men in a Dutch hos-
pital, dairy intake was not associated with semen quality
[35]. While most studies support the benefits of low-fat
versus the harmful effects of full-fat dairy products, more
studies, especially randomized trials, are needed to draw
well-supported conclusions.

Semen quality is easily influenced by one’s own behav-
ior and the environment [36, 37]. However, many factors
cannot be studied and discussed simultaneously. By sort-
ing the factors by group, we have the opportunity to ana-
lyze the effects of interrelated factors on semen quality
and, in the future, it will be possible to combine different
groups of factors before applying medical data, artificial
intelligence, and machine learning to construct a math-
ematical model to evaluate male fertility. The results of
this intuitive evaluation will assist doctors in pre-preg-
nancy clinics with selecting an appropriate solution for
each case, and provide patients with a set of guidelines to
follow to reduce their exposure to risk factors and conse-
quently, restore their fertility. Avoiding exposure to high-
risk factors before pregnancy will save couples preparing
for pregnancy from expensive medical costs and provide
a scientific basis for precise fertility interventions.

Originally, assisted reproductive technology (ART) was
intended to help couples with organic diseases become
pregnant. Since its first application, more than 300,000
infants have been born in China as a result of ART [38].
However, ART is frequently believed to be abused, with
excessive medical treatments [39—-41]. It has also been
reported that ART may lead to higher risks of gestational
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diseases, hypertension, and other pregnancy-related dis-
eases. Even after controlling for known risk factors, such
as maternal age, weight, and poor lifestyle habits, ART
is associated with a higher risk of adverse perinatal out-
comes, such as placenta previa, premature abruption,
antepartum hemorrhage, low amniotic fluid, cesarean
delivery, preterm delivery, very low birth weight, low
birth weight, and increased risk of perinatal mortality
[42—-45]. Therefore, if couples can successfully become
pregnant naturally by avoiding exposure to risk factors,
infertility treatments may be reserved for couples with
the greatest need, preventing excessive application of
ART and avoiding unnecessary ART expenses.

To achieve our expectations, we must recruit more
couples with infertility concerns and expand the sam-
ple size for a more reliable result. In the meantime, to
improve the accuracy of our results, we plan to modify
our questionnaires according to the reflections of our
patients.

Conclusions

Overall, our results demonstrated that drinking, smok-
ing, using plastic bottles for condiment containers, die-
tary preference, sleep, and consumption of milk, egg,
and roughage are related to semen quality. However, as
our cohort was comparatively small, we plan to increase
our sample size to verify our results. Additionally, the
specific mechanisms by which risk factors, such as high
fat, red meat, processed meat, refined grains, candy and
sweet drinks, unhealthy eating patterns, and long periods
of sedentary work condition, affect semen quality are still
unknown and require further research [46].
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