

[image: image1]
Antioxidant Vitamins and Carotenoids Intake and the Association With Poor Semen Quality: A Cross-Sectional Analysis of Men Referring to an Italian Fertility Clinic












	
	ORIGINAL RESEARCH
published: 04 October 2021
doi: 10.3389/fnut.2021.737077






[image: image2]

Antioxidant Vitamins and Carotenoids Intake and the Association With Poor Semen Quality: A Cross-Sectional Analysis of Men Referring to an Italian Fertility Clinic

Valentina De Cosmi1,2, Fabio Parazzini1,3, Carlo Agostoni1,2,4, Stefania Noli1, Sonia Cipriani3, Irene La Vecchia1, Stefania Ferrari3, Giovanna Esposito1, Francesca Bravi1 and Elena Ricci3*


1Department of Clinical Sciences and Community Health, University of Milan, Milan, Italy

2SIGENP (Italian Society of Pediatric Gastroenterology, Hepatology, and Nutrition), Milan, Italy

3Department of Woman, Newborn and Child, Fondazione IRCCS Ca' Granda Ospedale Maggiore Policlinico, Milan, Italy

4Pediatric Intermediate Care Unit, Fondazione IRCCS Ca' Granda Ospedale Maggiore Policlinico, Milan, Italy

Edited by:
Ioannis Zabetakis, University of Limerick, Ireland

Reviewed by:
Charalampos Proestos, National and Kapodistrian University of Athens, Greece
 Mohammad Hossein Nasr-Esfahani, Royan Institute, Iran

*Correspondence: Elena Ricci, ed.ricci@libero.it

Specialty section: This article was submitted to Nutritional Epidemiology, a section of the journal Frontiers in Nutrition

Received: 06 July 2021
 Accepted: 10 September 2021
 Published: 04 October 2021

Citation: De Cosmi V, Parazzini F, Agostoni C, Noli S, Cipriani S, La Vecchia I, Ferrari S, Esposito G, Bravi F and Ricci E (2021) Antioxidant Vitamins and Carotenoids Intake and the Association With Poor Semen Quality: A Cross-Sectional Analysis of Men Referring to an Italian Fertility Clinic. Front. Nutr. 8:737077. doi: 10.3389/fnut.2021.737077



Several studies suggested that male's diet affects fertility. This cross-sectional analysis from a prospective cohort study aims to explore the relation between antioxidants intake and sperm parameters in sub-fertile couples referring to a Fertility center. Socio-demographic characteristics, health history, lifestyle habits, and diet information were obtained. A semen sample was analyzed to proceed with assisted reproduction. Three hundred and twenty-three men were enrolled: 19.1% had semen volume (SV) < 1.5 mL, 31.4% sperm concentration (SC) < 15.0 mil/mL, 26.8% sperm motility < 32%, and 33.0% had total sperm count (TSC) < 39.0 mil. Higher levels of α-carotene were associated to lower risk of low SC [4th vs. 1st quartile, adjusted OR (aOR) 0.43, 95% CI 0.20–0.91) and low TSC (aOR 0.46, 95% CI 0.22–0.95). Higher intake of β-carotene was inversely associated with risk of low TSC. Lycopene intake was associated with higher risk for these conditions (aOR 2.46, 95%CI 1.01–5.98, SC), and (aOR 3.11, 95%CI 1.29–7.50, TSC). Risk of low semen volume was lower in men with higher level of vitamin D intake (aOR 0.25, 95%CI 0.09–0.66)]. Further research, especially, well-designed randomized clinical trials (RCT), is needed to understand how diet modifications may have a role in modulating male fertility and fecundability.
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INTRODUCTION

Approximately 15% of couples are affected by fertility problems, and male causes are responsible for about 30% of them (1, 2). Recently, a meta-analysis has shown that in European men sperm concentration has declined by an overall 32% over the past 50 years (3). In the majority of cases, sub optimal semen quality is idiopathic, with no evident explanation for compromised spermatogenesis. Even if growing evidence suggests that environmental conditions and lifestyle habits may affect semen quality (4), the causal link between impaired male fertility and environmental factors is still uncertain. Besides genetic and endocrine factors (5, 6), an important contribution derives from lifestyle (such as smoking, overweight, physical activity, alcohol intake, diet) (7–9).

A comprehensive review concluded that healthy diets, including nutrients such as some antioxidants (vitamin E, vitamin C, β-carotene, selenium, zinc, cryptoxanthin, and lycopene), vitamins (vitamin D and folate), and omega-3 fatty acids, but with low saturated fatty acids and trans-fatty acids intake, has been positively associated to good sperm quality parameters (10). On the contrary, a Cochrane meta-analysis (11) found that randomized controlled trials of treatments with antioxidants vs. placebo did not indicate an influence on sperm parameters. It is possible that a diet rich in antioxidants is related with healthy lifestyle, with a consequent positive effect on semen quality. Thus, to analyze the association between diet and sperm quality is of specific interest also to better understand the role of antioxidants on sperm parameters. Available data on this potential association is limited (10–12).

Despite this, numbers of dietary supplements (DS) have been suggested to ameliorate sperm parameters and male fertility. Most contain a large number of ingredients, often supported by poor scientific evidence or below their minimal effective daily dose (13). Zinc is the ingredient commonly found, followed by selenium, arginine, coenzyme Q, and folic acid. Garolla et al. examined the composition of 21 DS in the Italian market (14). Authors showed that in each supplement the mean number of ingredients was higher than 7 (from 2 to 17) and that 13 DS contained at least one ingredient without any proof of efficacy (i.e., astragalus, taurine, and riboflavin) (14). To offer additional evidence on the relation between antioxidant vitamins and carotenoids intake and the risk of poor semen quality, we analyzed data from a study on the relationship between lifestyle patterns and sperm parameters in men of sub-fertile couples, presenting to an Italian Fertility Clinic and candidate to assisted reproductive procedures. A novelty of this study is the fact that it includes a Southern European population, usually characterized by frequent intake of fruit and vegetables.



