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Soy food and isoflavone intake in relation to semen quality
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BACKGROUND: High isoflavone intake has been related to decreased fertility in animal studies, but data in humans
are scarce. Thus, we examined the association of soy foods and isoflavones intake with semen quality parameters.
METHODS: The intake of 15 soy-based foods in the previous 3 months was assessed for 99 male partners of subfertile
couples who presented for semen analyses to the Massachusetts General Hospital Fertility Center. Linear and quantile
regression were used to determine the association of soy foods and isoflavones intake with semen quality parameters
while adjusting for personal characteristics. RESULTS: There was an inverse association between soy food intake and
sperm concentration that remained significant after accounting for age, abstinence time, body mass index, caffeine
and alcohol intake and smoking. In the multivariate-adjusted analyses, men in the highest category of soy food
intake had 41 million sperm/ml less than men who did not consume soy foods (95% confidence interval = -74,
-8; P, trend = 0.02). Results for individual soy isoflavones were similar to the results for soy foods and were strongest
for glycitein, but did not reach statistical significance. The inverse relation between soy food intake and sperm con-
centration was more pronounced in the high end of the distribution (90th and 75th percentile) and among overweight
or obese men. Soy food and soy isoflavone intake were unrelated to sperm motility, sperm morphology or ejaculate
volume. CONCLUSIONS: These data suggest that higher intake of soy foods and soy isoflavones is associated with
lower sperm concentration.
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Introduction Data on humans are scarce, however, and often inconsistent

Xenoestrogens have been suggested to play a role in a variety of with the preponderance of animal data. Thus, whether consum-
male reproductive disorders including possible declines in ing soy foods during adulthood could affect fertility in men is
sperm concentration (Sharpe, 2001; Skakkebaek e7 al., 2001). still an unresolved question. Here, we present a cross-sectional
Isoflavones are plant-derived polyphenolic compounds with analysis relating soy food and isoflavone intake to semen
estrogenic activity and are found mainly in soy beans and quality parameters among men presenting for semen analysis
soy-derived products. They are generally considered to have a  at an infertility clinic in an academic medical center.

weak estrogenic activity, being able to bind estrogen receptor
(ER) o with an affinity 100—1000 times lower than estradiol

(Miksicek, 1994; Kuiper ef al, 1998; Song et al, 1999;  Materials and Methods

Matthews et al.. 2000: Branham et al.. 2002: Harris et al. Male partners in subfertile couples who presented for evaluation at the
’ ’ ’ ’ ; Massachusetts General Hospital Fertility Center between 2000 and

2006 were invited to participate in an ongoing study of environmental
. . . . . factors and fertility (Hauser er al., 2006). Approximately 60% of eli-
e'XGI"t non-genomic actions potentl‘al'ly dé%leterlous to male ferti- gible men agreed to participate. Men presenting for post-vasectomy
lity (Fraser ez al., 2006). In addition, isoflavones have been  (een analysis were not invited to participate. The study was
related to male reproductive disorders in mammals, including approved by the Human Subject Committees of the Harvard School
impaired development of reproductive organs, especially  of Public Health and the Massachusetts General Hospital, and
following intrauterine exposure (Atanassova et al., 2000). informed consent was obtained from all participants.

2002). Nevertheless, isoflavones have also been found to bind
strongly to membrane ERs (Thomas and Dong, 2006) and to
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A semen sample was produced on-site by masturbation into a sterile
plastic specimen cup. After collection, the sample was liquefied at
37°C for 20 min before analysis. Men were instructed to abstain
from ejaculation for 48 h before producing the semen sample. All
semen samples were analyzed for sperm concentration and motion
parameters by CASA (Hamilton-Thorn Version 10HTM-IVOS) as
previously described (Duty er al., 2003, 2004). Sperm morphology
was determined using the strict criteria described by Kruger et al.
(1988). Results were expressed as percent normal spermatozoa.

