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ABSTRACT

Zinc is an important trace element, and its importance for male infertility has been reported. The aim
of the study was to assess whether the serum zinc concentrations were related to semen quality in male
infertility patients. In 2010 subjects who consulted at our male infertility clinic between November 2018
and May 2021, serum zinc concentrations were assessed along with age, sperm concentration, sperm
motility, endocrine panel, and body mass index (BMI). A normal zinc concentration was observed in 1069
(53.2%), subclinical deficiency in 845 (42.0%), and deficiency in 79 subjects (3.9%). On the other hand,
high a zinc level was observed in only 17 subjects (0.9%). The serum zinc concentration did not relate
with age, sperm concentration, sperm motility, luteinizing hormone (LH), follicle stimulating hormone
(FSH), testosterone, and body mass index (BMI). However, normozoospermic subjects showed significantly
higher zinc concentrations than among azoospermic (included non-obstructive; NOA and obstructive; OA)
and cryptozoospermic patients. Furthermore, the zinc concentration was lower in NOA subjects when
comparing to oligozoospermia and/or asthenozoospermia. An association between zinc concentration and
semen analysis remained unclear. This study was cross-sectional and retrospective, however, this is a largest
investigation of the zinc concentration during reproductive life span in Japan. Further accumulation of cases
are required to further examine the potential relationship between zinc concentration and semen quality.
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INTRODUCTION

Zinc is a the second most abundant trace element in the human body which cannot be stored,
and plays an important role in over 300 enzymes as well as the onset of action of over 1000
transcription factors in vivo. The distribution of zinc in the human body is mainly in bone,
eyeball, liver, muscle, kidney, prostate, spleen, and minimally observed in blood.! Zinc plays
unique roles in males and acts as a hormone balancer for testosterone, prostate in sexual health
and functions as well as an antibacterial agent in the male reproductive system. Zinc deficiency
impedes spermatogenesis and sperm quality, and has a negative effect on serum testosterone
concentrations.> A symptom of the zinc deficiency is widely documented such as lack of taste,
stomatitis, and the developmental disability of children. Recently zinc deficiency may relate with
low birth weight.> Whilst the importance of zinc has been recognized, its evaluation in male
infertility is limited. We therefore assessed the serum zinc concentration in subjects who visited
our male infertility division and investigated whether zinc concentration related to semen quality.

MATERIALS AND METHODS

In total, 2378 subjects were visited to our male infertility unit between November 2018 and
May 2021. Of these, 2010 cases were included in this study. Serum zinc concentration was
assessed along with age, sperm concentration, sperm motility, luteinizing hormone (LH), follicle
stimulating hormone (FSH), testosterone, and body mass index (BMI). According to the 2021
WHO criteria,* oligozoospermia is defined as less than 15 million/mL of sperm concentration.
Asthenozoospermia is defined as <42% sperm motility or less than 30% with progressive
motility. On the other hand, cryptozoospermia is defined as a type of low sperm count where
ejaculated semen contains less than 100,000 spermatozoa per ml. With cryptozoospermia, the
sperm count may fluctuate and a zero sperm count in the ejaculate may be initially measured.
Patient characteristics are shown in Table 1.

Table 1 Patient characteristics of 2010 subjects

5% median (interquartile range) 95 %

Age (year) 28.0 36.0 (32-40) 48.0

Spouse age (year) 27.0 35.0 (31-38) 43.0

Duration of infertility (year) 0.5 2.0 (1-4) 8.0
Testicular volume (right/left) mL 5.0/4.0 16 (12-20)/14 (10-18) 24.0/22.0

LH mIU/mL 1.9 4.50 (3.23-6.10) 9.9

FSH mIU/mL 2.1 4.70 (3.40-6.90) 20.2

Testosterone ng/mL 2.1 4.50 (3.40-5.79) 7.9

BMI kg/m? 18.9 23.0 (21.2-25.2) 29.4

Each data was expressed as median (interquartile range), and 5 and 95 percentiles representing the
tails of the distribution were installed.

LH: luteinizing hormone

FSH: follicle stimulating hormone

BMI: body mass index
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Statistical analysis

Serum zinc concentration categories were defined following criteria based on the treatment
guidelines of zinc deficiency published by the Japanese Society of Clinical Nutrition: deficiency
(<60 pg/dL), subclinical deficiency (260 to <80 ug/dL), and normal (>80 pg/dL)." Mann—Whitney
U test was used for the comparison of the zinc concentration measured in the morning and the
afternoon. On the other hand, Steel-Dwass test was employed for the comparison of the zinc
concentration for every diagnosis result. The coefficient of correlation was judged by Spearman’s
rank correlation coefficient. A P-value < 0.05 was considered as statistically different. All the
statistical analyses were performed using statistical analysis software R (https://www.r-project.
org/).

