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Background: The intake of ultra-processed foods (UPFs) has increased rapidly
in recent years. Evidence has suggested that UPFs has adverse effects on
several health outcomes. This study aimed to first evaluate the association
between the intake of UPFs and asthenozoospermia odds.

Methods: A hospital-based case-control study including 549 cases and
581 controls was performed in the infertility clinics of Shengjing Hospital of
China Medical University from June 2020 to December 2020. Dietary intake
was assessed using a validated food frequency questionnaire. Food items
were categorized by the NOVA classification system based on the degree of
processing. Semen parameters were analyzed according to the World Health
Organization guidelines.

Results: The highest tertile of UPFs intake (% of total energy intake)
was positively associated with the odds of asthenozoospermia (odds ratio
[OR] = 1.53; 95% confidence interval [Cl]: 1.12, 2.10; P for trend < 0.05),
compared with the lowest tertile. Similar patterns were also found in subgroup
analyses among participants with age >32 years (OR = 1.58; 95% CI: 1.04,
2.40), BMI > 24 kg/m2 (OR =1.52; 95% Cl: 1.04, 2.22), ever cigarette smoking
(OR=1.78; 95% ClI: 1.14, 2.79), and ever alcohol drinking (OR = 1.65; 95%
Cl: 1.01, 2.72), and in sensitivity analyses by using absolute amount (g/day) to
calculate the intake of UPFs.

Conclusion: Higher consumption of UPFs was positively associated with the
odds of asthenozoospermia. More studies are needed to confirm our findings.
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Introduction

Infertility is a major issue of human reproductive health,
affecting approximately 15% of couples worldwide (1). Half
of all infertility cases are linked to male factors (1, 2).
Asthenozoospermia, manifested as decreased sperm motility,
is a major pathological indicator of male infertility (3, 4).
An epidemiological study from China suggested that the
prevalence of asthenozoospermia showed an upward trend
during 2008-2016, and it could be more than 50% among
38,905 infertile male patients (5). Although the etiology
of asthenozoospermia remains incompletely understood (6),
several genetic and environmental factors have been reported
to contribute to the risk of asthenozoospermia (7, 8).
For example, a DNAH17 missense variant induces flagella
destabilization and consequently causes asthenozoospermia (6),
and tobacco smoking is associated with decreased sperm
motility by impairing mitochondrial function in the sperm tail
region (9).

As one of the most important environmental factors,
the diet factor has also been proposed to play crucial
roles in the etiology of asthenozoospermiais (10, 11). Ultra-
processed foods (UPFs) are formulations of ingredients, mostly
of exclusive industrial use, that result from a sequence of
industrial processes (12), and they have been indicated to
have many adverse effects on human health (13, 14). UPFs
are often overconsumed due to their presentation, marketing,
and the characteristics of highly palatable, attractive, and
convenient. The contribution of UPFs can be more than
50% of total daily energy in some high-income countries,
such as Britain and the United States (15, 16). Although
the consumption of UPFs in China is relatively low, it is
increasing rapidly in recent years (17). UPFs are commonly
high in added sugar, total fat, saturated fat, and low in
protein, dietary fiber, and micronutrients (18, 19), and evidence
has suggested that UPFs can create suitable environment
for microbes in the gut, then promote some inflammatory
disease, such as obesity and metabolic syndrome (20). Notably,
inflammation may be the major cause of the development of
asthenozoospermia (21). In addition, a case-control study with
107 incident asthenozoospermic men and 235 age-matched
controls suggested that the western diet pattern, characterized
by high intake of UPFs, was positively associated with
asthenozoospermia (odds ratio [OR] = 2.86; 95% confidence
interval [CI]: 1.83, 2.97) (22). Thus, the above evidence
hints that the intake of UPFs may have an adverse impact
on asthenozoospermia.

