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Abstract

Background—In the United States, anabolic sex steroids are administered to cattle for growth
promotion. There is concern regarding the reproductive consequences of this practice for men who
eat beef. We investigated whether meat consumption was associated with semen quality
parameters and reproductive hormone levels in young men.

Methods—Semen samples were obtained from 189 men aged 18-22 years. Diet was assessed
with a previously validated food frequency questionnaire. We used linear regression to analyze the
cross-sectional associations of meat intake with semen quality parameters and reproductive
hormones, while adjusting for potential confounders.

Results—There was an inverse relation between processed red meat intake and total sperm
count. The adjusted relative differences in total sperm counts for men in increasing quartiles of
processed meat intake were 0 (ref), =3 (95% confidence interval = =67 to 37), —-14 (-82 to 28),
and —78 (—202 to —5) million (test for trend, P = 0.01). This association was strongest among men
with abstinence time less than 2 days and was driven by a strong inverse relation between
processed red meat intake and ejaculate volume (test for trend, P =0.003).
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Conclusions—In our population of young men, processed meat intake was associated with
lower total sperm count. We cannot distinguish whether this association is due to residual
confounding by abstinence time or represents a true biological effect.

Methods

In the United States, anabolic sex steroids are administered to cattle for growth promotion
60 to 90 days before slaughter. Estrogen, progesterone, testosterone and three synthetic
hormones (zeranol, melengestrol acetate, and trenbolone acetate) are the main hormones
used for this purpose. Levels of hormone residues in edible tissues are higher in treated than
in non-treated animals,1-2 and there is concern that hormonal residues in edible tissues,
particularly those of synthetic hormones, may result in adverse reproductive consequences
among beef eaters.3-6 Because of this, the European Union banned this practice in 1989.1:7

Despite the concerns, data on the relation of meat intake to semen quality parameters or
reproductive hormone levels is scarce and inconsistent.#8-10 To further investigate this, we
examined whether meat consumption was associated with semen quality parameters and
reproductive hormones among young healthy men in the United States. We hypothesized
that higher red meat consumption would be associated with lower semen quality parameters.
Furthermore, since hormone residue levels differ across edible tissues,211 our secondary
hypothesis was that meats previously reported to have higher concentration of hormone
residues would be more strongly related to semen quality parameters (processed red
meats>organ meats>unprocessed red meats>poultry> fish).

Study population

The Rochester Young Men's Study is a cross-sectional study that enrolled men at the
University of Rochester (New York) in 2009 and 2010. Men were recruited into the study
through flyers and newspapers as described elsewhere.12 The Rochester study is part of a
multi-center international study (U.S., Spain, Finland, and Denmark) aimed at evaluating the
association of environmental contaminants (specifically, maternal beef consumption) with
semen quality parameters during pregnancy. Men were eligible to participate if they were
born in the United States after 31 December 1987, able to read and speak English, and able
to contact their mother and ask her to complete a questionnaire. A total of 389 men
contacted the study coordinator between spring 2009 and spring 2010. Of these, 305 met all
eligibility criteria and 222 men (73%) enrolled in the study. A food frequency questionnaire
(FFQ) was introduced in the fall of 2009, after enrollment had started. All men after this
point (n=194) completed the FFQ. Among them, 3 had missing data on sperm morphology,
and 2 had implausible total caloric intakes (<600 kcals or >15,000 per day), leaving a final
sample size of 189 men.

Men underwent a physical examination during which height and weight were measured, the
presence of reproductive disorders (e.g. varicocele) documented, and anogenital distance
measured. Participants also completed a brief lifestyle and medical history questionnaire at
this time. Participants received $75 upon study completion. The study was approved by the
University of Rochester Research Subjects Review Board and written informed consent was
obtained from all men.
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Semen collection and analysis

Men produced semen samples by masturbation into a specimen cup at the clinic on the day
of the physical examination. Lubricants were not used for masturbation. The men were
asked to abstain from ejaculation for 48 hours prior to the clinic visit and to report the time
of their previous ejaculation, but men who failed to follow these instructions were not
excluded. Abstinence times >240 hr (n=7) were truncated at 240 hr. Samples were processed
within 30 minutes of collection.