Height and weight were measured on-site by trained personnel. In
addition, men were asked to complete a questionnaire to report the
length of sexual abstinence prior to providing the semen sample and
to collect information on medical history and lifestyle factors. The
questionnaire contained a reduced food frequency questionnaire that
included 15 soy-based foods (Appendix 1). Men were asked to
report how often, on average, they consumed each of these 15 foods
during the preceding 3 months and to describe the usual serving size
for each food in relation to a specified ‘medium’ serving size. There
were nine possible frequencies of intake ranging from never or less
than once per month to twice or more per day, and three possible
usual serving sizes: medium (the specified serving size), small (less
than specified) and large (more than specified). The isoflavone
content of each food and specified portion size was obtained from a
database developed by the United States Department of Agriculture
(United States Department of Agriculture, 2007). Intakes of total
and specific isoflavones (daidzein, genistein and glycitein) were esti-
mated by summing the isoflavone contribution of all food items in
the questionnaire.

Statistical analysis
Of the 598 men enrolled in the main study, 140 provided information
about their intake of soy foods, corresponding to all men enrolled
since the introduction of the soy food intake questionnaire into the
study. Among these 140 men, 40 men were excluded from the statisti-
cal analysis because they did not provide a semen sample. One azoos-
permic man was also excluded to prevent undue influence from
extreme sperm counts and because the mechanism responsible for
azoospermia may be related to obstructive or genetic causes rather
than environmental influences. This left 99 men with complete
dietary and semen analysis data available for analyses. These men
were divided into four groups according to their soy food and isofla-
vone intake. The reference group included men without any intake
of soy or each of the isoflavones examined. Men with any consump-
tion of soy foods or specific isoflavones were divided into three
groups according to tertiles of intake. To examine the association
between soy food and isoflavone intake, we first calculated means
and standard deviations of semen analysis parameters (ejaculate
volume, total sperm count, sperm concentration, sperm motility and
sperm morphology) for each of the four intake categories of soy
foods and isoflavones. We then used linear regression to estimate
the mean difference in semen analysis parameters between men who
did not consume soy or specific isoflavones and men consuming
increasing amounts of these products, while accounting for differences
in age, abstinence time, body mass index (BMI), smoking status and
intakes of caffeine and alcohol. Robust estimators of the variance
were used in the computation of 95% confidence intervals (CI)
around the mean to account for potential differences in the variance
across intake groups (White, 1980). Tests for trend were conducted
using a variable with the median intakes in each category as a continu-
ous variable in the linear regression models.

To examine the possibility that the relationship between soy food or
isoflavone intake may affect men with high sperm counts differently
than men with low sperm counts, we used quantile regression

Soy foods and semen quality

(Koenker and Bassett, 1978) to model the relationship between soy
food intake and specific percentiles of the sperm concentration distri-
bution (10th, 25th, 50th, 75th and 90th) while accounting for differ-
ences in personal characteristics. We examined the possibility that
the relationship of soy food intake and sperm concentration differed
according to BMI and age by introducing cross-product terms
between soy food intake and the variables of interest. All analyses
were conducted using Statistical Analysis Software (SAS) version
9.1 (SAS Institute Inc., Cary, NC, USA).

Results

Men were primarily Caucasian (90%) with a mean (SD) age of
36.4 (5.0) years. The majority of men were overweight or obese
(72%) defined as a BMI >25 kg/mz. Most of the men had
never smoked (74%) and only four were current smokers.
Overall, 42% of men had a normal semen analysis whereas
10% had a sperm concentration below 20 million/ml, 55% of
men had <50% motile sperm and 26% of men had <4%
normal morphology sperm. The mean intake of isoflavones
was 5.4 mg/day. There were no appreciable differences in
age, BMI, height, abstinence time, smoking status or intakes
of caffeine or alcohol across levels of soy food intake
(Table I). As expected, intake of specific isoflavones increased
with increasing intake of soy foods.

