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Cu
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SD

standard deviation

Τ
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WHO
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Chapter I

General introduction

I. I Male factor subfertility
Much concern arises about male fertility since several international studies
reported that human semen quality is declining during the last decades' 3 . In a
debatable meta-analysis m which 61 studies were included, Carlsen et a l '
observed a world-wide decline m mean sperm count from 113 million per
millilitre in 1940 to 66 million per millilitre m 1990 Irvine and co-workers
demonstrated a decreased sperm concentration by 2.1% per year in Scotland2,
while Auger and associates3 found a decreased sperm count of fertile men in
Pans during the past 20 years with 2 6% decrease per year and also a decrease
of 0.3% in motility and a decrease per year of 0 7% m normal morphology
Whether the reported decline in semen quality in man actually leads to a
decrease in male fertility remains to be established.
Developing sperms are enveloped by Sertoli cells The sequential process of
spermatogenesis occurs m 74 days Spermatogenesis requires a high local mtratesticular concentration of testosterone and 5a-dihydrotestosterone, 50 times
higher than that present m the circulation. These androgens are produced by
the Leydig cells in the testis. Spermatogenesis can be divided into three phases,
namely the mitotic multiplication of the stem cells (spermatogonia), meiosis, and
spermiogenesis. Briefly, spermatogonia undergo mitotic division t o form the
primary spermatocytes, which in turn form the haploid (23 chromosomes)
secondary spermatocytes by meiotic division. The secondary spermatocytes
proceed through a maturation process to the spermatid stage (Figure I).
Ultimately, the spermatids

become the spermatozoa after

undergoing a

transformation, which includes nuclear condensation, acrosome formation,
development of a tail and arrangement of the mitochondria into the middle
piece of the sperm. Finally, the mature spermatozoa appear via the vas deferens
in the ejaculate. During these processes the testicular and epididymal plasma
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serve

as a nutrient

medium where

the

maturation

of the

developing

spermatozoa takes place4.

Early spermatids

Late spermatids

Secondary
spermatocyte
Primary
spermatocyte

Spermatogonium
Basal Lamina

Figure I. Structural organisation of the seminiferous tubule

According to the W o r l d Health Organisation guidelines ( W H O , 1992) an
abnormal semen specimen is defined as a sperm count of less than 20 million
per

millilitre

(oligozoospermia),

a

progressive

motility

less

than

50%

(asthenozoospermia), and/or a proportion of less than 30% with normal
morphology (teratozoospermia) in the ejaculate5. In literature many terms are
used t o indicate male fertility disorders. In general, infertility is defined as the
failure t o conceive within one year of regular unprotected intercourse with the
same partner. However, confusion may arise since the term infertility implies a
definitive inability t o conceive. Therefore, couples with a delay of achieving
pregnancy of more than one year are called subfertile.

II
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Subfertility is a prevalent disorder with a great influence on the quality of live.
Approximately

15% of all couples in the Western world are involuntarily

childless6. Around 20% of subfertility in couples is considered t o be due to a
male factor solely; in another 25 - 30% causes can be identified in both the man
and woman. Therefore, male factor subfertility plays a role in about 50% of
subfertile couples7. In up to 40% of subfertile males the aetiology remains
unsolved8. In most cases treatment of male factor subfertility is not possible. A
pregnancy in the female partner can, however, be obtained by assisted
reproductive techniques (ART) such as IVF and / or ICSI.
Current evidence suggests that there may be environmental reasons for the
possibly deteriorating semen quality, including environmental oestrogens and
pesticides, occupational exposure to heat and paint9"12. Lifestyle factors are also
important,

including cigarette

nutritional deficiencies

1314

smoking, alcohol

consumption,

stress, and

. In contrast to genetic disorders, i.e., Y chromosome

deletions15, environmental factors are more easily amenable to curative and / or
preventive action. Therefore, more attention should be paid to recognise the
environmental risk factors and action should be taken t o avoid these risk
factors. Although many studies have been performed to study the impact of
these environmental and lifestyle factors on semen quality and male fertility, the
results are still controversial 9 " 14 ' 617 .
An important neglected lifestyle factor is nutrition. Animal studies have
demonstrated the importance of nutrition on spermatogenesis18"20. Relatively
little work has been performed on this issue in the human male. Calcium and
magnesium, for

instance are essential in cell physiology and have been

considered to play a role in sperm motility 21 ' 23 . Besides the substantial evidence
that the calcium ion is differentially involved in sperm motility depending on the
various stages of sperm maturation, calcium also triggers the acrosome reaction
in mammalian spermatozoa 24 .
There is evidence that zinc, as cofactor for a variety of processes necessarily for
normal testicular development and spermatogenesis, influences the nuclear
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chromatin decondensation25 and acrosin activity26. Although it is well known
that the micronutrient folate is involved in the synthesis of RNA and DNA, only
few studies have investigated the effect of this nutrient on male factor
subfertility27,28.
Supplementation of nutritional substances such as carnitine, arginine, zinc,
selenium and vitamin B|2, and antioxidants such as vitamin C, vitamin E and
glutathione has been performed in the past for treatment of male factor
subfertility29'36. Although positive effects were observed on the various semen
parameters by intervention with these bioactive substances, the majority of
these studies did include relatively small numbers of patients. Nevertheless, the
pathophysiology of these effects remains unknown.
Despite

prosperity

in

industrialised

countries,

several

national

food

consumption surveys have shown that dietary intake of some nutritional
elements, in particular, folate and zinc are below the recommended daily
amounts37'39. According to the Dutch food consumption survey the overall
intake of folate and zinc in the Dutch population is marginal39. It remains to be
established whether

malnutrition

or

relative

nutrient

deficiencies

occur,

particularly in subfertile males. Since folate and zinc play an essential role in
D N A and RNA synthesis, we hypothesised that these micronutrients are
necessary for spermatogenesis.

1.2 Objectives and outline of the thesis
In this thesis emphasis is given to identify environmental and lifestyle factors, in
particular nutrition as risk factors for male factor subfertility. In our studies, we
included subfertile males whose female partner did not conceive after one year
of regular unprotected intercourse and who had a sperm count between 5 and
20 million per millilitre without any known cause for subfertility. Males with < 5
million spermatozoa per millilitre were excluded from our study because of the
possible genetic cause underlying their fertility problem.
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The objectives of the studies are:
-

T o identify occupational, environmental and lifestyle factors as risk factors
for male factor subfertility

-

To evaluate the impact of smoking on male factor subfertility based on the
semen quality by questionnaires and determination of the cotinine (a
nicotine metabolite) concentrations in blood and seminal plasma of fertile
and subfertile males

-

To

study the

relationship

between

calcium, magnesium, and

copper

concentrations in blood and seminal plasma on semen parameters and their
interaction with zinc
-

To determine the folate and zinc concentrations in serum, red cells and
seminal plasma of fertile and subfertile males in order to investigate whether
there are deficiencies and differences between the two groups

-

T o investigate whether administration of folic acid

and/or zinc sulphate

affects the semen quality in fertile and subfertile males

Firstly we reviewed the literature on risk factors of male factor subfertility
(chapter 2) and performed a case control study to test the suggested hypothesis
and t o explore new hypotheses (chapter 3). Subsequently, we performed t w o
detailed studies on specific substances as nicotine (chapter 4), calcium,
magnesium, zinc

and

copper

(chapter

5). W i t h

regard

to

the

future

development of new treatments for male factor subfertility, the focus of the
present thesis is the intervention study on the impact of folic acid and zinc on
semen quality. The design and results of this trial are presented in chapter 7.
Along with this study, we made an analysis of the criteria to be used for defining
subfertility (chapter 6). The final chapter 8 puts the findings of our studies in
perspective, both in relation t o the consequences for medical practice and in
the context of clues for further research.
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Abstract
Objective: To review possible causes for male factor subfertility with emphasis
on nutritional factors such as zinc and folate.
Design: A literature search was performed on MEDLINE and via bibliographies
of published works.
Results: Many causes for male factor subfertility are described in the literature.
Both environmental and genetic factors could play a role. However, the
pathogenesis of male factor subfertility is poorly understood, including the role
of specific micronutrients such as zinc and folate. Both zinc and folate are
involved in the synthesis of D N A and RNA. Despite the fact that zinc deficiency
leads to several clinical symptoms such as decreased spermatogenesis and
impaired male fertility, the exact pathophysiology has not been clarified.
Conclusion(s): Because most causes of male factor subfertility are unknown,
more research is needed. Because male factor subfertility due to nutritional
deficiencies is in principle amenable to curative and/or preventive action by
supplementation, emphasis should be put on studies on the effect of specific
nutrients on male fertility.
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Introduction
There is evidence that human semen quality is decreasing during the last few
decades'"3. Many causes have been reported for male factor subfertility. However,
most remain inconclusive. This could be explained by differences in definitions of
subfertility and by different methods in semen analysis used in these studies.
Therefore, this review will first summarise the definitions of fertility, infertility,
male factor subfertility and semen quality. Second, a comprehensive overview of
the present knowledge of possible causes for male factor subfertility is given with
emphasis on specific micronutrients.

Material and Methods
A comprehensive literature search of the English-language literature published
between 1965 and March 1999 was performed on MEDLINE and with the use
of textbooks.

Fertility, infertility and male factor subfertility
The available information suggests that approximately 15% of all couples in the
Western world are involuntarily childless4. In general, infertility is defined as the
failure to conceive after I year of regular unprotected intercourse with the
same partner. However, the term "infertility" implies a definitive inability t o
conceive. Therefore, couples who do not conceive in > l

year should be

regarded as subfertile. According to these definitions, approximately 14% of the
couples are subfertile 5 .
Because fertility depends on both male and female factors, fertility in men can
only be judged in relation to the same partner. Therefore, a more sensitive and
ultimate marker for a couple's fertility is time to pregnancy (TTP), which is a
measurement made at the level of the couple6,7. For example, a subfertile man
can eventually achieve pregnancy with a super-fertile woman. The appropriate
term 'male factor subfertility' puts emphasis on the role of the male factor 8 .
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Approximately 20% of cases of subfertility are due to a male factor only; in
another 27%, causes can be identified in both the man and woman. Therefore,
male factor subfertility plays a role in approximately 50% of subfertile couples9.

Semen parameters, semen quality, and fertility
Sperm count, motility and morphology are parameters used to estimate male
fertility. According to the W o r l d Health Organisation ( W H O ) 1 0 guidelines a
sperm count of < 20 χ l0 6 /mL (oligozoospermia), a progressive motility < 50%
(asthenozoospermia), and/or a proportion < 30% with normal morphology
(teratozoospermia) in the ejaculate is regarded as abnormal semen 10 . However,
these cut-off values are not based on evidence. Of all semen parameters, sperm
count and sperm morphology have previously been shown to correlate best
with fertility 7 ·".
Other commonly used criteria for assessing sperm morphology are the strict
Tygerberg criteria introduced by Kruger and co-workers in I986 1 2 . W i t h use of
these criteria, an improved predictive value in assisted reproduction was
obtained, compared with the less strict W H O criteria. This might be due to the
easier use for the observer and a less subjective classification, resulting in a
smaller range of variations13"15. According to Kruger et al. 16 , males with > 14%
normal forms had normal rates of fertilisation with IVF programs, whereas
those with < 4% normal forms had much lower fertilisation rates.
Several studies have supported the clinical relevance and predictive value of
sperm morphology in relation to fertility' 3 1 7 . In 1997, Ombelet et al. 18 were the
first to conduct a study on the evaluation of semen characteristics in fertile and
subfertile males. This study included 144 fertile males who recently achieved
conception as defined by having a pregnant partner with a gestational age of 1820 weeks. This

pregnancy was achieved within

I

year of unprotected

intercourse and without any history of subfertility. The subfertile group
consisted of 143 couples attending the infertility clinic for the first time with a
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history of fertility problems for > 13 months. W i t h use of receiver operating
characteristic curve (ROC) analysis, cut-off values for sperm density with an
optimal sensitivity of 62.5% and an optimal specificity of 73.6% were 34 χ
l0 6 /mL, which differs widely from the W H O value of 20 χ IOs/mL. Moreover,
they found that the strict criteria for sperm morphology are a better
measurement than sperm count for discriminating between fertile and subfertile
males (area under the ROC curve of sperm count and sperm morphology: 70%
and 78%, respectively).

Declining semen parameters in man over the last few decades
During the last few decades there has been much discussion about the evidence
of decreasing human semen quality, defined as sperm density or sperm count,
motility and morphology 1 " 3 . In a debatable meta-analysis, Carlsen et al.' observed
a world-wide decline in sperm count over the last 50 years. The criticism of this
meta-analysis concerns, besides the selection bias occurring in the 61 reviewed
studies, the differences in the duration of abstinence before semen collection,
demographic differences, differences in sample collection, handling of the semen,
and laboratory analysis used in these studies. In a retrospective review of data
on semen quality collected in a single laboratory in Scotland over 11 years,
Irvine and co-workers 3 demonstrated a 2.1% decrease in sperm concentration
per year. This was confirmed by Auger and associates2, who found a 2.6% annual
decrease in the sperm count of fertile men during the past 20 years and a
decrease of 0.3% in motility and 0.7% in normal morphology in Paris. However,
the findings in the Toulouse area of France reported by Bujan et al. 19
demonstrated no change in sperm concentration over time. This could be
explained by differences in environment and lifestyle because industrial pollution
was expected to be higher in Paris than Toulouse. A recent study of Younglai et
al. 20 showed a small but significant decrease of sperm density (1.44% per year)
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when analysed by regression analysis in men attending the I I university fertility
centres across Canada over the period 1984-1996.
Moreover, in addition to reports of decreasing semen quality, there is also
evidence of increasing abnormalities of the human male genitourinary tract such
as testicular cancers, hypospadias, and cryptorchidism 21 .

Etiological factors for male factor subfertility
An overview of causes for male in- and subfertility is given in Table I. Although
in about 40-60% of cases a cause for decreased semen quality can be
determined, in most men subfertility is regarded as idiopathic22,23.

Impaired Sperm Production and Function
Genetic. Endocrine and Congenital Disorders
Genetic

disorders

such as chromosomal

abnormalities

(e.g. Klinefelter's

syndrome) and deletions of the Y-chromosome are involved in approximately
20%

of

cases

of

idiopathic

male factor

subfertility.

The

frequency

of

chromosomal aberrations, ranging from 2.2% in subfertile males to 6.0% in
males with oligozoospermia and
correlated with the sperm count

15% in azoospermic

24,25

males, is inversely

. The incidence of Klinefelter's syndrome

(47,XXY) in patients with male factor subfertility is approximately 5% - 7% and
these

men

are

usually

infertile

because

of

azoospermia

or

severe

25

oligoteratozoospermia . Although modern technologies such as in IVF and
intracytoplasmic sperm injection (ICSI) have been developed t o overcome
fertility problems, there is no adequate therapy for these chromosomal
abnormalities.
However, endocrine disorders, such as hypogonadotropic hypogonadism, can
be treated with human chorionic gonadotropin (hCG) in combination with FSH
or GnRH 26 .
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T a b l e I. A n o v e r v i e w of etiological factors in m a l e factor in- and subfertility
(modified f r o m Skakkebaek 1 0 0 )
Abnormalities

Cause/Pathogenesis

Absence of testicular tissue

Anorchism
Bilateral castration

Impaired sperm production and function

Klinefelter's syndrome or variants
AZF-gene deletions (Y-deletions)
Hypogonadotropic hypogonadism
Cryptorchidism
Testicular cancer
Varicocele
Age
Genito-unnary infections
Environmental agents
•

Temperature

•

(Ir)radiation

•

Medications

•

Occupational exposure

•

Stimulants

•

Impaired sperm transport

>

Drugs

>

Alcohol

>

Tobacco abuse

Nutritional deficiency
>

Trace elements (e.g. selenium, zinc)

>

Vitamins

Autoimmune infertility
Epididymal blockage of vas deferens
Ejaculatory failure
Impotence
Previous vasectomy

Disturbances in sperrn-oocyte fusion

Abnormal egg-binding proteins
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The frequency of congenital disorders, such as hypospadias and cryptorchidism,
is increasing. Cryptorchidism is generally considered to be associated with
decreased sperm count and male infertility9,27. Mieusset et al. found that 2.4% of
fertile and 9.4% of subfertile men had a history of cryptorchidism27. Moreover,
they found that the sperm concentration was more impaired in bilateral than in
unilateral cryptorchidism. The exact aetiology of cryptorchidism is unknown.
Abnormalities

in

the

hypothalamic-pituitary-testicular

axis

may

cause

cryptorchidism (see for review Cortes, I998)28. Surgical intervention, e.g.,
orchidopexy, is recommended in childhood before 2 years of age because of the
increased risk for testicular tumours.

Testicular Cancer
Testicular cancer is the most common malignancy of men between the (fertile)
age of 20 and 40 years. Over the last 50 years the incidence of testicular cancer
has increased. Several investigators have suggested that the increase in the
incidence of testicular cancer as well as the increase of testis maldescent and
hypospadia might be related to increased oestrogen exposure in utero 29 . The
study by Petersen et al.30 showed that impaired spermatogenesis in testicular
cancer was found before any treatment such as orchidectomy, radiation, and/or
chemotherapy was administered. Cryopreservation of spermatozoa and the
modern assisted reproductive techniques such as ICSI makes it possible to
achieve pregnancy with poor semen quality.

Varicocele
It is not clear whether the presence of a varicocele is associated with reduced
fertility. A varicocele is present in approximately 25 - 40% of subfertile men31
and in 8% - 13% of fertile men32. Although the presence of a varicocele is often
associated with decreased semen concentration, surgical intervention does not
always lead to improvement of semen quality and pregnancy rate 33 . In a
randomised study of 125 subfertile couples Nieschlag et al.33 found no
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statistically significant difference in pregnancy rates after a period of 12 months
between treated (surgical ligation or angiographic embolisation of the spermatic
vein) (n=62) and untreated (regular counselling) (n=63) couples with varicocele.
In adolescents, however, several studies reported a reversal of testicular growth
failure

and

varicoceles

an

34,35

increase

in

semen

quality

after

surgical

treatment

of

.

Genitourinary Infections
Although tubal infections are a major cause of infertility in women, the impact of
genitourinary infection (e.g., that caused by sexually transmitted micro-organisms)
on semen parameters and male fertility is controversial (see for review, Purvis
1993)36. The presence of leukocytes, in a concentration of > I χ 106/mL in the
ejaculate, is often used for the determination of an infection of the male sex
glands37. Several studies showed that semen samples of subfertile men contain
more leukocytes than fertile controls and that semen quality is decreased with
elevated concentrations of leukocytes. Other

studies, however,

found no

correlation between leukocyte counts, semen quality, and the presence of
microorganisms37,38.
Ureaplasma urealyticum and chlamydia trachomatis are the two most frequently
studied micro-organisms in relation to male fertility. The prevalence of Ureaplasma
urealyticum is approximately 40% in subfertile men and 28% in fertile controls 3 9 .
This micro-agent has often been associated with decreased sperm motility, poor
sperm morphology and increase in percentage coiled sperm tails probably because
these organisms attach to spermatozoa (see Review, Purvis I993) 36 . Chlamydia
trachomatis is a common cause of urethritis and acute epididymitis in men < 35
years of age40. Elevated levels of IgA specific for chlamydia trachomatis in semen
could also be observed in approximately 45-50% of men with symptomatic, non
bacterial prostatitis and leukospermia, compared to 23.5% of fertile men and 27%
of men without any signs of infection 41 . It has been reported that chlamydia
trachomatis-positive genitourinary infections may affect semen parameters 42 .
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Recently, Ombelet et al.18 found a higher frequency of chlamydia-specific D N A in
semen of the infertile group, but this difference was not statistically significant.
However, by stratifying the "infertile" group into subgroups of subfertile and
azoospermic males, a significantly higher incidence (42.9%) of chlamydia D N A was
observed in the azoospermic group compared with the subfertile group (5.8%).
Other studies found no differences in several semen parameters between
chlamydia infected and non-infected men43,44. Although, chlamydia infection can be
treated with antibiotics such as doxycycline, erythromycin or quinolones, it is not
clear whether the semen quality also improves following this treatment.
Therefore, the impact of chlamydia infection on semen parameters and male
factor subfertility is still controversial (for review see Ness, 1997)4S.

Impaired Sperm Transport
Autoimmune Infertility
Determination of the prevalence of antisperm antibodies (ASA) in men is difficult
because of the available numbers of different methodologies, their subjective
interpretations and different isotypes of ASA46. Using immunobead assays (IBD)
Pattinson and Mortimer 47 reported an ASA prevalence of 10.7% in semen of 300
subfertile men undergoing evaluation. The relation between ASA and semen
quality is controversial. It has been suggested that antisperm antibodies may have a
direct adverse effect on sperm motility. Mazumdar et al.46 concluded in their
review that there is sufficient evidence to support the hypothesis that ASA play a
role in couples with unexplained subfertility. However, the precise pathogenesis of
ASA on male factor subfertility is still unclear.

