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BACKGROUND: To look at possible long-term risks from anabolic steroids and other xenobiotics in beef, we exam-
ined mens’ semen quality in relation to their mother’s self-reported beef consumption during pregnancy. METHODS:
The study was carried out in five US cities between 1999 and 2005. We used regression analyses to examine semen
parameters in 387 partners of pregnant women in relation to the amount of beef their mothers reported eating
while pregnant. Mothers’ beef consumption was also analysed in relation to the son’s history of previous subfertility.
RESULTS: Sperm concentration was inversely related to mothers’ beef meals per week (P 5 0.041). In sons of ‘high
beef consumers’ (>7 beef meals/week), sperm concentration was 24.3% lower (P 5 0.014) and the proportion of men
with sperm concentration below 20 3 106/ml was three times higher (17.7 versus 5.7%, P 5 0.002) than in men whose
mothers ate less beef. A history of previous subfertility was also more frequent among sons of ‘high beef consumers’
(P 5 0.015). Sperm concentration was not significantly related to mother’s consumption of other meat or to the man’s
consumption of any meat. CONCLUSIONS: These data suggest that maternal beef consumption, and possibly xeno-
biotics in beef, may alter a man’s testicular development in utero and adversely affect his reproductive capacity.
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Introduction

Diethylstilbestrol (DES), the first synthetic hormone, was

formulated in 1933 and was rapidly marketed for a wide

range of medical indications (Swan, 2000). In 1947, the year

that DES was approved for use by pregnant women, investi-

gators at Purdue University demonstrated the ability of this

synthetic hormone to stimulate growth in cattle (Raun and

Preston, 2002). In 1954, the US Food and Drug Administration

(FDA) approved DES for use in cattle, and by 1956 more than

two-thirds of the nation’s feeder cattle were receiving DES

(Marcus, 1994). Simultaneously, other hormonal additives

were being tested for use in cattle; between 1956 and 1958,

estradiol benzoate and progesterone implants were approved,

first for use in steers and then heifers. Approval for use of

other anabolic hormones in cattle followed rapidly. While the

US FDA withdrew approval of DES for use in cattle in 1979,

other anabolic hormones continue to be used legally in the

USA and elsewhere as growth promoters in meat production.

Six hormones are now in common use in Canada and USA:

the three natural steroids, estradiol, testosterone and

progesterone, and the three synthetic hormones, zeranol

(an estrogen), trenbolone acetate (a steroid with androgen

and glucocorticoid action) and melengestrol acetate (a potent

progestin) (Meyer, 2001). The anabolic steroids are most

often used in combination; often an androgen and estrogen

are used simultaneously, e.g. estradiol and trenbolone

acetate. ‘Good veterinary practice’ prescribes that melengestrol

acetate be given in the feed and the other hormones given as

capsules implanted subcutaneously in the calf’s ear from

where the hormones continuously are released into circulation.

All six hormones can induce increased growth and develop-

ment of the animal by mechanisms similar to that of the ‘per-

ipheral’ form of human precocious puberty, which is also

associated with a growth spurt (Parent et al., 2003). At slaugh-

ter, not all steroids have been metabolized or excreted; measur-

able levels are, in fact, present in muscle, fat, liver, kidney and

other organs present in meat products (Henricks et al., 2001).

Therefore, it has been necessary to regulate the use of these

growth promoters to avoid unintended adverse effects in

humans eating these meat products. FDA has defined an
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‘acceptable daily intake’ (ADI) for each of these veterinary

drugs (Henricks et al., 2001), and since 1988 the use of these

hormones has been banned in Europe (Stephany, 2001). The

International Joint Food and Agricultural Organization’s

World Health Organization Expert Committee on Food

Additives (JECFA) has also published ADIs for all hormones

in current use on the basis of animal testing.

