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Summary

High incidence of infertility along with low vitamin D levels was
detected in otherwise healthy young men. The aim is to observe
the effect of vitamin D supplementation on semen parameters as
assessed by semen analysis in infertile men. In total, 45 men
(mean age 36.6 years) in consecutive order were included, of
whom 34 finished the study. Subjects were supplemented by
vitamin D (cholecalciferol) 2500 IU/day. Vitamin D levels were
assessed by HPLC. Semen analysis was performed strictly
following 2010 WHO guidelines. Study periods were baseline and
month 6. During follow-up, 20 %, 7.4 %, 22 % and 0.7 %
increase in serum vitamin D levels, progressive sperm motility,
sperm concentration and sperm morphology, respectively, were
observed (all p<0.05). At follow-up end, 9 patients (26 %)
reached normal sperm parameters of whom 2 fertilized their
partner. There was no correlation between vitamin D and semen
parameters observed. This study proves that vitamin D
supplementation is possibly a modulator of sperm parameters in
vitamin D deficient, otherwise healthy men. Although a direct
relationship between vitamin D and sperm parameters was not
observed obtaining adequate vitamin D levels could likely play
a role in the male factor of infertility.
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Introduction

Currently, male infertility exceeds the
fertilization process and multidisciplinary aspects of
disrupted male fertility were proposed. A connection
between young infertile men and a higher incidence of
cardiovascular disease or higher risk of diabetes and
hyperlipidemia was observed (Glazer et al. 2017, Kasman
et al. 2019, Rastrelli et al. 2019). In otherwise healthy
men and women, a high prevalence of infertility together
with low vitamin D levels is present (Cito et al. 2020).
Thus, associations between vitamin D and male fertility,
as represented by sperm count, could thus be a suitable
target for future research of infertility treatment options
(Alzoubi et al. 2017). The chemical structure of native
vitamin D corresponds to steroid hormones and also acts
through the nuclear receptor, named vitamin D receptor
(VDR). In kidneys, 25-(OH)-D is metabolized by
1-a-hydroxylase (CYP27B1) in an active form of
1.25-dihydroxyvitamin D. Vitamin D, similarly, as total
testosterone (TT), can modulate genomic and non-
genomic processes. Thus, significant differences and
variability of regulatory domains within a few days to
minutes or seconds can be observed (Bouillon et al.
2019).

Cumulative evidence from human and non-
human studies suggests, that vitamin D has an important

role not only in musculoskeletal tissue health and
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metabolism but also in reproduction associated regulatory
mechanisms in both sexes. Basics of interaction between
vitamin D and reproduction origins in the presence of
VDR and lo-hydroxylase (CYP27Bl) enzyme in
reproductive organs (Jueraitetibaike et al. 2019). More
recently, the extraskeletal effects of vitamin D and the
understanding of the molecular mechanisms of
biologically active vitamin D metabolite calcitriol
revealed other possibilities that deterioration of VDR
sensitivity in the target organs could play a key role in the
vitamin D effect on human fertility (Macova et al. 2018).
In the study by Bellehuus Hansen ef al. the VDR
expression was decreased in infertile males in comparison
to healthy controls (Bellehuus Hansen et al 2017). It
hypothesis, that the

and reacting capability to the active form of vitamin D is

supports  the metabolizing
different, somehow less functional, compared to healthy
men. It has been suggested that vitamin D plays
important role in cell cycle regulation and malignant
germinal cells differentiation (Blomberg et al. 2012,
Jorgensen et al. 2011), but the exact function of vitamin
D in
According to the latest recommendations, vitamin D

spermatogenesis regulation remains unclear.
deficiency is considered to be below 20 ng/ml of serum
vitamin D level. In recent years, a new term insufficiency
of vitamin D was established, which characterizes the
state of reduced levels of 25-(OH)-D (less than 30 ng/ml -
thus 21-29 ng/ml) (Jackuliak ez al. 2012). Although some
environmental studies suggest that the target level should
be fixed much higher than 100 - 120 ng/ml (Pludowsku
et al. 2013) the optimal vitamin D concentration has been
established between 20 and 50 ng/ml (Rosen et al. 2012).

In this the effect
supplementation on semen parameters was assessed by

study, of vitamin D

sperm analysis in infertile men.
Patients and methods

A prospective, single-centre study in male out-
patients 5/2019-12/2020 was conducted. All study
procedures were reviewed and approved by the local
ethics committee (approval number 091/2019). Each
patient before any study procedure signed informed
consent.

Inclusion criteria were as follows:
- Men from permanent spouses/couples who, after
unprotected  sexual

one year of regular

intercourse, have failed to reach the pregnancy

of their wives/partners aged > 18 years,
- male infertility confirmed by a certified
institution with 2x repeated analysis of semen

with sperm concentration > 1 million/ml.

- all men must have confirmed findings
in astandard semen  analysis:  either
< 15 million/ml spermatozoa, or < 32%
progressive motile spermatozoa, or < 4%
morphological normal spermatozoa, consistent
with OAT  (oligoasthenoteratozoospermia)
findings.

