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Abstract

Background: Dietary patterns may affect sperm quality, but the scientific evidence is

limited.

Objective: To evaluate the association between adherence to different a-priori dietary

patterns and sperm quality parameters in healthy reproductive-agemen.

Materials andmethods:A cross-sectional analysis was conducted using data from200

youngmenenrolled in theLed-Fertyl study. Tertiles of six a-priori dietarypatternswere

estimated: four healthy dietary patterns [Mediterranean Diet Adherence Screener

(MEDAS), Dietary Approaches to Stop Hypertension (DASH), Healthful Plant-Based

Diet Index (hPDI) and EAT-Lancet Score], and two unhealthy dietary patterns [West-

ern Diet and Unhealthful Plant-Based Diet Index (uPDI)]. Sperm quality parameters

(count, concentration, vitality, total and progressive motility, and normal morphology)

were considered themain outcomes.

Results: Compared with the lowest tertile, participants in the highest MEDAS ter-

tile had higher total sperm count (β = 3.2;95%CI: 1.0, 5.5) and concentration

(β = 1.8;95%CI: 0.6, 3.0), and total (β = 8.2;95%CI: 1.3, 15.1) and progressive
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motility (β=7.1;95%CI: 0.2, 14.0). Similarly, participants in the highest hPDI tertile had

higher total sperm count (β = 3.4;95%CI: 1.4, 5.5) and concentration (β = 1.2;95%CI:

0.0, 2.3) compared with those in the lowest tertile. When these dietary patterns were

modelled as continuous variables (for each 1-point increment in the specific score),

an inverse association was found between the uPDI and Western and total sperm

count [(β=−2.7;95%CI:−4.8,−0.7) and (β=−3.8;95%CI:−5.8,−1.7), respectively] and
sperm concentration [(β = −1.2;95%CI: −2.4, −0.1) and (β = −1.7;95%CI: −2.8, −0.5),
respectively]. Compared with participants in the lowest tertile, those in the highest

uPDI tertile presented higher odds of abnormal sperm concentration (OR: 4.6;95%CI:

1.0, 19.9) and one ormore seminogram abnormalities (OR: 2.3;95%CI: 1.1, 5.0).

Conclusions: Our findings suggest that higher adherence to healthy dietary patterns

(Mediterranean and healthful plant-based diet) was positively associated with better

spermquality parameters, in contrast, greater adherence tounhealthydietarypatterns

was inversely associated.
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1 INTRODUCTION

Infertility is defined by the World Health Organization (WHO) as “a

disease of the reproductive system leading to the failure to achieve

pregnancy after 12 months or more of regular unprotected sex-

ual intercourse”.1,2 Approximately one in six people globally are

affected, which represents 17.5% of couples of reproductive age,

and it has been recognized by the WHO as a worldwide public

health problem.3 Over the past 50 years, sperm count has drastically

decreased (slope of -0.87 million/mL/year) globally,4 and some evi-

dence has shown that this decrease is more evident in Europe and

the United States.5 Environmental and lifestyle factors such as seden-

tary behavior,6 cigarette smoking,7 alcohol consumption,8 pollution,9

and unhealthy diets8,10 have been recognized as the key factors asso-

ciated with metabolic syndrome,11 type 2 diabetes,12 and obesity13

explaining this reduction in semen quality parameters, impacting on

fertility.

In the last few years, several studies have been focused on the role

that specific foods or dietary compounds may have on semen quality

and fertility outcomes. Specifically, it has been described that some

foods such as fish,14,15 nuts,16 white meat,15 whole grains, fruits and

vegetables,17,18 low-fat dairy products,8 and micronutrients including

omega-3 fatty acids,19 some antioxidants and vitamins19 are posi-

tively associated with semen quality. Conversely, processed meat,15

full-fat dairy products,20 soy-based products,21 coffee,22 alcohol,22,23

and sugar-sweetened beverages24,25 have been negatively associated

with semen quality. Although this research is valuable, its approach has

limitations, including the incapacity to consider the interactions among

food or nutrients and the impracticality of examining the isolated

effects of highly correlated dietary compounds.26 Notwithstanding,

dietary patterns research might be more relevant in the context of pri-

mary prevention of infertility than focusing on individual nutrients or

foods.