Sexual Dysfunction in Men
Male subfertility can be caused by erectile dysfunction (ED, synonymous with
impotence) or ejaculatory disorders. Erectile dysfunction occurs because of a
variety of pathophysiological mechanisms such as arterial (e.g. athérosclérose)
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and veno-occlusive insufficiency, loss of neuronal integrity (e.g. diabetic mellitus),
psychogenic inhibition of the erotic response, endocrinopathy, and cavernosa!
factors 48 . There are also a wide variety of drugs that can cause ED by inhibiting
the

parasympathetic

erectile

mechanism

and

stimulating

α-adrenergic

vasoconstrictor tone; in particular, these drugs cause ejaculatory insufficiency
such as retrograde ejaculation"19. Chronic alcoholism and cigarette smoking
(nicotine) are considered risk factors for ED 50,51 . Retrograde ejaculation mostly
occurs

after

impairment

of

the

proximal

vesicle

sphincter.

Increasing

sympathetic tone or decreasing parasympathetic activity at the bladder neck by
medication

or

surgical

intervention

might

have

therapeutic

effects 48,52 .

Electroejaculation has been performed to obtain semen samples that are
suitable for artificial insemination or IVF procedures to overcome fertility
problems. Recently, a new medicine called sildenafil citrate has been introduced
for males with impotency.

Miscellaneous
Age
Spermatogenesis increases during puberty, reaches a plateau-phase at the age of
55 years, and subsequently decreases". Ageing in men is accompanied by changes
in the testes and alterations of the neuroendocrine regulation of Leydig cell
function. The number of Leydig and Sertoli cells reduces with increasing age,
resulting in reduced testosterone secretion, sperm production, and quality54.
Despite these changes, older men can still get their partners pregnant; in contrast
to female ageing, no increased risk for chromosomal disorders has been
demonstrated for the child.

Environmental Factors
Although their eventual effect on fertility remains to be established, the most
important lifestyle factors that may affect semen quality are smoking 55,56 , alcohol
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use57,

stress58,

and

high

temperature 59 .

Many

pharmacological agents may affect semen quality

59,60

physical,

chemical,

and

. Environmental estrogens may

cause genitourinary tract abnormalities and to affect semen quality29. Occupational
exposure to heavy metals such as lead and cadmium are known to be
spermatotoxic 60 . In the rat, long-term administration of cadmium in the diet
induces pathological alterations in the testes with loss of reproductive capacity61,62.
Zinc and selenium have a protective effect on testicular damage induced by a low
dose of cadmium61. Hsu et al.63 concluded that lead exposure probably affects the
semen function by activating one of the pathways of reactive oxygen species (ROS)
generation. Nutrition is the most common and usually neglected environmental
factor.

Nutritional Factors
The relationship between good nutrition and reproduction is well established64.
However, the impact of nutrition on male factor subfertility has scarcely been
studied. Nutritional deficiencies may be an important neglected cause of
reproductive impairment in man. In animals, vitamin A deficiency causes germinal
cell

degeneration65.

Human

spermatozoa

are

particularly

susceptible

to

peroxidative damage because they contain high concentrations of polyunsaturated
fatty acids and also have a significant ability to generate reactive oxygen species
(ROS), mainly superoxide anion and hydrogen peroxide. Antioxidants such as
vitamin E (α-tocopherol), vitamin C (ascorbic acid), and carotenoids can restore
the proper prooxidant-antioxidant balance (oxidative stress) and maintain the
genetic integrity of sperm cells by preventing oxidative damage to sperm DNA 6 6 .
Selenium and vitamin E supplementations seem to improve the sperm motility and
morphology 67,68 . Several animal studies have shown the importance of dietary
vitamins C and D on semen quality and reproductive functions 69,70 .
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Zinc
Much attention has been given to the impact of the nutritional trace element
zinc on reproductive functions in man 7 '. Zinc plays an important role in normal
testicular development, spermatogenesis, and sperm motility. Zinc has been
reported to be an essential cofactor for >200 metallo-enzymes and plays an
important role in the polymeric organisation of macromolecules such as RNA
and DNA, protein synthesis, cell division, and stability of biomembranes.
Possible causes of zinc deficiency are given in Table 2. The clinical symptoms of
zinc deficiency are hair loss, skin lesions, delayed wound healing, dysfunction of
the

immune system, growth

retardation, and gonadal

hypofunction

(for

overview see Prasad, I995) 72 . The concentration of zinc in the male genital
organs and human semen is extremely high compared with that of other body
fluids and tissues73. Zinc is secreted predominantly by the prostate. Therefore, it
is likely that zinc levels in seminal plasma mostly reflect the prostatic secretory
function. Zinc is also found in the maturing spermatozoa74 and there is evidence
that zinc in seminal plasma influences the oxygen consumption

of the

spermatozoa75,76, nuclear chromatin decondensation77, and acrosin activity78.
Zinc deficiency causes hypogonadism79, and zinc is thought to be important in
the stabilisation of sperm chromatin 80 . Clinical studies with adult males
experimentally deprived of zinc show that Leydig cell synthesis of testosterone
depends on adequate dietary zinc8'"83. Moreover, zinc plays an important role in
the 5a-reductase enzyme that is necessary for the conversion of testosterone
(T) into the biologically active form, 5a-dihydrotestosterone (DHT). Netter et
al.84 found a significant increase in testosterone, DHT, and zinc plasma levels
after 40-50 days of zinc administration in 37 patients with idiopathic male factor
subfertility of >5 years.
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Table 2. Causes of zinc deficiency in the males
Decreased dietary zinc intake

Increased zinc requirement

•

Vegetarianism

•

•

Diet, Slimming

>

Exfoliative dermatitis

•

Starvation

>

Chronic infectious disease

>

Cancer

Chronic diseases

Malabsorption syndromes

•

Drugs

•

•

Genetic defects

Inflammatory diseases of bowel

>

e.g. M. Crohn, colitis ulcerosa

Acrodermatitis enteropathica

•

Protein loosing enteropathies

•

Parasitic disease

Increased zinc loss

•

Drugs

•

Liver disease

•

Renal disease

Zinc Deficiency and Semen Parameters
Zinc deficiency leads to oligozoospermia, impotence and hypogonadism in rats 7 9
and men 8 5 . In man, dietary zinc deficiency was first recognised in 1961 72 . The
correlation between the zinc concentration in seminal plasma and semen quality
is still controversial. Kvist et al. 80 reported that seminal zinc concentrations
were lower in patients with idiopathic subfertility than in normal controls.
Saaranen et al. 86 found a slightly higher seminal fluid zinc concentration in men
with a sperm density >20 χ l0 6 /mL than in azoospermic and Oligozoospermie
men. Stankovic and Mikac-Devic also reported increased motility in such
patients 87 . This is in contrast to the results of other studies that indicated that
high semen zinc concentrations are related to decreased sperm motility in
infertile men 8 8 8 9 . Carpino et al. 89 found a decreased seminal zinc fraction bound
to high molecular weight proteins (HMW-Zn%) and increased unbound seminal
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zinc in 90 asthenozoospermic patients compared with a normozoospermic
group.
The intake of zinc was restricted in men in an experiment performed by Abassi et
al.83. Oligozoospermia (total sperm count <40 χ IO6 ejaculate) was observed in
four out of five male volunteers after zinc restriction (2.7 to 5.0 mg/d) for 24-40
weeks.

The

oligozoospermia

recovered

to

normozoospermia

after

zinc

supplementation83.

Oral Zinc Supplementation and Semen Quality
A few studies have shown that oral zinc supplementation improves sperm
count 8 7 , 9 0 ,

motility 9 1

asthenozoospermia

and
and/or

morphology

in

subfertile

oligozoospermia 92 .

men

with

idiopathic

However, all these

studies

included a small number of volunteers, and thus the impact of their conclusions
is limited. To date, no double-blinded placebo-controlled intervention study has
been performed. In a nonrandomised intervention study performed by Kynaston
et al.91, 33 patients with idiopathic asthenozoospermia and/or oligozoospermia
attending a male infertility clinic were prescribed oral zinc sulphate (220 mg two
times a day) for a period of 3 months. A significant increase was reported in the
mean percentage progressive (60%) and total sperm motility (55%). No
significant changes in the percentage of dead or abnormal sperm forms were
noted. Mean (±SD) seminal fluid zinc concentrations increased significantly from
1.7 ± 1.02 to 2.0 ± I. I mmol/L (p<0.03).

Folate
Another important micronutrient is folate. It is well known that folate plays an
important role in reproduction. Periconceptional folate supplementation is
beneficial in the prevention of neural-tube defects 93,94 . This vitamin is present in
a wide range of foods such as green-leafy vegetables, liver, yeast and fruits. The
biochemically active forms are all derivatives from the reduced form of folic
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acid, tetrahydrofolate. It is well known that folate is involved in the synthesis of
RNA and DNA. However, data on the impact of folate on male factor
subfertility is scarce. Only one intervention study of Landau et al.95 reported no
beneficial effect of 10 mg of folic acid supplementation for a period of 30 days
on sperm count in 40 normo- and Oligozoospermie males. They did not observe
a correlation between folic acid concentration in blood and sperm count or a
correlation between the concentration of this vitamin in seminal plasma and
sperm count. It is unclear if the intervention period of 30 days is sufficient to be
effective because spermatogenesis requires approximately 74 days and the
genital tissues involved in spermatogenesis have to be saturated to reach its
effects.

Interactions
Several studies described an interaction between the micronutrients zinc and
folate. In vivo and vitro studies by Grishan et al.96 demonstrated mutual
inhibitory effects of zinc and folate on absorption at the intestinal level.

In

animal studies, Quinn et al.97 and Favier et al.98 reported adverse effects of zinc
deficiency on absorption and metabolism of folic acid. Zinc is reported to be
necessary for the conversion of polyglutamylfolates to the monoglutamate form
of folate, which is subsequently absorbed in the intestine. Moreover, methionine
synthetase activity increases in zinc-deficient animals, as demonstrated by
Tamura et al.99, and this increase could induce alterations in the folate
metabolism.

Conclusion
Many factors are involved in male factor subfertility. The importance of these
factors is not clearly understood. The significance of several genetic factors is
being frequently studied. The well-known assisted reproductive technologies, such
as IVF and ICSI, make it possible to treat couples with male factor subfertility.
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However, methods to improve semen quality are scarce Little attention is paid to
effects of nutrition on fertility A nutritional deficiency may be an important cause
for impaired male reproductive function Moreover, malnutrition can be treated
and prevented Therefore, more investigations should be performed to study the
influence of micronutnents such as zinc and folate on male factor subfertihty It is
known that the increased intake of specific nutrients, such as folate or iodine, by
medication or food fortification can have important health benefits
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Abstract
To examine the association between individual exposures due to occupation,
environment and lifestyle and the risk of medically diagnosed male factor
subfertility, a case control study was performed in Nijmegen in 1998 among 92
fertile and 73 subfertile males. The authors used simple univariate and multivariate
logistic regression models with dichotomous regression variables. The data
indicate that males exposed to pesticides (odds ratio (OR) 8.4; 95% Confidence
Interval (CI) 1.3 to 52.1) and welding (OR 2.8; CI 0.9 to 8.7), use of antibiotics
(OR 15.4; CI 1.4 to 163), or a history of mumps (OR 2.9; CI 1.3 to 6.7) seem to
be at increased risk for male factor subfertility. Male factor subfertility is also
increased in males with gastrointestinal complaints (OR 6.2; CI 1.4 to 26.8), or
having a decreased intake of fruits (OR 2.3; CI 1.0 to 5.1) and vegetables (OR 1.9;
CI 0.7 to 5.0), and in males with female fertility disorders in their families (OR 8.4;
CI 1.7 to 41.9). In contrast to other studies, the authors did not observe
associations between male factor subfertility and exposure to paint or heat. This
study identified new risk factors for male factor subfertility and confirmed
previously reported results from others.
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Introduction
Environmental and occupational exposures, such as pseudo-estrogens, pesticides,
heat and paint, are suggested to have a detrimental effect on male fertility1'3. The
well-known

endocrine

disrupter,

l,2-dibromo-3-chloropropane

(DBCP;

a

nematocide), has been reported to damage the seminiferous tubules and to affect
the sperm count as demonstrated by W h o r t o n et al.' in agricultural workers on
the banana plantations of Costa Rica. Welch et al.2 reported that shipyard painters
exposed

to

ethylene

glycol

ethers

have

an

increased

prevalence

of

oligozoospermia and azoospermia. Adverse effects of occupational heat exposure
on sperm morphology have been found in welders by Bonde et al.4 whereas other
studies did not 5 . Lifestyle factors such as smoking, alcohol intake, heat exposure
(hot tub; sauna), and malnutrition (fruits and vegetables) are increasingly gaining
interest in relation to subfertility6"8. Little attention has been paid to the impact of
the nutritional status on male fertility. Animal and human studies have shown that
vitamins C, D, and E and other micronutrients such as selenium and zinc could
influence spermatogenesis9"12. However, details on the underlying mechanisms are
not known.
Reduced fertility has been detected among males exposed to specific antibiotics
such

as sulfasalazine,

and

infectious

diseases13"15.

Sulpha-preparations

are

commonly used in gastrointestinal inflammatory diseases such as Crohn's disease.
These and other gastrointestinal diseases, such as coeliac sprue, characterised by
the presence of diarrhoea and nutritional deficiencies due to malabsorption, have
also been reported in relation to male factor subfertility.
Besides occupational, lifestyle and environmental exposures as risk factors for
male factor subfertility, genetic factors also play a part16. Because of the
multifactorial pathogenesis of male factor subfertility the present case-control
study focused on males with medically diagnosed subfertility to examine potential
risks associated with

occupational

and environmental

exposures, lifestyle,
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nutritional exposures, as well as medical history and family history of fertility
problems.

Material and Methods
For this study we analysed pre-intervention data from our previous performed
randomised controlled trial in which the effect of extra folate and/or zinc
administration is investigated on semen quality of fertile and subfertile males.
Ninety-two fertile (mean (SD) age 34.1 (4.0) years) and 73 subfertile (34.4 (4.1)
years) Caucasian males were included and evaluated. This sample size was
calculated to be sufficient to detect an Odds ratio of 2.5 with an α of 5 percent
and a power of 80 percent (assuming an exposure of 10 percent in controls).
Subfertile males were recruited from those couples who failed to conceive after
one year of regular unprotected intercourse with the same partner and who
had a sperm count of 5 - 20 million per millilitre, as determined by the first
semen analysis after referral to the fertility clinic of the University Medical
Centre Nijmegen and Canisius Wilhelmina Hospital Nijmegen. The choice for
the latter criterion was based on the W o r l d Health Organisation guidelines and
on its high predictive power for the probability of conception 1 7 1 8 . After
exclusion of known causes of male factor subfertility as chromosomal disorder
related to the fertility disorder (Y chromosome deletions), cryptorchidism and
vasectomy, these males were diagnosed idiopathic subfertile and approached for
participating in the trial. The response rate was 40 percent.
The fertile group was recruited from nine midwifery practices in Nijmegen, The
Netherlands and surroundings. This group comprised healthy males without a
history of fertility problems, having a sperm count of 20 million per millilitre, or
more, and whose partners conceived spontaneously within one year and were
pregnant at the start of the study. They received written information about the
study protocol from the midwifes and gave permission for telephone contact by
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the researcher who explained the study protocol and asked them to participate
The response rate of this group was 30 percent
The exclusion criteria for both groups were the use of folic acid and/or zinc
containing preparations or medications within 3 months before recruitment W e
choose a 3 months wash out period because spermatogenesis takes 74 days
Semen analysis was performed for both groups mainly according to the W o r l d
Health Organisation guidelines to obtain volume, pH, sperm concentration,
motility and morphology 17 All participants were asked to fill in a questionnaire
partly derived from the questionnaire of the ASCLEPIOS European network 1 9 ,
concerning occupational exposures, e g organic solvents, metals, pesticides, heat
exposure, and paint. W e added information on lifestyle factors such as smoking,
alcohol use, nutritional intake, medical history (mumps orchitis, varicocele,
antibiotic use) related to fertility problems, and fertility problems m the family
Occupational exposures, use of medication and / or vitamins, stress and fever
were considered the previous three months
The ethics committee of the University Medical Centre St Nijmegen approved the
study protocol and all participants gave their written informed consent

Statistical Analysis
SAS release 12 6 software was used to analyse the data Odds ratios (ORs) and 95
percent confidence intervals (CI) were calculated using standard logistic regression
methods In univariate analyses each variable, dichotomised, was evaluated for its
relation to subfertility status Risk factors with an OR larger than 1.0 and a fi-value
less than 0 20 were included in the multivariate logistic modelling procedure. In
addition, variables for which risk factor status as evidenced in literature was fairly
strong, were included Multivariate modelling was done in two steps. First, logistic
models were designed for five specific domains of risk factors, ι e , occupational
and environmental exposure, lifestyle fectors, nutritional factors, medical history,
and fertility problems in the family Next, variables still meeting the criteria
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m e n t i o n e d above ( O R > I 0, p < 0 20 o r a p r i o n evidence f r o m literature) w e r e
included m the final m o d e l

T a b l e I . A g e and Fertility Characteristics of F e r t i l e and Subfertile m a l e
groups. S e m e n P a r a m e t e r s a r e given as M e d i a n ( 5 t h - 9 5 t h Percentile),
o t h e r w i s e as M e a n ( S D )

Fertile males

Subfertile males

(n=92)

(n=73)

Age (years)

34 I (4 0)

34 4 ( 4 I)

Education (%) 1 (low)

124

20 0

II (middle)

40 2

37 3

III (high)

47 4

42 7

FSH (IU/L)

Testosterone (nmol/L)

Abstinence period (days)

4 3 ( 2 3)

6 6 (3 3)

20 7 (8 6)

20 6(6 4)

3 8 (2 0)

3 4(18)

Sperm count (x I O'/mL)"

80 0 ( 2 5 0-180 0)

Motility (%)*

60 0 (30-80)

25 0 (5-70)

Abnormal Morphology (%)*

59 0 (37-77)

80 0 (61 -94)

* Ρ < 0 05
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Results
Table I presents the fertility characteristics of cases and controls. As expected
subfertile males had lower sperm motility while the percentage of abnormal
spermatozoa was higher when compared t o fertile males. Table 2 shows the ORs
after univariate analysis for all potential risk factors in each of the five risk factor
domains.

Occupational and environmental exposure
Exposure to fungicides, insecticides and herbicides was highly correlated and
therefore calculated to one variable: exposure to pesticides. Based on Table 2
exposure to pesticides, paint, paint thinner, welding, heat, anaesthetics and
disinfectant were included into the logistic model on occupational exposures in
addition to confounding factors from the other four domains. Exposure to
pesticides, paint and welding were selected for the final model.

Lifestyle factors
Based on Table 2 smoking appeared to be a variable of interest. The variable
routine use of sauna was included in the lifestyle factor model based on literature
evidence. Both variables remained for the final model.

Nutrition
Fruits and vegetables consumption were selected from the nutritional model into
the final model (Table 2).

Medical history
As presented in Table 2 antibiotic use (in particular doxycycline and penicillin),
mumps, varicocele, gastrointestinal problems and fever were included in the
medical history model. The variable varicocele was included in this model based
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on literature evidence. Fever did not appear to have an independent contribution
and was subsequently excluded from further analysis.

Fertility problems in the family
Female fertility problems in the family was the only factor included in the final
model.