These ADIs are based on traditional toxicological testing,

and the possible effects on human populations exposed to resi-

dues of anabolic sex hormones through meat consumption have

never, to our knowledge, been studied. Theoretically, the fetus

and the prepubertal child are particularly sensitive to exposure

to sex steroids (Andersson and Skakkebæk, 1999; Bay et al.,

2004). Therefore, the consumption of residues of steroids in

meat by pregnant women and young children is of particular

concern. Recent animal and human studies have suggested

that perinatal exposures, including exposure to sex steroids,

can induce a testicular dysgenesis syndrome (Skakkebæk

et al., 2001), and result in a number of testicular disorders in

adulthood, including poor spermatogenesis.

The lack of human data on the safety of anabolic steroids in

meat production prompted us to analyse mother’s beef

consumption while pregnant in relation to her son’s semen

parameters in a large multicenter pregnancy cohort study, the

Study for Future Families (SFF).

Materials and Methods

Study population

All subjects were participants in the SFF, a multicenter study of preg-

nant women and their partners, conducted at prenatal clinics affiliated

with university hospitals in five US cities (Harbor-UCLA and Cedars-

Sinai Medical Center in Los Angeles, CA; University of Minnesota

Health Center in Minneapolis, MN; University Physicians in

Columbia, MO; Mt. Sinai School of Medicine, New York City, NY

and University of Iowa, Iowa City, IA) between 1999 and 2005.

Human subject approvals were obtained from Institutional Review

Boards at all participating institutions.

Methods for clinical examination, data collection and semen analysis,

which were similar across centres, have been described previously

(Swan et al., 2003a). Women were recruited at the prenatal clinic and

only those whose pregnancy was conceived without medical assistance

were eligible. Both partners completed a questionnaire and most men

provided a semen sample. Questions for the men included demographics,

recent fever, history of sexually transmitted diseases (STDs), as well as

lifestyle factors (smoking, alcohol and caffeine consumption) and diet

(including number of servings of beef and other red meat). The men

were also asked, ‘Have you ever seen a doctor because you thought

you might be having trouble fathering a child’ Men who responded posi-

tively are referred to here as ‘self-reporting previous subfertility’.

The man was requested to ask his mother to complete a brief

questionnaire, which could, if necessary, be completed by the son in

consultation with his mother, or possibly by another proxy respondent.

The mother’s questionnaire asked, ‘In a typical week while you were

pregnant with your son —, did any of your meals contain the following

foods?’ Separate questions on beef, lamb or pork, veal, etc. followed. If

the mother responded positively, she was asked to specify the number of

meals per week that included that food item (with partial servings

rounded up to the next whole serving). There were similar dietary ques-

tions in the man’s questionnaire referring to the week that preceded

semen collection (or a typical week in the last 3 months, if the last

week was atypical). The mother was also asked where she lived at

the time her son was born. No data were obtained from the man’s father.

Semen collection and analysis

Men collected semen samples by masturbation at the clinic and almost

all samples were analysed within 45 min of collection. Sperm concen-

tration was determined by hemocytometer. The percent motile sperm

refers to the percentage of sperm with any flagellar movement,

whether twitching or progressive. A single technician assessed

sperm morphology using the method recommended by the World

Health Organization (WHO) in 1987 (WHO 1987). These methods

are described in detail elsewhere (Brazil et al., 2004). Although men

were requested to observe a 2–5-day abstinence period, the import-

ance of accurately reporting the actual abstinence period was stressed.

Abstinence times greater than 240 h were set equal to 240 h because

very long abstinence times are not significantly related to sperm con-

centration (Carlsen et al., 2005).

Statistical methods

We examined mother’s beef consumption in relation to semen quality

in several ways. A variable denoting the number of beef meals per

week consumed by the mother (BEEF) was examined in relation to

sperm concentration, as well as sperm motility and morphology, in

generalized linear models (GLM) (SAS Institute, 2001). We also

dichotomized BEEF at seven meals per week (or one meal a day), a

cutpoint chosen prior to data analysis. Mothers who reported consum-

ing .7 meals per week are referred to as ‘high beef consumers’. In

addition to these analyses of mother’s beef meals per week, we also

examined consumption of ‘other red meat’ and ‘all red meat’ (the

sum of beef and other red meat).