Several healthy and unhealthy a-priori dietary patterns scores have

been developed to assess dietary quality.27 In this sense, healthy

dietary patterns, characterized by a high intake of fruits, whole

grains, legumes, vegetables, and low-fat dairy products such as the

Mediterranean diet,28–30 the Dietary Approaches to Stop Hyperten-

sion (DASH)27,31,32 and the healthful plant-based diet index (hPDI)33,

have been associatedwith improved spermquality parameters in some

cohorts. In contrast, controversial evidence has shown that adherence

to unhealthy diet characterized by aWestern dietary pattern, including

food high in salt and refined grains, is inversely associated with sperm

concentration34 and other testicular functions,35 but other authors

have found no associations.9 In addition, an unhealthful plant-based

diet33 may have a negative association with semen quality, mainly

by reducing sperm concentration and motility. However, most of the

aforementioned studies were conducted in men from infertile couples,

and the scope of the impact of dietary patterns on sperm quality in

men from general populations is limited. Therefore, this study aims

to comprehensively evaluate the association between several healthy

and unhealthy a-priori dietary patterns with different sperm quality

parameters in a cohort of healthymen of reproductive age.

2 MATERIAL AND METHODS

2.1 Design and study population

The Led-Fertyl (Lifestyle and environmental determinants of semino-

gram and other male fertility related parameters) study is an obser-

vational study with the aim of identifying and quantifying dietary

 20472927, 2025, 6, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/andr.13789 by Spanish C

ochrane N
ational Provision (M

inisterio de Sanidad), W
iley O

nline L
ibrary on [03/12/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



1410 DAVILA-CORDOVA ET AL.

TABLE 1 General characteristics of the study population.

Characteristics All population (n= 200)

Age (years) 28.4± 5.5

BMI (kg/m2) 24.4± 3.2

Waist circumference (cm) 83.2± 8.3

Systolic blood pressure (mmHg) 128± 10

Diastolic blood pressure (mmHg) 74± 9

Physical activity (METsmin/week) 4087± 3093

Hours of sleep (hours/day) 7.4± 0.8

Weight status

Normal weight/Thinness 119 (59.5)

Overweight/Obesity 81 (40.5)

Elevatedwaist circumference (≥102 cm) 7 (3.5)

Elevated triglycerides (≥ 150mg/dL) 16 (8)

ReducedHDL-cholesterol (< 40mg/dL) 18 (9)

Elevated blood pressure (≥

130/85mmHg)

21 (10.50)

Elevated fasting plasma glucose (≥

100mg/dL)

11 (5.50)

Smoking status

Never smoker 137 (68.5)

Current smoker 25 (12.5)

Former smoker 26 (13.0)

No reported 12 (6.0)

Education

High school or less 71 (35.5)

College or high education 129 (64.5)

Civil status

Single 177 (88.5)

Married 20 (10.0)

Other 3 (1.5)

Ethnicity

Hispanic 160 (80)

Caucasic 32 (16)

Other 8 (4)

Seminogram parameters

Sexual abstinence (days) 4 [3–5]

pH 8.5 [8.0–8.5]

Volume (ml) 3.5 [2.5–4.5]

Volume< 1.5mL 6 (3.0)

Total sperm count (× 106 spz) 158.6 [94.6–282.6]

Total sperm count< 39 × 106 spz 19 (9.5)

Sperm concentration (× 106 spz/mL) 48.5 [28.7–83.4]

Sperm concentration< 15 × 106 spz/mL 20 (10.0)

Vitality (%) 81.0 [75.0–88.5]