MATERIALS AND METHODS

From September 2014 to December 2016, subfertile couples, entered for evaluation to the Fertility Unit of Fondazione IRCCS Ca' Granda, Ospedale Maggiore, Policlinico, Milan, and eligible for assisted reproduction technologies (ART), were asked to participate into an ongoing prospective cohort study on the role of lifestyle habits and diet on ART outcome. The study protocol was approved (reference number 2616, December 9, 2014) by the Ethical Review Board of Fondazione IRCCS Ca' Granda, Ospedale Maggiore, Policlinico (Milan). All procedures were in accord with the Helsinki Declaration and all participants gave written informed consent. The study was explained over the diagnostic phase. On the oocyte retrieval day, centrally trained personnel interviewed both partners using a standard questionnaire (Supplementary Material) to collect information on general socio-demographic characteristics, health history, and lifestyle habits (including smoking, physical activity, alcohol intake, and caffeine consumption).

On the same day, a semen sample was also collected and analyzed to proceed with in vitro fertilization (IVF) or intra-cytoplasmic sperm injection (ICSI). In the present study, only evidence from the male partner was reported. Couples that could not speak Italian were excluded from the study. The participation rate was close to 95%. This high participation rate was principally because couples were interviewed during the period spent waiting for the different diagnostic stages before the actual ART procedure. Considering both this down time and the not sensitive character of questions, couples did not usually refuse to answer the questionnaire.

History of previous chemo- or radiotherapy, and of previous reproductive organ diseases (ROD), like orchiectomy, cryptorchidism, and varicocele was retrieved from medical reports. Men with one of the above-mentioned conditions were classified as having risk factors for impaired fertility.

Through the World Health Organization (WHO)'s indications we classified body mass index (BMI) (15). We categorized occupational physical activity (PA) as heavy (or very heavy), light/moderate, mainly standing or mainly sitting. We described leisure PA in term of hours/week: <2, between 2 and 4, ≥5, but no details on intensity or type of leisure PA were collected. As regards smoking habits, we created the following categories: never, former, or current, and we registered the number of cigarettes smoked daily, and duration of smoking. Information on alcohol intake was collected as usual weekly consumption (1 unit = 125 mL wine or 330 mL beer or 30 mL spirits, all containing ~12.5 g of ethanol). An intake lower than one unit per week was coded as 0.5. Caffeine intake from coffee (60 mg per cup), cappuccino (75 mg per cup), tea (45 mg per cup), decaffeinated coffee (4 mg per cup), and chocolate (6 mg/10 g) was calculated (16).

A previously validated food frequency questionnaire (FFQ) (17–19) was used to obtain information on diet. Patients' usual weekly food consumption in the last year was asked. The FFQ includes the average weekly consumption of 78 food items or food groups (including the major sources of animal fats—i.e., red meat, milk, cheese, ham, salami—folates, vitamins—vegetables and fruit—pasta and bread consumption, cake, sweets and chocolate, fish) and beverages. Intakes lower than once per week, but at least once per month, were coded 0.5 per week. To account for seasonal consumptions we considered weekly consumption of vegetables/fruits available in limited periods during the year, weighted for months of consumption. Daily energy and mineral, macro- and micronutrient intake was estimated using the most recent update of an Italian food consumption database (20).


Sperm Analysis

Two to five days of abstinence was requested to men before semen analysis. Samples were obtained by masturbation and collected into a sterile plastic container provided and labeled with the date and time of collection. Then, they were conserved at room temperature until complete liquefaction. All the seminal fluid examinations were carried out by the laboratory of the Unit. Duration of complete liquefaction (<1 h) was registered, until 1 h was reached. Semen analysis was performed using Makler counting chamber (concentration and motility) and by following standardized methods according to the WHO guidelines (2010). Sperm count was defined after a minimum of two repeated measurements. All biologists have been certified by the European Society of Human Reproduction and Embryology (ESHRE) on semen analysis. Our laboratory participates to external quality assessment (VEQ) managed by Azienda Ospedaliera Universitaria Careggi (Firenze, Italy). Volume (mL), sperm concentration (spermatozoa N/mL), and motility (%) were taken into consideration. Sperm motility was classified into total (progressive + non-progressive motility) and progressive motility. Total sperm count was calculated as volume × sperm concentration. The WHO semen analysis manual were used to compare sperm volume, concentration, total count, and motility (15) with the given reference values: 1.5 mL for volume, 15.0 millions/mL for concentration, 39.0 million for total count and 32% for sperm motility. Men who had at least one recorded parameter were included in the analysis. According to the center procedure, if sperm concentration was lower than 1 million/mL motility was not evaluated, as the couple was candidate to ICSI, and motility value was missing for the subject.

As semen samples were collected specifically to carry out ART procedures, sperm morphology was only evaluated in partners of those couples undergoing IVF and after semen capacitation (and not on fresh sperm samples). All semen samples underwent Density gradient centrifuge (DGC) method; the swim-up procedure is subsequently applied depending on sperm concentration. The laboratory personnel were trained using the European Society of Human Reproduction and Embryology (ESHRE) Special Interest Group in Andrology Basic Semen Analysis Course (21).



Statistical Analysis

Categorical or ordinal variables were described as frequency (%), continuous variables as means (standard deviation, SD) if normally distributed and medians (interquartile range, IQR) if not. Comparisons were performed using chi-square or Mantel-Haenszel test, as appropriate, for categorical variables, Student's t-test or analysis of variance if more than two classes were present, for normally distributed continuous variables, and Mann-Whitney U-test for not normally distributed continuous variables. Four domains of semen quality were assessed: volume, concentration, total count, and motility.