We used a logarithmic (base 10) transformation of sperm

concentration because the distribution of this parameter is markedly

skewed. Regression coefficients were then back-transformed for

ease of interpretation. We also examined the proportion of men

whose sperm concentration fell below 20 � 106/ml, a widely used

clinical threshold for subfertility (WHO, 1992). The man’s response

to the question, ‘Have you ever seen a doctor because you thought

you might be having trouble fathering a child?’, was examined in

relation to BEEF and the binary variable ‘high beef’ or ‘not high beef’.

Man’s characteristics initially examined in these analyses include:

age, smoking, alcohol, body mass index (BMI), history of STD and

abstinence time, as well as his own meat consumption. The

mother’s age, whether or not she smoked during pregnancy, and

whether she nursed her son were also initially examined in the

model. Selection of covariates for the final model was based on

their importance in the literature, biological plausibility, sufficient

numbers within strata and evidence of an effect on the strength of

the association with beef consumption.

We compared participant characteristics between those for whom

information on mother’s beef meals was available and those for

whom it was not, in order to assess possible participation bias. Associ-

ations were examined restricted to men born after 1954 when the use

of DES was first approved for use in beef. We also compared associ-

ations in those born before and after 1970, to assess any effects of

changes in contaminants in beef over the study period. Finally, we

examined associations by men’s place of birth.

Results

Of the 773 men who provided a semen sample, mothers’ ques-

tionnaires were available for 582 (75.3%), and 66.5% of these

Swan et al.
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included information on the number of beef meals consumed

during pregnancy. Table 1 compares sperm parameters and

other characteristics between participants for whom the

weekly amount of beef consumption was available (n ¼ 387)

and those for whom it was not (n ¼ 386). Mean sperm concen-

tration, percent motile sperm and percent normal morphology

did not differ significantly between these two groups of men

(P-values comparing means were 0.283, 0.108 and 0.243,

respectively), nor did the proportion of men who had reported

previous subfertility differ. Mothers for whom number of beef

meals was available were, on average, one year younger than

those for whom it was not.

Mothers consumed, on average, 4.3 beef meals per week

(range 0–21) and only 15 (4%) reported eating no beef

during pregnancy. Table 2 includes characteristics of study

participants for both high beef consumers (n ¼ 51) and those

eating less beef (n ¼ 336). High beef consumers ate signifi-

cantly more other red meat and were more likely to have

lived in North America at the time their son was born than

women who reported eating less beef.

Among this population of 387 fertile men, born between

1949 and 1983, the mean (median) unadjusted sperm concen-

tration was 82.8 � 106/ml (68.2 � 106/ml). About one-fifth

(21%) of these participants were non-Caucasian, and this latter

group had a somewhat (but not significantly) lower (unadjusted)

sperm concentration (mean 79.3, median 66.9 � 106/ml) than

Caucasians (mean 83.8, median 68.3 � 106/ml).

The number of beef meals consumed by the mother was

significantly and inversely related to her son’s sperm con-

centration. Results of regression analyses of log sperm

concentration using two measures of beef consumed by the

mother are shown in Table 3. The adjusted mean sperm concen-

tration (back-transformed from the logarithm of hemocytometer

count used in regression models) among sons of ‘high beef’ con-

sumers was 43.1 � 106/ml. For those whose mothers were not

high beef consumers it was 24.3% higher (56.9� 106/ml), a

difference that was statistically significant (P ¼ 0.014).

Among sons of mothers whose beef consumption was not high,

only 5.7% had sperm concentration below the WHO threshold

for subfertility of 20� 106/ml. This was significantly less than

the percent of men whose mothers were ‘high beef’ consumers

who fell below this threshold (17.7%) (P ¼ 0.002).

A similar association was seen when BEEF was modeled as an

ordinal variable in a GLM that controlled for the same covariates.

This model predicts that if a mother had eaten seven beef meals

per week, her son’s sperm concentration would have been 15%

lower, on average, than the son of a mother who ate no beef

during her pregnancy. Sperm motility and morphology were

not significantly related to mother’s beef consumption (Table 3).