Table 2. Risk Factors for Male Factor Subfertility; univariate analysis
Risk factors

Exposed

Odds

95% CI

Ρ

Ν

ratio

Fungicides (y/n)

7

8.3

1.0-71.0

0.02

Insecticides (y/n)

6

6.5

0.7-57.3

0.05

Herbicides (y/n)

5

-

Toluene (y/n)

7

1.8

0.4-8.5

0.43

Styrene (y/n)

4

1.5

0.2-10.7

0.71

Ethylene glycol ethers (y/n)

6

0.3

0.03-2.4

0.21

Paint (y/n)

38

1.8

0.9-3.7

0.12

Paint thinner (y/n)

27

1.7

0.7-3.9

0.21

Heavy Metals (y/n)

8

2.2

0.5-9.5

0.29

Welding (y/n)

25

2.6

1.1-6.2

0.03

Heat exposure (y/n)

28

1.8

0.8-4.2

0.14

Exhaust (y/n)

36

0.4

0.2-0.9

0.03

Anaesthetics (y/n)

II

2.3

0.6-8.2

0.19

Disinfectants (y/n)

15

2.8

0.9-8.5

0.07

Ionising radiation (y/n)

8

0.7

0.2-3.2

0.70

Electromagnetic exposure (y/n)

6

2.7

0.5-15.0

0.25

Other chemicals (y/n)

20

2.2

0.8-5.7

0.11

Chemical exposure at home/ hobby (y/n)

48

0.8

0.4-1.6

0.58

Values

Occupational and environmental:
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Lifestyle:
Smoking (y/n)

40

18

0 9-3 6

0 12

Coffee (y/n)

152

19

0 6-6 3

031

Alcohol use (not daily/ daily)

144

06

02-14

0 20

Sauna (n/y)

62

15

0 8-2 7

0 25

Shower (not daily/ daily)

89

08

04-1 5

0 44

Bath (not daily/daily)

7

33

07-153

0 38

Tied jeans (n/y)

73

08

04-15

0 60

Boxershort (n/y)

68

18

10-3 4

0 29

Traumatic/emotional events (y/n)

59

06

03-1 2

0 15

Stress (y/n)

44

15

0 5-4 1

0 30

Vitamins (y/n)

II

II

0 3-3 6

0 93

Diet (y/n)

3

25

0 2-28 5

0 44

Vegetarianism (y/n)

2

-

Fruits (<3x, >4x per week)

78

17

0 90-3 2

0 09

Vegetables (not daily, daily)

124

16

0 80-3 4

0 19

1

-

-

0 37

Antibiotics (y/n)

13

80

1 7-37 3

0 002

Other medications (y/n)

41

15

0 7-3 1

0 25

Thyroid diseases(y/n)

1

-

Diabetes y/n)

3

06

0 06-7 0

0 70

Lung problems (y/n)

22

16

0 7-4 0

0 30

Cardiovascular diseases (y/n)

5

20

03-120

0 46

Sexually transmitted diseases (y/n)

3

26

0 2-28 8

0 43

Mumps (y/n)

57

20

10-3 9

0 04

Infectious diseases (y/n)

3

0.6

0.06-7 13

071

Prostatic problems (y/n)

2

13

0.08-20 3

0 88

Trauma (y/n)

II

07

0 2-2 5

0 59

Varicocele (y/n)

31

17

0 8-3 7

0 19

Nutrition:

-

Oil

Medical history:
Antiepileptic drugs (y/n)

-

0 26
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2

1.3

0.08-20.6

0.87

Having had a chromosome test (y/n)

27

10.3

3.4-31.6

0.001

Gastrointestinal problems (y/n)

15

3.9

1.2-12.8

0.02

Dermatological problems (y/n)

22

I.I

0.4-2.6

0.90

Illness (y/n)

24

1.6

0.7-3.8

0.29

Fever (y/n)

5

5.4

0.6-49.2

0.10

Congenital diseases in the family (y/n)

22

I.I

0.4-2.7

0.88

Congenital diseases in family of partner (y/n)

24

0.9

0.4-2.2

0.81

3

2.6

0.2-29.3

0.42

Male fertility problems (y/n)

13

1.6

0.5-4.9

0.44

Female fertility problems (y/n)

13

4.9

1.3-18.7

0.01

Puberty (y/n)

Cystic Fibrosis (y/n)
Fertility problems in t h e family:

The following items which had an independent contribution in one of the five
domain specific models were considered for an overall risk factor model:
exposure to pesticides, paint, welding, smoking, sauna use, antibiotics, mumps,
varicocele, gastrointestinal problems, fruit and vegetable consumption and female
fertility problems in the family. The resulting model is shown in Table 3. The
independent OR for pesticide exposure was estimated to be 8.4 with a wide
confidence interval of 1.3, 52.1. The OR for welding was 2.8 (95 percent CI 0.9,
8.7). Antibiotics were related to subfertility with an OR of 15.4 (95 percent CI 1.4,
163) and a history of mumps showed an OR of 2.9 (95 percent CI 1.3, 6.7). A
history of gastrointestinal problems was associated with subfertility with an OR of
6.2 (95 percent CI 1.4, 26.8) and female fertility problems in the family showed an
OR of 8.4 (95 percent CI 1.7, 41.9). Finally, a low consumption of fruits (less than
4 times a week) was associated with subfertility with an OR of 2.3 (95 percent CI
1.0, 5.1). No association was found for exposure to paint, smoking, sauna use, a
history of varicocele and less than a daily consumption of vegetables.
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Table 3. Final Multivariate Logistic Regression Model
OR

95% CI

Pesticides (y/n)

84

13-52 1

Paint (y/n)

09

0 3-2 7

Welding (y/n)

28

0 9-8 7

Smoking (y/n)

II

0 4-3 I

Sauna (y/n)

15

0 7-3 5

Antibiotics (y/n)

15 4

14-163

Mumps (y/n)

29

13-6 7

Varicocele (y/n)

12

0 4-3 5

Gastrointestinal problems (y/n)

62

I 4-26 8

Fruit (<3x/ >4x per week)

23

10-5 1

Vegetables (not daily/daily)

19

0 7-5 0

Female fertility problem in the family (y/n)

84

17-419

Discussion
Our study suggests that antibiotic use during the last 3 months is a risk factor for
male factor subfertihty with the highest OR of 15 4 (95 percent CI 14, 163)
Doxycyclme and penicillin were the most frequently reported antibiotics in this
population, mainly for respiratory diseases such as pneumonia Adverse effects of
specific antibiotics such as mtrofurans, macrolides, aminoglycosides, tetracyclines,
and sulpha drugs on spermatogenesis or sperm function have been reported
before, both for animals and humans'315. For doxycyclme, a derivative of the
tetracycline group, no adverse effects on spermatogenesis have been reported so
far Little is known about the effects of penicillin on human spermatogenesis
Animal studies have reported that therapeutic doses of penicillin G cause
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spermatogenic arrest in rats while ampicillin use decreases the fertilising capacity
and motility of chicken spermatozoa20,21. These effects, however, were not
reported in humans. Detrimental effects on spermatogenesis of sulphasalazine, a
sulpha preparation, have extensively been studied in patients with gastrointestinal
diseases such as Crohn's disease22. The question arises whether the effect on male
factor subfertility is caused by the antibiotics itself or by the underlying disease.
Also, it is unclear by what biochemical mechanism would an antibiotic affect
spermatogenesis, and, does it differ from the antimicrobial action? Since subfertile
males are not routinely treated with antibiotics no confounding by indication is
expected. The results of our study emphasise the need for further studies of
adverse effects of doxycyline and penicillin on male fertility, an effect, which is not
yet substantiated so far.
Female fertility disorders in the family was reported more frequently in the case
group than in controls. This is a remarkable new finding and to our knowledge no
attention has been paid so far to this risk factor. From a genetic point of view, the
likelihood for a male factor subfertility disorder in the family is much higher
referring to Y-linked genetic disease and heritability. However, male fertility
disorder in the family did not appear to be a risk factor in this study. This could be
explained by the fact that the cases were selected as subfertile and not infertile. In
addition, no

indication for

chromosomal

disorders was present

Further

exploration of the female factor is needed t o elucidate possible new genetic
causes, i.e., polymorphisms, and to exclude information bias.
Another new risk factor for male factor subfertility revealed from our study is the
presence of gastrointestinal complaints. Subfertility, hypogonadism, immature
secondary sexual characteristics and abnormal sperm morphology have been
reported in men with gastrointestinal diseases such as Morbus Crohn and coeliac
sprue, characterised by the presence of diarrhoea and nutritional deficiencies due
to malabsorption. It has been suggested that these changes in spermatogenesis are
due to malnutrition, in particular iron, folate or zinc deficiencies23,24 and hormonal
changes25. None of the patients of our study population suffered from any of these
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specific gastrointestinal diseases

However, Rostami et al

6

pointed to the

underestimation of the prevalence of gastrointestinal diseases such as coehac
disease due to a high prevalence of subclinical and asymptomatic forms Therefore,
it is still possible that these patients suffered from an unrecognised gastrointestinal
disease, which resulted in malnutrition and subsequently male subfertility
Another factor that stresses the importance of nutrition in male factor subfertility
is the diminished intake of fruits (OR=2 3) and vegetables (OR= I 9) Fruits and
vegetables contain folate, vitamins and other micronutnents, which are involved m
DNA, RNA synthesis and thereby in spermatogenesis27 Moreover, human sperm
is very susceptible for oxidative stress and thus fruits and vegetables containing
anti-oxidants such as α-tocopherol, ascorbic acid and carotenoids can restore the
prooxidant-antioxidant dysbalance (oxidative stress) and maintain the integrity of
sperm cells, by prevention of oxidative damage Although pesticides exposure
revealed to be associated with male factor subfertility as well (OR (95 percent CI)
8 4 ( 1 3, 52)) the number of males exposed to pesticides m this study was rather
small (n=l2) Pesticides such as herbicides, fungicides and insecticides have been
demonstrated to decrease sperm count and fertilisation rates' 2 a 3 0 Other studies,
however,

did not confirm these finding 1 9 3 1 3 2

The

large variety of active

compounds of pesticides prevents further conclusions of this finding
Occupational exposures to organic solvents such as styrene (present in plastics)
and ethylene glycol ethers (present in paint, thinners and cleaners) did not
increase the risk for male factor subfertility in this study Evidence of the adverse
effects of solvents on semen quality is scarce and inconclusive 3334 Exposure to 2methoxyethanol
associated

with

and 2-ethoxyethanol,
reduced sperm

ohgozoospermia and azoospermia

e g , in shipyard painters, has been

count and

an

increased

prevalence

of

235

In contrast to previous studies, we could not determine occupational heat
exposure as a risk factor for male factor subfertility 836 . Welding appeared not to
be a strong risk factor, which is in contrast to previously reported studies4 It
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should be noticed that even though men of our study population reported
occupational exposure to welding, only few of them are full-time occupational
welders.
Although routinely use of sauna and varicocele have been described as risk factors
for male subfertility in relation to heat exposure, we found rather small ORs for
both factors.
The impact of genito-urinary infection e.g., sexually transmitted micro-organisms
on semen parameters and male fertility is controversial 14 . Mumps orchitis,
however, is known to decrease semen quality. Indeed, our study showed that
having a history of mumps is a risk factor for male factor subfertility.
A remarkable finding is that in the present study smoking did not reveal to be a
risk factor for male factor subfertility. This is in contrast to reported studies of
others 7 . It is possible that this finding is confounded by the recommendation of
subfertile males to refrain from cigarette smoking.
This study has some limitations such as the relatively small numbers of exposed
cases and potential misdassification of fertility and exposure status. Moreover,
semen analysis is subject to intra-individual biological fluctuation and inaccuracies
of laboratory methods37,38. Measurement errors on the exposure variables, lack of
information about chronic exposures (beyond three months) and even recall bias
should also be taken into account

in the interpretation

of the results.

Nevertheless, questionnaire data concerning occupational exposure were derived
from validated questionnaires used in the international ASCLEPIOS study19.
Questions about lifestyle and nutritional intake were not validated.
Although the educational distribution between fertile and subfertile males was not
significantly different, subfertile males were slightly more present in the lower
education class than fertile males. Subfertile males also tend to live more
frequently in the countryside than fertile males, which could have biased the
results. Nevertheless, it is not very likely that such flaw in the design of the study
could explain all elevated and relatively high ORs.
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In conclusion, this study identified in a multivariate logistic regression model some
new risk factors for male factor subfertility. antibiotic use, female fertility disorders
m the family, gastrointestinal complaints and decreased intake of fruits and
vegetables In addition, it confirmed that occupational pesticides exposure and a
history of mumps are risk factors for male factor subfertility More studies are
needed to substantiate these findings, which may be eventually used m the future
for the prevention of male factor subfertility
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Abstract
Objective: To evaluate the impact of cigarette smoking on male factor subfertility
and

the

semen

parameters

sperm

count,

motility

and

morphology

by

questionnaire and determination of the cotinine concentrations in blood and
seminal plasma offertile and subfertile males.
Design: Case-control study with

107 fertile and 103 subfertile males who

provided a standardised blood and semen specimen and completed a selfadministered questionnaire concerning their smoking habit.
Setting: Outpatient fertility clinic of the University Medical Centre Nijmegen.
Participants: One hundred seven fertile and 103 subfertile males.
Main O u t c o m e Measure: Blood and seminal plasma cotinine in relation to
semen parameters.
Results: A higher frequency of cigarette smoking was observed in subfertile males
than in fertile males, Odds ratio (95% confidence interval) 1.7 (0.9-3.2). The selfreported number of cigarettes smoked per day correlated with the cotinine
concentrations in blood and seminal plasma for both groups. A small but significant
correlation was found between cotinine concentrations in seminal plasma and the
percentage of abnormal sperm morphology, but not for other semen parameters
(r s =O.I9, p<0.0l).
Conclusions: Although the mechanism of the toxicity of cotinine on sperm
morphology is not clear, this study indicates only a minor effect of cigarette
smoking on male factor subfertility due to probably other compounds in cigarette
smoke than nicotine (cotinine).
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Introduction
Cigarette smoking in women has been associated with decreased fertility 1,2 .
There is some evidence that cigarette smoking in men could also affect male
fertility and in particular influence semen quality3. The precise mechanism by
which smoking may cause these detrimental effects is not clear. Cigarette
smoke contains more than 3,000 different chemical compounds such as nicotine,
nitrosamine, polycyclic aromatic hydrocarbons, cadmium and carbon monoxide
and some of these chemicals are genotoxic by entering the blood circulation of
the testes and can have a direct cytotoxic effect on spermatozoa by D N A
damaging4,5. There is some evidence that these products have an effect only
after biotransformation into reactive products or via alterations of hormone
levels6,7.
Cotinine is a major degradation product of nicotine and because of its specificity
and detectable concentrations in a range of human body fluids such as serum,
urine, saliva, follicular fluid8,9 and seminal plasma 10 ", it is regarded as a valid
biomarker of tobacco smoking. So far, the reported associations between cotinine
concentrations in seminal plasma and semen parameters are inconclusive10,12.
Therefore, the aim of the present study is to investigate (I) whether smoking is a
risk factor for male factor subfertility; and (2) the associations between cotinine
concentrations in blood and seminal plasma and semen parameters of fertile and
subfertile males.

Population and Methods
Study Population
The study protocol was approved by the medical ethical committee of the
University Medical Centre Nijmegen and informed consent was obtained from
each participant before entering the study.
The study population comprised 107 fertile (mean age 34.2 ± 4.2 (SD) years)
and 103 subfertile (34.3 ± 3.9 years) males. Fertile participants were recruited
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from nine midwifery practices in Nijmegen and surroundings. This group
consisted of healthy males without any history of fertility problems whose
partners were pregnant, spontaneously within one year of regular unprotected
intercourse. They received written information about the study protocol from
the midwifes. Moreover, permission for telephone contact by the researcher to
explain the study protocol and to ask them for participation was given to the
midwifes. The response rate was 30%.
Subfertile males were recruited from those couples who failed to conceive after
one year of regular unprotected intercourse with the same partner and who
had a sperm count of 5 - 20 million/mL, as determined by the first semen
analysis after referral to the fertility clinic of the University Medical Centre
Nijmegen and Canisius Wilhelmina Hospital. The choice for the latter criterion
was based on its high predictive value for the probability of conception 1 3 , 1 4 . Since
this study focuses on subfertile males without a possible explanation so far for
their fertility problem, we excluded subjects with a chromosomal disorder
related to fertility problems, cryptorchidism and vasectomy. The response rate
of this group was 40%.
All participants provided a standardised semen sample and an overnight fasting
antecubital venous blood sample was drawn. Current smoking behaviour was
obtained with a self-administered questionnaire, in which the average number of
cigarettes smoked per day was categorised into 5 groups: 0, 1-5, 6-15, 16-30,
and more than 30 cigarettes per day.

Specimen Collection and Storage
A single semen sample was provided by each participant via masturbation after an
abstinence period of 3 to 5 days. The sample was produced at home, collected in a
polypropylene container and delivered within I hour after collection at the fertility
laboratory. After liquefaction, semen samples were processed by conventional
semen analysis to determine volume, pH, sperm concentration, motility and
morphology 14 . An aliquot of seminal fluid was centrifuged at 1,400 χ g (Hettich
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I6A,

1323 rotor) for IO min. The supernatant plasma was frozen without

preservatives and stored at -20 o C until assayed for cotinine concentration. Venous
blood samples were drawn into heparinised tubes and after centrifuging at 2,000 χ
g the blood plasma was collected, stored at - 20oC and used for measurement of
blood plasma cotinine concentration.

Cotinine Analysis
Blood and seminal plasma specimens of each participant were analysed for
cotinine concentrations with the liquid-phase radioimmunoassay (RIA) from
Diagnostic Products Corporation, Los Angeles, CA. This assay is based on a
nicotine metabolite-specific antiserum,

l25

l-labeled cotinine and six urine-based

calibrators. Because this assay is primarily designed for the qualitative and
quantitative measurement of cotinine in urine specimens, the l,000^g-per-litre
calibrator was serially diluted with a cotinine-free blood plasma or seminal
plasma

specimen

to

make

the

RIA

suitable

for

measuring

cotinine

concentrations in blood and seminal plasma specimens, respectively. Thus, a
dose response range with calibrator points between 500 and 12.5 μg cotinine
per litre was established. To demonstrate the accuracy of the modified assay
procedures we assessed tests of parallelism by serially diluting a seminal plasma
specimen up to 32-fold with cotinine-free seminal plasma specimen. A t a mean
concentration of 528 μg/L, the coefficient of variation (CV) for the 7 different
serial dilution points was 8.0%. Likewise, a serially diluted blood plasma
specimen (mean concentration 189 μg/L) revealed a CV of 10.7%. In those few
cases where the specimen cotinine concentrations exceeded 500 μg/L, a 1:1
dilution with cotinine-free blood plasma or seminal plasma was performed.
Assay precision for means of duplicate determinations was tested with blood
and seminal plasma specimens in a limited number of consecutive assay runs
(n=6) at two different concentrations. This procedure revealed within and
between assay CVs (CVw, CVb) of 3.7% and 8.8%, respectively, at a mean
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concentration of 110 μg/L and derived from a 6-fold diluted seminal plasma
sample while the same specimen diluted 2-fold revealed 7.3% (CVw) and 9.0%
(CVb) at a mean concentration of 364 μg/L. In the case of blood plasma, the
CVw and CVb were, respectively, 3.5% and 17.5% at a mean concentration of
121 μg/L (6-fold dilution), and 3.8% (CVw) and 7.4% (CVb) upon 2-fold dilution
of the same specimen (mean 343 μg/L).
Assay specificity as tested by the manufacturer demonstrated negligible cross
reactivity with many compounds including several nicotine metabolites. The
minimum detectable concentration of the assay was 10 μg/L at a relative binding
response level (B/BQ) of 90%.

Statistical Analyses
Non-parametric methods were used for analysis because of the non-normal
(skew) distribution of semen parameters and the large number of subjects
participated in this study. Mann-Whitney U test was used t o evaluate differences
in characteristics of fertile and subfertile males. The Spearman rank correlation
test was used t o determine the association between cotinine concentrations
and semen parameters. Odds ratio's (OR s ) and 95% confidence interval (CI)
were estimated with a simple logistic regression model. Statistical significance
was defined by a test result with a p-value of less than 0.05.

Results
Population characteristics of the fertile and subfertile group are given in Table I.
As expected, substantial differences were observed for the semen parameters
between the t w o groups. Nine percent of the fertile males had a sperm count of
less than 20 million/mL and 26% of the subfertile males had a sperm count of
more than 20 million/mL. Twenty-one percent of the males of the fertile group
and 32% of the subfertile males were smokers i.e., > I cigarette per day, which
resulted in an OR of 1.7 (95% CI: 0.9-3.2) (Table 2).
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Table I. Population characteristics. Semen parameters are given as median
(5th-95th percentile); otherwise as mean (SD)
Fertile males

Subfertile males

(n=l07)

(n=l03)

34.2 (4.2)

34.3 (3 9)

Abstinence period (days)

3.9(1.9)

3.5(1.6)

Sperm count (x I O'/mL)

75.0 ( 15-175)

8 0(1 -85)*

Motility (%)

58.0 (26-75)

30.0 (5-70)*

Abnormal Morphology (%)

62 0 (37-82)

80.0 (57-93) *

Age (years)

* p < 0 05

Table 2. Cigarette smoking in the fertile and subfertile group
Fertile males
(n=l07)

Subfertile males

OR (95% CI)

(n=l03)

Smoking.
No

79%

68%
I 7 (0 9-3.2)

Yes*

21%

32%

* > I cigarette/day on average
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There was a high correlation between the self-reported number of cigarettes
smoked per day (categorised) and the cotinine concentrations both in blood
plasma and seminal plasma (r s =0.95 and r s =0.75 respectively; Figure I).
Cotinine concentrations in blood and seminal plasma were of similar magnitude
and a high correlation exists between the cotinine concentrations in these two
fluids (r s =0.77; Figure 2).
The median cotinine concentrations in blood plasma were not significantly
different between fertile and subfertile smokers (380 and 260 μg/L, respectively)
and between fertile and subfertile non-smokers (10 and 10 μg/L, respectively).
In semen, no significant differences were found in the cotinine concentrations
between fertile and subfertile smokers (360 and 260 μg/L, respectively) and
between fertile and subfertile non-smokers (10 and 12 μg/L, respectively). After
pooling of the data of the fertile and subfertile group a small, though significant
correlation was observed between seminal plasma cotinine concentrations and
the percentage of abnormal morphologic sperm (r s =0.19;p<0.0l; Figure 3). No
correlation was found between the blood plasma concentration of cotinine and
sperm count, motility, and morphology. No significant correlations

were

present between seminal plasma cotinine concentrations and sperm count, and
motility (Table 3).
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Table 3. Correlation coefficients of cotinine concentrations between both
blood and seminal plasma and semen parameters
Connine ^g/L)

Connine ^g/L)

blood plasma

seminal plasma

Sperm count (x lOVmL)

rs = -0 002

rs = -0 06

Motility (%)

rs = 0 04

rs = 0 02

Abnormal Morphology (%)

rs = 0 10

rs = 0 19*

*p<00l

Discussion
The present study demonstrates that cigarette smoking is possibly only a minor
risk factor for male factor subfertility The detrimental effect seems to be due to
other compounds m cigarette smoking than cotinine, the derivative of nicotine.
Other studies do not support this finding15. Most of them used questionnaires only
to determine smoking habits' l617 . In contrast, we used questionnaires as well as
cotinine concentrations in blood and in seminal plasma to investigate this
association. A high correlation was present between the cotinine concentrations
in blood and seminal plasma and the self-reported number of cigarettes smoked
per day. The accuracy of self-reported smoking confirmed by measuring the
cotinine concentration as a marker for tobacco smoking has previously been
reported among pregnant women 18 . A high correlation of r = 0 65 between the
number of cigarettes smoked per day and cotinine concentrations in seminal
plasma and urine has been demonstrated" Discrepancies between the reported
numbers of cigarettes smoked per day and the cotinine concentrations in blood
and seminal plasma can be explained by recall bias and underreporting which leads
t o misclassification.
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The cotinine concentrations in blood and seminal plasma were of similar
magnitude and a high correlation (r s =0.77) was established between the cotinine
concentrations in these t w o fluids. This finding suggests an active transfer
between the two compartments from the arteriae testicularis via the sertoli
cells into the seminiferous tubulus and seminal plasma.
This data may be biased by selection due to the biological intra-individual variability
of the semen and the categorisation of fertility/subfertility by using the W H O
definition of sperm counts below or above 20 million/mL Nine percent of the
fertile group had a sperm count less than 20 million/mL while 26% of the subfertile
males had sperm counts of more than 20 million/mL. Therefore, the question
arises whether the arbitrary cut-off value for sperm count of 20 million/mL used in
this study and based on the W H O criteria is valid enough14. This was reason for us
to pool the data of both groups and evaluate the associations between the
cotinine concentrations in blood and seminal plasma and semen parameters.
Although previous studies demonstrated a detrimental effect of cigarette smoke
on sperm morphology12,19, only a small, albeit significant, correlation was shown
between the cotinine concentrations in seminal plasma and abnormal morphology,
unlike

with

sperm

count,

or

motility.

phenomenon are not clarified. Rubes et al.

