Food intake and its relationship with semen quality:
a case-control study
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Objective: To compare dietary habits in normospermic and oligoasthenoteratospermic patients attending a repro-
ductive assisted clinic.

Design: An observational, analytical case-control study.

Setting: Private fertility clinics.

Patient(s): Thirty men with poor semen quality (cases) and 31 normospermic control couples attending our
fertility clinics.

Intervention(s): We recorded dietary habits and food consumption using a food frequency questionnaire adapted
to meet specific study objectives. Analysis of semen parameters, hormone levels, Y microdeletions, and karyotypes
were also carried out.

Main Outcome Measure(s): Frequency of intake food items were registered in a scale with nine categories ranging
from no consumption to repeated daily consumption.

Resuli(s): Controls had a higher intake of skimmed milk, shellfish, tomatoes, and lettuce, and cases consumed
more yogurt, meat products, and potatoes. In the logistic regression model cases had lower intake of lettuce and
tomatoes, fruits (apricots and peaches), and significantly higher intake of dairy and meat processed products.
Conclusion(s): Frequent intake of lipophilic foods like meat products or milk may negatively affect semen quality
in humans, whereas some fruits or vegetables may maintain or improve semen quality. (Fertil Steril® 2009;
91:812-8. ©2009 by American Society for Reproductive Medicine.)
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Several studies have suggested that human semen quality
and fecundity have been declining during the past decades
(1-13). Nevertheless, other works have obtained contradic-
tory results (14—16), indicating that these changes have not
taken place homogeneously in the world. Geographical dif-
ferences in semen quality also support the fact that semen
quality may have declined only in some areas (17-20).
Changes in seminal samples are recent (1-4), and may be
related to environmental or occupational pollutants,
changes in lifestyles, exposure to toxins, or dietary habits
(21, 22).

Volatile organic compounds (23), certain halogenated com-
pounds (24), several heavy metals (25, 26) or xenoestrogens
like some polychlorinated biphenyls (27-29), organochlorine
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compounds (pesticides) (30-32), and phthalate esters (33)
may compromise reproductive male function.

A recent study carried out by Swan et al. (34) suggests that
maternal beef consumption, and possibly xenobiotics (ana-
bolic steroids) in beef, may alter a male fetus’ testicular de-
velopment in utero and adversely affect his reproductive
capacity. Sperm concentration was inversely related to the
mother’s beef intake per week. In sons of “high beef con-
sumers” (>7 beef meals/week), sperm concentration was
24.3% lower than in the men whose mothers ate less beef
(34, 35).

It is speculated that there may be a causal link between
male reproductive anomalies (hypospadias, cryptorchidism)
(36, 37) and the global decrease in sperm counts (1) related
to the marked increase in our diet of phytoestrogens by the
Western adoption of a fast food culture (38, 39).

Although, traditionally, estrogen (E) was perceived as hav-
ing a minor role in male reproduction, it is now clear that E
have a major role in male gonadal development, spermato-
genesis, and fertility (40). Evidence coming from animal
models (41) and human studies have shown that increasing
levels of phytoestrogen intake can disrupt both the normal de-
velopment and the function of the male reproductive system
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(42). We found only one report in which adult men were
given phytoestrogen supplements (isoflavone) for 20 days
and no effect was observed on semen quality (43).

The aim of the study is to compare dietary habits in normo-
spermic and oligoasthenoteratospermic patients attending
a reproductive assisted clinic.