In this population, the relationship between sperm concen-

tration and man’s age is non-linear (increasing slightly until

about age 30, leveling off, and then slowly decreasing). This

pattern is similar in men whose mothers were high beef consu-

mers, with sperm concentration being reduced a similar amount

at each age relative to sons of mothers who ate less beef (data

not shown). Sperm concentration was also non-linearly related

to the amount of alcohol the man consumed (total drinks of all

kinds of alcohol per week). Sperm concentration was linearly

related to the period of abstinence (up to the truncation point

of 240 h) and significantly lower among men with a history

of STDs.

Table 1: Characteristics of participants by availability of mother’s beef
consumption

Mean (median) or % P-value
(unadjusted)

Beef per
week
available

Beef per
week not
available

Number, n 387 386 –
Men’s age

(years)
31.6 (31.4) 31.5 (30.9) 0.669

Mother’s age
(years)a

25.0 (25.0) 26.2 (26.0) 0.022

Men’s alcohol
(drinks/week)b

4.5 (2.0) 5.1 (1.0) 0.426

Abstinence
time (days)

3.3 (3.0) 3.5 (3.1) 0.066

Sperm
concentration
(106/ml)

82.8 (68.2) 78.2 (67.6) 0.283

Motile sperm (%) 51.6 50.2 0.108
Normal

morphology (%)
58.0 57.1 0.243

Reported
previous
subfertility (%)

6.2 5.0 0.470

aAt time of pregnancy with son; bCurrent.

Table 2: Characteristics of participants by mothers’ beef consumption

Mother’s beef meals (per week) P-value
(unadjusted)

BEEF �7
(n ¼ 336)

BEEF . 7
(n ¼ 51)

Mothers (during pregnancy with son)
Age (years) 25.1 24.4 0.363
Smoked (%) 19.1 21.6 0.589
Meals of pork,

lamb or veal
(mean/week)

1.7 4.1 ,0.001

Country of son’s birth
North America (%) 79.8 96.1 0.018
Other or

missing (%)
20.2 3.9

Sons (at study entry)
Age (years) 31.7 31.4 0.732
Caucasian (%) 76.8 90.2 0.107
BMI (kg/m2) 28.4 29.0 0.400
History of

STDs (%)
8.9 7.8 0.797

Alcohol
(drinks/week)

4.7 3.1 0.053

Reported previous
subfertility (%)

5.7 9.8 0.252

Abstinence
time (h)

79.6 77.8 0.637

Sperm
concentration
(106/ml)

85.0 68.3 0.072

Motile sperm (%) 50.9 51.7 0.627
Normal

morphology (%)
57.9 58.8 0.511

Mother’s beef intake and son’s sperm count
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Only 75 mothers (19.4%) reported smoking while pregnant,

and mother’s smoking was unrelated to her beef consumption

(Table 2). The son’s sperm concentration was only weakly

related to mother’s smoking. In the regression model, mother’s

smoking was associated with a slightly (but not significantly)

higher sperm concentration (regression coefficient for mother’s

smoking 0.0570, P ¼ 0.1852) and including mother’s smoking

in the model had a negligible effect on the association between

BEEF and any sperm parameter.

Table 4 provides the distribution of mother’s meals of beef,

other red meat and all red meat. Mothers reported eating less

than half as many meals containing red meat other than beef

(mean 2.0 meals per week) than beef meals, and �25% of

mothers reported eating .7 meals per week of any red meat,

most of which was beef. Consumption of other meat meals

was correlated with beef meals (correlation coefficient 0.44,

P , 0.0001), and high beef consumers consumed more other

red meat (mean 4.1 meals per week) than women eating less

beef. The relationship between number of meals of other red

meat and sperm concentration was somewhat weaker than

that for BEEF and non-significant (correlation coefficient

20.0098, P ¼ 0.160). The magnitude of the association

between total red meat and sperm concentration was also

weaker than that for BEEF but significant; regression coeffi-

cients for total red meat and beef were 20.0073 (P ¼ 0.030)

and 20.0102 (P ¼ 0.041), respectively.

Mother’s consumption of fish, chicken, soy products and

vegetables were asked in the same format as the question on

beef and other red meat, and analysed using the same

regression models. None of these foods were related to the

son’s sperm concentration (all P-values 0.225–0.655).