In univariate analyses, soy food and isoflavone intakes were
inversely related to sperm concentration (Table II). This
association was strongest for soy foods. Men in the highest
intake level of soy foods had, on average, 35 million sperm/
ml less than men who did not consume soy foods (95% CI:
—67, —3), and there was a statistically significant trend
toward decreasing sperm concentration with increasing soy
foods intake (P, trend = 0.03). The results for individual isofla-
vones mirrored the results for soy foods and were strongest for
glycitein, but did not reach statistical significance. Men in the
highest intake level of glycitein had, on average, 33 million
sperm/ml less than men without any glycitein intake (95%
CI: —68, 2) with a suggestion of a linear trend (P, trend =
0.08). Soy food and isoflavone intakes were unrelated to total
sperm count, ejaculate volume, sperm motility or sperm mor-
phology in these analyses.

Statistical adjustment for age, abstinence time, BMI, caf-
feine and alcohol intakes and smoking did not change most
of the associations and made most of them slightly stronger
(Table III). In these multivariate analyses, men in the highest
intake category of soy foods had, on average, 41 million
sperm/ml less than men who did not eat soy foods
(P = 0.02). The association between isoflavones and sperm
concentration was similar but did not reach statistical signifi-
cance in these analyses either. As was the case in the univariate
analyses, there were no associations between soy foods or iso-
flavones and total sperm count, ejaculate volume, sperm moti-
lity or morphology in the multivariate analyses.

To evaluate whether the association between soy food intake
and sperm concentration was constant across the sperm con-
centration distribution, we modeled the relationship between
soy food intake and specific quantiles (10th, 25th, 50th, 75th
and 90th) of the sperm concentration distribution using quantile
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Table I. Characteristics of the study population by soy foods intake (N = 99).

Range of intake frequency Total soy foods intake

Never <2/month 2/month to 2/week >2/week
N 39 18 22 20
Age, years 36.3 (4.2) 353 (4.1) 36.7 (5.8) 37.2 (6.7)
Body mass index, kg/m2 28.0 (5.0) 25.0 (2.3) 28.2 (5.8) 26.1 (3.7)
Height, cm 181.7 (6.7) 182.3 (7.1) 182.1 (7.2) 181.7 (6.9)
Abstinence time, days 3.2 (1.6) 3.8 (2.8) 4.2 3.7 3.2 (1.0)
Caffeine, mg/day 134 (151) 192 (159) 121 (96) 193 (140)
Alcohol, drinks/day 0.56 (0.73) 0.72 (0.55) 0.51 (0.65) 0.45 (0.40)
Ever smoker, % 31 44 14 15
Daidzein, mg/day 0 0.31 (0.14) 1.39 (0.98) 8.80 (8.70)
Genistein, mg/day 0 0.43 (0.19) 2.07 (1.50) 13.0 (13.1)
Glycitein, mg/day 0 0.03 (0.03) 0.25 (0.26) 1.30 (1.55)
Table II. Semen quality parameters [mean (SD)] by levels of soy isoflavones soy foods intake.
Intake range [median] N Total sperm count (millions)  Ejaculate volume (ml)  Sperm concentration  Sperm motility Sperm morphology

(millions/ml) (% motile) (% normal)

Daidzein (mg/day)

0 [0] 39 297 (245) 3.5(1.9) 106 (82) 47 (22) 7.5 (5.0)

0.01-0.47 [0.34] 20 266 (162) 3.3 (1.7) 94 (66) 44 (21) 6.7 (4.1)

0.48-2.15 [1.22] 20 330 (240) 3.8 (1.6) 97 (82) 49 (18) 6.6 (3.9)

>2.16 [5.15] 20 266 (209) 4.12.2) 78 (60) 48 (24) 6.2 (3.3)
P, trend 0.66 0.26 0.13 0.71 0.26
Genistein (mg/day)