We estimated the odds ratios (ORs) and the corresponding 95% confidence intervals (CIs) for semen volume < 1.5 mL, sperm concentration < 15.0 mil/mL, sperm motility < 32%, and total sperm count < 39.0 mil, in quartiles of antioxidants intake, and the corresponding trend. To account for potential confounders, we included terms for variables associated to each micronutrient or sperm parameter in the unconditional logistic regression models. Moreover, factors previously associated with sperm quality were included in the equation (age, alcohol intake, current smoking, days of abstinence). Factors used for adjustment are indicated in table footnotes. All the analyses were performed with the SAS software, version 9.4 (SAS Institute, Inc., Cary, NC, USA).




RESULTS

Three hundred forty-seven men were interviewed: 327 (94.2%) had at least one seminal parameter measured and, among them, 4 did not provide complete information about lifestyle and were excluded from the analysis (Figure 1). Therefore, the concluding analyses were led on 323 men, aged 39.3 years on average (SD 5.3, range 27–60): 61/320 (19.1%) had low semen volume, 99/315 (31.4%) had low concentration, 77/287 (26.8%) had low sperm motility, and 103/312 (33.0%) had low total sperm count. Prevalence was 46% for overweight and 8.7% for obesity (BMI ≥ 30.0); 31.7% of men were current and 28.9% former smokers. Table 1 depicts antioxidants and micronutrients intake of men, according to presence of sperm abnormalities. As presented, at this univariate analysis, we found that low semen volume was associated with Vitamin D intake (p = 0.002), low sperm concentration with α-carotene and lycopene (p = 0.05 and 0.007, respectively), low sperm motility with β-cryptoxanthins (p = 0.04), and lutein (p = 0.03), low total sperm count with α- and β-carotene (p = 0.017 and 0.056, respectively), and with lycopene intake (p = 0.013). Table 2 shows the demographic characteristics and lifestyle habits of men, according to sperm characteristics. At this cross-sectional univariate analysis, low semen volume was frequent in older age classes (p = 0.016), low sperm concentration and total count in men with a history of ROD (p = 0.0001 and p = 0.0002, respectively), low sperm motility in men with history of ROD (p = 0.01), and with low level of occupational PA (p = 0.048). Days of abstinence were significantly higher in men with low motility (p = 0.026).


[image: Figure 1]
FIGURE 1. Flow chart of enrolled patients and reasons for exclusion.



Table 1. Antioxidants and micronutrients intake of 323 men undergoing assisted reproduction technique, according to presence of sperm abnormalities.
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Table 2. Demographic characteristics and lifestyle patterns of 323 men undergoing assisted reproduction technique, according to presence of sperm abnormalities.
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To evaluate the strength and direction of the associations among antioxidants intake levels and poor semen quality, we calculated the adjusted ORs (aOR), including potential confounders in the equation, as reported in Table 3 footnotes. Days of abstinence were included in all models.


Table 3. Crude and adjusted odds ratios and 95% confidence intervals for selected antioxidant intake.
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Table 3 reports the crude and adjusted ORs of semen volume < 1.5 mL, sperm concentration < 15.0 mil/mL, sperm motility < 32%, and total sperm count < 39.0 mil/mL, according to quartiles of selected micronutrients intake. At the multivariate analysis, we found that risk of low semen volume was lower in men with higher level of vitamin D intake (Chi-square for trend = 8.60, p = 0.003). Low sperm concentration was inversely associated with α-carotene level of intake, with similar estimates for 2nd, 3rd, and 4th quartile as compared to the 1st (Chi-square for trend = 4.39, p = 0.036).

On the contrary, low sperm concentration was positively associated with lycopene intake (Chi-square for trend = 5.53, p = 0.019).

As regards to low sperm motility, lutein and β-cryptoxanthins intakes were not significantly associated in the adjusted analysis. We repeated the analysis considering the quartiles of selected micronutrients intake for kg of body weight, and the results did not change.



DISCUSSION

In our study, higher α-carotene intake was associated with lower frequency, and lycopene levels with higher frequency of low sperm concentration and total count. Total sperm count was also positively associated with higher β-carotene intake. Vitamin D was positively related to semen volume. These findings were consistent, albeit not always significant, in men with and without history of reproductive organ diseases.

When reading these results, it is important to remember that dietary carotenoids are derived almost completely from fruits and vegetables and vitamin D from milk and dairy products. It is plausible that other components in these foods are responsible for the positive associations with sperm concentration or semen volume, or that the relationships found between micronutrient intake and semen quality may be confounded by other healthy or unhealthy behaviors.

Antioxidants' use has been studied as a possible treatment to reverse the negative impact of high Reactive Oxygen Species (ROS) concentrations on semen quality (22). Many observational studies demonstrated some possible benefits of several types of antioxidants on sperm quality (23–25). But the conclusions are very limited due to the nature of the studies. Preferably, a Cochrane meta-analysis of 48 randomized controlled trials (RCTs) that compared single and combined antioxidants with placebo, in a population of 4,179 sub-fertile men, concluded that there was low quality evidence of a positive effect of antioxidants supplementation on sperm parameters (11).

Regarding the implantation and live birth, a randomized clinical trial of antioxidants supplements, used during infertility treatments, found associations between higher α-carotene intake and lower probability of implantation and live birth, and between higher β-carotene and lower probability of implantation. On the contrary, a positive association was observed between vitamin C and β-carotene intake and fertilization rate (26).