Ejaculate volumes were estimated by specimen weight, assuming a semen density of 1.0
g/mL. Sperm concentration was evaluated by hemocytometer (Improved Neubauer; Hauser
Scientific Inc., Horsham, PA, USA). Moatility was assessed in accordance with the World
Health Organization 1999 criterial3 and classified as both progressive motile (A + B), total
motile (A + B + C) or immotile (D). Smears for morphology were made, air-dried, fixed,
and shipped to the University Department of Growth and Reproduction at the Rigshospitalet
(Copenhagen, Denmark). The slides were Papanicolaou stained and assessed using strict
criteria.14 Total sperm count was calculated as concentration x volume and total progressive
motile count was defined as concentration x volume x % progressive motility.

Reproductive hormone measurement

Blood samples were drawn from participant's cubital vein and centrifuged; the serum was
separated, stored, and frozen at —80°C. Serum samples were then shipped to Copenhagen,
Denmark on dry ice and stored at —20°C until hormone analysis was performed at
Rigshospitalet. The methods have been described previously.1> Briefly, hormone
assessments were done simultaneously to reduce intralaboratory variations. Serum levels of
follicle-stimulating hormone (FSH), luteinizing hormone (LH), and sex hormone-binding
globulin (SHBG) were determined using time-resolved immunofluorometric assays
(DELFIA,; PerkinElmer, Skovlund, Denmark). Intra- and interassay variations were < 5% in
each of the three assays. Serum testosterone (T) levels were determined using a time-
resolved fluoroimmunoassay (DELFIA; PerkinElmer) with intra- and interassay variation <
8%. Estradiol (E2) was measured by radioimmunoassay (Pantex, Santa Monica, CA, USA)
with an intraassay variation of < 8% and an interassay variation of < 13%. Inhibin B levels
were determined by a specific two-sided enzyme immunometric assay (Oxford Bio-
Innovation Ltd, Bicester, UK) with intra- and interassay variation of 13% and 18%,
respectively. Free testosterone (FT) was calculated using the equation of Vermeulen et al.16
assuming a fixed albumin of 43.8 g/L.

Dietary assessment

Diet was assessed using a previously validated 131-item FFQ.16:17 Men reported how often,
on average, they consumed specified amounts of food, beverages, and supplements during
the previous year. Nutrient intakes were estimated using the nutrient database from the U.S.
Department of Agriculture (USDA),1® with additional information from manufacturers when
necessary. In a validation study, the de-attenuated correlation coefficient between meat
intake assessed with the FFQ and the 1-year average of prospectively collected diet records
ranged from 0.56 for chicken and turkey to 0.83 for processed red meats.}” Unprocessed red
meat intake was defined as the sum of beef, pork, and ham consumed as sandwiches, mixed
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dishes, or main dishes. Processed red meat intake was defined as the sum of hamburger, hot
dog, bacon, and other processed red meats (e.g. salami). Organ meat intake was defined as
the sum of liver from beef, calf, pork, chicken, and turkey. Poultry intake was defined as
chicken or turkey cooked with or without skin, as main dish, sandwich, or frozen dinner.
Two data-derived dietary patterns previously described in this population, the “Prudent
Pattern” and the “Western Pattern”,1° were calculated as summary measures of global food
choices.