12

The

mechanisms

underlying

this

reported an increase in the fraction of

"round-headed" sperm and increased frequencies of sperm disomy among
smokers compared to non-smokers, which was associated with an increased risk
of male factor subfertility20 and abnormal reproductive and developmental
outcome21. It reveals from the study of Shen et al.22 that cigarette smoking may
suppress the antioxidant concentrations in the blood and semen. Smokers were
found to have increased oxidative D N A damage in sperm22.
Our study did not confirm the inverse correlation between cigarette smoking
and sperm count and motility as has previously been reported by Vine et al.3. A
meta-analysis of 20 studies by Vine et al.23 demonstrated a 13% to 17% lower
sperm density among smokers in comparison with non-smokers without a clear
dose-response relationship between the numbers of cigarettes smoked per day
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and sperm density. Pacifici et al.10 observed a significant decrease of total
motility of

18.7% between spermatozoa from smokers and non-smokers.

Recently, in vitro

studies from the same group

have shown that this

phenomenon could not be explained by the presence of nicotine or cotinine in
semen and thus further studies on other compounds of cigarette smoke are
needed24. This supports our finding. In addition, the genotoxic potential of
nicotine and its major metabolites could not be demonstrated by Doolittle et
al.2S.
Cotinine determination in this study was performed as a marker of tobacco
smoke exposure. However, data can be biased by passive smoking, which was
not investigated in detail by the questionnaire used in our study. Pacifici et al.26
showed detectable nicotine and cotinine concentrations in seminal plasma of
non-smokers. Moreover, they found that the cotinine concentrations in seminal
plasma correlated significantly and positively with the degree of the reported
environmental tobacco smoke exposure.
Cigarette smoking is definitely not the only lifestyle factor that may affect semen
quality. Alcohol and caffeine consumption, drugs and altered diet are also
considered lifestyle factors that may influence semen quality. In our study
smoking was correlated with both alcohol and caffeine consumption. However,
after controlling for these confounders the observed OR for smoking remained.
In summary, our results indicate that the aetiology of male factor subfertility is
multifactorially determined, in which cigarette smoking appears to be only a
minor risk factor. The increased OR suggests that cigarette smoking could have
a detrimental effect on the maturation and development of spermatozoa.
However, the correlation between smoking and the percentage of abnormal
spermatozoa is very small. The mechanism by which cigarette smoking may
affect semen quality is still not known. From this data it is likely that other
compounds

of

cigarette

smoke than

cotinine

affect

semen

parameters.

Moreover, it cannot be excluded that because of the subfertility problem these
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males are more stressed which may have influenced semen parameters by
interference of another molecular biologic mechanism 27
Nevertheless, the suggested detrimental effect of cigarette smoking on sperm
morphology adds another argument t o recommend couples who want to
reproduce t o stop cigarette smoking
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Abstract
To investigate the impact of calcium, magnesium, zinc and copper in blood and
seminal plasma on semen parameters, 107 fertile and 103 subfertile males
provided a standardised blood and semen specimen. Total calcium and magnesium
concentrations were determined with colorimetrie "end point" assay procedures.
Zinc and copper were determined by flame atomic absorption spectrophotometer
(AAS). Semen analysis was performed according to W o r l d Health Organisation
guidelines (1992). The concentrations of calcium, magnesium, zinc and copper in
blood and seminal plasma were not different between the subfertile and fertile
group.

Weak

correlations

were

demonstrated

between

plasma

zinc

concentrations and sperm count (r s =0.18), sperm motility (rs=0.15), and abnormal
sperm morphology (r s =0.13). Zinc and magnesium concentrations in seminal
plasma correlated weakly with sperm count (r s =0.17 and rs=0.16, respectively),
and copper concentrations in blood plasma with motility (rs=0.25). Strong
correlations were found between calcium, magnesium and zinc in seminal plasma.
Although calcium, magnesium, zinc and copper

play an essential role in

spermatogenesis and fertility, determination of the concentrations of these
elements in blood and seminal plasma does not lead to better insight in the
pathogenesis of male factor subfertility.
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Introduction
Human semen contains high concentrations of calcium (Ca), magnesium (Mg),
zinc (Zn) and copper (Cu) in bound and ionic forms. The testicular plasma, that
is, the fluid composed of the secretions originating in the seminiferous tubules,
tubuli recti, rete testis and ductuli efferentes, and the epididymal plasma serve as
a nutrient medium where the maturation of the developing spermatozoa takes
place'. The cell homeostasis of the spermatozoa is well-regulated. Any contact
with toxic substances present in the seminal plasma can affect the developing
spermatozoa. The presence of abnormal levels of Ca and Mg and of trace
elements, in particular Zn and Cu, may affect spermatogenesis with regard to
production, maturation, motility, and fertilising capacity of the spermatozoa2,3.
Calcium is an essential element, which

is a crucial

regulator

of

many

physiological processes in every vital cell, including spermatozoa. The calcium
ion (Ca2+) is the trigger of acrosome reaction in mammalian spermatozoa, and
there is substantial evidence that the calcium ion is differentially involved in
sperm motility depending on the various stages of sperm maturation 2,4 " 6 . It has
been demonstrated that the prostate, vesicula seminalis and epididymis are also
very rich in calcium, the reason why, several studies investigated the association
between calcium and male subfertility.
Another crucial element in cell physiology is magnesium (Mg), which is present
in a high concentration in semen7. Mg is an important cation found in nearly all
enzymatic systems. It also modifies specific enzyme substrates and has a
fundamental role as a cofactor in more than 300 enzymatic reactions involving
energy metabolism (ATP) and nucleic acid synthesis. It is suggested that
magnesium play a role in spermatogenesis, in particular sperm

motility.

Furthermore, magnesium is regarded as a marker of secretions of seminal
vesicles and acts as an intracellular calcium antagonist8.
The total zinc concentration in human seminal plasma is extremely high (i.e.,
approximately 2.0 mmol/L). It is well-established that the prostate secretes high
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levels of zinc'. The main source of zinc is meat and seafood. Zinc is a cofactor
for more than 200 metal loenzymes in a variety of animal species. Zinc finger
proteins among others are involved in the genetic expression of steroid
receptors 910 . There is evidence that zinc in seminal plasma influences oxygen
consumption of the spermatozoa" 1 2 , nuclear chromatin decondensation13 and
acrosin activity 1415 . Zinc deficiency causes hypogonadism16 and zinc is thought t o
be important in the stabilisation of sperm chromatin 17 . Consensus exists that
the zinc concentration in seminal plasma is of importance for spermatogenesis,
although results of several studies are still contradictory 17 " 19 .
The trace element copper has been identified as a highly toxic element for
sperm 3 . In vitro studies of Roblero et al.20 have demonstrated the effect of
copper in intra-uterine contraceptive devices (IUCD) to prevent conception.
The

only

way

copper

normally

enters

mammals

and other

terrestrial

vertebrates is via the alimentary tract. The average diet of adult humans in
Western countries contains from 0.6 to 1.6 mg Cu per day. Shellfish, organ
meats and seeds are the richest sources of copper. Copper in the cytosol is
mainly bound to proteins, i.e. metallothioneins, which also binds the element
zinc to render these elements non-toxic in case of excess. Cu is an important
compound of numerous

metalloenzymes

and metalloproteins, which

are

2+

involved in energy or antioxidant metabolism. In its ionic form (Cu ), the trace
element

rapidly

becomes

toxic

to

a variety

of

cells

including

human

spermatozoa.
Sperm count, motility and morphology are parameters used to diagnose potential
male fertility. Since calcium, magnesium, zinc and copper are ascribed to be
important for spermatogenesis we conducted a case-control study to investigate
the relation of these elements with male factor (sub)fertility and semen
parameters by quantifying the concentrations in blood and seminal plasma of
fertile and subfertile males.
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Population and Methods
Subjects
The study samples were derived from a randomised controlled trial described in
detail by Wong et al. (submitted). One hundred and seven fertile (mean (SD) age
34.1 ± 4.0 years) and 103 subfertile (34.4 ± 4.1 years) males were included in this
study. Fertile males were recruited from nine midwifery practices in Nijmegen and
surroundings, and comprised healthy males without history of fertility problems
whose partners conceived spontaneously within one year and who were pregnant
at initiation of the study. Subfertile males were recruited from those couples who
failed to conceive after one year of regular unprotected intercourse with the same
partner and who had a sperm count of 5 -20 million/mL, as determined by the first
semen analysis after referral to the fertility clinic of the University Medical Centre
Nijmegen and the Canisius Wilhelmina Hospital Nijmegen. The choice for the
latter criterion was based on its high predictive power for the probability of
conception 21,22 . The exclusion criteria for both groups are chromosomal disorders
related to a fertility disorder, cryptorchidism, vasectomy and the use of folic acid
and/or zinc supplements or medications within three months before recruitment.
The ethics committee of the University Medical Centre Nijmegen gave its
approval for the study protocol and all participants gave their informed consent.

Specimen collection, storage and analytical procedures
Participants

provided

semen

samples,

produced

via

masturbation,

in

polypropylene containers at home after an abstinence period of 3 to 5 days.
These samples were delivered at the fertility laboratory within I hour after
production. After liquefaction, an aliquot of semen was centrifuged at 1,400 χ g
(Hettich I6A, 1323 rotor) for 10 minutes. The supernatant (seminal plasma)
was frozen without preservatives and stored at -20 o C until further assay for
calcium, magnesium, zinc and copper. Subsequently, a semen analysis

was

performed according to the W o r l d Health Organisation guidelines to obtain
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volume, pH, sperm count, motility and morphology . Sperm concentration was
determined with a Makler® counting chamber, equipped with a ten-by-ten
micron compartments frame format. Motility was expressed as the percentage
of motile spermatozoa and their mean velocity (scale I - 6; I = immotile; 6 =
progressively motile, i.e., > 100 pm/s). Morphology was determined according
t o the W H O criteria after incubation of the sample with trypsin (10 minutes at
room

temperature), using the

methylene

blue/eosin

staining procedure,

22

feathering and fixation by flame . At least 100 cells were examined (in duplicate
by two independent technicians) at a final magnification of 1,000 times.
The coefficient of variation (CV) for sperm concentration analysis decreased
from approximately 30% to 10% for sperm concentrations ranging from 10 to
70 χ lO'/mL In the case of sperm morphology, the CV was approximately 35%,
with an interval of 65% - 90% abnormal spermatozoa as estimated by repeated
determinations of the same set of specimen preparations by 3-4 technicians.
Venous blood samples obtained after overnight fasting were drawn

into

heparinised tubes and after centrifugation at 2,000 χ g blood plasma was
collected, stored at - 20°C until further assay. Blood and seminal plasma
specimens of each participant were analysed for calcium, magnesium, zinc and
copper concentrations. Total calcium and magnesium concentrations were
determined

with

colorimetrie

"end

point"

assay

kits

(Sigma,

Chemical

Corporation, St Louis, Miss, USA, #587M for Ca and #595M for Mg) on 5 μΙ
samples in duplicate following the instructions of the supplier. Certified
standards (Sigma) were used as reference.
Zinc was determined by flame atomic absorption spectrophotometer (AAS)
(Perkin Elmer 4100; Norwalk, Connecticut, USA). The lower limit of detection
was 0.1 μπιοΙ/Ι. and the response was linear up t o at least 30 μπιοΙ/Ι-. The interassay CV

for the determination of ztnc in plasma was 4.5% at

mean

concentration of 12.4 μηηοΙ/Ι_ (η=Ι43), while the intra-assay CV was 3.4% at
11.8 μπιοΙ/Ι. (η=10). The inter-assay CVs for zinc in seminal plasma were 7.0%
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and 7.6%, at l l . l and 21.6 μπηοΙ/ί, respectively (n= 13), while the intra-assay
CVs, determined in five separate assays of four repeats each, ranged from 1.8%
to 7.1 %, and from 2.5% to 6.9% for the lower and higher concentration of zinc
in these specimens. Copper concentrations in blood and seminal plasma were
also measured with an Atomic Absorption Spectrophotometer (AAS).

Statistics
Statistical analyses were performed with Astute in Excel® 5.0 program. The
Mann-Whitney U-test was used to evaluate the significance of differences in
characteristics and blood and seminal plasma concentrations of trace elements
between fertile and subfertile males. Spearman's rank correlation coefficients were
calculated to determine associations between calcium, magnesium, zinc and
copper concentrations, and semen parameters. Differences were considered
significant at Ρ < 0.05.

Results
Table I shows the population characteristics, semen parameters and the
concentrations of calcium, magnesium, zinc and copper concentrations in blood
and seminal plasma of the subfertile and fertile group. The sperm count, motility
and normal morphology were significantly (p<0.05) lower in the subfertile males
than

in the fertile males. The

concentrations

of the elements

calcium,

magnesium, zinc and copper in both compartments were not significantly
different between the subfertile and fertile group. Therefore, the data of these
two groups were pooled for further analysis.
Calcium, magnesium and zinc were significantly higher in semen than in blood
plasma, with a semen-to-plasma ratio of 69.7 for zinc, 3.7 for magnesium and 2.7
for calcium. The copper concentration was significantly higher in blood plasma,
with a semen-to-plasma ratio of 0.4. N o significant correlation was found

79

Chapter S

b e t w e e n t h e b l o o d and seminal plasma c o n c e n t r a t i o n s o f these elements e x c e p t
for copper concentrations (rs=0.65, p < 0 . 0 0 0 l ) .

Table

I.

Population

characteristics

and

blood

and

seminal

plasma

concentrations of C a , M g , Z n and C u . S e m e n p a r a m e t e r s a r e given as
m e d i a n ( 5 t h - 9 5 t h percentile); o t h e r w i s e as m e a n ( S D )
Subfertile males

Fertile males

(n=l03)

(n=l07)

Age (years)

34.3 (3.9)

34.2 (4.2)

Abstinence period (days)

3.5(1.6)

3.9(1.9)

Sperm count (xlO'/mL)

8(1-85)

75(15-175)*

Motility (%)

30 (5-70)

58 (26-75)*

Abnormal Morphology (%)

80 (57-93)

62 (37-82)*

Calcium (mmol/L)

2.3 (0.3)

2.2 (0.2)

Magnesium (mmol/L)

1.0(0.11)

1.0(0.2)

Zinc (μηηοΙ/Ι-)

20.1 (3.0)

20.8 (3.4)

Copper (μπιοΙ/Ι-)

13.5(5.7)

15.5(9.0)

Calcium (mmol/L)

6.1 (1.6)

6.0(1.4)

Magnesium (mmol/L)

3.6(1.1)

3.7(1.0)

Zinc (mmol/L)

1.4 (0.7)

1.4(0.7)

Copper (μιτιοΙ/ί)

5.5 (3.9)

5.9 (3.7)

Bloodplasma

Seminal plasma

* Ρ < 0.05

80

Calcium, magnesium, zinc and copper

When studying the correlations between the elements calcium, magnesium,
zinc, and copper and the parameters of semen analysis, significant though weak
correlations were found between plasma zinc concentrations and sperm count
(r s =0.18), sperm motility (r s =0.15) and abnormal sperm morphology (r s =0.13)
for the fertile and subfertile group taken together. Zinc concentrations in
seminal

plasma correlated

with

sperm

count

(r s =0.17). Seminal

plasma

magnesium concentrations correlate with sperm count (r s =0.16) and copper
concentrations in blood plasma with motility (r s =0.25). Calcium concentrations
in blood and seminal plasma were not correlated with any parameters of the
semen analysis.
Table 2 shows the correlation matrix of the elements Ca, Mg, Zn and Cu
concentrations in blood and seminal plasma. Significant correlation were found
between blood plasma magnesium and blood plasma calcium (r s =0.48, p<0.000l)
and blood plasma copper (r s =0.2l, p<0.05). Calcium and copper concentrations in
blood were negatively correlated (r s = - 0.41, p<0.000l). In semen, strong
correlations were demonstrated between zinc and calcium, and between zinc and
magnesium (r s =0.79, p<0.000l, r s =0.73, p<0.000l, respectively; Figure 1,2) while
calcium and magnesium correlated also significantly (r5=0.85, p<0.00l; Figure 3).
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Table 2. Correlation coefficients between calcium (Ca), magnesium (Mg),
zinc (Zn) and copper (Cu) concentrations in blood and seminal plasma after
pooling
Blood:

Seminal
plasma:

Ca

Mg

Zn

Cu

Ca

0.48**

-0.02

-0.41**

-0.08

0.04

0.21*

Mg

Zn

Cu

Blood:
Ca
Mg
Zn

0.06

- 0.09

0.003
0.65**

Cu
Seminal
plasma:
Ca
Mg
Zn
Cu
* Ρ < 0.05
**P < 0.0001
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0.85**

0.79**

0.14

0.73**

0.13
0.05
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Discussion
In this study we could not establish differences in the concentrations of the
elements calcium, magnesium, zinc and copper in blood and seminal plasma
between fertile and subfertile males. This finding confirms previous reports 7 8 , 2 3 .
Pandy24 however, observed lower concentrations of Ca, Mg and Zn in semen of
subfertile males, e.g., 82% have subnormal quantities of one or more of these
compounds.
The highest concentration m seminal plasma in our study was calcium, followed
by magnesium and zinc. The mean calcium, magnesium and zinc concentrations
m seminal plasma were significantly higher than m blood plasma

Copper

concentrations, however, were higher in blood plasma than in seminal plasma.
These findings are in accordance with the study of Omu et al. 23 .
No correlation could be established between blood and seminal plasma of these
elements, except for copper. Ca, Mg and Zn play an essential role in many
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enzymes and proteins and thus in cellular homeostasis As a consequence, these
elements are strictly regulated, a process in which the blood-seminal plasma
barrier plays a pivotal role However, the precise mechanism by which these
elements transfer from the blood circulation into the seminal plasma is unclear
Zinc concentrations for semen obtained in this study are comparable with those
reported elsewhere in the literature 2325 W e observed a significant correlation
between blood plasma zinc concentrations and sperm count, motility and
morphology, and between seminal plasma zinc concentrations and sperm count
The latter correlation has also been described in studies of Saaranen et al

l8

and

2

Madding et a l ' Results of other studies, however, indicated that high semen
zinc concentrations are related to decreased sperm motility m infertile men 2728
Clinical studies with adult males experimentally deprived from zinc show that
Leydig cell synthesis of testosterone is decreased due to a decreased activity of
the Zn-dependent metalloenzyme 5a-reductase which is responsible for the
conversion

of

testosterone

(DHT) 2 9 3'

dihydrotestosterone
antimicrobial

activity

condensation m man

(T)

13 H

of the

into
Zinc

seminal

the
also

biologically
has

a

active

form,

fundamental

plasma32, sperm

nuclear

role

5am

chromatin

and acrosm activity.