Contrary to our findings, Rahimlou et al. in a cross-sectional study on infertile men with oligospermia have not demonstrated any significant association between lycopene, vitamin E, and α carotene with sperm parameters (27). Furthermore, in a recent placebo-controlled trial, one trial group of infertile men, has been supplemented with lycopene for 12 weeks. Significant improvements in all semen quality parameters and in total antioxidant capacity levels have been found (28). These inconsistent results may be due to differences in study populations (healthy vs. sub-fertile men, smokers vs. non-smokers), sample sizes, and micronutrient intake levels. Also, it should be taken into consideration that the supplementation period is very short if compared with the life of people. A cohort study may be desirable to study the long-term effects of such micronutrients' supplementation on different outcomes.

Dietary patterns may intercept healthy or unhealthy dietary attitudes. Foods that contain compounds important for male fertility belongs to a healthy dietary pattern and are rich in antioxidants, fibres and omega-3 fatty acids, such as fruits, vegetables, legumes, seeds, whole-grain products, nuts, and fish. It is worth mentioning that nutrition should be always considered as a complex system in which all nutrients and foods interact, rather than a unique element that acts positively or negatively on its own (29).

Potential limitations of this study should be considered. As regards the sample size, this cohort study was planned to demonstrate the effect of maternal and paternal diet on ART outcomes and an appropriate sample size calculation was performed (30). The present paper reports a cross-sectional analysis of baseline data from the male partner and no other sample size calculation has been implemented, as regards the present sample.

We assessed dietary, supplement intake and information on lifestyle habits on self-report FFQ. The FFQ is shown in Supplementary Material. Although the FFQ ascertains eating habits over the last year, participants generally “telescope” their report so that their dietary report may reflect recent patterns of intake (31). So, some underestimates due to reporting bias, may have occurred.

Moreover, our results should be referred only to patients of infertile couples and sperm motility was not measured in a subset of patients. Eleven percent of men had sperm concentration lower than 1 million/ml, therefore, the couple was candidate to ICSI; and, according to our center practices, no further analyses were executed, for this reason we did not report a motility value, but only the presence/absence of motility. We did not collect information on vitamin and antioxidant supplementation. The reported frequency of use of antioxidants in a survey conducted during the same calendar period of the present study, on about 800 Italian male internet users, was about 15% (32). This proportion, as suggested by the authors, could be overestimated due to low response rate and potential biases. Furthermore, in Italy, general practitioners do not usually prescribe specific supplements, because male fertility issues are treated by urologists or andrologists. The Italian Society of Andrology and Sexual Medicine (SIAMS) recommended not to prescribe antioxidants for ameliorating sperm parameters and pregnancy rate in absence of a specific diagnosis in all subjects with sperm abnormalities, thus during the study period, supplements were not prescribed as clinical routine in our center (33). Similarly, the interest on the lay press on the role of supplements for improving male fertility is increased more recently, thus it is conceivable that only a very limited proportion of men considered in this study were using supplements. An important limitation regards the possibility of unmeasured confounding. The observed differences might be just due to residual confounding as just four variables were used to adjust the dietary intakes. According to the paper by Smith et al. (34) behavioral, socioeconomic, and physiological factors are strongly interrelated, with 45% of all possible pairwise associations between 96 non-genetic characteristics (n = 4,560 correlations being significant at the p < 0.01 level). Four confounders are a little number compared with the extensive variations between the lifestyles of people.

Enrolled subjects self-reported information on diet. The questionnaire was considered a reliable tool to measure dietary intake: correlation coefficients were >0.65 for most frequently eaten food, and between 0.50 and 0.65 for others (31, 35). However, the exact amount of each nutrient is difficult to quantify. Although patients reported the frequency of consumption for several foods, the exact micronutrient content in a portion depends on how it is prepared and the size of the portion. As these factors are likely to lower the intake estimates, a systematic bias is likely. According to the paper by Chiu et al. (36), within-patient variability over time was substantial, and a single semen sample may not suffice to correctly classify men as normal according to WHO reference limits.

Some strengths of our study deserve to be commented. Men were interviewed in the same Institution by the same personnel, and participation was practically complete. Moreover, we also accounted for several potential biases, previously reported as associated with semen quality, such as age class, alcohol intake, days of abstinence, and smoking. In summary, although nutrients intake did not eliminate associations between age and semen quality, our results suggest that higher α- and β-carotene and Vitamin D consumption are associated with better sperm parameters and that higher intake of lycopene is associated with a higher frequency of low concentration and total count in our population of sub-fertile men, over a wide age range.



CONCLUSION

In our group of male partners of sub-fertile couples undergoing ART cycles, we concluded that a higher intake of α-carotene is positively, and lycopene level is negatively associated with sperm concentration and total count. Besides, higher intake of vitamin D in men is associated with better sperm parameters. Due to the design of the study, we cannot determine a causal relation between selected micronutrient intake and better semen quality, because this may reveal generally healthier lifestyle habits, despite our careful adjustment for alcohol, smoking, and other possibly related covariates.

Further studies, especially well-designed RCTs on the dose-response relations between antioxidants and semen quality parameters, are necessary to confirm the associations found in the present study.



DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by the Institutional Review Board (or Ethics Committee) of Fondazione IRCCS Ca' Granda, Ospedale Maggiore, Policlinico, Milan, Italy (Comitato Etico Milano Area B, reference number 2616, Dec. 9, 2014). The patients/participants provided their written informed consent to participate in this study.



AUTHOR CONTRIBUTIONS

FP and IL: conceptualization. VD, CA, SN, and SF: data curation. SC, FB, and ER: formal analysis. SN and SF: investigation. FP: methodology. VD and SF: validation. VD and ER: writing – original draft. FP, CA, SN, and GE: writing – review and editing. All authors contributed to the article and approved the submitted version.



ACKNOWLEDGMENTS

We are indebted with Marta Castiglioni, Benedetta Gallotti, Maria Cavadini, and Marco Reschini for their valuable contribution to data collection and patients' counseling.