To the best of our knowledge, there has been no efforts
to explore the relationship between the intake of UPF and
the odds of asthenozoospermia. Therefore, the purpose of
this study was to investigate the potential association of
aforementioned topic.
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Materials and methods

Study design and participants

This study followed the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) checklist
(Supplemental Table 1). The details of the study design and
participants have been described in previously published
studies (3, 11). Briefly, a hospital-based case-control study was
performed at Shengjing Hospital of China Medical University,
in Liaoning, China. Participants were recruited in the infertility
clinics from June, 2020 to December, 2020.

Asthenozoospermia cases (n = 597) were diagnosed
according to the fifth edition of World Health Organization
laboratory manual for the examination and processing of
human semen, and defined as total motility (progressive +
non-progressive) <40%, including both rapidly and slowly
progressive motility, sluggish motility, and non-progressive
motility (23). In addition, asthenozoospermia was also defined
as progressive motility <32%, including rapidly and slowly
progressive motility, and sluggish motility in the same class
within 60min of ejaculation over the past 3 months (23).
The total number (or concentration) of spermatozoa and
percentage of morphologically normal spermatozoa was equal
to or above lower reference limits (24). Eligible controls (n
= 612) were normozoospermic men from infertile couples,
with >15 x 10° of sperms/mL, >40% total motility, >32%
progressive motility, and >4% normal forms (11). According
to the sample size calculation method of the unmatched case-
control study design, we assumed that OR = 1.5, o = 0.05,
p = 0.2, and the proportion of UPF intake in the control
group was 67%, the PASS 11.0 software was used to calculate
the sample size. The result showed that 469 participants
were needed for both case and control groups. We included
participants who consented to participate and returned the
completed study questionnaire, and we excluded participants
with total energy intake outside of predefined limits (total energy
intake <800 or >4,200 kcal/d) (N = 28), missing covariates and
semen parameters data (N = 22), and a history of varicocele (N
= 29). Finally, 549 cases and 581 controls were included in our
study and met the requirement of sample size. In addition, the
participation rates of cases and controls were 91.96 and 94.93%,
respectively (Figure 1). This study was approved by the ethics
committee of Shengjing Hospital of China Medical University
(No. 2017PS190K).

Semen collection and analysis

Semen samples were obtained by masturbation into a plastic
tube in a dedicated semen collection room after 3-7 days
abstinence periods. Condoms or lubricants were not allowed to
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[ Recruited participants from 06, 2020 to 12, 2020 ]

(case =597, control = 612)

[ Participants within total engry intake limits ]

Participants with extreme total engry intake ]

(N=28)

(case = 583, control = 598)

\)[
\)[

Participants with missing covariates
and semen parameters data (N = 22)

Participants with a history of varicocele
(N=29)

Study sample
(case = 549, control = 581)

FIGURE 1
Flowchart of study participants.

be used. The samples were allowed to be liquefied for 45-60 min
before analysis. Ejaculate volume was directly measured, and
other semen parameters were measured using the WLJY9000
instrument, such as sperm concentration, total sperm count,
motility, and morphology. Sperm DNA fragmentation and
high sperm DNA staining were evaluated using BriCyte E6
flow cytometry. Pasteurization was applied for sperm smear
observations and the sperm morphology was evaluated using
optical microscope. All analyses were carried out by an
experienced technician, and an external quality control was
carried out throughout the study.

Data collection

Face-to-face interviews were performed by trained
professional interviewers using a validated questionnaire.
Demographic and lifestyle factors were collected, including age,
annual family income (<50, 50 to <100, or >100 RMB thousand
yuan), educational level (junior secondary or below, senior high
school, technical secondary school, or junior college/university
or above), dietary intake, dietary change status (yes or no), ever
cigarette smoking (yes or no), ever alcohol drinking (yes or no),
and physical activity. For dietary change status, participants
were asked whether they had changed their diets since this

year and before. Cigarette smoking and alcohol drinking were

Frontiersin Nutrition

03

10.3389/fnut.2022.941745

defined as at least one per day and once a week, respectively, for
more than six consecutive months. In addition, physical activity
was evaluated according to the previous study (25). Briefly,
participants were asked the duration of activities spent on work,
transportation, housework, and leisure-time exercise in the past
12 months (25), and the metabolic equivalent of tasks (MET)
from the 2011 update of a major compendium of physical
activities was used to calculate the amount of physical activity
(26). Furthermore, physical examination data, such as height
and weight, were also measured by trained health professionals.
Body mass index (BMI) was used as a noninvasive proxy
measure of body fatness and calculated as weight in kilograms
divided by the square of the height in meters (kg/m?) (27).
According to the cut-off point for Chinese, normal/underweight
and overweight/obesity were defined as BMI <23.9 and >24
kg/ m?, respectively (28).