Vitality< 58% 12 (6.0)

Total motility (%) 59.3± 17.6

(Continues)

TABLE 1 (Continued)

Characteristics All population (n= 200)

Total motility< 40%motile 25 (12.5)

Progressivemotility (%) 43.2± 17.4

Progressivemotility< 32%motile 56 (28.0)

Non-progressivemotility (%) 16.5± 6.8

Normal spermmorphology (%) 8.5 [5.0–15.0]

Normal spermmorphology< 4% 29 (14.6)

Seminogram abnormality 83 (41.5)

Note: Metabolic syndrome components (elevated waist circumference,

triglycerides, blood pressure, and fasting plasma glucose and reducedHDL-

cholesterol) definition according to the updated harmonized International

Diabetes Federation and the American Heart Association/National Heart,

Lung, and Blood Institute criteria. Continuous variables were presented as

means ± SD or medians [25th–75th percentiles] and categorical variables

are presented as number (n) and percentages (%).
Abbreviations: BMI, body mass index; METs, metabolic equivalents; n,

number of subjects; spz, spermatozoa; SD, standard deviation.

determinants and other lifestyle factors associated with sperm qual-

ity. This cross-sectional analysis includes the first 200 participants

of the Led-Fertyl study; recruited between February 2021 and April

2023.Healthy reproductive-agemen from the general population aged

between18 and40 years,whohadpreviously providedboth online and

written informed consent, were included. The inclusion and exclusion

criteria havebeen reported inmoredetail previously.36 The sample size

includes at least a total of 192 men based on a 43.5% proportion of

sperm progressive motility, a 7% margin of error, and 95% confidence

level taking into account subpopulations greater than 100.000men.

This study was conducted according to the Declaration of Helsinki

guidelines and the protocol was approved by the Ethics Committee

of the Institut d’Investigació Sanitària Pere i Virgili (CEIm-IISPV, Ref.

181/2019).

2.2 Exposure: Dietary patterns

Dietary intake was assessed through phone interview conducted

by trained dietitians using a validated, semi-quantitative 143-item

food frequency questionnaire (FFQ),37 covering consumption over the

previous year. The FFQ collected information on portion sizes and con-

sumption frequencies (with nine possible answers, ranging from “never

or almost never” to “≥6 times/day”) for each assessed food item. There-

after, responses for each food item were converted into daily grams

using the standardportion size of each item. Energy andnutrient intake

were estimated using the Spanish food composition tables38,39 and the

e-DietBase software.40

Adherence to a total of six a-priori dietary patterns were com-

puted and used as exposures. The Mediterranean diet adherence

screener (MEDAS), which is based on 14 items and has a potential

range of 0 (minimum adherence) to 14 (maximum adherence).41

The healthful and unhealthful plant-based dietary patterns were

determined using the plant-based diets index (PDI), which is
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DAVILA-CORDOVA ET AL. 1411

characterized by a higher consumption of plant based-foods than

animal origin foods. Healthful plant-based diet index (hPDI) contains

plant based-foods (whole grains, fruits, vegetables, nuts, legumes,

vegetable oils, and tea/coffee) that received positive scores, while less

healthy plant based-foods (fruit juices, sweetened beverages, refined

grains, potatoes, sweets/desserts) and animal food groups received

reverse scores.42 Unhealthful plant-based diet index (uPDI) assigns

a positive score to less healthy plant foods and a negative score to

healthy plant foods and animal food groups.42 These dietary patterns

have a potential range of 18 (minimum adherence) to 90 (maximum

adherence) points.42 The Dietary Approaches to Stop Hypertension

(DASH) 2008 is based on eight items, that are scored on a scale of

1 to 5, with a potential range of 8 (minimal adherence) to 40 (max-

imal adherence).43 The EAT-Lancet diet score is based on 14 items

and has a potential range of 0 (minimal adherence) to 14 (maximal

adherence).44 Finally, theWestern diet score, is characterized by a high

consumption of red meat and fast or fried foods and low consumption

of fruit, vegetables and fish with a possible score ranging from 12 to 60

points.45

2.3 Outcome: Sperm quality parameters

The main outcomes of this study were as follows: sperm count and

concentration, sperm vitality, total and progressive spermmotility, and

spermmorphology.