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fnut.2021.737077/full#supplementary-material



REFERENCES

 1. Nyboe Andersen A, Carlsen E, Loft A. Trends in the use of intracytoplasmatic sperm injection marked variability between countries. Hum Reprod Update. (2008) 14:593–604. doi: 10.1093/humupd/dmn032

 2. Thoma ME, McLain AC, Louis JF, King RB, Trumble AC, Sundaram R, et al. Prevalence of infertility in the United States as estimated by the current duration approach and a traditional constructed approach. Fertil Steril. (2013) 99:1324–31.e1. doi: 10.1016/j.fertnstert.2012.11.037

 3. Sengupta P, Borges Jr E, Dutta S, Krajewska-Kulak E. Decline in sperm count in European men during the past 50 years. Hum Exp Toxicol. (2018) 37:247–55. doi: 10.1177/0960327117703690

 4. Gabrielsen J, Tanrikut C. Chronic exposures and male fertility: the impacts of environment, diet, and drug use on spermatogenesis. Andrology. (2016) 4:648–61. doi: 10.1111/andr.12198

 5. Ohlander SJ, Lindgren MC, Lipshultz LI. Testosterone and male infertility. Urol Clin. (2016) 43:195–202. doi: 10.1016/j.ucl.2016.01.006

 6. Visser L, Repping S. Unravelling the genetics of spermatogenic failure. Reproduction. (2010) 139:303–7. doi: 10.1530/REP-09-0229

 7. Li Y, Lin H, Li Y, Cao J. Association between socio-psycho-behavioral factors and male semen quality: systematic review and meta-analyses. Fertil Steril. (2011) 95:116–23. doi: 10.1016/j.fertnstert.2010.06.031

 8. Ricci E, Al Beitawi S, Cipriani S, Candiani M, Chiaffarino F, Viganò P, et al. Semen quality and alcohol intake: a systematic review and meta-analysis. Reprod Biomed Online. (2017) 34:38–47. doi: 10.1016/j.rbmo.2016.09.012

 9. Ricci E, Al-Beitawi S, Cipriani S, Alteri A, Chiaffarino F, Candiani M, et al. Dietary habits and semen parameters: a systematic narrative review. Andrology. (2018) 6:104–16. doi: 10.1111/andr.12452

 10. Salas-Huetos A, Bulló M, Salas-Salvadó J. Dietary patterns, foods and nutrients in male fertility parameters and fecundability: a systematic review of observational studies. Hum Reprod Update. (2017) 23:371–89. doi: 10.1093/humupd/dmx006

 11. Showell MG, Mackenzie-Proctor R, Brown J, Yazdani A, Stankiewicz MT, Hart RJ. Antioxidants for male subfertility. Cochrane Datab Syst Rev. (2014) 12:CD007411. doi: 10.1002/14651858.CD007411.pub3

 12. Giahi L, Mohammadmoradi S, Javidan A, Sadeghi MR. Nutritional modifications in male infertility: a systematic review covering 2 decades. Nutr Rev. (2016) 74:118–30. doi: 10.1093/nutrit/nuv059

 13. Cui T, Kovell RC, Brooks DC, Terlecki RP A. urologist's guide to ingredients found in top-selling nutraceuticals for men's sexual health. J Sex Med. (2015) 12:2105–17. doi: 10.1111/jsm.13013

 14. Garolla A, Petre GC, Francini-Pesenti F, De Toni L, Vitagliano A, Di Nisio A, et al. Dietary supplements for male infertility: a critical evaluation of their composition. Nutrients. (2020) 12:1472. doi: 10.3390/nu12051472

 15. World Health Organization. WHO Laboratory Manual for the Examination and Processing of Human Semen. 5th ed. Geneva: World Health Organization (2010). 

 16. Tavani A. Coffee and Health [Caffè e salute]. (2013). Available at: http://www.coffeegroup.it/assets/img/curiosita/caffe-e-salute.pdf (Accessed February 16, 2021) 

 17. Decarli A, Franceschi S, Ferraroni M, Gnagnarella P, Parpinel MT, La Vecchia C, et al. Validation of a food-frequency questionnaire to assess dietary intakes in cancer studies in Italy results for specific nutrients. Ann Epidemiol. (1996) 6:110–8. doi: 10.1016/1047-2797(95)00129-8

 18. Franceschi S, Barbone F, Negri E, Decarli A, Ferraroni M, Filiberti R, et al. Reproducibility of an Italian food frequency questionnaire for cancer studies: results for specific nutrients. Ann Epidemiol. (1995) 5:69–75. doi: 10.1016/1047-2797(95)92893-D

 19. Franceschi S, Negri E, Salvini S, Decarli A, Ferraroni M, Filiberti R, et al. Reproducibility of an Italian food frequency questionnaire for cancer studies: results for specific food items. Eur J Cancer. (1993) 29:2298–305. doi: 10.1016/0959-8049(93)90225-5

 20. Gnagnarella P, Parpinel M, Salvini S, Franceschi S, Palli D, Boyle P. The update of the Italian food composition database. J Food Compos Anal. (2004) 17:509–22. doi: 10.1016/j.jfca.2004.02.009 

 21. Barratt C, Björndahl L, Menkveld R, Mortimer D, ESHRE special interest group for andrology basic semen analysis course: a continued focus on accuracy, quality, efficiency and clinical relevance. Hum Reprod. (2011) 26:3207–12. doi: 10.1093/humrep/der312

 22. Ross C, Morriss A, Khairy M, Khalaf Y, Braude P, Coomarasamy A, et al. A systematic review of the effect of oral antioxidants on male infertility. Reprod Biomed Online. (2010) 20:711–23. doi: 10.1016/j.rbmo.2010.03.008