Our study shows a significant correlation between magnesium m seminal plasma
and sperm count unlike with motility, while other studies did not find any
correlation between this element and semen parameters 2533

The role of

magnesium m spermatozoa quality is as yet not clear Depletion of intracellular
Mg 2+ is known to affect all functions dependent on this ion, including glycolysis,
protein synthesis, respiration, and reproduction 34
W e could neither find any beneficial nor adverse relation between calcium and
sperm motility. Studies about the relationship between calcium and semen
parameters are controversial Prien et a l 5 showed that Ca 2+ in semen decreased
significantly m males with decreased sperm motility (<60%), while total Ca was
not different m both groups Morton et a l 6 have demonstrated that males with
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decreased sperm motility in the epididymal plasma have significantly lower
seminal Ca 2+ concentrations, while Hong et al.2 showed that Ca 2+ has an
adverse effect on sperm motility of mature spermatozoa in ejaculated semen.
Nishida et al.35 have demonstrated that in vitro exposure of human sperm to
low calcium enhances the fertilising ability. Our finding that calcium did not
effect sperm motility could be explained by the fact that we measured total
calcium and not ionised calcium.
O u r study demonstrated a weak but significant positive correlation (rs=0.25)
between blood copper concentrations and sperm motility. This is in agreement
with data from Jockenhovel et al.36 who also demonstrated a weak, though
significant

correlation

(r=0.32),

motility

between

(r=0.23),

and

copper
normal

concentrations
morphology

and sperm
(r=0.2l).

count

Recently,

37

Ackerman et al. , however, demonstrated adverse effect of high concentrations
of copper on sperm morphology in impala living in the Kruger National Park,
South Africa. Copper concentrations determined in our study were within the
normal physiological range and it is known that copper is an essential trace
element which plays an important role in several enzymes such as superoxide
dismutase. Human spermatozoa are particularly susceptible to peroxidative
damage because they contain high concentrations of polyunsaturated fatty acids
and also possess a significant ability to generate reactive oxygen species (ROS),
mainly superoxide anion and hydrogen peroxide. Superoxide dismutase protects
the human spermatozoa against these peroxidative damages.
Finally, we found strong positive correlation between calcium, magnesium and
zinc, which confirmed data of Ssrensen et al. who showed a correlation
coefficient of 0.79 between seminal plasma calcium and zinc, and 0.86 in the case
seminal plasma magnesium and zinc concentrations. Mutual interaction exists
between the elements assessed in our study. Surprisingly, we found a positive
correlation

between

magnesium and calcium while

it

is described

that

38

magnesium acts like a physiological calcium antagonist . High concentrations of
dietary zinc induce metallothionein synthesis in liver, kidney and intestine, which
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inhibit uptake and transfer of copper from the intestine t o the blood because
copper binds metallothionein with greater affinity than zinc39.
In conclusion, although calcium, magnesium, zinc and copper play an essential
role in spermatogenesis and fertility, determination of the concentration of
these elements in blood and seminal plasma does not lead t o better insight in
the pathogenesis of male factor subfertility.
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Abstract
In this study we compared the semen analysis results of a fertile population with
that of a subfertile population, in order to establish normal cut-off values for the
standard semen parameters with the aid of receiver operating characteristic
(ROC) curve analysis. Semen analyses were done based on W H O guidelines and
sperm morphology according W H O , and strict criteria guidelines. The fertile
group comprised of healthy males (n=l07) without any history of fertility
problems whose partners had a spontaneous pregnancy within one year of
unprotected intercourse and who were pregnant at their inclusion in the study.
The males from the subfertile population ( N = I 0 3 ) were recruited from the
couples attending the infertility clinic. The best discriminating

parameter

between the two populations, with the largest area under the curve (84.0%),
was

sperm

morphology

evaluated

according to

WHO

criteria

at 3 1 %

morphological normal spermatozoa. The other cut-off values were at 8% for the
acrosome index, 45% for motility and 4% morphological normal spermatozoa
with strict criteria. Recalculating the ROC curve cut-off values based on an
assumed 50% prevalence of subfertility in an assisted reproductive setting, the
cut-off points were reduced t o 3% morphologically normal spermatozoa for
strict criteria, and 2 1 % morphological normal spermatozoa for W H O criteria.
For percentage of motile spermatozoa the cut-off value was at 20% motile
spermatozoa and for motility quality 3.5 (on a scale of 1-6). The cut-off value for
the acrosome index was at 3% normal acrosomes and the teratozoospermia
index value at 2.09.
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Introduction
Minimum requirements for semen analysis and semen parameter standards
were established in 1951 by the American Fertility Association', in 1966 by
Freund2 and in 1971 by Eliasson3. This was followed by publications from the
W H O in 1980, 1987, 1992 and I999 4 · 7 . However, the so-called normal values
provided by the W H O manuals for the basic semen parameters viz. volume,
qualitative and quantitative motility and morphology were mostly obtained
through studies done on so-called fertile populations5,6. This may result in a
situation that if the semen parameters (variables) are not within the normal
range as given in these publications the male may be regarded as subfertile or
not capable of fertilising his spouse. This can lead to unnecessary treatment
procedures8,9 or to social problems and stress among couples, for example in
cases where spontaneous pregnancies occur after a male has been pronounced
as subfertile according t o W H O 6 , 7 guidelines for normality.
This may be one of the reasons why the clinical value of traditional semen
analysis in the assessment of male fertility potential is now a subject of
considerable debate. Especially with the introduction of ICSI the role of the
standard semen analysis is becoming an even greater point of discussion. The
feeling is now that one only needs to establish the presence of sterilising defects
such as globozoospermia and the immotile sperm or Kartagener's syndrome, or
the presence of azoospermia and if so the reason for the patients azoospermia.
In this regard McDonough 10 wrote in an editorial in Fertility and Sterility
"Traditional sperm analysis as a clinical test may become nothing more than an
ancestral heirloom. It may be performed spasmodically by those who know how
to do it, like a 1940 air show or laparotomy, to remind us of the good old days.
W e have come to the end of something. Surely someone will want to carve a
headstone for traditional sperm analysis or perhaps a mausoleum will be more
fitting".
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As semen analyses are mostly used to investigate and establish the fertility
potential of males with subfertility problems, the datum point for establishing
standards for fertility evaluation should, therefore, not be based on what is
average in a normal population. The viewpoint should rather be on what are the
minimum semen parameters values needed to still give a reasonable chance for
conception. These values will be much lower than the values for normality of a
population with proven fertility as has been demonstrated by MacLeod" 1 2 and
by MacLeod and Gold' 3 1 4 who were the first to report differences in semen
values between males of fertile and subfertile marriages. A number of papers
have recently been published confirming this observation and presenting
redefined values for semen parameters to provide a better diagnosis and
prognosis for males seeking help for their fertility problem 15 "' 8 .
It is therefore, clear that the values for semen parameters and especially sperm
morphology as given in the W H O 6 , 7 manuals needs re-evaluation17,18. Because of
the confusion on normal values for sperm morphology the 1999 W H O manual7
does not give a normal value for this parameter. This confusion with regard to
sperm morphology is complicated by the fact that many different evaluation
methodologies are used worldwide as shown in a study by Ombelet et a l . "
These differences used to evaluate human sperm morphology have prevented
the achievement of any consensus on the clinical diagnostic value of sperm
morphology evaluation. Two of the most widely used classification systems are
the 1992 W H O 6 and strict criteria 20 . T o our knowledge no studies have been
published where these two methods have been compared in the same
population with the aim to set new values to be used in the evaluation of a male
fertility potential for the in vivo situation.
The aim of this study was therefore, to compare data of semen parameters
obtained from a fertile and subfertile population to thereby contribute towards
the setting of new clinical thresholds for the standard semen parameters
including sperm morphology as evaluated by W H O and strict criteria for the in
vivo situation.
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Material and Methods
Study population
The study population for this study consisted of 107 fertile and 103 subfertile
males The fertile group comprised healthy males without any history of fertility
problems whose partners had a spontaneous pregnancy within one year of
unprotected intercourse and who were pregnant at the time of their inclusion
m the study. The fertile participants were recruited from nine midwifery
practices in Nijmegen and surroundings Subfertile males were recruited after
referral to the fertility clinic of the University Medical Centre Nijmegen and
Camsius Wilhelmina Hospital, Nijmegen, The Netherlands All the males were
from couples with failure to conceive after one year of regular unprotected
intercourse and having an initial sperm count, before admission t o the trial, of 5
to 20 milhon/mL, as determined by routine semen analysis at the infertility clinic
The choice for the latter criterion was due to the fact that the initial
recruitment was for a prospective intervention study21 On the day of the
beginning of the trial a semen analysis was again performed and results from
these analyses were used for this study Subjects with known causes for their
subfertihty problems such as chromosomal

disorders

problems,

were

cryptorchidism

and

vasectomies

related to

excluded

The

fertility
ethics

committee of the University Medical Centre Nijmegen approved the study
protocol and all participants gave their informed consent

Specimen collection and analytical procedures
Participants

provided

semen

samples

produced

via

masturbation

in

polypropylene containers at home after an abstinence period of 3 to 5 days and
delivered these within I hour after production at the fertility laboratory Semen
analyses were performed in a blind fashion with regard to the study group.
Subsequently, semen analyses were performed mainly according to the 1992
W H O guidelines' to obtain volume, pH, sperm concentration, motility and
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morphology. Sperm concentration was determined with the use of a Makler
counting chamber. Motility was

expressed as the percentage of motile

spermatozoa and their mean speed, or motility quality (scale I - 6; I =
immotile; 6 = progressive motile, i.e., > 100 pm/sec). For sperm morphology
evaluation t w o slides were prepared of each sample after incubation with
trypsin (10 minutes at room temperature). For W H O evaluation smears were
flame fixed and stained with methylene blue/eosin. A t least 100 cells were
examined (in duplicate by two technicians) with a final magnification of 1,000
times. Sperm morphology was also assessed according to Strict Tygerberg
criteria by one observer (RM) as described in detail by Menkveld et al. 20
Together with the morphology evaluation according to strict criteria the
acrosome index 22 and teratozoospermia index (TZI) 6 were also determined.

Teratozoospermia index
The TZI was performed as described in the 1992 W H O

manual6 and by

Menkveld and Kruger 1 7 . The TZI is an indication of the number of abnormalities
present per abnormal spermatozoon. According to the 1992 W H O

manual6

each abnormal spermatozoon can have I to 4 abnormalities, viz. a head
abnormality, a neck/midpiece abnormality, a tail abnormality or the presence of
a cytoplasmic residue. These abnormalities can occur as a single defect or in a
combination of two, three or all four abnormalities simultaneously.

The

classification of spermatozoa for the TZI is recorded simultaneously, on a five
key laboratory counter, with the recording of spermatozoa as normal or
abnormal, in the specific class(es). The total number of abnormalities recorded
are added together and divided by the total number of abnormal spermatozoa,
i.e., 100 minus the percentage of morphological normal spermatozoa.

Acrosome index
Sperm acrosomal morphology was evaluated by light microscopy at 1,250 χ oil
magnification as described by Menkveld et al. 22 based on acrosomal size and
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form as well as staining characteristics. Results were expressed as the acrosome
index (% normal acrosomes). For the evaluation of the acrosome morphology
the same principles as for the evaluation of normal sperm morphology according
t o strict criteria are applicable. For an acrosome to be regarded as normal the
acrosome must have a smooth oval shape, with the same dimensions as for a
normal spermatozoon. Acrosomes must be well-defined and comprising about
40-70% of the normal sized sperm head. The post acrosomal part of the sperm
head can be abnormal but the rest of the sperm must be normal, thus no
neck/midpiece and tail abnormalities and no cytoplasmic residue may be
present. If the sperm is classified as normal the acrosome must always be
classified as normal. The acrosome evaluation can be done simultaneously with
the routine morphology evaluation and the TZI, with the use of t w o laboratory
counters. As with the normal sperm morphology at least 100 spermatozoa are
evaluated.

Statistical Analysis
Basic descriptive statistics viz. means, standard deviations, medians and ranges
were calculated for the two populations separately. Semen variables from the
t w o groups were compared for statistically significant differences (at p<0.05) by
means of the Wilcoxon 2-sample test.
The predictive ability of the different semen variables to differentiate between
the fertile or subfertile status of a male was analysed using receiver operating
characteristics (ROC) curve analysis using a logistic regression model with the
group status as outcome variable. Only individual predictive patterns were
evaluated. Sperm concentration was not included m the ROC curve analysis as
this semen parameter was used in the selection of the subfertile group. The
areas under the curves (AUC) were estimated as well as their standard errors
and confidence intervals. Pairwise comparisons were done between the six
examined semen variables to test for statistical significant differences. The
standard errors of the AUC's and differences were estimated through a
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bootstrap procedure 23 . The predictive ability was estimated assuming a 15%
prevalence of subfertility in the population 18 . An assumed prevalence of 50%
male subfertility in an assisted reproductive setting was used in estimating the
false positive and false negative predictive probabilities. This predictive level (of
50%) was used since we believe that this reflects the prevalence of the male's
contribution to subfertility in an assisted reproductive setting according to the
literature 24 .

Results
The mean (SD) age of the 107 males in the fertile group was 33.8(4.3) years and
for the 103 males in the subfertile group 33.7(3.9) years which was not
statistically significantly different. No statistical significant differences were found
between the means (SD) of the fertile and subfertile groups for days of
abstinence, 3.8(1.9) days versus 3.5(1.7) days, semen volume, 3.56(1.7) mL vs.
3.59(1.7) mL, and pH, 7.73 (0.2) vs. 7.78 (0.2).
The descriptive statistics for the other semen parameters of the two groups are
presented in Table

I All the semen parameters investigated i.e., sperm

concentration, overall motility, motility quality, percentage of morphological
normal spermatozoa, according to W H O and strict criteria, acrosome index
and TZI showed statistically significant differences between the means of the
t w o groups as presented in Table I.
The combined ROC curves are illustrated in Figure I. It can be seen that all
parameters had very similar AUC. The smallest area of 78.2% was found for
sperm morphology evaluated according to strict criteria and the largest area of
84.0% was for sperm morphology evaluated according t o W H O criteria. As
sperm concentration was used as a selection criterion in the subfertile group
this semen parameter was not taken into further consideration for this study
and was not displayed in Figure I. More detail of the A U C s , 95% confidential
intervals and cut-off points with their sensitivities and specificity's are presented
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Table I. Descriptive statistics of the semen parameters for the fertile (n = 107) and subfertile (η = 103) groups

Parameter

Subfertile

Fertile
Mean (SD) *

Range

Median

40.1 (14.1)

9-69

38

24

6.5 (3.9)

1 -19

5

TZI

1.51 (0.2)

1.17-2.07

Al (% normal)

11.2(5.9)

Concentration

Morphology

PIO*

Mean (SD) *

PIO1

Range

Median

21.7(10.9)

0-47

20

8.5

2

3.0 (2.6)

0-12

2

1

1.54

1.33

1.81 (0.3)

1.26 - 2.64

1.81

1.74

1 -33

10

5

5.6 (3.7)

1 -20

5

1

81.07(49.7)

1.30-230.00

75.00

20.00

18.97(26.5)

0.30- 130.00

8.00

1.71

53.1 (15.9)

20-90

57.5

30.0

31.9(19.2)

2-80

30

10

4.4 (0.6)

2.5 - 6.0

4.5

3.5

3.5 (0.8)

2.0 - 5.0

3.5

2.4

W H O (% normal)
Morphology
SC (% normal)

(xlO'/mL)
Motility
(% motile)
Motile quality
(0-6)

*Fertile versus subfertile populations. Ρ < 0.0001 for differences between means of all semen parameters presented in the table
*ΡΙ0 = 10th percentile
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0 IO 20 30 40 50 60 70 80 90 100
100 - specificity
Figure I. Combined ROC curves for six parameters of semen analysis

in Table 2. For sperm morphology evaluated according to W H O criteria the
best cut-off point to identify the males with a possible subfertility problem based
on the results of the fertile and subfertile populations investigated in this study
was 30% morphological normal spermatozoa with a sensitivity and specificity of
74.5% and 76.6%, respectively. For strict criteria the cut-off point was 4%
morphologically normal spermatozoa with a sensitivity of 74.5% and a specificity
of 77.4%. For the Al the cut-off point was 8% normal acrosomes and for the
TZI 1.64 with sensitivities of 73.5% and 70.8% and specificity's of 70.8% and
71.7%, respectively.
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No

statistically significant

differences

were

found between the

pairwise

comparison of AUC's for the semen parameters investigated as presented in
Table 3.

Table 2. Estimated AUC's and predictive cut-off point values for the
individual semen parameters as obtained with the ROC curve analysis
between fertile and subfertile populations
Variable

AUC

95%

Cut-off

Sensitivity

Specificity

(%)

confidence

point

(%)

(%)

interval
0.840

0.752 - 0.898

30

74.5

76.6

Motility quality ( 1-6)

0.819

0.774 - 0.864

4.5

80.6

68.2

Al (% normal

0.797

0.737 - 0.857

8

73.5

70.8

TZI

0.794

0.731 - 0.857

1.64

73.8

71.7

Motility (% motile)

0.791

0.727 - 0.855

45

71.7

69.8

Morphology (SC)

0.782

0.719-0.845

4

74.5

77.4

Morphology (WHO)
(% normal)

acrosomes)

(% normal)

Table 3. Results (P values) of pairwise comparison of areas under the curves
( A U C ) to determine statistical significant differences between the semen
parameters investigated
Parameter

Morphology

TZI

Al

(SC)
Morphology (WHO)
Morphology (SC)
TZI
Al
Motility (% motile)

0.0824

Progressive

Motility

motility

quality

0.2249

0.1682

0.2424

0.5518

0.7653

0.4072

0.8267

0.3703

0.9346

0.9395

0.5177

0.8729

0.5565
0.3456
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Table 4 presents the cut-off points together with their false positive and false
negative predictive probabilities as calculated for the different semen parameters
based on an assumed prevalence of 50% male subfertility expected in an assisted
reproductive setting. The aim was to classify as few males as possible who are
probably fertile as presenting with subfertility, i.e., a high specificity where a
subfertile population is investigated. The cut-off points found were lower
compared t o the cut-off points presented in Table 2. The cut-off point to
identify the group of males with a possible fertility problem was 2 1 %
morphological

normal spermatozoa according to

WHO

criteria and 3%

according to strict criteria. The acrosome index was drastically lowered to 3%
normal acrosomes and the TZI value increased to >2.09. Thus, according to
Table 4 the cut-off point for sperm morphology, evaluated according to W H O
(1992) criteria 6 was at the 2 1 % morphological normal spermatozoa. This
resulted in a false positive rate of 10.6% (high specificity), and a corresponding
false negative rate of 32.2%, based on the assumed 50% prevalence rate of male
subfertility in an assisted reproductive setting.
Table 4. Cut-off points for the different semen parameters to identify males
who can be classified as possible subfertile based on 50% prevalence for a
possible subfertile population
Cut-off point

False positive (%)

False negative (%)

21

10.6

32.2

3.5

4.5

38.0

3

11.5

40.1

2.09

11.5

46.5

Motility (% motile)

20

5.1

39.2

Morphology (SC)

3

18.2

29.7

Semen parameters
Morphology (WHO)
(% normal)
Motility quality (0-6)
Acrosome index
(% normal acrosomes)
TZI

(% normal)
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For the purpose of comparison of our results with results published in other
papers, we compiled Table 5. Table 5 shows the normal 1999 W H O 7 values, the
ROC curve cut-off points of our and the Ombelet study18, the I Oth percentile
cut-off values from the Ombelet study and our study and our recalculated ROC
curve cut-off points.

Discussion
The role of traditional semen analysis and semen parameters including sperm
morphology as a prognostic factor of a males fertility potential is a matter of
continuous debate8,'0·18. Especially for the in vivo situation there is lack of
information on normal and minimal values on sperm morphology, sperm
concentration and motility, for the establishment of a male fertility potential in
vivo. For the establishment of these normal values or minimum cut-off points
several methods have been used including the comparison of fertile and
subfertile populations without or with the aid of the ROC curve analysis
method 8 " 1 2 , 1 8 . Using the ROC curve analysis in this way cut-off point can be
obtained for the classification of the male as possible fertile or subfertile. T o
determine the minimum values, below which the occurrence of a spontaneous
in vivo pregnancy will significantly be reduced, cut-off points obtained by the
lower 10th18 or even the lower 5th e percentile values of a fertile population can
be used, i.e., at 90% or 95% specificity, respectively. Another option in this
regard is to recalculate the ROC curve cut-off points by increasing the
prevalence of the male factor, as was done in this study.
In this study the results of the original ROC curve analysis indicated that sperm
morphology evaluated according to W H O criteria was the best predictive
parameter, to distinguish between the fertile and subfertile population, by
showing the largest area under the curve (AUC) of 84.0% (Figure I). The cutoff point was at 30% morphologically normal spermatozoa. Although sperm
morphology evaluated by strict criteria showed the smallest AUC of 78.2% with
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Table 5. Comparison of normal W H O (1999) values, ROC curve analysis cut-off values and I Oth percentile
values offertile populations according to the literature and this study

W H O 1999

10th percentile values

ROC curve values

Adjusted

value

Ombelet et al.§

This study

Ombelet et al.5

This study

cut-off points*

Concentration(x 10'/ml)

>20.0

14.3

20.0

34.0

Any value

...

Motility (grade a+b)

>50

28

30*

45

45*

<20*

>25

3

Motility quality (1-6)

—

...