0 [0] 39 297 (245) 35 (1.9) 106 (82) 47 (22) 7.5 (5.0)

0.01-0.75 [0.46] 21 259 (162) 3.4 (1.8) 90 (66) 45 (20) 6.6 (4.1)

0.76-2.96 [1.80] 19 341 (240) 3.8 (1.6) 101 (83) 48 (19) 6.7 (4.0)

>2.97 [7.48] 20 266 (209) 4.12.2) 78 (60) 48 (24) 6.2 (3.3)
P, trend 0.70 0.27 0.15 0.73 0.27
Glycitein (mg/day)

0 [0] 46 300 (244) 3.4 (1.9) 106 (79) 47 (22) 7.3 (4.8)

0.01-0.08 [0.05] 16 270 (157) 3.5(1.6) 91 (65) 46 (18) 6.6 (4.3)

0.09-0.28 [0.23] 19 341 (239) 4.0 (1.7) 100 (84) 48 (22) 72 (4.0)

>0.28 [0.91] 18 236 (184) 3.9(2.3) 73 (59) 45 (24) 5.8 (3.1)
P, trend 0.28 0.46 0.08 0.79 0.16
Soy foods (serv/day)

0 [0] 39 297 (245) 35 (1.9) 106 (82) 47 (22) 7.5 (5.0)

0.01-0.07 [0.04] 18 261 (171) 3.4 (1.8) 92 (69) 49 (19) 6.5 (3.9)

0.08-0.29 [0.16] 22 331 (242) 3.7 (1.6) 104 (86) 42 (22) 7.0 (4.2)

>0.30 [0.54] 20 264 (191) 4.1 2.1) 72 (45) 50 (22) 59 @3.1)
P, trend 0.65 0.24 0.03 0.59 0.14

regression adjusting for age, abstinence time, BMI, caffeine
and alcohol intakes and smoking. Although soy food intake
had little impact on sperm concentration on the lower end of
the distribution, there was a stronger inverse relation between
soy food intake and sperm concentration at the higher end of
the distribution (Fig. 1).

Lastly, we evaluated whether the association between soy
food or isoflavone intake and sperm concentration differed
according to age or BMI. There was no evidence of effect
modification by age. There was, however, a suggestion that
the association between soy food intake and sperm concen-
tration was more pronounced among overweight and obese
men than among lean men (Fig. 2) (P, interaction = 0.10).

Discussion

In this cross-sectional study, dietary intake of soy food and iso-
flavones was inversely related to sperm concentration after
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accounting for multiple potential confounders. This association
was stronger at the higher end of the sperm concentration dis-
tribution suggesting that soy food intake may have stronger
associations among men with normal or high sperm concen-
trations than among men with low sperm concentration.
Also, soy food intake was more strongly inversely related to
sperm concentration among overweight and obese men.
Intake of soy foods or isoflavones was unrelated to the remain-
ing semen analysis parameters examined.

Only two studies have previously examined the relation
between soy food or isoflavone intake and semen quality par-
ameters in humans. Mitchell et al. (2001) evaluated the repro-
ductive effects of daily supplementation with 40 mg of
isoflavones for 2 months among 14 young men. There were
no appreciable changes in semen quality parameters or repro-
ductive hormone levels compared with pre-supplementation
levels (Mitchell et al., 2001). However, the lack of a control
group and the small size of the study make difficult the



Table III. Adjusted* difference (95% CI) in sperm concentration by levels of soy foods intake.