RESULTS

Semen analysis revealed that normozoospermia was apparent in 1124 (55.9%) subjects,
oligozoospermia and/or asthenozoospermia in 625 (31.1%), non-obstructive azoospermia (NOA)
in 109 (5.4%), cryptozoospermia in 96 (4.8%), obstructive azoospermia (OA) in 40 (2.0%),
along with other categories including 16 (0.9%; ejaculatory dysfunction (EjD) n=12; spinal cord
injury (3), retrograde ejaculation due to diabetes mellitus (5) and after posterior urethral valve
incision (1), and unknown (3), respectively, male hypogonadotropic hypogonadism (MHH) n=4).

The 1069 subjects (53.2%) showed normal zinc concentration. Subclinical zinc deficiency was
found in 845 (42.0%), and zinc deficiency was in 79 (3.9%) subjects. A high concentration of
zinc was found in only 17 (0.9%) subjects. Of these who showed high zinc concentrations, only
one patient was prescribed zinc containing supplement for three months. The results of zinc
concentration of 2010 subjects were shown in Table 2. Overall, the mean zinc concentration
value was 81 ug/dL and a histogram and box mustache of zinc is shown in Figure 1. When the
blood collecting time value was compared morning or afternoon, the zinc concentration value was
decreased about 20 pg/dL in the afternoon. This difference was significant. (P<0.005) (Figure 2)

Although the zinc concentration was evaluated at the same time with sperm concentration and
sperm motility, there were no relationships. (Figure 3) Furthermore, the coefficient of correlation
between age, sperm concentration, sperm motility, LH, FSH, testosterone, zinc concentration,
and BMI were evaluated and no significant differences were found. The zinc concentration
was compared within each diagnosis. The zinc concentration was statistically lower in crypto-
zoospermia, NOA, and OA subjects when compared with normozoospermic subjects. (P<0.01)
Oligozoospermia and/or asthenozoospermia subjects showed statistically higher value of zinc
when compared NOA and OA subjects. (P<0.01) (Figure 4)

Table 2 The results of zinc concentration of 2010 subjects

n (%)

Deficiency (<60 pg/dL) 79 (3.9)
Subclinical deficiency (60-79 pg/dL) 845 (42.0)
Normal (80-130 pg/dL) 1069 (53.2)

High value (>131 pg/dL) 17 (0.9)

The standard value of following zinc depends on the medical treatment guidelines 2018.!
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Fig. 1 Histogram and box mustache of zinc concentrations

The box mustache of zinc concentrations was expressed median value with interquartile range, and median value
was 81p/dL.
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Fig. 2 The difference in zinc concentration by the blood drawing time
The zinc concentration value was decreased about 20ug/dL in the afternoon. This difference was statistically
significant. (P<0.005)
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Fig. 3 The zinc concentration compared with sperm concentration and sperm motility
There was no difference between the zinc concentration and semen quality.
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Fig. 4 Zinc concentrations compared among diagnoses
The zinc concentration was significantly lower value in NOA and OA when compared with normozoospermia.
(P<0.01) Furthermore, NOA compared with oligozoospermia and/or asthenozoospermia, the zinc concentration
was statistically decreased in NOA. (P<0.01)
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DISCUSSION

Zinc is an essential trace element, next to iron in the human body and biological half-life
is about 280 days. As for the subject who did not eat meat and fish proteins enough, zinc
deficiency can easily happen.’ In one study, a comparison of zinc levels was done in Japanese
faculty of liberal arts students (with less knowledge about dietary needs) and medical department
students (higher knowledge), medical department students had higher serum zinc concentration.
The mean value of serum zinc was 67 ug/dL for the liberal arts student, and 103 ug/dL for the
medical department student.® Reduced absorption of zinc from the bowels may be caused by
excessive coffee, orange juice, calcium, and alcohol intake.! Excretion of zinc may increase in
subjects having with liver disease (chronic hepatitis, cirrhosis), diabetes, kidney disease, dialysis
from dialytic fluid, leading to zinc deficiency. In addition, medicine for rheumatoid arthritis,
Parkinson’s disease, gout, diabetes, insomnia, depression, epilepsy may also accelerate excretion
of zinc. According to a large Japanese study, the proportions of subjects with zinc deficiency
and marginal deficiency were 0.4-0.6% and 38.4-46.0%.” The deficiency/ marginal deficiency
group had significantly lower lipid profiles and nutritional status. They concluded that these
findings suggest a possible association between serum zinc levels and nutritional status and
health behaviors.” Malnutrition may occur in elderly people. A cross-sectional, population-based
survey revealed that about 10% subjects aged 65-87 years showed zinc deficiency.® Deficiency
of zinc may cause infertility during reproductive age, even in a physically unimpaired subject
without any symptoms.” Thus, several possible factors are related to zinc deficiency, including
malnutrition, alcohol consumption, and zinc supplementation status.'