Semen parameters were evaluated as described in theWHO report

(2010)46 with at least 3 days of sexual abstinence. All analyses were

performedon fresh sampleswith amaximumof 60min after collection.

Semen volume and pHweremeasured after 20min of liquefactionwith

a pipette andpH indicator strips (FisherbrandTM), respectively. The ref-

erence lower limit for semen volume is 1.5 mL. In the case of pH, 7.2 is

used as the lower threshold value.

Sperm concentration, motility andmorphology were assessed using

the computer-assisted sperm analysis (CASA) SCA® system version

6.5.0.67 (Microptic) and an Olympus CX43 phase contrast microscope

(EVIDENT Corporation). Sperm motility was classified as progressive,

non-progressive, and immobile and was expressed as a percentage of

progressive motility, and total motility (progressive motility + non-

progressive motility), using the 10X phase contrast objective, and

analyzed in 200 spermatozoa. The lower reference limit for totalmotil-

ity and progressive motility were 40% and 32%, respectively. Total

sperm count (millions of spermatozoa per ejaculate) was calculated

by multiplying the ejaculated volume by the sperm concentration.

The lower reference limit for total sperm count was 39 × 106 sper-

matozoa per ejaculate and for sperm concentration was 15 × 106

spermatozoa per mL. Sperm vitality was estimated using the hypo-

osmotic swelling test (HOS test), measured manually with a 60X lens,

and the lower reference limit for vitality was 58%. Sperm morphology

was assessed on semen smears stained with the Hemacolor® (Sigma-

Aldrich) kit and evaluated with the 60X lens using the SCA® system

and identifying normal sperm or defects in the head, midpieces, princi-

pal piece, or combined abnormality. Spermmorphology was expressed

as the percentage of normal forms with a lower reference limit of 4%.

Sperm motility, vitality, and morphology were analyzed in 200 sper-

matozoa. An abnormal seminogramwas considered when one or more

sperm parameters were outside the aforementioned reference limits,

according to theWHO guidelines.46

2.4 General and covariate assessment

Sociodemographic data, personal history and lifestyle characteristics

were obtained by online and self-reported questionnaires, which were

checked by trained personnel. Body composition (weight, height, and

waist circumference) and blood pressure were determined by trained

dietitians in a face-to-face visit. Body mass index (BMI) was calculated

as weight in kilograms divided by height in meters squared and cat-

egorized according to the WHO criteria.47 Waist circumference was

measured to the nearest 0.5 cm midpoint between the lower rib and

the iliac crest with an anthropometric tape. Blood pressure was mea-

sured in duplicate 5 min apart using a semiautomatic oscillometer. We

categorized the components of the metabolic syndrome as dichoto-

mous variables according to the updated harmonized International

Diabetes Federation and the American Heart Association/National

Heart, Lung, and Blood Institute criteria as follows: (1) elevated waist

circumference for European individuals (≥102 cm), (2) elevated triglyc-

erides (≥150 mg/dL) or drug treatment for elevated triglycerides, (3)