Dietary assessment

A validated semi-quantitative food frequency questionnaire
(FFQ) which included 110 food items with specified serving sizes
was used to assess dietary intake for participants over the past
year. The FFQ used in the present study was based on FFQ used
in a large cohort study in the northeast of China (29, 30). The
reproducibility and validity of the FFQ used in the current study
were similar to FFQ used in previously published literature (11,
30-32). The FFQ included seven frequency categories (“never,”
“two to three times per month,” “one time per week,” “two to
three times per week,” “four to six times per week,” “one time
per day,” and “more than two times per day”) for each food
item. Daily consumption for each food item was calculated by
multiplying the specified portion size by the frequency at which
each food item was consumed per day. Daily intake of nutrients
was calculated according to the Chinese Food Composition
Table (33), and calculated by multiplying daily consumption for
each food item by its nutrient content per gram and then adding
the nutrient contributions of all food items.

To assess the overall nutritional quality, principal
component analysis was used to generate major dietary
patterns and factor loadings for all food items except UPF foods
in grams (34). The suitability of data for factor analysis was
examined using the Kaiser-Meyer-Olkin (KMO) and Bartlett’s
test of sphericity (35). The KMO value was 0.905 and Bartlett’s
test of sphericity was significant (P < 0.001), suggesting that
data was suitable for factor analysis. Varimax rotation was
used to increase data interpretability (30). After evaluating
eigenvalues (>1) and conducting the screen test, five factors
were identified. The factors were named descriptively according
to the food groups showing high factor loadings (absolute value
>0.3) in each dietary pattern (36), including vegetables pattern,
fruit pattern, fish pattern, processed foods pattern, and tea
pattern (Supplemental Table 2).
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Exposure assessment

All food items were classified by the NOVA classification
system, which categorizes foods into four groups according
to the nature, extent, and purpose of food processing (37).
Two investigators (J-LL and F-HL) independently classified
food items according to previous studies (12, 19), and any
discrepancies in this process were resolved by reaching a
consensus with the third investigator (Q-JW). The definitions
of the four food groups and the classification of food items
of the FFQ were shown in Supplemental Table 3. Our study
typically focused on the UPFs group, including instant noodles,
bread, sausages, preserved egg, western-style pastry or cakes,
Chinese pastries or cakes, cookies, sweet snacks or candies or
jams, chocolate, ice cream, sesame/soybean paste, vegetable/fruit
drinks, and soft drinks. The proportion of UPFs weighted by
total energy intake (% total energy intake) for each participant
was calculated.