MATERIALS AND METHODS
Design and Patients

The present work is methodologically designed as an ana-
lytical observational case-control study. The patients were
men of couples attending our fertility clinics of the Instituto
Bernabeu (IB) Cartagena, Elche, and Alicante (southeast of
Spain), between 2005 and 2007. Two groups were formed
on the basis of seminal quality and following World Health
Organization (WHO) criteria (44): [1] cases (n = 30)
composed of men with severe or moderate oligozoospermia
(<5 x 10° million of sperms/mL or between 5 and 20 mil-
lion of sperms/mL, respectively) and severe teratozoosper-
mia (<6% normal forms, strict criteria according to
Kruger et al.) (45), and [2] controls (n = 31) composed
of normospermic patients (>20 x 10° million of sperms/
mL, >50% motile sperm, and > 14% normal forms, strict
criteria). An additional 10 patients and 12 controls, who
were invited to participate, refused to be included in the
study. Therefore, there were no significant differences be-
tween the refusal rates in cases and controls. Subjects pro-
vided at least two semen samples after an abstinence period
of 3-5 days. Analyses of samples were done following
WHO criteria (44). We excluded patients who showed
a clinical history of varicocele, cryptorchid or endocrine hy-
pogonadism (abnormal hormonal levels), chemotherapy or
radiotherapy, and anomalies in the karyotype, or presented
Y chromosome microdeletions. The mean body mass index
(BMI) for cases was 23.2 (95% confidence interval [CI]
22.8-23.6) and for controls 23.5 (95% CI 23.1-23.9).
Only two cases and two controls had BMI more than 25
kg/m? and all of them were less than 26 kg/m”. This study
was approved by the Institutional Review Board (IRB) of
our clinics and patients were included in the study after giv-
ing informed written consent.

Questionnaire

All patients were interviewed face-to-face by the same pro-
fessional before or after the first semen sample was obtained.
Men were asked about the average frequency of consumption
of 96 food items during the past year (46). Food frequency
questionnaire was designed in five blocks, each of them ad-
dressing a general group of foods: [1] dairy products, [2]
eggs, red and pork meat, chicken, cold meats, meat processed
products, organs, fish, and shellfish, [3] raw or cooked vege-
tables, potatoes, legumes, and fruits, [4] vegetable oils and
sweets, and [5] alcoholic and nonalcoholic drinks. Frequency
of food consumption was registered in a scale with nine
values ranging from no consumption to repeated daily con-
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sumption. The specific categories were: [1] never or less
than once a month, [2] 1-3 times per month, [3] once per
week, [4] 2—4 times/week, [5] 5-6 times/week, [6] once daily,
[7] 2-3 times/day, [8] 4-5 times/day, and [9] 6 or more times/
day. The questionnaire has been adapted from the Food Fre-
quency Questionnaire developed in the United States (46)
and adapted and validated in Spain (47). Administration of
the questionnaire took an hour, on average. All question-
naires were completed by the same interviewer. A different
questionnaire recorded information on current environmental
and lifestyle exposures (e.g., toxic habits, house environment,
hobbies, daily clothes, underwear).

Statistical Analysis

Means of intake frequencies for the different food items in
cases and controls were compared using nonparametric
methods (Mann-Whitney U). Odds ratios (OR) and 95% CI
were used to explore differences in lifestyle or other expo-
sures. We used multiple logistic regression model for certain
analyses. Only food items that were statistically significant in
the crude analyses were included in the stepwise logistic re-
gression model. Significance level for all tests was set at
P <.05. Analyses were performed using the statistical pack-
age SPSS 13.0 (SPSS Inc., Chicago, IL).

RESULTS

Table 1 shows the semen parameters and hormone levels
between the cases and controls. Hormonal values were nor-
mal and similar between the two groups. There were no sig-
nificant differences between the two semen samples within
groups. As expected, due to study’s methodological design,
semen parameters (except seminal volume) were signifi-
cantly lower in cases than in controls (P <.001). Table 2
provides a summary of lifestyle and toxin or pollutant expo-
sures in the two groups. No statistically significant differ-
ences were found between cases and controls. Table 3
summarizes the differences in average food intakes between
the two groups for selected food items. Cases presented
a higher intake of yogurt, meat products, and potatoes
(P<£.05). Controls had significantly higher intakes of
skimmed milk, shellfish, raw or cooked vegetables, apricots
and peaches, and sweets. Other food items did not show sta-
tistically significant differences between the groups. In a lo-
gistic regression model, cases had lower intake of lettuce
and tomatoes (OR = 0.4; 95% CI 0.2-0.8), fruits (apricots
and peaches) (OR = 0.3; 95% CI 0.1-0.6), and a signifi-
cantly higher intake of dairy products (OR = 3.1; 95%
CI 1.1-8.5) and meat processed foods (OR = 2.6; 95%
CI 1.2-5.4).