Human semen contains several trace elements such as calcium, copper, manganese, magne-
sium, selenium, and zinc which are necessary for reproductive health. Zinc is essential for the
maintenance of germ cells, the progression of spermatogenesis, and the regulation of sperm
motility.!® Zinc accumulates in germ cells, particularly in the mitochondria of spermatogonia
and spermatozoa. The negative correlation between seminal plasma zinc and sperm viability is a
clear indicator of the importance of zinc in spermatogenesis.!! Using an in vitro testicular organ
culture system from the Japanese eel, zinc deficiency was induced apoptosis of the germ cells.
This cell death was rescued by the addition of zinc to the cultures. The zinc concentration in
human seminal plasma is higher than in other tissues.'? It has been suggested that zinc acts as
an important anti-inflammatory factor and that it is involved in oxidative metabolism of sperm.
At the end of spermatogenesis, zinc is highly concentrated in the tail of mature spermatozoa
and involved in sperm motility.'?

Zinc is also known to be essential for sexual maturity and onset of estrus. Zinc is needed
for the normal functioning of the hypothalamus-pituitary-gonadal axis. Low zinc levels have a
negative effect on serum testosterone concentration.”® Zinc has many important functions in the
spermatozoa physiology, including effects on lipid flexibility and sperm membrane stabilization.'
It also has a regulated role in capacitation and the acrosome reaction of sperm and is essential
for conception and embryonic implantation.’® Poor zinc nutrition may be a risk factor for low
quality of sperm in idiopathic male infertility. Thus, zinc is important trace element for the male
infertility in several different reason. Mirnamniha et al emphasized that measurement of trace
elements in men with idiopathic infertility is necessary.'

Previous reports of serum zinc concentrations, in Japanese men younger than 40 years are
limited number (n=82), with a mean of zinc level of about 85 pg/dL.” In 217 cases of Japanese
men during their reproductive age, median serum zinc was 86.3 ug/dL."” These values were
higher than our 2010 cases including 1069 normozoospermia. The reason may be related to the
fact that our subjects were all suffering from male infertility. A systematic review and meta-
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analysis revealed that age was statistically significantly associated with declines in semen quality,
including semen volume and sperm motility.” On the other hand, Tsujimura et al reported that
the correlation between zinc concentration and sperm count, and motility was not significant.!”
Their subjects excluded azoospermia. In our study, the zinc concentration was statistically lower
in cryptozoospermia, NOA, and OA subjects when compared with normozoospermic subjects.
Oligozoospermia and/or asthenozoospermia subjects showed statistically higher values of zinc
when compared with NOA and OA. OA is usually a reversible pathophysiology and many
sperm exist in epididymis and testis. NOA is progressive and an irreversible pathophysiology.
Curiously, both pathophysiology showed decreased zinc concentrations when compared with
normozoospermia. The reason remains unclear. Thus, correlation serum zinc concentration and
semen quality is still controversial.

The change of zinc concentration in the day is remarkable, and its level gradually decreases
from the morning through the afternoon. Even the stress such as an operation may greatly
decrease its value. It rises when hungry, with about 20% decrease after a meal 2-3 hours after
meal. It is desirable therefore to collect blood on an empty stomach and early in the morning
to avoid a risk of reporting a lower zinc concentration level.! Zinc concentration was obviously
high about 20 pg/dL in the morning than in the afternoon in our study.

There are some limitations in this study. Recently it was found that results showing normal
or abnormal findings were different between the first and second semen tests in approximately
one-quarter of men,'® however, we evaluated the semen analysis only once. Furthermore, about
30% of subjects received blood sampling during the afternoon. Although absorption of zinc from
the bowels is disturbed by an excessive intake of such as coffee or orange juice, we did not
examine the intake situation of the meal and drinks. These could influence the difference of zinc
concentration. Although this study was cross-sectional and retrospective, serum zinc was assessed
for the 2,010 male infertility patients. This is a largest investigation of zinc concentrations during
reproductive age in Japanese men. Further follow up of zinc concentrations taken at similar times
and conditions are required.

CONCLUSIONS

Zinc deficiency/ marginal deficiency were observed in 3.9%/42.0% in our male infertility
unit. Although zinc concentrations did not have any relation to age, endocrine panel, and BMI,
correlation between zinc concentration and deteriorated sperm count and motility was statistically
significant. This study was cross-sectional and retrospective, however, this is a largest investigation
of zinc concentration for reproductive age in Japan. It is necessary to continue the evaluation of
zinc sequentially during a male’s reproductive age.
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