Statistical analysis

The Kolmogorov-Smirnov test was used to assess the
normality of continuous variables. To assess the characteristics
of participants, continuous variables were all presented as
median and interquartile range as they were not normally
distributed, and categorical variables were presented as number
and percentage. To compare differences between groups, the
Kruskal-Wallis was used for continuous variables, and the Chi-
square test was used for categorical variables. The proportion
of UPFs weighted by total energy intake (% total energy
intake) was categorized into three groups according to control
distribution with the lowest tertile as the reference group. In
the main analysis, Unconditional logistic regression analyses
were used to assess associations between UPFs and the odds
of asthenozoospermia. ORs and 95% ClIs were calculated.
The covariates included in the model were determined by
univariate logistic regression and published literature for
asthenozoospermia (3, 11, 24, 38). Model 1 was adjusted for
age (continuous, years), BMI (continuous, kg/mz), and total
energy intake (continuous, kcal). Model 2 was further adjusted
for annual family income (< 50, 50 to <100, or > 100
RMB thousand yuan), educational level (junior secondary or
below, senior high school, technical secondary school, or junior
college/university or above), ever cigarette smoking (yes or no),
ever alcohol drinking (yes or no), abstinence time (continuous,
days), physical activity (continuous, MET/h/week), and dietary
change status (yes or no) based on Model 1. To consider the
potential effect of nutritional quality, we further adjusted these
five dietary patterns (continuous) in Model 3 based on Model
2. There was no collinearity among all variables in our analysis.
Linear trends across tertiles were tested by modeling the median
value of each tertile as a continuous variable.
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Subgroup analyses were performed to examine potential
effect modifications according to age (<32 or >32 years), BMI
(<24 or >24 kg/mz), ever cigarette smoking (Yes or No), and
ever alcohol drinking (Yes or No). And the likelihood test was
used to evaluate potential interactions between UPFs intake and
stratification variables.

We additionally evaluated the
absolute amount of UPFs intake (g/day) and the odds of
asthenozoospermia in sensitivity analyses to examine the

association between

robustness of the results. In the secondary analysis, we also
assessed the effects of unprocessed or minimally processed
foods and processed foods on asthenozoospermia. All statistical
analyses were performed with SAS software version 9.4 (SAS
Institute Inc., Cary, NC, USA). All statistical tests were two
sided and statistical significance was set at P < 0.05.

Results

The distribution of general characteristics among cases and
controls is shown in Table 1. Compared with controls, cases had
significantly (P < 0.05) higher age and abstinence time, but
lower proportion of ever alcohol drinking and semen parameters
(sperm concentration, total sperm count, progress motility, total
motility, and normal sperm morphology). In terms of diet and
related nutrients intake, cases had significantly (P < 0.05) higher
consumption of sodium than controls.

Table 2 displays the main associations between the intake of
UPFs and the odds of asthenozoospermia. We found that the
highest tertile of UPFs intake was positively associated with the
odds of asthenozoospermia in model 1 (OR = 1.46; 95% CI:
1.08, 1.98; P for trend < 0.05) and model 2 (OR = 1.48; 95%
CI: 1.09, 2.00; P for trend < 0.05), compared with the lowest
tertile. And this positive association remained significant in the
fully adjusted model 3 (OR = 1.53; 95% CI: 1.12, 2.10; P for
trend < 0.05).

Table 3 presents the results of subgroup analyses. We
observed that the intake of UPFs showed an association with a
higher odds of asthenozoospermia among participants with age
> 32 years (OR = 1.58; 95% CI: 1.04, 2.40), BMI > 24 kg/m2 (OR
= 1.52; 95% CI: 1.04, 2.22), ever cigarette smoking (OR = 1.78;
95% CI: 1.14, 2.79), and ever alcohol drinking (OR = 1.65; 95%
CIL: 1.01, 2.72). However, no multiplicative interactions were
found between UPFs intake and these stratifying variables (all
P for interaction > 0.05).

In the fully adjusted model (model 3), the positive
association was also observed when evaluating the association
between absolute amount of UPFs intake (g/day) and the odds
of asthenozoospermia (Supplemental Table 4). In addition, we
found that unprocessed or minimally processed foods intake was
negatively associated with the odds of asthenozoospermia, and
processed foods intake was positively associated with the odds
of asthenozoospermia (Supplemental Table 5).
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TABLE 1 General characteristics of participants.