The son’s own beef consumption was correlated with

his mother’s, but not strongly (correlation coefficient 0.271,

P , 0.001), and was unrelated to his sperm concentration

(regression coefficient 20.005, P ¼ 0.319) or other sperm

parameters.

In an unadjusted comparison, sons of high beef consumers

appeared to be more likely to be classified as ‘self-reporting

previous subfertility’ (9.8%) compared to those whose

mothers ate less beef (5.7%) (Table 2 unadjusted P-value ¼

0.252 non-significant). However, this difference was signifi-

cant in the logistic analysis (P ¼ 0.015) controlling for age

and age-squared, the only covariates that influenced the associ-

ation between BEEF and ‘self-reporting previous subfertility’.

Mothers’ beef consumption varied by centre. Mothers

reported eating 2.2 beef meals per week in NY (n ¼ 18), 3.8

in CA (n ¼ 79), 4.1 in MN (n ¼ 111), 4.2 in IA (n ¼ 53) and

5.2 in MO (n ¼ 126). Sperm concentration also varied by

centre, with the most significant difference being between a

mean (median) of 101.3 (88.2) � 106/ml in MN and 60.1

(53.5) � 106/ml in MO (Swan et al., 2003a). Therefore, we

examined the relationship between sperm concentration and

Table 4: Servings of meat per week consumed by mothers during pregnancy

Servings/
week

Beef Other red meatb All red meatc

Number % Number % Number %

0 15 3.9 82 21.8 11 2.8
1–2 110 28.4 203 53.8 46 11.9
3–4 123 31.8 54 14.3 98 25.3
5–7 88 22.7 29 7.7 132 34.1
.7 51 13.2 9 2.4 100 25.9
Totala 387 100 377 100 387 100

aTotals differ because some women who reported on amount of beef servings/week did not report on amount of other meat servings/week; bPork þ lamb þ
veal; cBeef þ pork þ lamb þ veal.

Table 3: Regression analyses of semen parameters in relation to two measures of mother’s beef consumption

Log10 sperm concentration % motile sperm % normal morphology

Coefficient P-value Coefficient P-value Coefficient P-value

Mothers’ beef servings per week
Number 20.0102 0.041 20.1317 0.437 0.0152 0.919
.7 versus �7 20.1208 0.014 21.0059 0.552 0.8022 0.587

Sons’ characteristicsa

STD history 20.1495 0.012 20.8837 0.659 20.6452 0.465
Age 0.0563 0.019 0.3221 0.694 0.3552 0.321
Age-squared 20.0008 0.024 20.0081 0.522 20.0056 0.312
Alcohol 0.0178 ,0.0001 0.2429 0.107 0.1073 0.105
Alcohol-squared 20.0003 0.0008 20.0054 0.109 20.0014 0.352

Sample characteristicsa

Abstinence time 0.0023 ,0.0001 NA NA
Time to analysis NA 20.0752 0.042 NA

aRegression coefficients and P-values for sons’ and sample characteristics are from the model in which beef consumption was dichotomized. Differences
between regression coefficients and P-values from model with mother’s beef consumption dichotomized and integer valued are minimal (Data available
on request).
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BEEF within MO and MN, where the difference in semen quality

was greatest, but the populations were otherwise very similar.

Regression coefficients for BEEF differed slightly, with the

association being somewhat stronger in MN (20.0098 and

20.0138 for MO and MN, respectively). We also examined a

possible interaction between center and BEEF, but found none

(for all centre � BEEF interaction terms P-values .0.792).

In some cases (n ¼ 50), the mother’s questionnaire had been

completed by the son (presumably in collaboration with his

mother), the father, or someone else other than the mother.

After excluding men for whom the questionnaire was com-

pleted by someone other than the mother, the regression coeffi-

cient for high compared to not high beef consumption changed

only slightly, from 20.1208 (P ¼ 0.014) for all participants to

20.1201 (P ¼ 0.021). We also added a variable indicating who

completed the questionnaire to the model containing all 387

women, but this was not significant (P ¼ 0.980), and its

addition did not alter the strength of the association between

beef and sperm concentration.