DISCUSSION

Our study suggests that semen quality may be influenced by
food intake. Men with poor semen quality had a more fre-
quent intake of some food items that may adversely affect se-
men quality or that act as carriers of deleterious products to



Sperm quality and hormonal levels.

TABLE 1

Cases (n = 30)

Controls (n = 31)

1st sample 2nd sample Average®

1st sample 2nd sample Average®

Variables

(mean x SD) (mean = SD) (mean = SD) (mean + SD) (mean = SD) (mean = SD) P value

Semen samples

Volume (mL) 39+1.3 3.7+1.1 3.8+1.2 3.6 +1.0 3.4 +1.7 35+1.4 376

Concentration 3.2 +2.3 3.7+1.8 33+41 41.7+15.6 37.4+13.6 39.5+ 14.6 <.001
(108/mL)

Sperm motility 29.2 +19.8 25.5+17.4 27.4+18.6 51.1 +£10.3 53.3 +14.3 52.2 + 12.3 <.001
(grade a+b)

Percent normal 3.6 + 1.3 3.8+1.7 37+£15 2344+49 2114+41 223+45 <.001
morphology®

Hormonal levels

FSH 6.4 + 2.1 6.5+1.4 717

LH 42 +1.2 41+14 .815

T 53+1.6 54+1.3 .799

P Strict criteria (54).
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@ No significant differences were found between the first and second samples between cases or controls.

the reproductive system. Our results are consistent with poor
semen quality associated with a higher intake of products that
may incorporate xenobiotics, mainly xenoestrogens or cer-
tain anabolic steroids (34, 39). The use of these compounds
in the food industry results in an increased total level of xen-
oestrogens and sex steroids in processed foods, such as meat
or milk, whose intake contributes significantly to daily expo-
sures. Xenoestrogens are highly lipophilic substances that
can accumulate in fat-rich foods like meat or milk, and are
suspected as partially responsible for the decline in semen
quality. They include polychlorinated biphenyls (28, 29), or-
ganochlorine compounds (pesticides) (31, 32), and phthalate
esters (33). In a study, Rozati and colleagues (28) found that
total motile sperm counts in infertile men were inversely pro-
portional to their xenoestrogen concentrations, which also
were significantly lower in the controls.

In our study the association with poor semen quality was
observed in meat processed foods (sausages and others)
with especially high saturated fat content. The control group
had a significantly higher intake of skimmed milk and a lower
intake of all four dairy products, and consequently, a possibly
lower intake of products containing lipophilic substances like
xenoestrogens (38, 39).

Other food items were associated with a better semen
quality. The control group had a higher intake of lettuce
and tomatoes, and some fruits. These findings are consistent
with a higher intake of antioxidants and micronutrients,
which would have a positive influence in maintaining or im-
proving semen quality in this group. It is known that human
spermatozoa generate reactive oxygen species (ROS) in
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physiologic amounts (48), but an excessive production
causes impairment of seminal quality by many mechanisms
(49). In fact, a higher antioxidant diet has been associated
with higher sperm numbers and motility in healthy nonsmok-
ing men (50). Oxidative stress associated with increased
ROS generation and reduced antioxidant capacity is nega-
tively correlated with sperm concentration and motility in in-
fertile men (51) and recently, with morphology (52). In the
same recent study Agarwal et al. (52) found that among
the male factor infertility patient groups, mean ROS levels
were significantly higher in the subgroup of those who had
abnormal sperm parameters compared with male factor in-
fertility patients with normal sperm parameters. There are
several published studies in the review by Agarwal (53)
where the antioxidant therapy has improved certain seminal
parameters in male factor infertility patients, and in its con-
clusions summarized that rationale and evidence supporting
the use of antioxidants in infertile male patients with elevated
oxidative stress do exist. However, those foods items could
also show a larger presence of xenoestrogens like pesticides
(28), but their beneficial effects would outweigh the negative
consequences.