10.3389/fnut.2022.941745

Characteristics Case Control P value
Participants (1) 549 581

Age (years), median (IQR) 33.00 (30.00-36.00) 32.00 (29.00-34.00) < 0.05
BMI (kg/mz), median (IQR) 26.17 (23.72-28.73) 25.95 (23.36-28.73) 0.36
Physical activity (MET/h/week), median (IQR) 132.83 (100.70-217.17) 127.57 (98.35-226.67) 0.69
Television watching (hours/week), median (IQR) 3.00 (0.00-10.00) 3.00 (0.00-10.00) 0.53
Computer using (hours/week), median (IQR) 21.00 (14.00-30.00) 21.00 (14.00-30.00) 0.56
Abstinence time (days), median (IQR) 4.00 (3.00-5.00) 4.00 (3.00-5.00) < 0.05
Educational level (1, %) 0.67
Junior secondary or below 121 (22.04) 141 (24.27)

Senior high school/ technical secondary school 79 (14.39) 82 (14.11)

Junior college/university or above 349(63.57) 358(61.62)

Annual family income (RMB thousand yuan) (1, %) 0.76
<50 98 (17.85) 94 (16.18)

50-<100 209 (38.07) 226 (38.90)

>100 242 (44.08) 261 (44.92)

Cigarette smoking (1, %) 0.11
Yes 264 (48.09) 307 (52.84)

No 285 (51.91) 274 (47.16)

Alcohol drinking (n, %) < 0.05
Yes 199 (36.25) 250 (43.03)

No 350 (63.75) 331 (56.97)

Dietary change before anticipation (n, %) 0.17
Yes 127 (23.13) 115 (19.79)

No 422 (76.87) 466 (80.21)

Semen parameters, median (IQR)

Ejaculate volume (ml) 3.40 (2.5-4.40) 3.20 (2.50-4.00) 0.12
Sperm concentration (10°/ml) 49.13 (33.01-73.44) 62.26 (42.63-87.59) < 0.05
Total sperm count (10°/ml) 169.20 (108.4-255.42) 211.18 (131-297.53) < 0.05
Progress motility (%) 23.18 (15.93-28.41) 43.06 (37.85-50.40) < 0.05
Total motility (%) 29.06 (20.77-35.38) 53.65 (46.44-62.23) < 0.05
Normal sperm morphology (%) 5.00 (4.00-7.00) 6.00 (4.00-8.00) < 0.05
Diet and related nutrients intake, median (IQR)

Energy (kcal/day) 1,731.23 (1,401.51-2,149.24) 1,683.75 (1,400.51-2,048.60) 0.12
Proteins (% energy) 16.49 (15.12-17.77) 16.46 (15.17-17.78) 0.79
Fat (% energy) 24.99 (21.68-27.95) 24.73 (22.06-27.98) 0.74
Carbohydrates (% energy) 57.29 (52.76-62.23) 57.27 (52.09-61.39) 0.08
Total dietary fiber (g/1,000 kcal) 8.99 (7.45-10.92) 8.74 (7.23-10.65) 0.07
Sodium (mg/1,000 kcal) 637.83 (547.96-754.00) 602.39 (505.25-723.28) < 0.05

BMI, body mass index; MET, metabolic equivalent of task; IQR, interquartile range.

All continuous variables were shown as the mean and standard deviation. P values were determined with the Kruskal-Wallis or chi-square test. All statistical tests are two sided.

Discussion

In this hospital-based case-control study, to our
knowledge, we first found that the highest tertile of
UPFs intake was positively associated with the odds of
asthenozoospermia, compared with the lowest tertile. Similar
patterns were also observed among participants with age
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> 32 yeas, BMI > 24 kg/mz, ever cigarette smoking, and
ever alcohol drinking in the subgroup analyses, and in
sensitivity analyses by using absolute amount to calculate
UPFs intake.

Although no epidemiological study assessed the association
between UPFs intake and the odds of asthenozoospermia,
some previous observational studies regarding diet factors and
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the odds of asthenozoospermia have been in line with our
findings (22, 24, 39). Indeed, Eslamian et al. suggested that
the higher intake of total saturated fatty acids (OR = 1.85;
95% CI: 1.83, 2.97) and total trans-fatty acids (OR 2.53;
95% CI: 1.54, 3.92) was positively associated with the odds of
asthenozoospermia (24), and the western dietary pattern could
increase the odds of asthenozoospermia (OR = 2.86; 95% CI:
1.83, 2.97) (22). Of note, UPFs are characterized by being rich
in total saturated fatty acids and trans-fatty acids, and are also

TABLE 2 Adjusted odds ratio (95% confidence interval) of
ultra-processed foods intake and asthenozoospermia.