reduced concentrations ofHDL-cholesterol (<40mg/dL) or drug treat-

ment for lowHDL-C, (4) elevated blood pressure (systolic≥130mmHg

and/or diastolic ≥85 mmHg) or antihypertensive drug treatment,

and (5) elevated fasting glucose (100 mg/dL) or drug treatment for

elevated glucose.48 The validated REGICOR short physical activity

questionnaire was used to assess physical activity.49

2.5 Statistical analysis

The latest Led-Fertyl database (May 2023) was used. Continuous vari-

ables were presented as means ± standard deviation (SD) or medians

[25th–75thpercentiles], dependingonnormal distributions, or number

(%) for categorical variables. Normal distribution of the variables was

evaluated using the Kolmogorov–Smirnov test and non-normal vari-

ables were cubic root-transformed to approach normality. Adherence

to the six dietary pattern adherence scores were categorized into ter-

tiles using the lowest tertile as the reference (T1). One-way analysis

of variance (ANOVA) or the Kruskal–Wallis test was used to evaluate

differences across tertiles of dietary patterns adherence for normally

and non-normally distributed continuous variables, respectively. Chi-

squared test was used for comparisons between categorical variables.

Multivariable linear regression models were fitted to assess the asso-

ciations between tertiles of adherence to the different a-priori dietary

patterns as exposures and sperm parameters as outcomes. For these

associations, dietary pattern scores were also analyzed as continu-

ous variables (for each 1-point increment), expressing β-coefficients
and 95% confidence intervals (CIs), and adjusted for several poten-

tial confounders. Model 1 was adjusted by age (years), BMI (kg/m2),
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1412 DAVILA-CORDOVA ET AL.

smoking (never smoker, current smoker and former smoker), educa-

tion (high school or less and college or high education), physical activity

(METsmin/week), and sleeping time (hours/day);Model 2 (full-adjusted

model) was additionally adjusted by energy intake (kcal/day), and days

of sexual abstinence. Additionally, was adjusted for blood pressure

(elevated blood pressure ≥ 130/85 mmHg blood pressure or normal

blood pressure < 130/85 mmHg). We performed linear regression

analysis using the square root transformed sperm count, and con-

centration, vitality and normal sperm morphology in all models. In

addition, multivariable logistic regression models were used to esti-

mate odds ratios (OR) and their 95% confidence intervals (CIs) for the

associations between dietary pattern scores, abnormal sperm quality

parameters and abnormal seminogram according to WHO 2010 nor-

mality thresholds,46 adjusted for the aforementioned confounders. All

p-valueswere two-tailedwith a significant level at 0.05. Statistical anal-

yses were performed using the IBM-SPSS statistical package (version

27.0, SPSS Inc.) and STATA (version 14.0, StataCorp LLC.).

3 RESULTS

3.1 Descriptive results

Table 1 shows general characteristics of the studied population. This

analysis included 200 men participants with a mean (± SD) age of

28.4 (± 5.5) years, of whom 40.5% presented overweight or obesity.

Most study population were single, non-smokers and had a college

degree. In addition, 41.5% of them had at least one major seminogram

parameter (volume, total sperm count, sperm concentration, vitality,

totalmotility, progressivemotility or normal spermmorphology) below

the WHO 2010 reference values. The flowchart of the participants is

displayed in Figure S1.

Those participants in the highest tertile to the MEDAS score were

more likely to be physically active, to sleep more hours per day, have

a lower waist circumference, and have a higher total sperm count,

sperm concentration, and fewer seminogram abnormalities (Table S1).

Those participants in the highest hPDI diet tertile the showed a higher

age, lower diastolic blood pressure, and higher semen volume and

total sperm count (Table S2). Men in the highest tertile to the DASH

diet score were more likely to be physically active and have more

total sperm count (Table S3). No significant differences in any gen-

eral characteristic across tertiles of EAT-Lancet diet score (Table S4)

were observed. Men in the lowest tertile to the uPDI diet score were

more likely to be physically active and to have less seminogram abnor-

malities (Table S5), and those participants with the highest tertile to

the Western diet score were more likely to be less physical active, to

have lower education level and to present lower total sperm count

(Table S6).

The study population showed a macronutrient distribution closer

to the Mediterranean diet. However, a notable consumption of animal

protein sources, mainly meats and derivates and eggs, was observed.

Furthermore, there was an increased intake of saturated fats and a

lower intake of polyunsaturated fats (Table 2).