We have only found a few references in the scientific liter-
ature about observational studies relating semen quality and
food intake. A poster communication presented to the Amer-
ican Society of Reproductive Medicine (ASRM) 62nd An-
nual Meeting in New Orleans in 2006 found that the
proportion of men with low intake of fruits and vegetables
(<5 servings/day) was greater among infertile men than in
controls (83% vs. 40%, P=.0036). In that study, men with
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TABLE 2
Comparison of general characteristics in cases and controls.
Cases (n = 30) Controls (n = 31)

Variables n % n % OR 95% CI
Age (y, mean + SD) 34.2 + 3.7 32.8 +£3.9 NS
Clinics

IB Alicante 14 46.7 18 58.1

IB Cartagena 13 43.3 13 41.9

IB Elche 3 10 -
Current smoker 8 26.7 11 35.5 0.66 0.22-1.97
No. of years smoking 18.8 + 4.1 15.8 £ 3.5 NS

(mean + SD)
Ever smoking 11 36.7 11 35.4 1.06 0.37-2.99
Passive smoking at home 1 3.3 -
Passive smoking at work 5 16.7 4 12.9 1.35 0.33-5.60
Current alcohol drinking 14 46.7 18 58.1 0.63 0.23-1.74
Nail biting 7 23.3 11 35.5 0.55 0.18-1.70
Self car repair 5 16.7 4 12.9 1.35 0.33-5.60
Hobbies or handicrafts with toxic 6 20 2 6.5 3.62 0.67-19.63

products
Recently reformed home 6 20 4 12.9 1.47 0.47-6.60
Lead pipeline at home 1 3.3 4 12.9 0.23 0.02-2.21
Living near pollutant areas 3 10 2 6.5 1.61 0.25-10.40
Heavy traffic near home 13 43.3 12 38.7 1.21 0.44-3.36
Use of synthetic clothes 12 40.0 15 48.4 1.41 0.51-3.88
Fitted trousers 14 46.7 16 51.6 0.82 0.30-2.24
Fitted underwear 26 86.7 25 80.7 1.56 0.39-6.19
Cell phone in pocket 26 86.7 29 93.5 0.45 0.08-2.65
Note: No significant differences were found in any of the variables.
Cl = confidence interval; NS = not significant; OR = odds ratio.
Mendiola. Food intake and semen quality. Fertil Steril 2009.

the lowest intake of dietary antioxidants had the lowest sperm
motility (54). From the same research group, Song and col-
leagues (55), in another communication, described beneficial
effects of dietary intake of plant phytoestrogens on semen pa-
rameters and sperm DNA integrity in infertile men. They
concluded that population-based studies and basic research
are both needed to confirm and clarify the mechanism of
the effects of phytoestrogens on sperm physiology. A recent
oral communication was presented at the ASRM 63rd Annual
Meeting in Washington in 2007 by Chavarro and colleagues
(56), of a cross-sectional study exploring the association of
soy foods and soy isoflavone intake with semen quality
parameters. They suggest that higher intake of these foods
was associated with lower sperm concentration.

Some possible limitations of our study design should be dis-
cussed. The main concern with our study refers to sample size,
which would specially affect the power to detect differences
between the two groups. However, sample size would not af-
fect the validity of the associations observed, but we may
have failed to observe other true differences between the
groups. Selection of controls is an important concern in
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case-control studies (57). The main criteria for selecting appro-
priate controls are to ensure comparability between the two
groups. Our controls would have been cases if they had had
poor semen quality, as they both were recruited in the clinics.

The other major concerns with case-control studies are
information bias, specially recall bias, and confounding
(57). Recall bias is certainly one of the most serious con-
cerns in case-control studies, and our study may not be an
exception. Recall bias would be a concern if recall of diet
were different among cases and controls. In our study,
both cases and controls were patients attending the fertility
clinic for couple infertility. Two semen samples were
requested of all men seeking fertility treatment. The final
diagnosis of semen quality is not given until the results
of the second sample are available. Interviews and question-
naires were applied at the visit made by patients to give the
second semen sample, and therefore before those final re-
sults were available. Therefore, it is unlikely that knowledge
of semen quality might have influenced differentially the re-
call of cases and controls. All interviews were made under
similar circumstances and by the same trained person.