Models Tertiles of P for

UPFs intake trend
T1 T2 T3

Range (% of total <871 8.71-<15.12 >15.12

energy intake)

Case/Control 163/194 167/193 219/194

Model 1 1.00 (Ref)  1.32(0.98,1.79) 1.46(1.08,1.98) < 0.05

Model 2 1.00 (Ref)  1.09(0.81,1.48) 1.48 (1.09,2.00) < 0.05

Model 3 1.00 (Ref)  1.11(0.82,1.51) 1.53(1.12,2.10) < 0.05

T, tertile; Ref, reference; UPFE, ultra-processed foods.

Model 1: adjusted for age, body mass index, and total energy intake.

Model 2: adjusted for age, annual family income, educational level, body mass index,
cigarette smoking, alcohol drinking, abstinence time, physical activity, total energy intake,
and dietary change status.

Model 3: adjusted for age, annual family income, educational level, body mass index,
cigarette smoking, alcohol drinking, abstinence time, physical activity, total energy intake,
dietary change status, and dietary patterns except UPF foods (vegetables pattern, fruit
pattern, fish pattern, processed foods pattern, and tea pattern).

10.3389/fnut.2022.941745

representative foods of western dietary pattern. In addition,
Eslamian et al. reported that the intakes of some specific
UPFs were associated with a higher odds of asthenozoospermia.
Indeed, the odds of asthenozoospermia significantly increased
in the highest tertile of processed meat (OR = 2.03; 95%
CI: 1.70, 2.44) and sweets intake (OR = 2.05, 95% CI: 1.09,
2.26) (39).

Although the underlying mechanism is not yet clear,
there have been some possible explanations for the
positive association between UPFs intake and the odds of
asthenozoospermia. First, UPFs strongly affect the nutritional
quality of diets (40), and are rich in energy, fat, and added
sugar (40, 41). Evidence suggested that poorer nutritional
quality of UPFs may be partly contribute to weight gain
(42), and the consumption of energy, fat, and sugar might
increase the risk of overweight and obesity (43). Meanwhile,
evidence from a large cohort study with 10,665 patients
consulting for a semen analysis demonstrated that increased
BMI had an adverse effect on semen quality (44), and the
result of a label-free quantitative LC-MS/MS proteomic
analysis indicated that declines in endoplasmic reticulum
protein 57 (ERp57) and actin-binding-related protein T2
(ACTRT2) expression may play critical roles in reducing
sperm motility, thereby contributing to obesity-induced
asthenozoospermia (45).

Second, UPFs wusually contain food additives, and
recent studies had indicated that food additives could
cause microbiota-mediated adverse effects in the host (20).
In fact, emulsifiers can alter microbiota composition and
increase its proinflammatory potential, thereby promoting
the development of chronic inflammatory diseases (46, 47).

TABLE 3 Adjusted odds ratio (95% confidence interval) of ultra-processed foods intake and asthenozoospermia stratified by age, BMI, cigarette

smoking, and alcohol drinking.

Characteristics Case Control Tertiles of UPFs intake (% of total energy intake) P for interaction
T1 T3

Age (years) 0.74
<32 221 276 1.00 (Ref) 1.12 (0.71, 1.77) 1.29 (0.80, 2.08)

>32 328 305 1.00 (Ref) 1.55 (1.03, 2.35) 1.58 (1.04, 2.40)

BMI (kg/m?) 0.39
<24 149 176 1.00 (Ref) 1.95 (1.10, 3.51) 1.86 (1.02, 3.43)

>24 400 405 1.00 (Ref) 0.94 (0.65, 1.36) 1.52 (1.04,2.22)

Cigarette smoking (1) 0.51
Yes 264 307 1.00 (Ref) 1.16 (0.74, 1.82) 1.78 (1.14,2.79)

No 285 274 1.00 (Ref) 1.12 (0.72, 1.73) 1.23 (0.78, 1.96)

Alcohol drinking (1) 0.58
Yes 199 250 1.00 (Ref) 1.27 (0.7, 2.10) 1.65 (1.01,2.72)

No 350 331 1.00 (Ref) 1.11 (0.75, 1.66) 1.50 (0.99, 2.28)

BMI, body mass index; T, tertiles; Ref, reference; UPE, ultra-processed foods.