Statistical analysis

We first summarized participant characteristics and compared them across quartiles of meat
intake, using the Kruskal-Wallis test for continuous measures and an extended Fisher's
Exact test for categorical variables. We used linear regression models to assess the
association of meat intake (in categories) with semen quality parameters by comparing
semen parameter levels in men with higher intake levels to those in the lowest quartile of
intake (reference) while adjusting for potential confounders. Robust estimators of the
variance were used in the computation of 95% confidence intervals (Cls). Total sperm count
and sperm concentration were log-transformed to more closely approximate a normal
distribution and to be consistent with previous literature. Results for these parameters were
back-transformed to allow presentation of results on the original scale. Population marginal
means20 were utilized to present marginal population averages adjusted for the covariates in
the model. Tests for linear trend were performed using the median values of meat intake in
each category as a continuous variable and semen parameters as the response variable.
Departures from linearity were evaluated by introducing quadratic and cubic terms to the
models and comparing these to models where meat intake was modeled as a linear term
using a likelihood ratio test.

We considered as potential confounders baseline characteristics that were associated with
meat intake and semen parameters, as well as factors previously reported to predict semen
parameters. Based on these criteria, all models were adjusted for age (continuous), body
mass index (BMI) (continuous), abstinence time (<2, 2-5, =5 days), smoking status (yes or
no), hours of moderate to vigorous physical activity per week (continuous), hours of TV-
watching per week (continuous), race (black, all other), recruitment period (2009, 2010), and
caloric intake (continuous). In addition, sperm motility models were adjusted for time from
semen collection to start of semen analysis (continuous). We further adjusted for overall
dietary patterns (continuous) to determine whether any observed association was specific to
a particular meat type or was explained by overall food choices. Additional models also
included adjustment for animal fat and animal protein intakes (continuous) to examine
whether these nutrients were responsible for any observed associations. The same set of
covariates was used for adjustment of semen quality parameters and reproductive hormone
levels with three exceptions: (1) hormones were not adjusted for abstinence time or time
from semen collection to start of semen analysis; (2) hormones were adjusted for time of
blood sampling (continuous), to take into consideration circadian variation in blood levels of
some hormones; and (3) hormones were adjusted for alcohol intake (continuous), as some
studies have found lower testosterone levels among men with high alcohol intake.? We
assessed effect modification of dietary associations with semen parameters by BMI (<25
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kg/m?2 and =25 kg/m?2) and smoking status (current and never/former smokers) using cross-
product terms. We also used cross-product terms to test for heterogeneity across strata of
abstinence time. We analyzed the data using SAS (version 9.2; SAS Institute Inc., Cary, NC,
USA), and two-sided p-values < 0.05 were considered statistically significant.

Participants were primarily white (83%), with a median age of 19.6 (interquartile range
[IQR] = 18.9 to 20.5) years. Their median time spent on moderate to vigorous activity was 8
h/wk (5 to 14). Forty-one percent were overweight or obese (BMI=25 kg/m?2). The median
sperm concentration was 53.0 x 10%/ml (IQR = 20.5 to 95.5x10%/ml); the percent
progressively motile sperm was 60.5% (49.5% to 69.5%); and percent morphologically
normal sperm was 8.5% (5.0% to 12.0%). Median total meat intake was 2.3 servings/day
(IQR = 1.6 to 3.2 servings/day). Processed red meats were the most commonly consumed
meat product, accounting for 40% of total meat intake, followed by poultry (31%),
unprocessed red meats (17%), fish (11%) and organ meats (1%).

Total meat intake was positively related to moderate-to-vigorous physical activity, TV-
watching, and smoking (Table 1). There was also an inverse relation between total meat
intake and abstinence time; the median difference in abstinence time between the top and
bottom quartile of total meat intake was 21 hours. Higher meat intake was associated with
higher intake of total energy, saturated fat, mono-unsaturated fat, animal fat, total protein,
and animal protein, as well as higher summary scores reflecting the Prudent and Western
dietary patterns.