 TABLE 3 .
Average food intake of selected food items in cases and controls.
Cases (n = 30) Controls (n = 31)
Variables (mean = SD)? (mean x SD)? P value
Whole milk 3.13 + 2.49 2.61 +2.38 407
Semi-skimmed milk 2.53 + 3.39 1.97 £ 2.01 .320
Cheese 417 +1.49 3.71 + 1.64 .259
Yogurt 3.4 £1.57 2.48 + 1.59 .016
All 4 dairy products® 3.3+ 1.57 27+1.19 .03
Skimmed milk 1.50 £+ 1.38 3.03 + 2.61 .013
Eggs 3.43 + 0.93 3.26 + 0.99 .482
Red meat 2.77 + 0.90 3.03 + 0.88 247
Pork meat 2.73 +£1.02 2.45 +1.09 .301
Chicken 3.37 + 0.62 3.35 + 0.88 .950
Cold meats 427 + 1.26 4.06 + 1.55 .578
Organs 1.10 £ 0.31 1.00 + 0.00 .073
Fish 233 +1.12 2.55 + 0.96 425
Legumes 3.20 + 0.89 2.97 + 0.91 318
Vegetable oils 6.50 + 1.30 6.90 + 1.23 .880
Nonalcoholic drinks 3.63 + 1.99 3.03 + 1.54 191
Coffee 513 + 2.16 5.16 + 2.10 .959
Alcoholic drinks 3.40 + 1.65 3.32 + 1.56 .851
Meat processed products 2.80 +1.13 213 + 1.26 .012
Potatoes 3.43 + 0.94 2.74 +1.39 .028
Fruits (apricots and peaches) 1.73 +1.30 2.23 +£1.49 .021
Shellfish 1.73 £ 0.74 2.19 + 0.48 .006
Raw vegetables (lettuce and 4.55 + 1.35 5.65 + 1.27 .002
tomatoes)
Lettuce 4.50 + 1.37 5.61 + 1.43 .004
Tomatoes 4.60 + 1.38 5.68 + 1.19 .002
Sweets 2.57 +1.30 3.68 + 1.92 .027
#Mean values represent the average yearly consumption of specific food items, with the following correspondence
between numeric values and categories of consumption: “1” = never or less than once a month; “2” = 1-3 times
per month; “3” = once per week; “4” = 2-4 times/week; “5” = 5-6 times/week; “6” = once daily; “7” = 2-3 times/
day; “8” = 4-5 times/day, and “9” = 6 or more times/day.
P “Dairy products” includes yogurt, whole milk, cheese, and semi-skimmed milk. There was a significantly and negative
correlation between intake of these products and intake of skimmed milk (r = —0.6, P<.001).
Mendiola. Food intake and semen quality. Fertil Steril 2009.

A different consideration refers to the temporal relation be-
tween possible exposures and the impact of the reproductive
system that resulted in low seminal quality. The association
we are observing could be due to an actual effect of the current
diet on seminal quality or the reflection of the consequences of
exposure at a younger age. Having had a higher intake of
some food products in the past at a younger age may also
have had a permanent effect on semen quality (34, 39).

Finally, the case-control study, as an observational design,
does not allow us to infer causality in the associations (57).
The link between xenobiotics and other exposures on diet
and semen quality is controversial (58, 59). Therefore we con-
cur that more research is needed to check the influence and
effect of food intake and other exposures throughout the life

816 | Mendiola et al. Food intake and semen quality

cycle, testing the impact of prenatal and perinatal exposures,
as well as during infancy, childhood, puberty, and adulthood
on reproduction and fertility in men. Ideally, a prospective de-
sign would be more suitable to address the effect of possible
exposures along each stage of a patient’s life cycle.

REFERENCES

1. Carlsen E, Giwercman A, Keiding N, Skakkebaek NE. Evidence for
decreasing quality of semen during the past 50 years. BMJ 1992;305:
609-13.

2. AugerJ, Kunstmann JM, Czyglik F, Jouannet P. Decline in semen quality
among fertile men in Paris during the past 20 years. N Engl J Med
1995;332:281-5.