TABLE 2 Dietary characteristics of the study population.

Variable All population (n= 200)

Energy (kcal/day) 2647 ± 633

Macronutrients

Total proteins (g/day) 107.2 ± 29.6

% Proteins from energy intake 16.2 ± 2.4

Total carbohydrates (g/day) 258.4 ± 80.3

%Carbohydrates from energy intake 38.8 ± 6.5

14 g fiber/1000 kcal 15 (7.5)

Total fats (g/day) 124.6 ± 33.9

% Fats from energy intake 42.5 ± 6.1

Monounsaturated FA (% of total kcal) 19.9 ± 4.0

Polyunsaturated FA (% of total kcal) 5.9 ± 1.4

Saturated FA (% of total kcal) 11.9 ± 2.7

Food groups consumption (g/day)

Dairy 254.8 ± 189.6

Dairy products 28.0 ± 31.0

Eggs 43.3 ± 39.6

Meat and derivatives 168.3 ± 86.9

Fish and seafood 85.1 ± 46.2

Vegetables 251.0 ± 122.7

Tubers 73.8 ± 59.0

Fruits 196.4 ± 125.7

Oleaginous fruits 14.6 ± 14.5

Nuts 22.2 ± 23.0

Legumes 28.1 ± 21.0

Cereals 114.5 ± 78.3

Whole grains 36.2 ± 50.1

Oils and fats 36.8 ± 16.4

Pastry and bakery 41.0 ± 38.8

Sugars, cocoa and sweets 12.0 ± 15.1

Snacks 12.1 ± 10.0

Prepared foods 41.8 ± 31.6

Sauces and seasonings 4.0 ± 5.8

Sweetened beverage 117.5 ± 133.6

Alcoholic beverages 171.5 ± 209.7

PbA 5.8 ± 26.6

Coffee, tea and infusions 77.9 ± 75.3

Note: Categorical and continuous variables are presented as n (%) and

means± SD, respectively.

Abbreviations: SD, standard deviation; FA, fatty acids; g/day, grams per day;

kcal/day, kilocalories per day; PbA, plant based alternative products.

3.2 Dietary pattern scores and sperm quality
parameters

Table 3 shows the associations (β coefficient; 95%CIs) between adher-

ence to different a-priori dietary pattern scores and sperm quality
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parameters. The full-adjusted model showed significantly higher total

sperm count (β = 3.2; 95% CI: 1.0, 5.5), sperm concentration (β = 1.8;

95% CI: 0.6, 3.0), total motility (β = 8.2; 95% CI: 1.3, 15.1) and pro-

gressive motility (β = 7.1; 95% CI: 0.2, 14.0) in the highest tertile of

the MEDAS, compared to those participants in the lowest tertile. In

addition, compared to those participants in the lowest tertile of the

hPDI score, those in the highest tertile have higher total sperm count

(β = 3.4; 95% CI: 1.4, 5.5) and sperm concentration (β = 1.2; 95% CI:

0.0, 2.3). These results remained essentially unchanged even adjust-

ing for blood pressure (Table S7). No significant associations between

DASH or EAT-Lancet diet scores and sperm quality parameters were

found. Compared to participants allocated in the lowest tertile of the

uPDI and Western dietary patterns, those in the highest tertile of

adherence have lower total sperm count ((β = -2.7; 95% CI: -4.8, -0.7)

and (β = -3.8; 95% CI: -5.8, -1.7), respectively) and sperm concentra-

tion ((β = -1.2; 95% CI: -2.4, -0.1) and (β = -1.7; 95% CI: -2.8, -0.5),

respectively).