 23. Eskenazi B, Kidd S, Marks A, Sloter E, Block G, Wyrobek A. Antioxidant intake is associated with semen quality in healthy men. Hum Reprod. (2005) 20:1006–12. doi: 10.1093/humrep/deh725

 24. Eslamian G, Amirjannati N, Rashidkhani B, Sadeghi MR, Hekmatdoost A. Nutrient patterns and asthenozoospermia: a case–control study. Andrologia. (2017) 49:e12624. doi: 10.1111/and.12624

 25. Mendiola J, Torres-Cantero AM, Vioque J, Moreno-Grau JM, Ten J, Roca M, et al. A low intake of antioxidant nutrients is associated with poor semen quality in patients attending fertility clinics. Fertil Steril. (2010) 93:1128–33. doi: 10.1016/j.fertnstert.2008.10.075

 26. Mínguez-Alarcón L, Mendiola J, López-Espín JJ, Sarabia-Cos L, Vivero-Salmerón G, Vioque J, et al. Dietary intake of antioxidant nutrients is associated with semen quality in young university students. Hum Reprod. (2012) 27:2807–14. doi: 10.1093/humrep/des247

 27. Rahimlou M, Sohaei S, Nasr-Esfahani M, Nouri M. Dietary antioxidant intake in relation to semen quality parameters in infertile men: a cross-sectional study. Clin Nutr Res. (2019) 8:229. doi: 10.7762/cnr.2019.8.3.229

 28. Nouri M, Amani R, Nasr-Esfahani M, Tarrahi MJ. The effects of lycopene supplement on the spermatogram and seminal oxidative stress in infertile men: a randomized, double-blind, placebo-controlled clinical trial. Phytother Res. (2019) 33:3203–11. doi: 10.1002/ptr.6493

 29. Stachoń M, Kołota A, Lachowicz K. Selected pro-healthy food products in male reproduction®. Adv Food Proc Technol. (2020) 1:110–20. Available online at: https://yadda.icm.edu.pl/baztech/element/bwmeta1.element.bazteche97f09fe-e7ee-4d2b-9586-e202f92abc24/c/PTPS_2020__nr_1__s._110-120.pdf 

 30. Ricci E, Noli S, Cipriani S, La Vecchia I, Chiaffarino F, Ferrari S, et al. Maternal and paternal caffeine intake and ART outcomes in couples referring to an Italian fertility clinic: a prospective cohort. Nutrients. (2018) 10:1116. doi: 10.3390/nu10081116

 31. D'Avanzo B, La Vecchia C, Katsouyanni K, Negri E, Trichopoulos D. Reliability of information on cigarette smoking and beverage consumption provided by hospital controls. Epidemiology. (1996) 7:312–5. doi: 10.1097/00001648-199605000-00018

 32. Giammarioli S, Boniglia C, Carratu B, Ciarrocchi M, Chiarotti F, Mosca M, et al. Use of food supplements and determinants of usage in a sample Italian adult population. Public Health Nutr. (2013) 16:1768–81. doi: 10.1017/S1368980012004314

 33. Calogero A, Aversa A, La Vignera S, Corona G, Ferlin A. The use of nutraceuticals in male sexual and reproductive disturbances: position statement from the Italian Society of Andrology and Sexual Medicine (SIAMS). J Endocrinol Invest. (2017) 40:1389–97. doi: 10.1007/s40618-017-0699-6

 34. Smith GD, Lawlor DA, Harbord R, Timpson N, Day I, Ebrahim S. Clustered environments and randomized genes: a fundamental distinction between conventional and genetic epidemiology. PLoS Med. (2007) 4:e352. doi: 10.1371/journal.pmed.0040352

 35. Cui Q, Xia Y, Wu Q, Chang Q, Niu K, Zhao Y, et al. meta-analysis of the reproducibility of food frequency questionnaires in nutritional epidemiological studies. Int J Behav Nutr Phys Act. (2021) 18:1–18. doi: 10.1186/s12966-020-01078-4

 36. Chiu Y-H, Edifor R, Rosner BA, Nassan FL, Gaskins AJ, Mínguez-Alarcón L, et al. What does a single semen sample tell you? Implications for male factor infertility research. Am J Epidemiol. (2017) 186:918–26. doi: 10.1093/aje/kwx169

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher's Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2021 De Cosmi, Parazzini, Agostoni, Noli, Cipriani, La Vecchia, Ferrari, Esposito, Bravi and Ricci. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fnut-08-737077-t002.jpg
Age (years)
<35
35-39
>40

Mean + SD
College
degree
ROD

BMI

<250
25.0-299
2300
Smoking
Never
Current
Former

Oceupational
PA

Heavy
Moderate
Mainly
standing
Mainly sitting
Leisure PA
<2 hweek
2-4 h/week
>5 hiweek
Abstinence
(days),
median (IQR)
Daily calories
(Kcal), median
(IoR)

Semen volume N = 320

<1.5mL
N=61
(19.4%)
N %
8 13.4
18 205
35 574
41260
28 459
10 16.4
22 36.1
34 55.7
4 66
22 36.4
20 328
19 311
18 295
11 180
8 131
23 377
27 443
21 34.4
11 180
3 34
2025 1626~

2,355

=15mL
N =259
(80.9%)
N %
51 197
108 417
100 386
389+ 49
102 894
54 208
123 475
13 436
23 89
104 402
82 317
72 2758
48 185
55 212
39 1561
17 452
105 405
89 34.4
63 243
3 34
1880 1614~
2273

0.016
0.007
0.35

0.43

0.30

0.81

0.08

0.32
0.13

0.49

Sperm concentration N = 315

<150
mil/mL
N=99
(31.4%)
N %
14 14.1
46 465
49 39.4
30.1+45
38 384
32 323
a1 41.4
48 485
10 10.4
38 384
31 313
30 303
2 263
19 192
9 9.1
45 5.4
39 308
34 34.7
25 255
4 3-4
2129 1822~

2,475

2150 p

mil/mL.