3. Adamopoulus DA, Pappa A, Nicopoulou S, Andreou E,
Karamertzanis M, Michopoulos J, et al. Seminal volume and total sperm

Vol. 91, No. 3, March 2009



10.

11.

12.

13.

15.

17.

19.

20.

21.

22.

23

24.

25.

26.

27.

number trends in men attending subfertility clinics in the Greater Athens
area during the period 1977-1993. Hum Reprod 1996;9:1936-41.

. Irvine S, Cawood E, Richardson D, Macdonald E, Aitken J. Evidence of

deteriorating semen quality in the United Kingdom: birth cohort study in
577 men in Scotland over 11 years. BMJ 1996;312:467-71.

. Becker S, Berhane K. A meta-analysis of 61 sperm count studies revised.

Fertil Steril 1997;67:1103-8.

. Swan SH, Elkin EP, Fenster L. Have sperm densities declined? A rean-

alysis of global trend data. Environ Health Perspect 1997;105:1228-32.

. Swan SH, Elkin EP, Fenster L. The question of declining sperm density

revisited: an analysis of 101 studies published 1934-1996. Environ
Health Perspect 2000;108:961-6.

. Aitken RJ, Koopman P, Lewis SE. Seeds of concern. Nature 2004;432:

48-52.

. Skakkebzk NE, Rajpert-De Meyts E, Main KM. Testicular dysgenesis

syndrome: an increasingly common developmental disorder with envi-
ronmental aspects. Hum Reprod 2001;16:972-8.

Skakkebzk NE, Jgrgensen N, Main KM, Rajpert-De Meyts E, Leffers H,
Andersson AM, et al. Is human fecundity declining? Int J Androl
2006;29:2—11.

Jgrgensen N, Asklund C, Carlsen E, Skakkebak NE. Coordinated Euro-
pean investigations of semen quality: results from studies of Scandina-
vian young men is a matter of concern. Int J Androl 2006;29:54-61.
Hauser R. The environment and male fertility: recent research on
emerging chemicals and semen quality. Semin Reprod Med 2006;24:
156-67.

Swan SH. Does our environment affect our fertility? Some examples to
help reframe the question. Semin Reprod Med 2006;24:142—6.

. Bujan L, Mansat A, Pontonnier F, Mieusset R. Time series analysis of

sperm concentration in fertile men in Toulouse, France between 1977
and 1992. BMJ 1996;312:471-2.

Fisch H, Goluboff ET, Olson JH, Feldshuh J, Broder SJ, Barad DH. Se-
men analyses in 1,283 men from the United States over a 25-year period:
no decline in quality. Fertil Steril 1996;65:1009-14.

. Paulsen CA, Berman NG, Wang C. Data from men in greater Seattle area

reveals no downward trend in semen quality: further evidence that dete-
rioration of semen quality is not geographically uniform. Fertil Steril
1996;65:1015-20.

Fisch H, Goluboff ET. Geographic variations in sperm counts: a potential
cause of bias in studies of semen quality. Fertil Steril 1996;65:1044—6.

. Fisch H, Ikeguchi EF, Goluboff ET. Worldwide variations in sperm

counts. Urology 1996;48:909-11.

Jgrgensen N, Andersen AG, Eustache F, Irvine DS, Suominen J,
Petersen JH, et al. Regional differences in semen quality in Europe.
Hum Reprod 2001;16:1012-9.

Swan SH, Brazil C, Drobnis EZ, Liu F, Kruse RL, Hatch M, et al.
Geographic differences in semen quality of fertile U.S. males. Environ
Health Perspect 2003;111:414-20.

Tielemans E, Burdorf A, te Velde ER, Weber RF, van Kooij RJ,
Veulemans H, et al. Occupationally related exposures and reduced semen
quality: a case-control study. Fertil Steril 1999;71:690-6.

Homan GF, Davies M, Norman R. The impact of lifestyle factors on re-
productive performance in the general population and those undergoing
infertility treatment: a review. Hum Reprod Update 2007;13:209-23.