When these dietary patterns weremodeled as continuous variables

(for each 1-point increment in the specific score), similar positive asso-

ciations were found with total sperm count (β = 0.6; 95% CI: 0.2,

1.1), sperm concentration (β = 0.3; 95% CI: 0.1, 0.6) and total motil-

ity (β = 1.6; 95% CI: 0.2, 3.0) for MEDAS; total sperm count (β = 0.1;

95% CI: 0.0, 0.2) for hPDI score. For the Western diet score, inverse

associations were found with total sperm count (β = -0.2; 95% CI: -0.3,

-0.1) and sperm concentration (β = -0.1; 95% CI: -0.2, -0.0), and nor-

mal spermmorphology (β= -0.2; 95%CI: -0.3, -0.0) for EAT-Lancet diet

score (Figure 1).

Compared to participants allocated in the lowest tertile of adher-

ence to the MEDAS score, those in the highest tertile have 80% lower

odds of having abnormal total motility (OR: 0.2; 95% CI: 0.1, 1.0) and

60% lower risk of presenting seminogram abnormalities (OR: 0.4; 95%

CI: 0.2, 0.9). Those participants in the highest tertile to the hPDI score

showeda lower prevalence risk of abnormal spermcount (OR: 0.2; 95%

CI: 0.1, 0.9). Moreover, men in the highest tertile of adherence to uPDI

had 4.6 (95%CI: 1.0, 19.9) and 2.3 (95%CI: 1.1, 5.0) higher odds of pre-

senting an abnormal sperm concentration diagnosis and seminogram

abnormalities, respectively (Table S8 and Figure S2).

4 DISCUSSION

An in-depth analysis of various healthy (MEDAS, DASH, hPDI, and

EAT-Lancet), and unhealthy (uPDI and Western diet) a-priori dietary

patterns and their potential associationwith spermquality inmen from

thegeneral populationwas conducted. The results of this study showed

that higher adherence to MEDAS and hPDI was positively associated

with spermcount and concentration. In addition, higherMEDASadher-

ence was positively associated with total and progressive motility. In

contrast, higher adherence to uPDI and Western diet was inversely

associated with sperm count and concentration.

The positive associations observed in our study between men’s

adherence to the healthyMEDASandhPDI dietary patterns andhigher

sperm count are consistent with the inverse relationship observed

betweenmen’s adherence to the unhealthyWestern diet and uPDI and

sperm count. These findings are aligned with the results reported in

the systematic review and meta-analysis by Cao et al. (2022), which

suggested the beneficial effects of adopting healthy dietary patterns

and, conversely, the detrimental impact of unhealthy dietary patterns

on sperm count.50 Furthermore, these findings are in line with an

expanding scientific literature showing several associations between

the consumption of different specific foods and semen quality param-

eters. For example, it has been reported that higher consumption

of nuts,16 fish,15,51 vegetables and fruits,52 all components of the

healthy a-priori dietary patterns assessed in our study, is positively

associated with sperm quality. In addition, other foods and nutrients

typically found in unhealthy dietary patterns, such as saturated and

trans fatty acids,53 animal products,15 or simple carbohydrates54 have

been inversely associated with sperm quality. Furthermore, unhealthy

patterns that have been already associatedwith a higher prevalence of

metabolic syndrome,55 in turn, could negatively affect spermquality.11

We also found that a higher adherence to unhealthy dietary pat-

terns increases the risk of having oligozoospermia (abnormal sperm

count or/and concentration) or other combined seminogramabnormal-

ities (oligo-, astheno-, teratozoospermia). This could be explained by

the low consumption of olive oil, nuts and fish, which mainly contain

monounsaturated fatty acids (MUFAs), polyunsaturated fatty acids

(PUFAs), polyphenols andantioxidants, andahigh consumptionof satu-

rated fats.56 According to the evidence, supplementation with MUFAs

and PUFAs could modify the composition of the sperm plasma mem-

brane, reduce the deoxyribonucleic acid (DNA) damage caused by

oxidative stress, and/or modulate the enzymatic activities involved

in energy metabolism and sperm function.16,51 Furthermore, it has

been shown that the intake of vitamins, antioxidants and carotenoids

is related with higher sperm counts.33,57 This could be explained by

the fact that mature sperm are highly susceptible to abnormal lev-

els of reactive oxygen species (ROS), which could lead to a reduced

sperm count and motility and increased morphological abnormalities.