N=216

(68.6%)

N %

45 208

7 356

9 435 014

394+55 065

89 412 064

30 139 0.0001

102 474

9% 446

17 79 057

87 405

66 30.7

62 288 094

4 101

45 209

36 16.7

9 433 020

92 432

74 34.7

a7 224 077

3 34 024

1951 1,680- 0.13
2,379

Sperm motility N = 287

<32.0%
N=T7
(26.8%)
N %
15 195
32 416
30 39.0
39456
3 442
22 286
33 429
37 48.1
3 78
36 4638
22 286
19 247
10 130
14 182
14 182
38 49.4
27 35.1
29 377
18 234
4 35
1,820 1,590~
2,261

232.0%
N=210
(73.2%)
N %
40 190
83 395
87 414
892+5.1
84 400
33 15.7
%8 467
9% 452
17 8.1
79 376
68 824
62 295
a7 224
46 219
31 14.8
86 410
89 424
7 338
49 233
3 34
1912 1,637-
2291

BMiI, body mass index; ROD, reproductive organ diseases; PA, physical activity; SD, standard deviation; IQR, interquartile range. The bold values indicates p < 0.05.

0.77
0.70
053

0.01

0.70

0.39

0.048

0.62
0.026

0.26

Total sperm count N = 312

<39.0 mil
N=103
(33.0%)
N %
15 146
a2 408
46 a7
39650
43 41.8
32 314
44 427
50 85
9 87
39 37.9
30 201
34 330
27 262
18 17.5
12 116
46 447
48 a75
34 33.7
19 188
4 34
2050 1,726~
2,451

239.0 mil
N =209
(67.0%)
N %
43 206
81 3838
85 407
392453
83 307
28 134
98 a7
93 44.7
17 82
85 409
67 322
56 269
39 188
44 211
33 15.9
3 442
82 396
72 348
53 256
3 34
1975 1,691-
2384

0.43
0.49
0.73

0.0002

0.76

0.54

0.37

0.13
0.94

0.92





OPS/images/fnut-08-737077-t003.jpg
Micronutrients:quartiles Semen volume < 1.5 mL'

oR 95% CI P aOR 95% CI P
Vitamin D: ref. 1st quartie (10-87)

2nd (87-122) 055 027-1.13 045 020-1.05

3rd (122-169) 028 012-0.66 028 0.11-0.74

4th(163-454) 0.35 0.16-0.76 0.25 0.09-0.66

Ghi-square for trend 948 00002 860 0003

Sperm concentration < 15.0 mil/mL?

OR 95% CI P aOR 95% CI P
a-carotene: ref. 1t quartile (0.003-0.4)
2nd (0.4-0.7) 057 029-1.11 044 0.21-091
39(0.7-1.2) 054 0.28-1.05 048 0.23-0.98
4" (1.2-6.5) 051 026-1.00 043 0.20-091
Chi-square for trend 378 0052 439 0036
Lycopene: ref. 1st quartie (0.5-4)
2nd (4-6) 0.87 0.42-1.80 078 0.36-1.71
3rd (6-8) 137 068-2.75 154 0.69-3.46
4th (8-15) 222 1.13-4.35 246 1.01-5.98
Chi-square for trend 7.10 0.008 553 0019

Sperm motility < 32%%

OR 95% ClI P aOR 95% CI P

B-cryptoxanthins: ref. 1st quartie (0.00007-0.08)

2nd (0.08-0.2) 0.67 0.32-1.42 071 0.32-1.58

3rd (0.2-0.3) 0.43 0.19-0.95 0.49 0.16-0.93

4th (0.3-1) 1.23 0.61-2.48 1.43 0.64-3.20

Chi-square for trend 0.09 0.76 0.17 0.68
Lutein: ref. 1st quartile (0.05-0.26)

2nd (0.2-0.3) 0.58 0.28-1.17 0.50 0.23-1.07

3rd (0.3-0.4) 029 0.13-0.65 0.24 0.09-0.62

4th (0.4-0.9) 0.54 0.26-1.09 0.50 0.19-1.29

Chi-square for trend 4.54 0.033 3.37 0.08

Total sperm count < 39.0 mil*

OR 95% CI P aOR 95% CI P
a-carotene: ref. 1st quartile (0.003-0.4)
2nd (0.4-0.7) 0.60 031-1.16 053 0.26-1.08
3d(0.7-1.2) 0.44 022-0.85 0.40 0.20-0.82
4th (1.2-6.5) 048 025-094 0.46 0.22-095
Chi-square for trend 562 0017 5.41 0020
B-carotene: ref. 1st quartie 061 031117 050 0.25-1.03
0.5-3)
2nd (3-4)
3rd (4-5) 0,66 034126 041 0.25-1.06
4th (5-16) 0.49 026-097 051 0.19-0.87
Chi-square for trend 364 0056 486 0027
Lycopene: ref. 1st quartie (0.5-4)
2nd (4-6) 068 033-1.40 0,69 032150
3rd (6-8) 122 0.62-2.41 1.7 0.78-3.74
4th (8-15) 197 1.02-3.80 311 1.29-7.50
Chi-square for trend 6.13 0013 862 0.003

OR, Odds ratio; aOR, adjusted odds ratio; Cl, confidence interval.
Adjusted for: 1-age class, reproductive organ diseases, alcohol intake, current smoking, daily calories intake, days of abstinence; 2-age cless, reproductive organ diseases, alcohol
intake, current smoking, daily calories intake, days of abstinence; 3-age class, reproductive organ diseases, occupational physical activity, current smoking, dily calories intake, days
of abstinence; 4-age class, reprodctive organ diseases, current smoking, day calories intake, days of abstinence. The cut-off point of quarties of daily intake for the micronutrients
are expressed as mg in brackets.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Antioxidant Vitamins and Carotenoids Intake and the Association With Poor Semen Quality: A Cross-Sectional Analysis of Men Referring to an Italian Fertility Clinic