Soy foods and semen quality

Intake range [median] Total sperm count (millions) Ejaculate volume (ml) Sperm concentration Sperm motility Sperm morphology
(millions/ml) (% motile) (% normal)
Daidzein (mg/day)
0 [0] Ref. Ref. Ref. Ref. Ref.
0.01-0.47 [0.34] —81(—201, 37) —0.3(—1.3,0.6) —21(—63,21) —4(—14,5) —0.6 (—2.8, 1.6)
0.48-2.15 [1.22] -9 (—125, 107) 0.2 (—0.7, 1.1) —16 (=59, 27) 3(—8,13) —0.7 (—2.8, 1.5)
>2.16 [5.15] —27(—135, 82) 0.8 (—0.3, 1.8) —32(—69,5) 5(—8,17) —0.2(—23,1.8)
P, trend 0.84 0.12 0.11 0.34 0.92
Genistein (mg/day)
0 [0] Ref. Ref. Ref. Ref. Ref.
0.01-0.75 [0.46] —84 (—200, 31) —-0.2(—1.2,0.7) —24 (—64, 17) —4(—13,6) —0.9(—3.1, 1.3)
0.76-2.96 [1.80] —2(—123,118) 0.1 (—0.8, 1.0) —14 (—58, 31) 2 (—8,13) —0.4 (—2.6,1.7)
>2.97 [7.48] —26 (—135, 83) 0.8 (—0.3, 1.8) —32(—69,5) 5(—8,17) —0.2(—23,1.8)
P, trend 0.86 0.12 0.12 0.35 0.98
Glycitein (mg/day)
0 [0] Ref. Ref. Ref. Ref. Ref.
0.01-0.08 [0.05] =50 (—162, 63) 0.1 (—0.8, 1.0) —20 (—60, 21) —2(—12,8) —-0.7(—3.2,1.7)
0.09-0.28 [0.23] =7 (—108, 121) 0.5(-03,14) —13 (=56, 29) 2 (—10, 14) 02(—19,24)
>0.28 [0.91] —48 (—160, 65) 0.8 (—0.4,2.0) —35(-73,2) 2 (—10, 14) —04(—23,1.5)
P, trend 0.48 0.18 0.07 0.69 0.79
Soy foods (serv/day)
0 [0] Ref. Ref. Ref. Ref. Ref.
0.01-0.07 [0.04] —84 (—200, 32) —-0.3(—1.3,0.7) —24 (—67,19) 0(—11,11) —1.2(-3.6,1.9)
0.08-0.29 [0.16] —1(—118,115) 0.2 (=0.7, 1.1) —8(—52, 36) —3(—14,8) 0(-22,2.1)
>0.30 [0.54] —41 (—147, 65) 0.7 (—0.3, 1.8) —41 (=74, —8) 7(—4,19) —0.5(—25,1.5)
P, trend 0.65 0.13 0.02 0.19 0.80

*Adjusted for age, abstinence time, BMI, caffeine and alcohol intake, and smoking status.

interpretation of their findings. In a study with a design similar
to ours, Song et al. investigated the relationship between isofla-
vone intake and semen quality in a group of 48 men with abnor-
mal semen parameters and 10 men with normal semen
parameters. In contrast with our results, they found that isofla-
vone intake was positively related to sperm count and motility
and inversely related to sperm DNA damage (Song et al.,
2006).

The role of perinatal exposure to phytoestrogen on male
reproductive health has been thoroughly evaluated in animal
models. In rodents, exposure to phytoestrogens in utero or
during early post-natal life through diet or subcutaneous injec-
tion results in multiple reproductive abnormalities during adult
life, including decreased testicular weight or size (Atanassova
et al., 2000; Nagao et al., 2001; Wisnieswki et al., 2003; West
et al., 2005), decreased spermatogenesis (Atanassova et al.,
2000; West et al., 2005), lower testosterone (Wisnieswki
etal.,2003), DHT (Yiet al.,2002) and FSH levels (Atanassova
et al., 2000), decreased testicular expression of steroid
hormone receptors (Shibayama et al., 2001), decreased ano-
genital distance (Wisnieswki et al., 2003, 2005) and alterations
of reproductive and aggressive behavior (Wisnieswki et al.,
2003, 2005). However, these changes are not always consistent
across studies. Moreover, in marmoset monkeys, soy formula
feeding starting at 3 days of age resulted in suppression of
the neonatal testosterone surge and increased Leydig cell
number lasting into adulthood, but no adverse effects on pub-
ertal progression or fertility were documented (Sharpe et al.,
2002; Tan et al., 2006).