. Wagner U, Schlebusch H, Van der Ven H, Van der Ven K, Diedrich K,

Krebs D. Accumulation of pollutants in the genital tract of sterility
patients. J Clin Chem Clin Biochem 1990;28:683-8.

Whorton MD, Foliart DE. Mutagenicity, carcinogenicity and reproduc-
tive effects of dibromochloropropane (DBCP). Mutat Res 1983;123:
13-30.

Robins TG, Bornman MS, Ehrlich RI, Cantrell AC, Pienaar E, Vallabh J,
et al. Semen quality and fertility of men employed in a South African
lead acid battery plant. Am J Ind Med 1997;32:369-76.

Benoff S, Jacob A, Hurley IR. Male infertility and environmental expo-
sure to lead and cadmium. Hum Reprod Update 2000;6:107-21.
Wassermann M, Wassermann D, Cucos S, Miller HJ. World PCBs map:
storage and effects in man and his biologic environment in the 1970’s.
Ann N Y Acad Sci 1979;320:69-124.

Fertility and Sterility®

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

Rozati R, Reddy PP, Reddanna P, Mujtaba R. Role of environmental es-
trogens in the deterioration of male factor fertility. Fertil Steril 2002;78:
1187-94.

Spano M, Toft G, Hagmar L, Eleuteri P, Rescia M, Rignell-Hydbom A,
et al. Exposure to PCB and p,p-DDE in European and Inuit populations:
impact on human sperm chromatin integrity. Hum Reprod 2005;20:
3488-99.

Juhler RK, Larsen SB, Meyer O, Jensen ND, Spano M, Giwercman A,
et al. Human semen quality in relation to dietary pesticide exposure
and organic diet. Arch Environ Contam Toxicol 1999;37:415-23.
Swan SH. Semen quality in fertile US men in relation to geographical
area and pesticide exposure. Int J Androl 2005;29:62-8.

Carreno J, Rivas A, Granada A, Jose Lopez-Espinosa M, Mariscal M,
Olea N, et al. Exposure of young men to organochlorine pesticides in
Southern Spain. Environ Res 2007;103:55-61.

Duty SM, Silva MJ, Barr DB, Brock JW, Ryan L, Chen Z, et al. Phtha-
late exposure and human semen parameters. Epidemiology 2003;14:
269-77.

Swan SH, Liu F, Overstreet JW, Brazil C, Skakkebaek NE. Semen qual-
ity of fertile US males in relation to their mothers’ beef consumption dur-
ing pregnancy. Hum Reprod 2007;22:1497-502.

vom Saal FS. Could hormone residues be involved? Hum Reprod
2007;22:1503-5.

Toppari J, Larsen JC, Christiansen P, Giwercman A, Grandjean P,
Guillette LJ Jr, et al. Male reproductive health and environmental
xenoestrogens. Environ Health Perspect 1996;104:741-803.

Toppari J, Kaleva M, Virtanen HE. Trends in the incidence of cryptorchi-
dism and hypospadias, and methodological limitations of registry-based
data. Hum Reprod Update 2001;7:282—-6.

O’Donnell L, Robertson KM, Jones ME, Simpson ER. Estrogens and
spermatogenesis. Endocrinol Rev 2001;22:289-318.

Santti R, Mikela S, Strauss L, Kokman J, Kostian ML. Phytoestrogens:
potential endocrine disruptors in males. Toxicol Ind Health 1998;14:
223-37.

Hess RA, Bunick D, Lee KH, Bahr J, Taylor JA, Korach KS, et al. A role
for estrogens in the male reproductive system. Nature 1997;390:509-12.
Tan KA, Walker M, Morris K, Greig I, Mason HI, Sharpe RM. Infant feed-
ing with soy formula milk: effects on puberty progression, reproductive
function and testicular cell numbers in marmoset monkeys in adulthood.
Hum Reprod 2006;21:896-904.

Ibarreta D, Daxenberger A, Meyer HHD. Possible health impact of phy-
toestrogens and xenoestrogens in food. Acta Pathol Microbiol Immunol
Scand 2001;109:161-84.