		Introduction



		Materials and Methods



		Sperm Analysis



		Statistical Analysis







		Results



		Discussion



		Conclusion



		Data Availability Statement



		Ethics Statement



		Author Contributions



		Acknowledgments



		Supplementary Material



		References

















OPS/images/cover.jpg
’ frontiers
in Nutrition

Antioxidant Vitamins and
Carotenoids Intake and the
Association With Poor Semen
Quality: A Cross-Sectional Analysis
of Men Referring to an Italian
Fertility Clinic





OPS/images/fnut-08-737077-g001.gif
347 enrolled patients

e E

St o
Sperm porameter

Swihincompiets food
requency questonnsie

323 incuded i the amlyss

e b

i e e L R s ey,





OPS/images/fnut-08-737077-t001.jpg
Micronutrients:

quartiles
<1.5mL
N=61
(19.1%)
N %
Vitamin
c
1st 19 814
2nd 13 213
3rd 17 279
4th 12197
Vitamin
D
1st 25 410
2nd 16 262
3rd 9 148
4th 1180
Vitamin E
1st 13 213
2nd 14 230
ard 15 246
4th 19 811
-
carotene
1st 17 279
2nd 15 246
3rd 12197
4th 17 279
B
carotene
1st 17 279
2nd 12197
3rd 16 262
th 16 262
Lycopene
1st 15 246
2nd 19 814
ard 15 246
4th 12197
B
cryptoxanthins
1st 18 295
2nd 16 262
3rd 13 213
4th 14 230
Lutein
1st 18 295
2nd 9 148
3rd 16 262
4th 18 295
Folates
1st 14 230
2nd 16 262
3rd 14 230
4th 17 279

“Mantel-Hanszel chi-square; **heterogeneity chi-square p

Semen volume

N =320

21.5mL

N

62
65
84
68

55
64
70
70

67
66
84
62

63
65
68
63

63
68
64
64

85
61
66
67

62
64
67
66

62
72
83
62

66
65
65
63

N =259 (80.9%)

%

239
26.1
24.7
263

21.2
247
27.0
27.0

259
255
24.7
239

243
25.1
263
243

243
263
24.7
247

25.1
236
255
269

239
247
269
265

239
27.8
243
239

255
25.1
261
243

028

0.002

023

0.85

0.95

0.42

0.34

064

0.64

Sperm concentration

N =315

<15.0 mil/mL.

N =99 (31.4%)

N

22
29
25
23

23
27
24
26

23
26
25
25

22
23
21

28
24
27
20

20
19
25
36

27
16
26
30

27
23
24
25

26
20
27
26

%

222
293
253
232

232
273
242
263

232
263
253
253

333
222
232
212

283
242
273
20.2

20.2
19.2
253
35.4

273
16.2
263
30.3

273
232
242
253

263
20.2
273
263

215.0 mil/mL
N = 216 (68.6%)

N

55
50
55
56

53
54
55
54

54
54
52
56

46
54
59
57

51
54
52
59

57
62
52
45

51
61
54
50

50
56
55
55

52
57
51
56

.04. The bold values indicates p < 0.05.

%

255
231
265
259

245
25.0
255
25.0

25.0
25.0
244
259

213
250
273
26.4

236
25.0
244
273

264
287
244
20.8

236
282
25.0
231

231
269
255
255

244
26.4
236
259

0.86

0.96

091

0.05

0.25

0.007

0.12

0.67

0.88

Sperm motility
N=287
<32.0%

N =17 (26.8%)
N %
21 273
19 247
16 208
21 273
22 286
18 234
20 260
17 224
23 299
19 247
18 234
17 224
28 209
20 26.0
18 234
16 208
24 31.2
18 234
21 273
14 182
21 273
24 812
17 221
15 195
2 286
17 224
12 156
26 338
27 354
20 260
11 143
19 24.7
25 325
16 208
16 208
20 2

232.0%
N =210 (73.2%)

N

51

57
52

a7
54

56

51

47
54

§2388

8388

388

55

%

243
238
271
248

22.4
25.7
252
26.7

243
22.4
25.7
27.6

238
238
25.7
26.7

233
238
262
s

252
238
248
26.2

229
26.2
29.0
219

20.0
262
276
26.2

21.4
28.6
248
252

P

0.77

0.32

0.21

0.18

0.10

0.22

0.76*"

0.03

0.36

Total sperm count

N=312

<39.0 mil

N

28
25
29
21

29
24
26
24

25
30
22
26

35
25
21
22

33
24
25
21

23
18
26
36

29
20
26
28

31
23
23
26

29
22
27
25

N =103 (33.0%)

%

272
243
282
20.4

282
233
252
233

243
291
21.4
252

34.0
243
20.4
214

320
233
243
204

223
175
252
35.0

282
19.4
252
272

30.1
23
223
252

282
214
26.2
243

239.0 mil

N

49
52
51
57

47
55
52
55

51
50
54
54

43
51
59
56

45
54
52
58

54

50
43

48
56
54
51

46
55
55
53

49
55
50
55

N=209 (67.0%)

%

234
249
244
273

225
263
249
263

24.4
239
258
268

20.6
24.4
282
26.8

215
258
249
27.8

258
29.7
239
20.6

23.0
268
25.8
24.4

22.0
263
263
254

23.4
263
239
263

0.31

0.40

0.68

0.017

0.056

0.013

0.99

0.36

0.63









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Nutrition