Animal data regarding adult exposure to phytoestrogens
are not as extensive and have yielded less consistent results.
A study in rats found that dietary phytoestrogens led to a

transient decrease in fertility accompanied by changes in the
expression patterns of ERa and AR in the epididymis
without any appreciable changes in conventional semen
quality parameters (Glover and Assinder, 2006). Similarly,
phytoestrogens decreased circulating testosterone levels in
rats (Weber et al., 2001). However, others have found no
effects of phytoestrogen-rich diets on testicular weight or sper-
matogeneis in adult rats (Faqi et al., 2004). On the other hand, a
study in rabbits found that a phytoestrogen-rich diet increased
libido and improved all conventional semen quality parameters
(Yousef et al., 2004). A study in macaques found no changes in
testicular weight or semen quality in response to different
dietary doses of phytoestrogens (Perry et al., 2007). Among
sheep feeding on phytoestrogen-rich pastures, intact males do
not show evidence of reproductive morbidity whereas castrated
males present development of mammary glands, lactation and
squamous metaplasia of the prostate and other accessory glands
accompanied by enlargement of Cowper’s gland (Bennetts
et al., 1946). The lack of consistent results across species
suggests the possibility of species-specific susceptibility and
highlights the importance of conducting further studies in
humans.

At least two arguments are raised against the possibility that
phytoestrogens may have deleterious effects on male fertility.
First, it has been implied that the low in vitro affinity of indi-
vidual phytoestrogens to ERa, ~100—1000 times lower than
estradiol (Miksicek, 1994; Kuiper et al., 1998; Song et al.,
1999; Matthews et al., 2000; Branham et al., 2002; Harris
et al., 2002), makes it unlikely that phytoestrogens can exert
significant estrogenic activity to result in major altered repro-
ductive function. However, phytoestrogens found in soy
foods can induce transcriptional activity through ERa at
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Figure 1: Predicted sperm concentration values according to soy food intake®.
*Values are predicted from separate multivariate linear or quantile regression models for non-smoking men with 2 days of abstinence at the
median age (36 year), median BMI (26 kg/ m?), median caffeine intake (111 mg/day) and median alcohol intake (0.29 drinks/day).
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Figure 2: Adjusted* difference in sperm concentration by levels of
soy foods intake among normal weight and overweight or obese men.
*Adjusted for age, abstinence time, BMI, caffeine and alcohol intake,
and smoking status. **P < (.05 compared with men without soy food
intake in the respective BMI category.

levels comparable and even higher than estradiol under certain
conditions (Kuiper et al., 1998). In addition, this argument
ignores the fact that estrogens (endogenous and xenoestrogens)
can induce responses not mediated by nuclear ERs (Watson
et al., 2007). Phytoestrogens can bind membrane ERs with
greater affinity than they bind nuclear receptors and, through
the membrane receptors, induce transcriptional activity to the
same extent estradiol does (Thomas and Dong, 2006). More-
over, in mouse sperm, phytoestrogens can exert actions, such
as inducing capacitation and premature acrosome reaction,
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at concentrations 100—1000 times lower than estradiol
(Adeoya-Osiguwa et al., 2003). This finding may have particu-
lar importance to humans as human sperm appears to be more
sensitive than mouse sperm to the actions of specific isofla-
vones (Fraser et al., 2006). Whether phytoestrogens could
affect spermatogenesis by acting through membrane ERs or
other mechanisms needs to be examined further.