Intake of processed red meats was strongly associated with ejaculate volume in crude
analyses. Compared with men in the lowest quartile of processed red meat intake, the
adjusted differences in ejaculate volume for men in the second, third and fourth quartiles of
intake were, —0.1 (95% CI = -0.8 to 0.6), —0.6 (-1.3t0 0.1), and -1.1 (-1.8 to —0.4) mL
(test for trend, P <0.001). This association between processed red meat intake and reduced
ejaculate volume persisted in multivariate adjusted models (Table 2). Processed red meat
intake was also associated with lower total sperm count and lower total progressive motile
count (Figure). Processed red meat intake was unrelated to sperm concentration, progressive
motility or morphology (Table 2). The addition of quadratic and cubic terms for processed
meat intake to a model with a linear term only did not suggest departures from a linear
association for total sperm count, total progressive motile count, or ejaculate volume.

Since meat intake was inversely related to abstinence time, and abstinence time was
positively related to ejaculate volume, sperm concentration, total sperm count, and total
progressive motile count, we performed additional analyses to examine the possibility that
the relations of processed red meat intake with total count and total progressive motile count
were due to residual confounding by abstinence time. Results were nearly identical
regardless of how abstinence time was modeled (eTable 1). To further examine the
possibility of residual confounding, we examined the relation of processed red meats with
semen parameters within strata of abstinence time (<2, 2-5, 25 days). The strongest relation
of processed red meat intake with total sperm count was among men with abstinence time <
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2 days (eTable 2). When men with abstinence time <2 days were excluded, the adjusted
relative differences in total sperm counts for men in increasing quartiles of processed meat
intake were 0O (ref), 13 (95% CI = -45 to 48), 3 (-59 to 40), and —17 (-108 to 34) million
(test for trend, P = 0.34). The adjusted differences in ejaculate volume for men in increasing
quartiles of processed red meat intake were 0 (ref), 0.01 (-0.7 to 0.7), 0.5 (-1.2 to 0.2), and
-0.6 (1.4 to 0.2) mL after this exclusion (test for trend, P = 0.05).

Organ meat intake was related to higher total sperm count, higher sperm concentration and
greater sperm motility (Table 3). Compared with non-consumers, men who reported
consuming organ meats had 53% (34% to 66%) higher total sperm count, 41% (20% to
56%) higher sperm concentration, and 8 (4 to 12) percentage units higher progressive
motility after adjusting for potential confounders. We examined whether nutrients
concentrated in organ meats explained these associations. Further adjustment for intakes of
animal protein, animal fat, cholesterol, copper, manganese, iron or vitamin B12, alone or in
combination, did not affect the association of organ meat intake with semen parameters
(data not shown). Intakes of poultry or fish were not related to any of the semen quality
parameters examined (Table 2).

To gain further insights into how meat consumption might influence male reproductive
function, we also investigated the relation between meat intake and reproductive hormone
levels (Table 3). Unprocessed red meat intake was inversely related to SHBG. No other
associations with reproductive hormone levels were observed.

Discussion

We investigated the association of meat intake with semen quality parameters and
reproductive hormone levels among young men. We had hypothesized that meat
consumption would be associated with poor semen quality parameters and that this relation
would be stronger for meats where higher levels of hormone residues have been previously
documented. In support of our hypothesis, we found that processed red meat intake was
inversely related to total sperm count. However, in contradiction to our hypothesis, we also
found that organ meat intake was associated with higher total sperm count, sperm
concentration, and motility. Our results should be interpreted with caution as they may
represent chance findings or, in the case of total sperm count, residual confounding by
abstinence time. Additional analyses aimed at addressing residual confounding could not
rule out this possibility as an explanation for our findings. More importantly, the inverse
relation with total count (sperm concentration x ejaculate volume) was driven by a strong
inverse relation with volume rather than with sperm concentration. While we cannot rule out
that this association represents a true biological effect, further research is needed to clarify
this issue.