4.5

<3.5

Morphology (WHO)

>30*

30

<2I

4

<3

8

<3

1.64

>2.09

Semen parameters

(grade a)

β

3.5

—

24

(% Normal)
5

Morphology (SC)

2

10

(% normal)
5

Acrosome index
(% normal acrosomes)
TZI

<l.60

...

* W H O 1992 value, no value given in W H O 1999 manual
* % motile spermatozoa
* From Table 4, for the classification as possible subfertile
'Ombelet et al., 1997

1.33

—
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a cut-off value of 4% morphological normal spermatozoa, this AUC did not
differ significantly (P=0.0824) from morphology evaluated according to W H O
criteria and all the other semen parameters (Table 3). The sensitivity and
specificity (Table 2) of the cut-off points with W H O and SC were very similar
viz. 74.5% and 76.6%, respectively, for W H O criteria, and 74.5% and 77.4%,
respectively, for strict criteria. The predictive score of 78.2% for strict criteria
sperm morphology found in this study is exactly the same as the value of 78%
obtained by Ombelet et al.18, although the cut-off value set by Ombelet et al.
was at 10% compared to the 4% for this study.
As the aim of this study was not only t o find cut-off points for the classification
of males as fertile and subfertile but also to establish possible lower cut-off
points below which male fertility potential will be significantly reduced. For this
purpose we made use of the lower

I Oth percentile values of the fertile

population and recalculated the ROC curve cut-off points based on an assumed
male factor prevalence of 50% in an assisted reproductive setting. From Table 5
it can be seen that the 10th percentile values from our and the Ombelet study18
are considerably lower compared to the original ROC curve cut-off values of
this study. This can be interpreted that the lower limits for semen parameters
where one can still expect pregnancies to occur are much lower compared to
the cut-off point distinguishing between a fertile and subfertile population. This
strengthens the previous argument by Van Zyl et al.25 and Menkveld and
Kruger 1617 that the lower limits needed to still obtain a pregnancy in vivo are
much lower than the values for normality of a semen sample as published by the
WHO 6 · 7 .
Thus, in an assisted reproductive environment the aim should not merely be to
distinguish between males who can be classified as possible fertile or subfertile.
The aim must be to identify that proportion of males who will be contributing
to the subfertility problem of the couple. A t the same time as many males as
possible must be excluded from being pronounced as subfertile with the
subsequent

unnecessary

treatment

procedures

and

possible

sociological

105

Chapter 6

problems as mentioned previously. For this reason we recalculated the ROC
curve cut-off points assuming a 50% prevalence of male subfertility in an assisted
reproductive setting, based on the total study population (n = 210). This
resulted in lower cut-off values as presented in Table 4, and low false positive
rates (i.e. a high specificity). The readjusted cut-off point for sperm morphology,
according to W H O criteria was at 2 1 % morphologically normal spermatozoa
with a false positive rate of 10.6% and a false negative rate of 32.2%. This means
that if these recalculated cut-off points are used in a population of men
attending an infertility clinic, one in ten of men classified subfertile will actually
be fertile and one in three men classified as fertile will be subfertile. It is more
ethical to diagnose subfertile males falsely as fertile (false negative, on basis of a
semen analysis result above the recalculated cut-off values) than to diagnose
fertile males as subfertile (false positive, on basis of a semen analysis result
below the cut-off values). This approach will prevent over-treatment

of

potential fertile males, for instance referring the couple for ICSI treatment in
cases where IVF could have been employed.
The adjusted ROC curve cut-off values for W H O sperm morphology found in
this study compared well with cut-off values found in other studies of fertile
populations that were not based on the mean semen parameter values from the
population studied. Bonde et al.31 found a linear increase, independently of
sperm concentration, in the likelihood of pregnancies with an increasing
proportion of sperm with normal morphology ( W H O criteria) from 10% to
60%. Barratt et al.32 concluded that the W H O 6 cut-off point of 30% for normal
sperm forms is not appropriate as approximately half of the men in their fertile
group they studied had a normal sperm morphology below this limit. It will
therefore, appear that the cut-off value for sperm morphology evaluated
according to W H O will be between

10% and 20% morphological normal

spermatozoa.
The adjusted cut-off value for sperm morphology evaluated according to strict
criteria of <3% morphological normal spermatozoa found in this study (Table 5)
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was

near

to

the

I Oth

percentile

values of

18

5% morphological

normal

28

spermatozoa found by Ombelet et al. . Van Zyl et al. found that a definite cut
off point could be established at <4% morphological normal spermatozoa with
an in vivo pregnancy rate of 1 1.5% and a pregnancy rate of 21.5% for the group
of men with 4-9% normal spermatozoa. In a more recent study Eggert-Kruse et
al. 29 found that under in-vivo conditions the pregnancy rate was significantly
higher when semen samples had a better sperm morphology the lowest
thresholds being at >4% of strictly normal forms with a pregnancy rate of
21.5%. Therefore, it seems that the cut-off value for strict criteria sperm
morphology may be in a range of 3 to 4% morphological normal spermatozoa.
Using the 10th percentile values Ombelet et al. 18 found the lower limit for the
sperm concentration to be at l4.3XI0 6 /ml and total motility to be at 28.0%
motile spermatozoa (Table 5). Although we choose not to use the sperm
concentration in the ROC curve analysis, due to a possible bias in the selection
of the subfertile population, this does not influence the results of our fertile
population. The lower 10th percentile value of out fertile population, which was
at 20.0 χ lO'/ml, can therefore, be used with confidence. According to the
recalculated ROC curve value the cut-off point for sperm motility was at 20%
motile spermatozoa. Van Zyl et al. 28 reported that in 98% of their in-vivo
conceptions motility was 30% and the speed of forward progression (or motility
quality) 2.0, on a scale of 0-4. Bonde et al. 26 found that the likelihood of
pregnancy was significantly decreased if the proportion of motile sperm was
<30%. It will therefore, seem that a possible cut-off for sperm motility will be in
the range of 20 to 30% motile spermatozoa.
The acrosome index as an additional criterion in the diagnosis of a male's
fertility potential has been introduced by Menkveld et al. 22 , but has not yet been
used for in vivo diagnostic purposes. Based on the recalculated ROC curve cut
off point value it will appear that the cut-off point may be at an Al of 3 to 5%
normal acrosomes. The 1999 W H O

manual sets the abnormal TZI value at

> 1.60 compared t o the TZI value 2.09 calculated in this study. N o other articles
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could be found where the TZI was used as a prognostic parameter in the in-vivo
situation.
When interpreting the results of a study such as this one it must be kept in
mind that the fertility status of the male, as proved by the achievement of a
pregnancy, also depends on the relative fertility of the female partner28,29.
Another important factor is the time of exposure, i.e., years of subfertility.
Hence, the terms fertile and subfertile are relative rather than absolute, and
overlapping of semen parameter values between the two groups is unavoidable
as found in this study and also reported by Comhaire et al.8. Therefore, higher
false negative rates (one in three of the men classified as potential fertile are
actually subfertile) may be expected as found in this study. Therefore, the lower
"normal" values suggested as a result from this study, based on the recalculated
ROC curve cut-off points, are not absolute but rather pointers where problems
or a male factor can be expected. More studies are needed, based on
standardised W H O protocols, especially as far as sperm morphology evaluation
is concerned, to achieve the ultimate goal of correctly predict male fertility
potential.
In conclusion, the data from this study and also from the literature, especially that
of Ombelet et al.18 indicated that cut-off values for normality as applicable to in
vivo fertilisation are substantially lower to those proposed by the W H O manuals.
W i t h the readjustment of the ROC curve cut-off values, based on a 50%
prevalence of male factor subfertility, guidelines have been provided whereby
males now can be classified as possible subfertile with low false positive rates. Our
data also indicated that two sets of cut-off point can be identified, one for
classification of normality, i.e., fertile or subfertile and one indicating the lower
limits of normality for achieving in vivo pregnancies. If consensus on normal semen
parameters can be reached the basic semen analysis will, as it has been in the past,
be an important cornerstone in the initial investigation of a male's fertility
potential.
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Summary
Background There have been concerns about the decreasing human semen
quality. Recent food consumption surveys demonstrate marginal intakes of folate
and zinc, which both are involved in spermatogenesis. Therefore, we conducted a
randomised placebo-controlled trial to study the effects of folic acid and / or zinc
sulphate administration on semen parameters of fertile and subfertile males.
Methods W e recruited 108 fertile and 103 subfertile males. Both groups were
randomly assigned to a daily dose of folic acid (5 mg) and placebo, or zinc sulphate
(66 mg) and placebo, or a combined dose of zinc sulphate and folic acid, or
placebo/placebo throughout 26 weeks. Before and after intervention standardised
semen and blood samples were obtained for semen analysis according to W o r l d
Health Organisation guidelines and strict criteria for morphology evaluation. W e
determined folate and zinc concentrations in serum, red blood cells and seminal
plasma.
Findings Following intervention with the combination of zinc sulphate and folic
acid subfertile males demonstrated a significant 74% increase of total normal
sperm count and a minor increase of abnormal sperm count (4%). A similar trend
was shown in the fertile group.
The pre-intervention concentrations of folate and zinc in blood and seminal plasma
were not significantly different between fertile and subfertile males.
Interpretation Total normal sperm count increases after a combination of zinc
sulphate and folic acid administration in both subfertile and fertile males. Although
the beneficial effect on fertility remains to be established, these findings open new
perspectives for future fertility research and treatment and may have an important
impact on public health aspects.
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Introduction
Since the last decade concern arises about the decreasing quality of human
semen1,2. Spermatogenesis

is influenced by a combination of genetic and

environmental factors3,4. Research on the genetic aspects of male factor subfertility
is making progress. Nutrition can be regarded as an environmental factor, which
can easily be manipulated. Animal research data indicate that nutrition affects
spermatogenesis5,6. However, the attention paid so far to the influence of nutrition
on spermatogenesis in man is scarce.
Many food consumption surveys of the last decade show a marginal intake in the
general population of the micronutrients folate and zinc due to a decreasing intake
of fruits and vegetables7,8. Folate, mainly present in green leafy vegetables is
essential for DNA, tRNA and protein synthesis. It has been shown that
hyperhomocysteinemia due to a functional folate deficiency is a risk factor for
cardiocerebrovascular

diseases9. Since D N A

synthesis

is a main part

of

spermatogenesis, it is very likely that folate is important to this process. Zinc is
essential for spermatogenesis as well 10 and is a cofactor of more than 200
metalloenzymes, which are involved in the transcription of D N A and production
of proteins. Zinc finger proteins are involved in the genetic expression of steroid
receptors" 1 2 .
Animal studies demonstrate that zinc affects spermatogenesis13. It is unknown
whether functional deficiencies in these micronutrients occur in the general
population, and particularly in the subfertile population. From this background we
hypothesised that the administration of folic acid and/or zinc sulphate may increase
semen quality, judged by sperm count, motility and morphology. Therefore, we
conducted a placebo-controlled double blind, randomised trial in fertile and
subfertile males. Fertile males are included because both beneficial and detrimental
effects of intervention on normal semen quality are unknown as well.
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Methods
Study population
From July 1997 to August 1998 we invited 357 fertile males and 258 subfertile
males to participate in the study (Figure I). The fertile group was recruited from
nine midwifery practices in Nijmegen, The Netherlands and surroundings. This
group consisted of healthy males without a history of fertility problems whose
partners conceived spontaneously within one year of regular (2-3 times/week)
unprotected intercourse. They received written information about the study
protocol from the midwifes and gave permission for telephone contact by the
researcher who explained the study protocol and asked them to participate.
Subfertile males were recruited from the fertility clinics of the University Medical
Centre Nijmegen and the Canisius Wilhelmina Hospital in Nijmegen. Male
subfertility was defined as failure of the female partner t o conceive after one year
of regular unprotected intercourse with the male participant having a sperm count
5 - 2 0 million/mL as determined by the first routine semen analysis after referral to
the fertility clinic. After exclusion of known causes of male factor subfertility as
chromosomal disorder related to the fertility disorder (Y chromosome deletions),
cryptorchidism and vasectomy, these males were diagnosed idiopathic subfertile
and approached for participating in the trial. The selection criteria for sperm count
was based on its high predictive value for the probability of conception 1415 .
Exclusion criteria for both groups were the use of folic acid and/or zinc
containing preparations or medications within 3 months before recruitment.
W e choose a 3 months wash out period because spermatogenesis takes 74
days. From 357 fertile males 108 gave their written informed consent and from
258 subfertile males 103 males participated in this trial.
Intervention with folic acid preparations masks haematological symptoms of
vitamin B|2 deficiency. Therefore, one fertile male suffering from vitamin B|2
deficiency (< 100 pmol/L) was excluded. The ethics committee of the University
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Medical Centre Nijmegen approved the study protocol and all the participants
gave their written informed consent.

Study Design
This' study was a double-blind placebo controlled randomised parallel trial.
Eligible fertile and subfertile males were assigned by computer-generated
random numbers to folic acid/placebo, zinc sulphate/placebo, zinc sulphate/folic
acid, placebo/placebo which resulted in eight subgroups. The capsules were
coded by the hospital pharmacy according to the randomisation list. Each
participant was given the randomised code in order of intake and received one
bottle containing either folic acid (5 mg) or placebo capsules, and a second
bottle containing zinc sulphate (66 mg) or placebo capsules. All capsules were
identical in appearance. In this study we choose for a relatively low dose of 66
mg zinc sulphate which is comparable to the recommended daily allowance of
IS

milligram

of

zinc.

A

high

zinc

concentration

sometimes

causes

gastrointestinal side effects, which may result in diminished compliance and
withdrawals. All participants were instructed to take daily one capsule out of
each bottle after dinner throughout 26 weeks. Participants were asked to
maintain their regular diet, and keeping a diary in which they reported the
intake of capsules, side effects and the eventual use of medicines.
Before and after 26 weeks of intervention participants provided standardised
semen samples for semen analyses. At the same time, overnight fasting
antecubital venous blood samples were drawn for determination of folate, zinc,
vitamin B|2, FSH and testosterone. Folate and zinc deficiencies were defined as
serum folate < 5.5 nmol/L, red blood cell folate < 295 nmol/L, or serum zinc <
10 μπιοΙ/Ι-, respectively.
After 4, 12 and 20 weeks of intervention all participants were contacted by
telephone in order t o maximise compliance, to obtain information regarding
possible side effects and to answer questions of the participants. Compliance
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was established by counting the remaining capsules and checking the diaries. To
objectively assess the compliance, a random sample of 40 males out of the total
group delivered an additional blood and semen specimen 13 weeks after
initiation of the study to verify the intake of the capsules by determination of
folate and zinc concentrations in blood and seminal plasma.

Specimen Collection, Storage and Analytical Procedures
Participants

provided

semen

samples

produced

via

masturbation

in

polypropylene containers at home after an abstinence period of 3 to 5 days.
These samples were delivered within I hour after production at the fertility
laboratory. After liquefaction, an aliquot of semen was centrifuged at 1,400 χ g
(Hettich I6A, 1323 rotor) for 10 minutes. The supernatant seminal plasma was
frozen without preservatives and stored at -20 o C until assayed for folate and
zinc concentrations. Subsequently, semen analysis

was

performed

mainly

according to the World Health Organisation guidelines t o obtain volume, pH,
sperm concentration, motility and morphology 15 . Sperm concentration was
determined by using a Makler counting chamber, designed in a ten by ten
compartments frame format. Motility was expressed as the percentage of motile
spermatozoa and a mean velocity (scale I - 6; I = immotile; 6 = progressive
motility, i.e., > 100 pm/s). Morphology was determined according to the W H O
criteria after incubation of the sample with trypsin (10 minutes at room
temperature), staining with methylene blue/eosin, feathering and fixation by
flame is . At least 100 cells were examined in duplicate by two technicians by
using a final magnification of 1,000 times. The coefficient of variation (CV) for
sperm concentration analysis decreased from approximately 30% to 10% for
6

sperm concentrations ranging from 10 to 70 χ l0 /mL. In the case of sperm
morphology, the CV was approximately 35% with an interval of 65% - 90%
abnormal spermatozoa as estimated by repeated determinations of the same set
of

specimen

preparations

morphology was
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Sperm

also assessed according to strict Tygerberg criteria as
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described in detail by Menkveld et al. 16 The major differences between

WHO

and strict criteria (SC) is the difference in approach t o what can be considered
as a morphological normal spermatozoa by W H O and SC and a holistic stricter
approach t o the whole process of sperm morphology evaluation by SC
morphology evaluation compared to guidelines presented by the W H O ( 1992).
Overnight fasting venous blood samples were drawn into dry tubes, allowed to
clot and after centrifuging at 2,000 χ g the blood serum was collected, stored at
- 20 o C until assayed for concentrations of folate, vitamin B^, FSH and
testosterone. Venous blood samples were also drawn into lithium heparin tubes
and after centrifuging at 2,000 χ g blood plasma and red cells were collected,
stored at - 20 o C until assayed for zinc concentrations in plasma and red cells.
Blood and seminal plasma specimens of each participant were analysed for folate
and vitamin B^ concentrations by radioassay using the Dualcount SPB (Solid
Phase Boil) Radioassay (Diagnostic Products Corporation, Los Angeles, CA,
USA). The minimum detectable concentrations of serum and red cell folate
were I.I and 48 nmol/L, respectively, and 40 pmol/L for vitamin B|2 in serum.
The CVs

for intra- and inter-assay

precision were

< 5% and <

10%,

respectively, for each of the two vitamins.
Zinc was determined by flame atomic absorption spectrophotometer (AAS)
(Perkin Elmer 4100; Norwalk, Connecticut, USA). The lower limit of detection
was 0.1 μηηοΙ/Ι- and the response was linear up t o at least 30 μητιοΙ/Ι.. Zinc
determinations

of all

blood plasma

specimens

of

each

individual

were

determined in one assay run. The inter-assay CVs for the determination of zinc
in plasma and red cells were 4.5% and 5.1% at mean concentrations of 12.4
μηιοΙ/Ι- and 21.8 μπιοΙ/ί, respectively (η=Ι43) while the intra-assay CV was
3.4% at I 1.8 μπιοΙ/Ι. (η=10). The inter-assay CVs for zinc in seminal plasma
were 7.0% and 7.6%, at 11.1 and 21.6 μπιοΙ/Ι, respectively (n= 13), while the
intra-assay CVs ranged from 1.8% to 7.1 %, and from 2.5% to 6.9% for the lower
and higher concentration of zinc in this specimen, respectively (n=4).
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FSH was quantitatively determined in serum (AxSYM, Abbott Laboratories,
USA). The minimum detectable concentration was 0.37 IU/L, and between-day
CVs of serum controls ranged between 1.9% and 3.2% at a mean concentration
of 6.5 IU/L, and from 2.3% and 4.5% at 40 IU/L. Serum testosterone was
determined with an in-house radioimmunoassay as described previously 17 . The
minimum detectable concentration was 0.25 nmol/L and the intra-assay and
inter-assay CVs of a serum pool (mean: 3.0 nmol/L) were 4.1% and 6.8%,
respectively.

Statistical Analyses
W e measured treatment effects by semen analysis and determination of folate and
zinc concentrations in blood and seminal plasma. A sample size of 25 patients in
each treatment group was calculated to be sufficient to detect an increase of
I Ox IO6 spermatozoa with an α of 10% (two-sided) and a power of 80% (assuming
aSDof20xl06).
Nonparametric methods were used for analysis because of the non-normal (skew)
distribution of semen and blood parameters. The Wilcoxon I-sample test was
used to evaluate changes before and after intervention within the groups, and the
2-sample test for evaluation of differences between the four intervention groups
of fertile and subfertile males. Differences in mean values and 95% confidence
interval (CI) between placebo and treatment groups were calculated according to
the Conover methods 18 . Spearman rank correlation coefficients were calculated to
determine

associations

between

folate, zinc

concentrations,

and

semen

parameters.

Results
107 fertile (mean age 34.2 ± 4.2 (SD) years) and 103 subfertile (34.3 ± 3.9
years) males participated in the study. Eight fertile males and nine subfertile
males withdrew after starting the intervention treatment. Two fertile and one
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subfertile man withdrew due t o adverse gastrointestinal side effects, and 6 and 8
of them, respectively, because of lack of motivation (Figure I).