A second argument is that Asian diets include high amounts
of phytoestrogens from soy foods without any apparent deleter-
ious effect on fertility. However, one small study of autopsy
specimens found that Asian men had lower testicular weight,
germ cell number and Sertoli cell function compared with Cau-
casian and Hispanic men (Johnson et al., 1988). Similarly, tes-
ticular volume and sperm concentration were slightly lower in
Asian men than in non-Asian men in larger studies, although
the statistical significance of these findings was not reported
(World Health Organization, 1996). Whether these differences
are real and attributable to differences in diet is not known.
Also, although it is true that Asian men consume 5—10 times
more phytoestrogens than men in our study (Yamamoto
et al., 2001; Lee et al., 2007), there may be other factors that
could make Western men more susceptible to phytoestrogens.
One possibility is that excess body weight modifies the relation
between phytoestrogen intake and semen quality as our data
suggest. While increasing at alarming rates (Dearth-Wesley
et al., 2007; Wang et al., 2007; Tuan et al., 2008), the preva-
lence of overweight and obesity is still much lower in Asia
than in the USA. In China, a country with one of the steepest
increases in overweight and obesity in the region, 26% of
adult men have a BMI over 25 (Dearth-Wesley et al., 2007)



which languishes in comparison with the 71% of overweight or
obese men in the general US population (Ogden et al., 2006)
and the 72% prevalence in our study. It is possible that
exposure to high endogenous estrogen levels arising from con-
version of androgens to estrogens in the adipose tissue makes
reproductive organs more sensitive to the action of environ-
mental estrogens. While this hypothesis is consistent with our
data, it needs to be examined in future studies in Western
and Asian populations.

Strengths of our study include our ability to account for mul-
tiple potential confounders which had not been the case in pre-
vious studies. In addition, this is, to our knowledge, the largest
study in humans so far examining the relationship between
phytoestrogens and semen quality. The most important limit-
ation of the study is the fact that it is a cross-sectional and
observational study which limits our ability to determine caus-
ality. A second limitation is that we limited our assessment of
isoflavone intake to soy-based foods. Although soy foods are
the most important source of isoflavones in Western popu-
lations (Horn-Ross et al., 2000; Ritchie er al., 2006), we
could not assess intake of isoflavones from other sources,
most importantly bakery products containing soy flour.
However, not assessing these foods would result in random
misclassification of isoflavone intake and likely bias the
results toward the null hypothesis, thus attenuating the reported
associations. An additional difficulty of our dietary assessment
is that it has not been validated. However, food frequency ques-
tionnaires with much less detailed soy intake information have
been previously shown to validly estimate usual isoflavone
intake in Western populations (Heald et al., 2006; Horn-Ross
et al., 2006).

In conclusion, we found an inverse association between
consumption of soy foods and sperm concentration which
was more pronounced at the higher end of the sperm concen-
tration distribution and among overweight or obese men. The
clinical significance of these findings remains to be deter-
mined. Owing to the scarcity of human data in this area, it
is very important that this issue is examined further, ideally
in randomized trials.
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Appendix 1: list of soy foods assessed

—_

. Tofu (all types), including low-fat, flavored, marinated, smoked

2. Tempeh, all types

3. Tofu or soy breakfast sausage, bacon, cold cuts, hot dogs or other deli

meat substitutes

4. Veggie soy or tofu burger, ground meat substitute (TVP), soy or tofu
chicken or turkey

. Packaged mixed dishes with soy or tofu, such as lasagna, burritos or stir
fry

. Miso soup

. Soymilk (regular or low-fat), plain or flavored

. Soy cheese, including foods made with soy cheese
9. Soy yogurt, all types

10. Soy ice cream, tofutti or other soy desserts

11. Cooked soybeans or edamame (green soybeans)

12. Roasted soy nuts

13. Liquid nutrition drinks with soy or soy protein, such as Odwalla Future

Shake, Ensure Plus
14. Soy protein powders, such as performance or body builder powders
15. High energy bars or diet bars containing soy or soy protein

(9]
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