The literature on the relationship between meat intake and semen quality is scarce. Swan et
al. 4 observed that high maternal beef consumption during pregnancy was associated with
lower sperm concentration among their sons 30 years later. Compared with men whose
mothers reported no beef intake during pregnancy, men whose mothers consumed more than
7 beef meals per week had 24% lower sperm concentration.* Eslamian and colleagues 1°
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reported that the odds of asthenozoospermia were 2.03 (1.7 to 2.4) higher among men in the
3" tertile of processed red meat intake as compared with those in the first tertile of intake,
but red meat intake was not associated with the odds of asthenozoospermia. Similarly,
Mendiola et al. © found that intake of processed red meats was approximately 31% higher
among oligoasthenoteratospermic men than among controls, but did not find any difference
in unprocessed red meat intake between these groups. Vujkovic et al. 8 found that intake of
meat products was unrelated to semen quality parameters. It should be pointed out that the
studies by Mendiola and Vujkovic were conducted within the European Union after the ban
on steroid hormones, suggesting that the similar findings in Mendiola's study and the current
results are probably not due to hormonal residues but rather may be a consequence of other
factors such as saturated fat intake, which has been related to lower sperm counts in US and
European studies.®? Thus, whether meat intake adversely affects semen quality parameters
remains an open question.

We observed a strong positive relation between organ meat intake with various semen
parameters when we had hypothesized the opposite. These associations were explained
neither by intakes of micronutrients such as zinc and vitamin B12, which are highly
concentrated in these foods and may have a role in spermatogenesis, nor by animal fat or
protein intake. The only previous report on this relation found no association between organ
meat intake and the odds of oligoasthenoteratospermia.? Since these foods were very rarely
consumed in this population and had an extremely narrow intake range among the small
number of consumers, it is possible that the relation of organ meat consumption with semen
quality parameters is either a chance finding or due to unmeasured confounding. Further
evaluation of this relation is warranted.

The cross-sectional nature of this study does not allow the determination of causality of the
observed associations. However, we adjusted for several determinants of semen quality
parameters such as BMI and abstinence time. In addition, the observed associations were
independent of overall food choices as summarized by data-derived dietary patterns.
Moreover, because participants were young men with no knowledge of their fertility or their
semen quality parameters when answering the questionnaire, they were blinded to the
outcome measures of this study. This is a major strength of this study, since this feature can
all-but-eliminate reverse causation — a common concern of cross-sectional studies in general
and of semen quality parameters studies conducted among fertility patients. Second, while
the homogeneity of the study population can enhance its internal validity, these findings
may not generalize to subfertile men. These results may also not be generalizable to less
active men since participants were considerably more physically active than men in the
general population.?2 Another limitation is that, while our hypothesis was related to
previously described hormone residue levels in meats and meat products, we did not
measure residual hormone levels in edible meat tissues. Lastly, since semen parameters are
less-than-perfect predictors of fertility23 it is not possible to predict how our findings might
translate into fertility, particularly when the mean values across quartiles of meat intake
were above the WHO reference values of abnormal semen quality parameters.13 Strengths
of the study include the size of the study relative to the existing literature, the wide range of
meat intake observed in this population (which allowed us to make more extreme
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comparisons than in the existing literature), and the use of a previously validated diet
questionnaire that assessed intake within the relevant window for spermatogenesis.18

In summary, among a group of 189 young men, we found that processed red meat intake
was inversely related to total sperm count and total progressive motile count. However, it is
not clear whether these associations represent a true biological effect or residual
confounding by abstinence time. We also found that organ meat intake was positively
related to total sperm count, sperm concentration, and progressive motility, but these may
also represent chance findings. Given the paucity of literature on this topic, this question
should be further evaluated.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure. Processed meat intake quartiles in relation to (A) total sperm count (millions) and (B)
total progressive motile count (million motile). Meat intake quartiles: Q1 =0-0.42mL; Q2 =0.44
-0.85mL; Q3=0.87-1.44mL; Q4 =1.45-5.25mL

Models are adjusted for age, abstinence time, race, smoking status, BMI, recruitment period,
moderate-to-intense exercise, TV-watching, dietary patterns, and total calorie intake. Tests
for trend were conducted across quartiles using a variable with the median processed meat
intake in each quartile as a continuous variable in the linear regression models. for total
sperm count, P =0.01; for total progressive motile count, P = 0.02.
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