We saw no evidence of modification of the association

between BEEF and sperm concentration with year of birth.

After excluding the few men (n ¼ 4) born before 1954 (when

DES was first approved for use in meat production), the

regression coefficient (and P-value) for BEEF was unchanged

from that for all 387 men (20.0101 (P ¼ 0.044) and 20.0102.

(P ¼ 0.041) for men born after 1954 and all men, respectively).

When we divided men into those born before and after 1970

(the median year of birth for our subjects), to look for possible

changes in the association over the study period, associations

were similar in the two groups.

Most men (83.2%) were born in North America, 8.4% in

South and Central America, 4.5% in Europe and 3.9% in Asia

or elsewhere, and mothers of sons born in North America con-

sumed an average of 1.3 more beef meals a week than other

mothers (P , 0.0001). In a model that included only men born

in North America, the association with beef appeared slightly

weaker than that including all men. However, only two

mothers living outside North America (one living in Mexico

and one in Iran) ate .7 beef meals per week (3.1%), compared

to 15.5% of those living in the North America at the time of their

son’s birth. Therefore, this study can provide little information

about the association between semen quality and high beef con-

sumption outside North America.

Discussion

In this study of fertile US men, we found a significant associ-

ation between a mother’s reported beef consumption while

pregnant and her son’s sperm concentration. In addition, the

proportion of men with a sperm concentration below the

WHO threshold for subfertility (20 � 106/ml) and of men

with a history of possible subfertility increased with higher

beef consumption. These findings suggest that maternal beef

consumption is associated with lower sperm concentration

and possible subfertility, associations that may be related to

the presence of anabolic steroids and other xenobiotics in

beef. It must, however, be noted that most mothers in this

study were living in North America, and our findings may

not apply to other regions of the world where beef is produced

by other methods. Additionally, our participants were fertile

men who conceived without medical assistance, and the

associations reported here might differ among those less fertile.

Mother’s beef consumption may be related to other lifestyle

factors. We examined several maternal variables in relation to

her beef consumption: smoking, employment outside the

home and parity. We saw little or no association of these

factors with her beef consumption (P-values for regression coef-

ficients were 0.889, 0.801 and 0.364 for smoking, working

outside the home and parity, respectively), but cannot rule out

the role of other factors on which we had no data. Of these

factors, mothers’ smoking is the only one previously related

to the son’s semen quality (Jensen et al., 2004). While we did

not see an association with maternal smoking, the prevalence

of smoking in our population was somewhat lower than in the

European population in which this association was reported.

We previously reported reduced semen quality in men from

rural MO relative to urban centres, most notably MN, a differ-

ence that was associated with higher concentration of some

pesticide metabolites in MO men (Swan et al., 2003b). There-

fore, it is important to note that the association between BEEF

and sperm concentration we are reporting here was slightly

higher among MN men than MO men when these groups

were examined separately. Thus, the association between

BEEF and sperm concentration is not simply the reflection of

this previously reported reduced semen quality in MO.

The mothers’ recall of her food consumption when pregnant

with her son is undoubtedly subject to error. However, the

magnitude (or direction) of that error is unlikely to be related

to the son’s semen quality, which was unknown to the men

or their mothers. In fact, since all men had recently conceived

a pregnancy, the man’s fertility is unlikely to have been of

concern to mother or son.

While our a priori hypothesis was that beef consumption was

associated with semen quality, we also examined mother’s con-

sumption of other foods, including other red meat, at a similar

level of detail. We did not observe a significant association

between sperm concentration and consumption of other foods.

However, only nine women (2.4%) reported eating .7 meals

per week of other red meat (pork, lamb or veal), and all but

three of these were also high consumers of beef, so it was not

possible to examine the association between sperm concen-

tration and high consumption of meat other than beef.

A crucial question is whether the anabolic hormone residues

in beef can explain our findings. We have no information on the

type of beef that the mothers were eating when pregnant (1949–

1983), but most American beef during that time was produced

by administration of anabolic hormones (growth promoters)

(Epstein, 1990), and it is well documented that such use of ana-

bolic steroids generally results in beef products with residues of

the administered hormones (Wade, 1972; Henricks et al., 2001).