258 Subfertile males

357 Fertile males

eligible

eligible

λ

103 subfertile males

108 fertile males

participated

participated

I excluded
because of
vitamin B12
deficiency

107 RANDOMISED

103 RANDOMISED

9 withdrew consent

8 withdrew consent

I because of gastrointestinal
side effects
8 because of lack of motivation

25 assigned
placebo
/ placebo

22 assigned
folic acid /
placebo

23 assigned
zinc
sulphate
/ placebo

24 assigned
zinc
sulphate /
folic acid

24 assigned
placebo
/ placebo

2 because of gastrointestinal
side effects
6 because of lack of motivation

ir

ir

24 assigned
folic acid /
placebo

26 assigned
zinc
sulphate /
placebo

25 assigned
zinc
sulphate /
folic acid

Figure I. Trial profile
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Table I shows the baseline characteristics of the 4 intervention groups after
randomisation for the fertile and subfertile group. The clinical characteristics of
the participants in both the fertile and subfertile group were similar at baseline
except for FSH and semen parameters. The pre-intervention concentrations of
folate and zinc in blood and seminal plasma were comparable and within the
normal ranges in both fertile and subfertile males (Table 2). The folate
concentrations in seminal plasma were median (range) 34 nmol/L (12-86
nmol/L) for the total fertile, and 33 nmol/L (11-100 nmol/L) for the total
subfertile group. The zinc concentrations in seminal plasma were 1.4 mmol/L
(0.1-3.1 mmol/L) and 1.4 mmol/L (0.2-3.0 mmol/L) for fertile and subfertile
males, respectively. N o deficiencies in blood concentrations of folate and zinc
were observed (Table 2).
Subfertile males showed a median sperm count increase from 7.5 to 12.0 χ
l0 6 /mL (p<0.00l) after 26 weeks of intervention with zinc and folic acid (Table
3; Figure 2). Although the median percentage of abnormal

spermatozoa

increased from 80 to 84% (p<0.0l), the median total normal sperm count (i.e.,
sperm concentration χ (100 - % abnormal spermatozoa : 100) χ volume)
increased 74% after administration of the combination of zinc and folic acid
from 5.1 to 8.9 χ IO6 (p<0.05). No significant changes in semen parameters
were observed in the other intervention groups, except for the morphology
determined according to strict criteria, which decreased in the groups who
received only folic acid or zinc (Table 3).
After correction for the effects of the placebo intervention, we still observed an
increase in sperm count (p<0.05), unlike total normal sperm count (p=0.07)
following the combination of zinc and folic acid in subfertile males. The delta of the
mean differences (95%CI) were 15.2 million/mL (0.0-19.6) and 15.0 million/mL (0.5-16.5), respectively.
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Table I. Baseline characteristics. Determinants are given as mean (SD)
or median (5 th -95 th percentile)
Fertile males (n= 107)
Placebo Folic acid Zinc Zinc+Folic acid

Intervention
A g e (years)

FSH (IU/L)

Subfertile males (n= 103)
Placebo Folic acid Zinc Zinc+Folic acid

34.4

34.2

35 3

32 9

34.5

(4.7)

(3.1)

(4.4)

(4.6)

(4.1)

4.6

4.1

4.3

4.8

(2.5)

(2 2)

(2 6)

34.2

34.1

34 1

(3 3)

(4.1)

(4.2)

6.6

62

5.2

6 1

(2 2)

(3.5)

(3 1)

(2 6)

(3 7)

19.1

20.0

19.0

19.6

(7.4)

(9.4)

(9 4)

(7 7)

(6.4)

(4.2)

(5.2)

Abstinence period (days) 3 8

4.0

37

40

3.7

3.5

3.4

(1.9)

(1.5)

(1.7)

(2.6)

(24)

(I.S)

(13)

70 0

75.5

65.0

7.5

10.0

Testosterone (nmol/L)

22 0

Sperm count (x I O'/mL)* 90 0

20.1

(6-190) (25-150) (20-160) ( 18-160)

Motility (%)*

60.0

60.0

58.0

50 0

(25-75) (30-75) (30-80) (25-70)

20.0

11.5

21.5
(9 2)

3 3
(II)

75

(0.9-1 10) (2.5-85) (2 8-60) (I 0-90)

30.0
(3-70)

30 0

30.0

30 0

(4-60) (10-70) (5-70)

Morphology (%)
W H O (abnormal) *

58.0

64.0

54.0

64.0

(41-80) (35-87) (37-75) (43-83)
Strict (normal)

ì

80.0

79 0

83.0

80 0

(63-91) (58-94) (60-92) (56-94)

5

5

7

5

2

2

2

2

(1-12)

(1-15)

(1-15)

(1-19)

(1-9)

(1-12)

(1-8)

(1-12)

*Determination according to the W o r l d Health Organisation (1992): normal reference values: sperm
count > 20 χ I O'/mL, motility > 50%, morphology < 70% abnormal
* Determination according to the strict criteria, as described by Menkveld et al." : Percentage normal
sperm morphology
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Table 2. Median (range) pre-intervention folate and zinc concentrations in
blood and seminal plasma offertile and subfertile males
Fertile males (n= 107)
Intervention

Placebo Folic acid Zinc

Zmc+Fohc acid

Subfertile males (n= 103)
Placebo Folic acid

Zinc

Zmc+Folic acid

Folate:
Blood serum

17

15

(nmol/L)

(8 9-30) (10-50)

Red cells

800

780

18

18

(8 3-34)

(9 4-36)

840

780

(nmol/L) (400-1500) (420-1200) (410-1300) (570-1400)

Seminal plasma
(nmol/L)

34

35

38

34

(16-69)

(12-53)

(17-86)

(25-81)

197

193

214

20 5

20

16

(9 3-43) (11-28)

870

750

16
(9 1-36)

740

16
(11-27)

780

(480-1900) (530-1400) (420-1 100) (500-1400)

35

30

33

(20-80)

(11-89)

(14-83)

200

199

199

31
(12-100)

Zinc:
Bloodplasma
(μπιοΙ/ί)

(15 1-27 I) (14 3-25 3) (IS 2-29 I) (13 2-27 3)

Redcells
(μιηοΙΛ.)

Seminal plasma
(mmol/L)

88

89

92

86

(7-11 7) (6 3-109) (7 3-11 7 ) ( 5 7 - Ι 0 5 )

13

13

14

14

(0 I -2 4) (0 5-3 I ) (0 3-3 I ) (0 4-3 0)
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(14 8-25 1 ) ( I 5 1-24 I) (15 5-28) (15 3-28 5)

89

86

87

94

( 6 9 - Ι 0 9 ) ( 5 1-109) (68-11) (4 5-129)

15

12

(0 3-3 0) (0 4-2 8)

14
(0 4-2 7)

14
(0 2-2 7)

Table 4 depicts the effect of the four intervention treatments in fertile males on
semen quality judged by sperm count, motility and morphology After correction
for placebo effect, the fertile group did not show a significant increase in sperm
count (p=0 49) and total normal sperm count (p=0.27) following intervention with
the combination of zinc and folic acid. The delta of the mean differences (95%CI)
were 6.3 million/mL (-18-31) and 32.8 million/mL (-23.4-65.7), respectively.
Folic acid administration to subfertile and fertile males resulted in significant
increases of folate concentrations m serum, red blood cells and seminal plasma
whereas zinc administration had no effect on zinc concentrations (data not
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shown). During the

intervention

period the concentrations

of FSH and

testosterone did not change in any of the groups.

Discussion
The present study demonstrates for the first time a 74% increase in the total
normal sperm count corrected for the concomitant increase of abnormal sperm
count (4%) in subfertile males who received daily supplements of both zinc
sulphate (66 mg) and folic acid (5 mg) throughout 26 weeks. Although this
improvement in sperm count of subfertile males did not always result in sperm
counts above the reference value of 20 million/mL, the observed increase suggests
a beneficial effect on the quantitative aspect of spermatogenesis. This is supported
by

a

few

nonrandomised

supplementation

controlled

studies

showing

that

oral

zinc

improves sperm count in subfertile males suffering from

idiopathic asthenozoospermia or oligozoospermia19,20. In contrast, Landau et al.
(1978) reported no beneficial effect of IO mg folic acid supplementation for a
period of 30 days on sperm count in 40 normo- and Oligozoospermie males21.
Although sperm count increased clearly in fertile males receiving zinc only (median
increase 15.5x10') or in combination with folic acid (median increase I3xl0 6 ), the
lack of significance may be explained by the large variability in sperm count in
these males compared to the subfertile group.
No significant effects on semen motility and morphology could be demonstrated in
fertile and subfertile males in the other intervention groups. The reported
association between zinc concentrations and sperm motility cannot be supported
by our findings22,23.
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Table 3. Semen quality in relation to type of intervention for the subfertile group (n= 94). Values are given as median
(range)
Placebo (n=25)
Pre

Post
9(0 8-80)

Folic acid (n=22)

Zinc (n=23)

Pre

Pre

10(14-110)

Post

Sperm count ( I O'/mL)

7 5(0 7-110)

14(09-130)

Motility (%)

30(2-70)

30(5-80)

30(2-60)

35(5-65)

W H O (abnormal)

80(53-98)

79(61-98)

79(56-94)

Strict (normal)

2(1-9)

2(1-8)

Total normal sperm count (10')

6 4(0 3-113)

Volume (mL, mean (SD))

39(13)

115(08-60)

Zinc +Folic acid (n=24)
Post

Pre

Post

16(06-80)

75(03-130)

12(05-180)*

30(5-80)

35(10-65)

33(5-80)

35(5-70)

81(66-93)

83(55-94)

82(63-92)

80(54-100)

84(60-100)*

2(1-12)

2(1-5)*

2(1-8)

2(1-5)*

2(1-12)

2(1-13)

6 3(0 1-80)

8(0 7-61)

9 1(0 8-32)

9 0(0 3-70)

12 3(0 5 - 1 0 8 ) 5 1(0-92)

8 9(0-106)*

32(13)

38(17)

33(13)

29(13)

29(14)

4 1(24)

Morphology (%)

* Ρ < 0 05, comparison between baseline versus post-treatment

3 8(2 0)

T a b l e 4. S e m e n quality in r e l a t i o n t o t y p e of intervention for t h e fertile group (n= 99). Values a r e given as m e d i a n
(range)
Placebo (n=24)

Folic acid (n=24)

Zinc (n=26)

Pre

Pre

Post

Pre

70(16-155)

70(0-155)

74.5(16-230)

Post

Sperm count ( I O'/mL)

90(1.3-200)

85(9-225)

Motility (%)

60(20-80)

55(25-80)

60(30-80)

58(30-75)

58(25-90)

58(37-91)

62(38-87)

64(34-90)

66(35-86)

5(1-12)

5(1-10)

5(1-15)

5(1-17)

Zinc +Folic acid (n=25)
Post
90(6-220)

Pre

Post

65(12-180)

78(35-160)

50(10-80)

50(20-70)

50(15-80)

54(31-76)

63(40-98)*

64(43-90)

65(42-87)

7(1-15)

6(1-15)

5(1-19)

5(1-15)

Morphology (%)
W H O (abnormal)
Strict (normal)

Total normal sperm count (10')

126(0.3-414) 76.2(4.8-547)

68.6(14.4-410)89.8(13.7-167)

118(11.6-270)106(0.5-330) 57.1(5.1-364)92.2(16.4-707)

Volume (mL; mean (SD))

3.6(1.8)

3.7(1.9)

3 2(15)

:

3.4(2.2)

Ρ < 0.05, comparison b e t w e e n baseline versus post-treatment

3.4(1.8)

3 1(1.6)

3.7(1.7)

3.6(2.4)
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U

Pre-intervention
Post-intervention
Placebo

Zinc

Folic acid

Zmc+Folic acid

Subfertile males (a)

•

Pre-iintervention
Post-intervention

Placebo

Zinc

Folic acid

Zmc+Folic acid

Fertile males (b)
Figure 2. Median pre- and post-intervention concentrations of sperm count
(million/mL) in the four intervention groups of subfertile (a) and fertile (b)
males
*P < 0 001, comparison between baseline versus post-treatment
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Zinc is an important trace element for D N A configuration and has been shown to
have inhibitory effects on apoptosis 24,25 . Since the cell surface protein Fas mediates
apoptosis in spermatogenesis, it is possible that zinc inhibits normal apoptosis and
induces "abortive apoptosis" leading to an increased proportion of abnormal
spermatozoa26. This could be an explanation for the slightly increased abnormal
sperm count
In vivo and vitro studies demonstrated mutual inhibitory effects of zinc and folic
acid on absorption at the intestinal level27. Animal studies by Quinn et al.28, and
Favier et al. 29 reported adverse effects of zinc deficiency on the absorption and
metabolism of dietary folate. Zinc is reported t o be necessary for the γ-glutamyl
hydrolase (GH) enzyme converting poly- into monoglutamate folate derivatives.
Moreover, it is reported that methionine synthetase activity increases in zinc
deficient animals30. This increase can induce alterations in folate metabolism.
Although folic acid and zinc are essential for RNA and D N A synthesis, the
underlying mechanisms by which these micronutrients affect spermatogenesis are
not known 3 1 .
Food consumption surveys of the last decade suggest a marginal overall intake
of folate and zinc in the general population 7,8 . W e were not able, however, t o
demonstrate deficiencies of these micronutrients in blood. Moreover, the preintervention concentrations of folate and zinc in blood and seminal plasma
between fertile and subfertile males were not different. This is in contrast t o the
study of Ghia et al. who recently performed a case-control study in which they
showed a significantly difference in seminal plasma zinc concentrations between
fertile and subfertile males24.
W e demonstrated a strong correlation between folic acid administration and
folate concentration in seminal plasma. Apart from the contribution of the
prostate or seminal vesicles to the folate concentrations in seminal plasma, this
correlation could suggests that folate transfer from the blood circulation via the
Sertoli cells into the seminiferous tubules and eventually in seminal plasma. Folate
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concentrations in serum and red blood cells markedly increased after folic acid
administration and decreased during the wash-out period (data not shown). This
effect has previously been reported 33 .
Zinc administration did not affect zinc concentrations in blood and seminal
plasma in both groups. This may be explained by the absence of zinc deficiencies
or by the relatively low dose of zinc used to avoid gastrointestinal side effects.
Zinc concentrations in serum or red blood cells may not reflect the intracellular
semen zinc status. Moreover, physiologic zinc concentrations in blood may not
respond to zinc administration 35 . Zinc is mainly excreted by the prostate in high
concentrations, though which zinc administration may not result in a substantial
increase in seminal plasma. Lack of compliance is not likely considering the
marked increase of folate concentrations after folic acid administration, as well
as selective intake of the micronutrients. In the subfertile and fertile group a
97% and 95% compliance, respectively, was calculated based on the number of
males who forgot < 20 capsules (median (range), 4 (0-20) and 5 (0-40) capsules,
respectively). Based on the diary information, we conclude that 65% subfertile
and 48% fertile males missed < 10 capsules (median (range), 7 (0-47) and 10 (080) capsules, respectively).
It cannot be excluded that an even larger beneficial effect could have been reached
in men with a lower dose of folic acid or zinc. It should be noted that semen
analysis must be carefully interpreted because data may be biased by intraindividual biological fluctuations of semen parameters, limitations and inaccuracies
of the methods used, and the intra and inter observer variabilities14,35. Also, the
use of one semen sample for distinguishing fertile from subfertile males may
introduce some misclassification and thus bias the results. However, because this
confounding would equally affect either group, we expected that the effect could
be larger than we could demonstrate in this study. The results cannot be
explained by regression to the mean because a placebo group was included in both
the fertile and the subfertile group. Also, it was not feasible to obtain multiple
semen samples per male before and after intervention.
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Male factor subfertility is a multifactorial disorder. The present study emphasises
the importance of micronutrients on spermatogenesis. This findings has the
advantage that, in contrast to genetic factors, these nutritional factors may be
amenable t o curative and/or preventive action by simply increasing the intake.
However, whether this improvement in sperm count will actually lead t o an
increase

in

pregnancy

implementation

rates

remains

to

be established. Before

of combined zinc and folic acid administration

wide-scale
should

be

considered, we recommend to carryout efficacy and safety studies. Nevertheless,
these findings open new perspectives for future fertility research and treatment
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General discussion
Male factor subfertility (MFS) is multifactorially determined, involving both
genetic and environmental factors (chapter 2, review). Many aetiologic factors
involving environmental and lifestyle factors for male factor subfertility have
been proposed in literature 1 ' 6 . The review, however, shows inconsistent results.
W e studied the influence of some lifestyle, in particular nutritional factors on
semen quality with special emphasis on the effect of folate and zinc.
In accordance with the importance of nutrition in animal reproduction and
spermatogenesis7"9, we

demonstrated that fruits and vegetables, and the

micronutrients folate and zinc are important for human male fertility (chapter 3,
7). Our study showed a 74% increase in the total normal sperm count in subfertile
males after administration of daily supplements of both zinc sulphate (66 mg) and
folic acid (5 mg) throughout 26 weeks. Although this significant improvement in
sperm count did not always result in sperm counts above the reference value of
20 million spermatozoa per millilitre, this is the first randomised placebocontrolled study with the combination of folic acid and zinc, which showed a
positive effect on basal human semen. A similar trend was observed in fertile
males albeit not significantly. Although the pathophysiology remains unknown,
these findings open new perspectives for future research, prevention and adjuvant
therapy based on nutritional adaptations or measures.
In our studies we performed a complete semen analysis including the pH,
volume, sperm count, motility and morphology according to the W H O criteria
(1992). In addition, sperm morphology was determined with the two most
frequently used methods, the W H O and Tygerberg strict criteria 1 0 ". W e found
that the results of the sperm morphology evaluated according to W H O criteria
are comparable with those according to strict criteria. Moreover, the cut-off
values for 'normal semen' determined in our study are substantially lower than
those proposed in the W H O manuals10 which are not evidence-based (chapter
6). Recent literature references support our findings 1 2 1 3 .
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Misclassification could have occurred in our studies because we only used one
semen sample to discriminate between fertile and subfertile males. However,
because this misclassification would equally affect both groups, we expect that the
beneficial effect of folic acid and zinc in reality will actually be larger than
demonstrated in this study. By using a questionnaire involving occupational
exposures and lifestyle factors, recall bias and underreporting could have occurred
which also could lead to misclassification. It should also be noted that semen
analysis must be carefully interpreted because data may be imprecise by intraindividual biological fluctuations of semen parameters, limitations and inaccuracies
of the methods used, and the intra and inter observer variability. However, despite
the large variability of semen parameters, we found significant improvement of
sperm count following intervention with the combination of folic acid and zinc
sulphate.
The positive effect of zinc supplements has earlier been demonstrated by a few
nonrandomised controlled studies showing that oral zinc
improved

sperm

count

in

subfertile

males

suffering

supplementation
from

idiopathic

asthenozoospermia or oligozoospermia 14 ' 5 . W i t h regard to folic acid, Landau et
al.16 could not find any positive effects of folic acid supplementation on semen
parameter in 40 normo- and Oligozoospermie males, while improvement of sperm
count and motility were demonstrated by Bentivoglio et al.17 in 65 males of
subfertile couples who were treated with folinic acid for three months.
The pre-intervention concentrations of folate and zinc in blood,and seminal plasma
of fertile and subfertile males were not different. This is in contrast to the study of
Ghia et al.18 who recently performed a case-control study in which they showed a
significant difference in seminal plasma zinc concentrations between fertile and
subfertile males in Singapore. This can be explained by the significantly higher
percentage of smokers among subfertile men in their study (68%) compared to
our study (32%) because it has been reported that smokers have significantly
lower seminal plasma zinc concentrations compared with nonsmokers". The
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percentage smokers among fertile men was comparable in our group to the one in
the study of Ghia et al. 21 % and 28%, respectively.
According to the Food consumption survey20 the overall intake of fruits and
vegetables and the micronutrients folate and zinc in the Dutch population is
decreasing. Although

no

deficiencies, as defined

by our

laboratory

and

manufacturers product information, of the latter micronutrients were determined
in our

Dutch fertile and subfertile population, supplementation with

the

combination of folic acid and zinc did affect sperm count. This finding does suggest
a functional shortage of folate and/or zinc in the testes. This raises the question
whether the concentrations in blood and seminal plasma represent the tissue
concentration in the testis. Seminal plasma consists predominantly of fluid from
the prostate and seminal vesicles and in a minor part of fluid derived from the
testicular

compartment. Since

spermatogenesis

takes

place in the testis,

determination of folate and zinc concentrations should predominantly be
conducted in this testicular compartment to mirror this process most optimally.
Future research, therefore, should be focused on functional nutritional status of
the testis with regard to the impact of nutrition on spermatogenesis.
Our findings do arise the question whether the effect would be the same or
possibly higher with another dosage of folic acid and zinc than the one used in
this study. Further research should be carried out to determine the most
effective dosages of these supplementations and the potential side-effects
including the observed increase of the percentage abnormal spermatozoa as
demonstrated in our study. The

latter could have a negative effect on

reproduction, for instance by means of D N A damage, decreased motility and /
or decreased maturation of sperm.
If the dosage used in our study for folic acid (5 mg) would show to be most
effective for improving semen quality, supplements or nutriceuticals containing
this micronutrient will be required to administer this amount of folic acid. This
is because the average intake of natural folate consumed by food is 250 μg per
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day, and therefore, not sufficient enough to reach the necessary tissue and fluid
concentrations. In case of zinc, we choose for a relatively low dosage of 66 mg
zinc sulphate because higher dosage were expected to cause gastrointestinal
complaints. This is comparable to the recommended daily intake of 15 milligram
of zinc from food.
If treatment with a nutriceutical is applied, interactions between micronutrients
should

be considered. Chapter

5, for

instance

demonstrated

that

zinc

concentrations in seminal plasma correlated positively and strongly with seminal
plasma calcium and magnesium concentration, which has also been described in
literature 21 . Adverse effects of zinc deficiency on the absorption and metabolism
of folic acid have also been reported 22,23 . The consequence of long-term zinc
treatment on these elements is not known. In addition, each of these elements
plays an essential role in normal cellular homeostasis and spermatogenesis and
correlations exist between these elements and semen parameters24,25. In chapter
5, however, we could not determined differences in the concentrations of the
elements calcium, magnesium and copper in blood and seminal plasma between
fertile and subfertile males. This could be explained by the fact that all
concentrations are within the biological range and no deficiencies were
observed in either group. However, long-term effects of zinc supplementation
on copper concentrations should be evaluated because in vivo interactions
between these elements have been reported 26 . Since zinc is a known competitor
of intestinal copper uptake, and copper plays an important role in the
mechanism of action of several enzymes, such as superoxide dismutase which
protects the human spermatozoa against peroxidative damage, determination of
both zinc and copper concentrations is recommended.
N o t only nutrition but also other environmental, occupational and lifestyle
factors are involved in male factor subfertility. W e

confirmed previously

reported results concerning the exposure t o occupational pesticides', welding 27
and a history of mumps28. In addition, we also identified new risk factors for
male factor subfertility, i.e., the use of specific antibiotics, a family history of
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female

subfertility, the suffering from gastrointestinal

problems

and the

decreased intake of fruits and vegetables (chapter 3)
Careful consideration of these findings is needed because of the relatively small
number of cases and controls that were included m the study. Also, risk
estimates were often calculated from small numbers because of the low
prevalence of certain occupational exposures and lifestyle factors, resulting in
generally wide confidence intervals