Adjusted for age, annual family income, educational level, body mass index, cigarette smoking, alcohol drinking, abstinence time, physical activity, total energy intake, dietary change
status, and dietary patterns except UPF foods (vegetables pattern, fruit pattern, fish pattern, processed foods pattern, and tea pattern).
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Interestingly, a prospective study demonstrated that the
dysbiosis of gut microbiota was associated with male
infertility (48), and an animal study found that the dysbiosis
of gut microbiota was one of the main causes for the
impaired spermatogenesis and sperm motility (49). Notably,
inflammation seems to play an important role in the etiology
of asthenozoospermia (50), and TNF-a as a central regulator
of inflammation had been reported significantly higher in
asthenozoospermia patients compared with health controls
(51). Hence, food additives contained in UPFs may promote
inflammatory disorders by causing the dysbiosis of gut
microbiota, thereby increasing the risk of asthenozoospermia.
At present, food additives are used widely; however, there
is still a lack of data on the long-term effects of them on
human health, and the potential effects are still largely
unknown (42). Therefore, more research on the relationship
between food additives and asthenozoospermia is needed in
the future.

Third, some contaminants can be formed during the
industrial process. Indeed phthalates can migrate from
plastic packaging to foods, and act as endocrine disruptors
(52). An epidemiological study suggested that there was
a positive association between UPFs intake and urinary
(53). And an
animal study suggested that mice prenatally exposed to
Di-(2-ethylhexyl) phthalate (one of the most used phthalates)
displayed a wide range of gonadal and epididymal abnormalities,

concentrations of phthalate metabolites

including asthenozoospermia (54).

Strengths and limitations

Our study had some strengths. First, we provided a new
sight for exploring the relationship between dietary factors
and asthenozoospermia by considering the degree of food
processing. Our findings supported the need for public health
policies to limit the intake of ultra-processed foods and
increase the intake of unprocessed or minimally processed
foods instead. Second, our study had a relatively large sample
size and high participation rates, which were conducive to
reducing random errors. Third, our study adjusted for a
variety of confounding factors to increase the credibility of our
conclusions. However, our study also had some limitations.
First, our FFQ was not designed by considering the NOVA
classification, therefore the degree of processing of several food
items was ambiguous. However, it is essential to reasonably
recognize food items according to the NOVA classification.
In order to reduce the bias caused by misclassification, the
food items included in our FFQ were classified by two
investigators independently, and any discrepancy was judged
by the third investigator. Second, although FFQ was commonly
used for dietary assessment, dietary intake of participants
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could not be calculated accurately based on the standard food
portions and relatively limited food items number. Therefore,
the measurement bias was unavoidable, and this might have
led to the misestimation of the association between UPFs
and asthenozoospermia. To reduce the bias, we excluded the
participants who reported total energy intake values outside
of predefined limits. Third, as a case-control study, selection
biases and recall biases could not be avoided, and causation
could not be confirmed either. To improve the comparability
of case and control, the same clinic controls were applied,
and highly trained and skilled researchers were selected to
collect information for reducing the recall bias (55, 56).
Fourth, although we had made the extensive adjustment,
we still could not entirely exclude unmeasured or residual
confounding factors, such as genetic factors and air pollution
(57, 58). In addition, some important information, such as
drug use history, was not considered because they were not
cleaned. Last, our study was conducted in Chinese people,
therefore the extrapolation of our findings to other populations
was limited.

In conclusion, our study indicated that there was a
positive association between the intake of UPFs and the odds
of asthenozoospermia. Large prospective studies in different
populations and settings are needed in the future to confirm
our findings.
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