Moreover, it would be difficult for most consumers to avoid

hormone-containing meat, since, while some meat is labeled

as ‘hormone-free’, there is no requirement that meat be

labeled as to hormone content. Thus, it seems likely that

mothers’ increasing beef consumption was accompanied by

greater exposure to the sex steroids used in beef production.

Mother’s beef intake and son’s sperm count
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Several animal studies carried out prior to the ban in 1979 on

the use of DES as an anabolic agent in beef production demon-

strated that residues of DES present in meat waste could harm

reproduction. Thus, studies showed that mink colonies fed with

waste products from chicken raised using estrogenic anabolic

agents suffered from infertility (Howell and Pickering, 1964;

Duby and Travis, 1971; Sundqvist et al., 1989).

Although evidence is accumulating that the fetal organism

may be most sensitive to endocrine disrupters (Sharpe, 2006),

we cannot exclude the possibility that remnants of anabolic

hormones in meat may also affect children and adults. There

are, to our knowledge, no previous human studies relating

consumption of meat products containing residues of anabolic

hormones to fertility of offspring. However, our hypothesis is

consistent with results from a recent 12-year follow-up of

.90,000 American women that found that higher consumption

of red meat was associated with breast cancer incidence, but

only with ERþ/PRþ cancers (Cho et al., 2006).

Beef, which contains fat in varying concentrations, may also

contain pesticides and remnants of other persistent and lipophi-

lic industrial chemicals. These agents can act as endocrine

disrupters, which theoretically may have adverse effects on

the human fetal testis similar to the effects of anabolic steroids.

Recent studies have, in fact, shown that pesticides and persist-

ent chemicals in breast milk were associated with testicular

problems, including undescended testes (Damgaard et al.,

2006) in newborn offspring. Increased exposure to such

agents through mothers’ beef consumption may have contribu-

ted to these results. Further, heterocyclic amines, produced in

cooking and processing of red meat, which are estrogenic,

may play a role (Cho et al., 2006).

In conclusion, in our large study of fertile American men, we

found a negative association between the number of servings of

beef the mother ate per week while pregnant and the sperm

concentration and fertility of her son. Several alternative expla-

nations for these findings are possible. We cannot rule out

unknown confounders associated with both the mother’s beef

consumption and her son’s testicular development. As

discussed, pesticides and other contaminants in animal feed

may play a role, as may lifestyle factors correlated with

greater beef consumption. Whether prenatal exposure to

anabolic steroids is responsible for our findings in whole or

in part could be clarified by repeating this study in men born

in Europe after 1988 when anabolic steroids were no longer

permitted in beef sold or produced there.

Acknowledgements

We acknowledge the contributions of: B.S. Carter, D.J. Kelly,
S.L. Stewart and T.M. Simmons-Turner (University of Missouri);
C. Treece and C. Tollner (University of California-Davis);
R.S. Swerdloff, L. Lumbreras, S.Villanueva, M. Diaz-Romero,
A. Victoroff, R.Sandoval, S. Bravarian, A. Leung and A.L. Nelson
(Harbor-UCLA Medical Center); C. Hobel and B. Brock
(Cedars-Sinai Medical Center); C.Kwong, A. Muehlen, T. Perrier,
T. Srb, J. Pryor and C. DeJonge (University of Minnesota), Amy
Sparks (University of Iowa) and participants in the Study for Future
Families, as well as several helpful reviewers. This work was
supported by the following grants from the National Institutes of
Health: R01-ES09916 to the University of Missouri from the NIEHS;

MO1-RR00400 to the University of Minnesota General Clinical
Research Center, and MO1-RR0425 to the Research and Education
Institute at Harbor-UCLA Medical Center and the Cedars-Sinai
Research Institute from the National Center for Research Resources,
the Danish Medical Research Council.

References

Andersson AM, Skakkebæk NE. Exposure to exogenous estrogens in food:
possible impact on human development and health. Eur J Endocrinol
1999;140:477–85.