Antioxidants found in fruits and vegetables could regulate the required

equilibrium of seminal ROS, improving semen quality and reducing

alterations in spermDNA.58 This is supported by the study by Eskenazi

B et al. (2005), which evaluated healthy non-smoking men from a non-

clinical setting and concluded that higher antioxidant intake (vitamins

C and E) was associated with higher sperm count, concentration and

progressivemotility in healthymen.59

Our study has limitations that deserve to be mentioned. Firstly, the

cross-sectional observational design, which does not allow to establish

cause-effect relationships. Second, even though this study used a val-

idated FFQ administered by a trained dietitian via phone interview, it

is not possible to exclude measurement errors and recall bias. Third,

although we adjusted our models by several potential confounders,

residual confounding cannot be dismissed. Fourth, the sample size of

our study is relatively small, althoughwas sufficient to achieve the pro-

posed objectives. Fifthly, no hormonal data or glycolipid parameters,

both potential impact semen quality, were available in the popula-

tion studied to be considered as covariates. In addition, andrological

physical examination such as testicular volume and potential other
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F IGURE 1 Associations (β coefficients and their 95% confidence interval) between one-point increment in each a-priori dietary pattern score
and sperm quality parameters. β coefficients were estimated usingmultivariable linear regressionmodels. Models were adjusted by age (years),
smoking status (current, former, never), education (high school or less, college or high education), BMI (kg/m2), physical activity (METsmin/week),
sleeping hours (hours/day), energy intake (kcal/day) and sexual abstinence (days). DASH, dietary approaches to stop hypertension; EAT-Lancet,
EAT-Lancet diet score; hPDI, healthful plant-based diet index;MEDAS,Mediterranean diet adherence screener; uPDI, unhealthful plant-based
diet index;Western,Western diet score. *Asterisks show statistical differences.

clinical information relevant to sperm quality was not available in our

study cohort to discard some rare infertility causes. Finally, a notable

limitation of our study is the absence of fertility status evaluation

among participants. Future research should include a subgroup of

proven fertile men to provide more comprehensive insights, particu-

larly considering strict criteria for fertility. Although our associations

are statistically significant, we acknowledge that we cannot affirm that

are clinically relevant. Randomized clinical trials with fertility as an

endpoint are warranted in the future for this purpose.

The primary strength of our study lies in conducting a comprehen-

sive analysis of several a-priori healthy and unhealthy dietary patterns

among well-phenotyped men of reproductive age from the general

population. A rigorous protocol was adhered for sample handling, pro-

cessing, and analysis utilizing the CASA SCA® system, all conducted

by a single researcher. It is important to emphasize that although our

cohort is from a general population and healthy reproductive-agemen,

we cannot rule out whether our healthy population is fertile or infer-

tile. In fact, compared with another cohort of fertile and healthy men,

the percentage of seminogram abnormalities (20.4%) is lower than in

our results (41.5%).60

In conclusion, our findings suggest a relationship between men’s

dietary patterns and sperm quality parameters. Specifically, higher

adherence to healthy dietary patterns was associated with better

sperm quality parameters, while adherence to unhealthy dietary pat-

terns was associated with poorer sperm quality. However, it is impor-

tant to note that our study did not assess fertility potential, and

therefore, no conclusions regarding fertility can be drawn from these

results. Further research is needed to replicate our findings, includ-

ing additional analysis such as hormonal levels and complementary

sperm function tests, like DNA fragmentation and semen ROS test,

to extend their applicability to other populations, and to determine

whether these results hold true in proven fertile men. In particular,

conducting long-term and well-controlled clinical trials in fertile men

where unhealthy patterns are replaced by healthier ones would be

especially valuable.
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