Mitchell JH, Cawood E, Kinniburgh D, Provan A, Collins AR, Irvine DS.
Effect of a phytoestrogen food supplement on reproductive health in
normal males. Clin Sci 2001;100:613-8.

World Health Organisation. Laboratory manual for the examination of
human semen and sperm—cervical mucus interaction. 4th ed. New
York: Cambridge University Press, 1999.

Kruger TF, Menkveld R, Stander FS, Lombard CJ, Van der Merwe JP,
van Zyl JA, et al. Sperm morphologic features as a prognostic factor in
in vitro fertilization. Fertil Steril 1986;46:1118-23.

Willett WC, Sampson L, Stampfer MJ, Rosner B, Bain C, Witschi J, et al.
Reproducibility and validity of a semiquantitative food frequency ques-
tionnaire. Am J Epidemiol 1985;122:51-65.

Vioque J, Guillén M, Garcia M, Gonzalez L, Vicente MC, Quiles J. Re-
producibility and validity of a food frequency questionnaire among men
and women of Alicante, Spain. In: International Epidemiological Asso-
ciation. Epidemiology for sustainable health. Abstract Book II. The XV
International Scientific Meeting of the International Epidemiological As-
sociation. Florence, Italy, August 31-September 4, 1999.

Saleh RA, Agarwal A. Oxidative stress and male infertility: from
research bench to clinical practice. J Androl 2002;23:737-52.

Agarwal A, Saleh RA, Bedaiwy MA. Role of reactive oxygen species in
the pathophysiology of human reproduction. Fertil Steril 2003;79:829-43.
Eskenazi B, Kidd SA, Marks AR, Sloter E, Block G, Wyrobek AJ. An-
tioxidant intake is associated with semen quality in healthy men. Hum
Reprod 2005;20:1006-12.



51

52.

53.

54.

55.

818

Pasqualotto FF, Sharma RK, Nelson DR, Thomas AJ, Agarwal A. Relation-
ship between oxidative stress, semen characteristics, and clinical diagnosis
in men undergoing infertility investigation. Fertil Steril 2000;73:459-64.
Agarwal A, Sharma RK, Nallella KP, Thomas AJ Jr, Alvarez JG,
Sikka SC. Reactive oxygen species as an independent marker of male
factor infertility. Fertil Steril 2006;86:878-85.

Agarwal A. Role of antioxidants in treatment of male infertility: an over-
view of the literature. Reprod Biomed Online 2004;8:616-27.

Lewis V, Kochman L, Herko R, Brewer E, Andolina G, Song G. Dietary
antioxidants and sperm quality in infertile men. American Society of
Reproductive Medicine Annual Meeting, New Orleans, LA, October
21-25. Fertil Steril 2006;86:s364.

Song G, Kochman L, Andolina E, Herko RC, Brewer KJ, Lewis V. Ben-
eficial effects of dietary intake of plant phytoestrogens on semen param-

Mendiola et al. Food intake and semen quality

56.

57.

58.

59.

eters and sperm DNA integrity in infertile men. 62nd American Society
of Reproductive Medicine Annual Meeting, New Orleans, LA, October
21-25. Fertil Steril 2006;86:s49.

Chavarro JE, Sadio SM, Toth TL, Hauser R. Soy food and isoflavone in-
take in relation to semen quality parameters. 63rd American Society of
Reproductive Medicine Annual Meeting, Washington, DC, October
13-17. Fertil Steril 2007;88:522.

Schlesselman JJ. Case-control studies: design, conduct, analysis. New
York: Oxford University Press, 1982.

Amann RP, Seidel GE. Testis development, beef consumption and study
methods. Hum Reprod 2007;22:2572-3.

Swan SH, Liu F, Overstreet JW, Brazil C, Skakkebaek NE. Reply: Testis
development, beef consumption and study methods. Hum Reprod
2007;22:1503-5.

Vol. 91, No. 3, March 2009



	Food intake and its relationship with semen quality: a case-control study
	Materials and methods
	Design and Patients
	Questionnaire
	Statistical Analysis

	Results
	Discussion
	References