Bay K, Andersson A-M, Skakkebæk NE. Estradiol levels in prepubertal boys
girls—analytical challenges. Int J Androl 2004;27:266–73.

Brazil C, Swan SH, Drobnis EZ et al. Standardized methods for semen
evaluation in a multicenter research study. J Androl 2004;25:635–44.

Carlsen E, Swan SH, Holm PJ et al. Longitudinal changes in semen parameters
in young Danish men from the Copenhagen area. Hum Reprod
2005;20:942–9.

Cho E, Chen WY, Hunter DJ et al. Red meat intake and risk of breast cancer
among premenopausal women. Arch Intern Med 2006;166:2253–9.

Damgaard IN, Skakkebæk NE, Toppari J et al. Persistent pesticides in human
breast milk and cryptorchidism. Environ Health Perspect 2006;114:1133–8.

Duby RT, Travis HF. Influence of dienestrol diacetate on reproductive
performance of female mink (Mustela vision). Am J Vet Res
1971;32:1599–602.

Epstein SS. The chemical jungle: today’s beef industry. Int J Health Serv
1990;20:277–80.

Henricks DM, Gray SL, Owenby JJ et al. Residues from anabolic preparations
after good veterinary practice. APMIS 2001;109:273–83.

Howell JM, Pickering CM. Suspected synthetic oestrogen poisoning in mink.
Vete Rec 1964;76:169–70.

Jensen TK, Jørgensen N, Punab M et al. Association of in utero exposure to
maternal smoking with reduced semen quality and testis size in adulthood:
a cross-sectional study of 1,770 young men from the general population in
five European countries. Am J Epidemiol 2004;159:49–58.

Marcus A. Cancer from Meat. Johns Hopkins Press, 1994.

Meyer HH. Biochemistry and physiology of anabolic hormones used for
improvement of meat production. APMIS 2001;109:1–8.

Parent A-S, Teilmann G, Juul A et al. The timing of normal puberty and the age
limits of sexual precocity: variations around the world, secular trends and
changes after migration. Endocr Rev 2003;24:668–93.

Raun AP, Preston RL. History of diethylstilbestrol use in cattle. J Am Soc Anim
Sci 2002, www.asaa.org/bios/raunhist.pdf

SAS Institute. The SAS system for windows, version 8.2. Cary NC SAS
Institute, Inc., 2001.

Sharpe RM. Pathways of endocrine disruption during male sexual
differentiation and masculinization. Best Pract Res Clin Endocrinol Metab
2006;20:91–110.

Skakkebæk NE, Rajpert-De Meyts E, Main KM. Testicular dysgenesis
syndrome: an increasingly common developmental disorder with
environmental aspects. Hum Reprod 2001;16:972–8.

Stephany RW. Hormones in meat:different approaches in the EU and in the
USA. APMIS 2001;109:S357–S363.

Sundqvist C, Amador AG, Bartke A. Reproduction and fertility in the mink
(Mustela vision). J Reprod Fertil 1989;85:413–41.

Swan SH. Intrauterine exposure to diethylstilbestrol: long-term effects in
humans. APMIS 2000;108:793–804.

Swan SH, Brazil C, Drobnis EZ et al. Geographic differences in
semen quality of fertile U.S. males. Environ Health Perspect 2003a;
111:414–20.

Swan SH, Kruse RL, Liu F et al. Semen quality in relation to biomarkers of
pesticide exposure. Environ Health Perspect 2003b;111:1478–84.

Wade N. DES: a case study of regulatory abdication. Science 1972;177:335–7.

World Health Organization. WHO laboratory manual for the examination of
human semen and semen-cervical mucus interaction. Cambridge
University Press, New York, 1987;1–67.

World Health Organization. WHO laboratory manual for the examination of
human semen and sperm-cervical mucus interaction. Cambridge
University Press, Cambridge, 1999.

Submitted on December 22, 2006; resubmitted on February 20, 2007; accepted
on February 22, 2007

Swan et al.

1502

D
ow

nloaded from
 https://academ

ic.oup.com
/hum

rep/article/22/6/1497/610737 by guest on 10 April 2024