Moreover, semen analysis is subject to

mtra-mdividual biological fluctuation and inaccuracies of laboratory methods 2 9 3 0
Measurement errors on the exposure variables, lack of information about
chronic exposures (beyond three months) and even recall bias should also be
taken into account in the interpretation of the results
In contrast to previously reported studies 3 1 3 \ we could neither demonstrate paint
and paint thinner, (n=38) nor heat exposure (n=28) as risk factors Although
routinely use of sauna (n=63) and varicocele (n=3l) have been described as risk
factors for male subfertility in relation to heat exposure, we found rather small
ORs for both factors
Adverse effects of specific antibiotic use on spermatogenesis or sperm function
have been reported before 3 5 36 For doxycyclme, however, the most frequently
used antibiotic in our study (OR 15 4, 95% CI I 4-163), no adverse effects on
spermatogenesis have been reported up till now. Antibiotics could have a direct
gonadotoxic effect, which cause spermatogemc arrest, or exert their negative
effects on spermatogenesis indirectly by impairment of the nutritional status
For instance, sulfasalazine is known to inhibit a number of steps in folate
metabolism, including the hydrolysis of polyglutamyl folate and the absorption of
both polyglutamyl and monoglutamyl folate 3 7

It is also possible that the

inflammatory disease itself, for which antibiotics are used, cause impairment of
nutritional status.
W i t h regard to our hypothesis that nutrition, in particular folate and zinc, is
important for male fertility, it is feasible that males with gastrointestinal
complaints or diseases, ι e , morbus Crohn, are susceptible for deficiencies of
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these nutrients due to decreased absorption. This would fit with our finding that
gastrointestinal problems are a risk factor for male factor subfertility although
no absolute deficiencies of these nutrients could be demonstrated in blood and
seminal plasma. Another factor that stresses the importance of nutrition in male
factor subfertility is the diminished intake of fruits and vegetables by subfertile
males as demonstrated in chapter 3 and 7.
Female fertility disorders in the family were reported more frequently in the
case group than in controls. Misclassification and recall bias could have occurred
due to the imprecise definition for female fertility disorders, concerning both
first and second degree relatives. However, another explanation for

the

observed large odds ratio is the genetic preferences in these families for both
female and male fertility disorder. From a genetic point of view, the likelihood
for a male factor subfertility disorder in the family is much higher referring t o Ylinked genetic disease and heritability. However, male fertility disorder in the
family did not appear to be a risk factor in this study. This could be explained by
the fact that the cases in our study were selected as subfertile, i.e.,

S-20

million spermatozoa per millilitre and not infertile. In addition, no indication for
chromosomal disorders was present. Further exploration of the female factor is
needed to elucidate possible new genetic causes.
An important lifestyle risk factor for male factor subfertility described in literature
is smoking4. The study presented in chapter 4, however, showed that cigarette
smoking is a minor risk factor for male factor subfertility (OR 1.7, 95% CI 0.9-3.2).
It is possible that this finding is confounded by the recommendation of subfertile
males to refrain from cigarette smoking. Misclassification is also an explanation
since questionnaires were used to determine smoking habit offertile and subfertile
males.
Moreover, by determining the cotinine concentrations in blood and seminal
plasma as a biochemical marker of tobacco smoke, we concluded that the
possible adverse effect of cigarette smoke on semen is due t o other compounds
in cigarette smoke than nicotine (chapter 4). Although previous studies
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demonstrated a negative effect of cigarette smoke on sperm morphology38,39, we
could only show a small, albeit significant correlation between the cotinine
concentration in seminal plasma and abnormal sperm morphology.

One should

note that smoking is a lifestyle habit, as also applies for nutritional intake. Both
could be associated with each other. Smoking, for instance, has been associated
with lower seminal plasma zinc19 by its direct effect on zinc. Also, it is possible
that smokers have a less balanced nutritional pattern.
Finally, it can be concluded that environmental and lifestyle factors, in particular
nutrition could affect human spermatogenesis and interactions between these
factors should always be considered in future research.

Recommendations
Before wide-scale implementation of the recommendation to supply subfertile
males with the combination of folic acid and zinc, more research should be
performed to study the efficacy, the optimal dosage and duration of the
intervention period, and the potential side-effects of these nutrients. Our finding
that the intake of a combination of folic acid and zinc improves sperm count will
be clinically relevant provided this improvement will actually lead to an increase
in pregnancy rates. Therefore, information about female fertility is also needed
in future research when investigating the pregnancy rates. Moreover, further
investigations should be focused on whether extra intake of these nutrients in
men

would

influence

pregnancy

outcome

positively,

by

quantitative

improvement and/or qualitative improvement, or negatively, by deterioration of
spermatozoa on D N A and/or RNA levels.
For the time being, improvements of diet, i.e., increased intake of fruits and
vegetables may be recommended as such recommendations already exist for
preventing from other diseases. In addition, the importance of an otherwise
healthy

lifestyle, i.e., refraining from smoking, and avoiding occupational

exposure t o pesticides for example could further be advised because of the
potential benefit from such behaviour on reproductive function.
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Summary
In the Netherlands approximately 15% of the couples are involuntarily childless
after one year of regular unprotected sexual intercourse with the same partner.
In about half the number of cases there is a male factor involved designated as
male factor subfertility (MFS). The aetiology of MFS is multifactorial because it
comprises both genetic and environmental factors. As opposed to genetic
factors, environmental factors can more or less be influenced.
The present thesis describes the results of clinical and epidemiological studies in
which several known and new lifestyle and nutritional factors are proposed as
risk factors for MFS.
Male factor subfertility in our study was defined as failure of the female partner
to conceive after one year of regular unprotected intercourse with the male
participant who had an idiopathic decreased sperm count of 5 to 20 million per
millilitre as determined by the first routine semen analysis after referral to the
fertility clinic.
After a general introduction concerning male factor subfertility and the
objectives of this thesis (chapter I), the literature on possible causes of MFS and
the impact of nutrition is reviewed (chapter 2). Well-known environmental risk
factors in literature for male fertility are cigarette smoke, alcohol abuse and
exposure to high temperature. Furthermore, the micronutrients folate and zinc
have been reviewed as being important for spermatogenesis.
By making use of a questionnaire and subsequent multivariate analyses of the
obtained data in a case-control study, new risk factors for MFS were presented
(chapter 3), such as the use of specific antibiotics, gastrointestinal problems and
decreased intake of fruits and vegetables. Furthermore, we confirmed some
known risk factors such as occupational exposure t o pesticides and welding.
Cigarette smoke, however, did not show to be a strong risk factor for MFS in
this study.
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W e evaluated the associations between cigarette smoke and semen quality by
using a questionnaire and by determination of cotinine, a degradation product of
nicotine, in blood and seminal plasma (chapter 4). In the subfertile group more
males tended t o smoke (32%) than in the fertile group (21 %), and this resulted
in an odds ratio of 1.7 with a 95% confidence interval of 0.9-3.2. Males who
indicated to be strong smokers, indeed appear to have higher concentrations of
cotinine in their blood and seminal plasma than males who smoked less.
However, no clear association existed between the cotinine concentration and
the quality of the semen. Therefore, we conclude that the negative effect of
smoking on semen quality is probably due to other compounds in cigarette
smoke than cotinine.
Chapter 5 reports the concentrations of calcium, magnesium, zinc and copper
as determined in blood and seminal plasma of fertile and subfertile males and
correlates these concentrations with semen quality. No differences in these
concentrations could be established between either group. A significant, albeit
weak positive correlation was found between zinc concentrations in seminal
plasma and sperm count. In addition, magnesium concentrations in seminal
plasma correlated with sperm count while copper concentrations in blood
correlated weakly with sperm motility. Prior reported strong correlations
between calcium, magnesium and zinc were confirmed by our study. The results
of our study suggest that determination of these elements in blood or seminal
plasma does not lead to better insight in the pathogenesis of MFS.
The data of the semen analyses from a fertile population were compared with
that from

a subfertile

population

by making use of receiver

operating

characteristic (ROC) curve analysis in order to establish normal cut-off values
for the standard semen parameters (chapter 6). The sperm count, motility and
morphology were determined according to W H O (1992) guidelines. The sperm
morphology analyses were performed according to strict criteria guidelines,
described by Menkveld and associates as well. W e found that the results of the
sperm morphology evaluated according to W H O criteria are comparable with
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those according to strict criteria. Based on an assumed 50% prevalence of male
factor subfertility expected in an assisted reproductive setting, we found cut-off
values of 3% for normal morphology according to strict criteria and 2 1 %
according to W H O criteria. The cut-off value in the case of sperm motility was
20%, for acrosome index this was 3% normal acrosome while the cut-off value
for the teratozoospermia index revealed 2.09. The results of this study indicated
that cut-off values for normality as applicable to in vivo fertilisation are
substantially lower to those proposed by the W H O (1992) manuals.
Chapter 7 presents the results of the first randomised placebo-controlled
intervention study with folic acid and zinc sulphate to study the effects of these
micronutrients on semen quality. This study comprised 103 subfertile and 107
fertile males, both subfertile and fertile males were divided into four groups and
were asked to take daily one capsule of 5 mg folic acid, or placebo and one
capsule of 66 mg zinc sulphate, or a placebo capsule throughout 26 consecutive
weeks. The placebo capsules contained no pharmacological substances and their
appearances were not different from the folic acid and zinc sulphate capsules.
W e found a significant increase of 74% in total normal sperm count for the
subfertile group who took the combination of folic acid and zinc sulphate
throughout 26 weeks. However, we also found a slight increase of abnormal
spermatozoa of 4% in this group. The same trend was found for the fertile
group although no significance was reached.

In conclusion (chapter 8), our study demonstrates that specific antibiotics use,
gastrointestinal complaints, and decreased intake of fruits and vegetables are
newly recognised risk factors for male factor subfertility. Whereas nicotine and
the blood and seminal plasma concentrations

of the elements calcium,

magnesium and copper do not seem to be clear risk factors.
The results of the sperm morphology evaluated according to W H O criteria are
comparable with those according to strict criteria while the cut-off values for

146

Summary

normality in our study are substantially lower to those proposed by the W H O
(1992) manuals.
The intake of the combination of folic acid and zinc improves the sperm count
of subfertile males. A similar trend is observed in the case of fertile males.
Although the precise mechanism of action of the combination of these
micronutrients remains unknown, the results of our prospectively designed
study demonstrate their positive effects on sperm count. Further research
should be conducted to investigate the positive and negative effects of the intake
of various dosages of these and other micronutrients

before wide-scale

implementation of administration should be considered.
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In Nederland is ongeveer 15% van de paren ongewenst kinderloos, dat wil
zeggen, na een jaar van onbeschermde geslachtsgemeenschap met dezelfde
partner is nog geen zwangerschap tot stand gekomen. Bij ongeveer de helft van
deze paren ligt de oorzaak bij de man en spreken wij van mannelijke factor
subfertiliteit (MFS).
De oorzaak van MFS is multifactorieel bepaald, waarmee wordt aangeduid dat
zowel genetische als omgevingsfactoren een rol kunnen spelen. In tegenstelling
tot

genetische

factoren

kunnen

omgevingsfactoren

eenvoudiger

worden

beïnvloed.
In dit proefschrift zijn de resultaten beschreven van klinisch-experimenteel en
epidemiologisch onderzoek naar de rol van bekende en nieuwe leef- en
voedingsgewoonten op MFS. Mannelijke factor subfertiliteit werd in onze studie
gedefinieerd als het uitblijven van zwangerschap bij de vrouwelijke partner na
meer

dan één jaar regelmatige onbeschermde geslachtsgemeenschap

met

dezelfde partner met een verminderde onverklaarde semenkwaliteit van 5 t o t
20 miljoen spermatozoa per milliliter ejaculaat.

Na een korte inleiding over MFS en de doelstellingen van dit proefschrift
(hoofdstuk I), w o r d t een overzicht gegeven van de literatuur over mogelijke
oorzaken van MFS en de invloed van voedings- en omgevingsfactoren (hoofdstuk
2). Bekende omgevingsfactoren

die de mannelijke vruchtbaarheid

kunnen

aantasten en ook in de literatuur worden genoemd, zijn roken, alcoholgebruik
en blootstelling aan hoge temperatuur. Verder

wordt

in dit

hoofdstuk

bijzondere aandacht geschonken aan de micronutriënten foliumzuur en zink.
Met behulp van vragenlijsten en multivariabele analyses van de gegevens van het
patiënt-controle

onderzoek,

worden

nieuwe

risicofactoren

voor

MFS

gepresenteerd (hoofdstuk 3). Dit betreft met name het gebruik van bepaalde
antibiotica, maagdarmproblemen
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verminderde inname van fruit en groenten. Daarnaast konden

bekende

risicofactoren, zoals beroepsmatige blootstelling aan pesticiden en lasdampen,
als risicofactoren voor MFS duidelijk worden bevestigd. Roken kwam in ons
onderzoek niet als een uitgesproken risicofactor naar voren. Wij bestudeerden
het verband tussen roken en semenkwaliteit door middel van een vragenlijst en
door bepaling van het cotinine, een afbraakproduct van nicotine, in bloed en
seminaal plasma (hoofdstuk 4). In de subfertiele groep bleken meer mannen te
roken (32%) dan in de fertiele groep (21%) hetgeen resulteerde in een odds
ratio van 1,7 en een 95% betrouwbaarheidsinterval van 0,9 - 3,2. Mannen die
aangeven veel te roken, blijken inderdaad hogere concentraties cotinine in het
bloed en het seminaal plasma te hebben dan matige rokers. Er kan echter geen
duidelijk verband worden aangetoond tussen de cotinineconcentratie en de
semenkwaliteit. Wij concluderen hieruit dat het negatieve effect van roken op
de kwaliteit van het semen waarschijnlijk het gevolg is van andere componenten
in sigarettenrook dan cotinine.
In hoofdstuk S worden de concentraties van calcium, magnesium, zink en koper
in het bloed en in het seminaal plasma bij fertiele en subfertiele mannen
vergeleken en relaties gelegd tussen deze concentraties en de semenkwaliteit.
De concentraties van bovengenoemde elementen in bloed en seminaal plasma
verschilden niet tussen de fertiele en subfertiele mannen. Een significante, maar
zwak positieve correlatie werd gevonden tussen zinkconcentraties in seminaal
plasma en het aantal spermatozoa. Een correlatie werd vastgesteld tussen de
magnesiumconcentraties in seminaal plasma en het aantal spermatozoa evenals
een zwakke correlatie tussen de koperconcentraties in bloed en de motiliteit
van de spermatozoa. Sterke onderlinge correlaties tussen calcium, magnesium
en zink konden worden bevestigd. Deze studie leverde echter geen nieuwe
inzichten op in de Pathogenese van MFS.
Semenanalyses van een fertiele en subfertiele groep werden geëvalueerd met
behulp van receiver operating characteristic (ROC) analyses voor het vaststellen
van normale afkapwaarden voor standaard semenparameters (hoofdstuk 6).
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Sperma aantallen, motiliteit en morfologie werden bepaald volgens de W H O
(1992) richtlijnen. De spermamorfologie werd tevens bepaald volgens de strict
criteria richtlijnen, beschreven door Menkveld en anderen. Hieruit blijkt dat de
morfologische bepaling volgens W H O criteria vergelijkbaar is met de strict
criteria. Uitgaande van een veronderstelde prevalentie van 50% dat de oorzaak
bij de man ligt, werden afkapwaarden gevonden van respectievelijk 3% voor de
morfologie bepaald volgens strict criteria en 2 1 % volgens de W H O criteria.
Voor de beweeglijkheid van de spermatozoa werd een afkapwaarde van 20%
vastgesteld.

De

afkapwaarde

voor

de acrosoomindex

was 3%

normale

acrosomen en voor de teratozoospermia index gold een grenswaarde van 2,09.
De resultaten van deze studie laten zien dat de afkapwaarden voor 'normaal
semen' substantieel lager liggen dan die door de W H O (1992) richtlijnen
worden aangegeven.
In

hoofdstuk

7

worden

de

resultaten

gepresenteerd

van

de

eerste

gerandomiseerde interventiestudie met foliumzuur en zinksulfaat waaraan 103
subfertiele en 107 fertiele mannen deelnamen en waarbij het effect van deze
micronutriënten op de semenkwaliteit werd bestudeerd. Zowel subfertiele als
fertiele mannen werden ingedeeld in vier groepen en gedurende 26 weken werd
dagelijks één capsule van 5 mg foliumzuur, of placebocapsule en één capsule van
66 mg zinksulfaat, of placebocapsule ingenomen. De placebocapsules bevatten
slechts vulmiddel en geen werkzame stoffen

en waren optisch

niet

te

onderscheiden van de echte capsules.
In de subfertiele groep die zowel zink als foliumzuur heeft ingenomen gedurende
26 weken vonden wij een toename van 74% in het totaal aantal normale
spermatozoa. In deze groep werd echter ook een lichte toename (4%) van het
percentage abnormale spermatozoa gevonden. Voor de fertiele groep die
dezelfde combinatie innamen, vonden wij een zelfde doch niet significante trend.

Uit ons onderzoek concluderen wij (hoofdstuk 8) dat antibioticagebruik,
maagdarmklachten en een verminderde inname van fruit en groenten t o t nu toe
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nog onbekende, nieuwe risicofactoren zijn voor MFS, terwijl daarentegen
nicotine en de aanwezige concentraties van de elementen calcium, magnesium
en koper in bloed en seminaal plasma geen duidelijke risicofactoren blijken te
zijn.
De resultaten van de morfologische bepaling volgens W H O criteria blijken
vergelijkbaar te zijn met die van de strict criteria, terwijl de afkapwaarden voor
normaal semen in onze studie substantieel lager liggen dan die door de W H O
(1992) worden aangegeven.
Extra inname van foliumzuur en zink verhoogt het aantal spermatozoa bij
subfertiele mannen. Een zelfde effect lijkt aanwezig bij fertiele mannen. Ondanks
het

feit

dat

het

werkingsmechanisme

van

de

combinatie

van

deze

voedingsstoffen op MFS t o t dusver onbekend is, suggereren de resultaten van
dit onderzoek op waarneembaar positieve effecten op de semenkwaliteit. Meer
onderzoek zal moeten worden verricht om de positieve, maar ook de negatieve
effecten van de verschillende doseringen van deze en andere micronutriénten te
bestuderen op de semenkwaliteit, alvorens men kan besluiten t o t het opstellen
van geprotocolleerde suppletie adviezen.
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STELLINGEN
behorend bij het proefschrift

Male factor subfertility
The impact of lifestyle and nutritional factors

W.Y.Wong
Nijmegen, 10 januari 2001

Inneming van 5 mg foliumzuur in combinatie met 66 mg zinksulfaat leidt bij
subfertiele mannen met een onverklaarde verminderde zaadkwaliteit tot een
toeneming van het aantal normale zaadcellen,
(dit proefschrift)
Het schadelijk effect van roken op de kwaliteit van het semen wordt
veroorzaakt door andere componenten in sigarettenrook dan nicotine,
(dit proefschrift)
De grenswaarden voor 'normaal semen' toegepast in 'in vivo' fertilisatie
dienen substantieel lager te liggen dan die door de W H O richtlijnen worden
aangegeven,
(dit proefschrift)
Het aangaan van een nieuwe relatie verandert de fertiliteitsperspectieven ook
wanneer de semenkwaliteit niet verandert.
Leven is meer dan werken alleen.
Periconceptioneel foliumzuurinneming bij de vrouw verkleint de kans op het
krijgen van een kind met een neuraalbuis defect en verlaagt het
homocysteinegehalte in het bloed.
Onderzoek naar onvruchtbaarheid, is vaak vruchtbaar.
Adviezen voor gezonde voeding zijn ook van toepassing op de adviseur.
Randomiseren is geen doel maar een middel; hetzelfde doel is moeilijk met
andere middelen te bereiken.
Boksen is een vorm van zinloos geweld.