Exclusion criteria were as follows:

- couples who reported infertility due to female
factors,

- those on vitamin D therapy, receiving

testosterone or thyroxin replacement therapy and

calcium supplementation,

- those suffering from diabetes, parathyroid gland
disease, hypertension, malabsorption, gastric
bypass, celiac disease, inflammatory bowel
disease and cancer,

- if there is an indication of a testicular biopsy and
it is planned or performed within the next
6 months.

- A man was willing to change his usual personal
habits, BMI, such as physical activity, smoking,
alcohol consumption, etc.

- All subjects were supplemented with
2500 IU/day of cholecalciferol for 6 months.
During follow-up, 3 visits in each subject were

performed.

Table 1. The normal values of semen analysis.

Lower limit

Parameter

(range)
Sperm volume (ml) 1.5 (1.4-1.7)
Total sperm count (million/ejaculate) 39 (33-46)
Sperm concentration (million/ml) 15 (12-16)
Total sperm motility (PR NP) 40 (38-42)
Progresive sperm motility (PR, %) 32 (31-34)
Vitality (viable sperm, %) 58 (55-63)
Sperm morphology (normal forms,%) 4 (3.0-4.0)

Semen analysis
Semen analysis was performed strictly following
the 2010 WHO guidelines (Salonia et al. 2020). Semen
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samples were collected by masturbation after three to
four days of abstinence. Samples were collected in sterile
culture vials and left to liquefy for 20-30 minutes at room
After
analysed for physical and morphological parameters such

temperature. liquefaction, the samples were
as volume, liquefaction time, sperm count (million/ml),
motility, and morphology (%). (Table 1). Sperm motility
was classified as progressive, non-progressive, and
immotile. The process of semen analysis was done in

a certified Center of reproductive medicine GYN-FIV a.s.

Blood sample collection

Venous blood (2-3 ml) from the antecubital vein
was collected in the morning (7 to 8 AM) from the
patients. The serum was obtained by centrifugation and
was stored at —70 °C until further analysis in certified
University Hospital Lab Bratislava.

Evaluation of hormone profile

Serum follicle-stimulating hormone (FSH),
luteinizing hormone (LH), estradiol, prolactin (PRL),
total testosterone (TT), free testosterone (fT) were
estimated in patients by a two-step immunoassay using
competitive immunoassay using chemiluminescent
microparticle immunoassay (CMIA) technology with
flexible assay protocols. Vitamin D levels were evaluated
by measuring 25-(OH)-D

performance liquid chromatography (HPLC).

in the serum by high-

Statistical analysis

Data analysis was performed using the SAS
Enterprise Guide program. We used regress and
correlation analysis to scan dependency between
examined variables. The continuous and categorical
variables were presented as mean + standard deviation
(SD) or median (minimum, maximum) and n (%),
respectively. Results were considered to be statistically
significant if the p-value was less than 0.05. We
determined the significance of the model as a whole
based on the result of the F-test.

Results

Study group

In total, 45 men (mean age 36.6 years) in
consecutive order were included in the study according to
inclusion criteria. From this number, only 34 men
finished the study, 11 subjects did not continue due to the
COVID-19 pandemic, no interest in continuing and
unknown reasons decided not to finish the study. All men

came from long-lasting partnerships (47 %) or marriages
(53 %) with the duration of infertility ranged from 1 to
All baseline

7 years, an average of 2.28 years.

characteristics are in Table 2.

Vitamin D levels
At Dbaseline,
concentration in the study group was 24.40 ng/ml, which

the mean serum vitamin D
is referred to as vitamin D insufficiency. The values
ranged between 7.84 ng/ml and 42.60 ng/ml. Vitamin D
values in patients at the end of the research have reached
30.68 ng/ml on average (mean increase of 6.28 ng/ml),
16 patients achieved normal levels of vitamin D. In
comparison to baseline values the number of patients
suffering from vitamin D deficiency (10 patients) at the
end of follow-up decreased from 70.5 % to 50 % (Fig. 1).

Progressive sperm motility

At baseline, the values of progressive sperm
motility ranged from 0 % to 80 %, with an average of
22-21 %, which is consistent with decreased sperm
motility (reference range 31 %-34 %). After 6-month
vitamin D supplementation average sperm motility in the
study group increased by 29.65 %, consistent with
+7.44 % increase (p<0.05). In total, 12 (26.74 %) of
patients achieved normal progressive sperm motility in
comparison to baseline, when only 3 (9 %) patients
matched the referential values as shown in Figure 2a.

Sperm concentration

Baseline sperm concentration values ranged
from 1.30 million/ml to 102 million/ml with mean of
15.31 million/ml. In total, 8 (25 %) of patients matched
the reference range (12-16 million/ml). After vitamin D
supplementation, sperm concentration increased of
4.4 million/ml (approx. +22 %, p<0.001), ranged from
2.00 million/ml to 100 million/ml. 24 (75 %) patients
achieved the referential values, and 13 (40 %) of them
than
16 million/ml). In comparison to the beginning, the

achieved higher than normal values (more
number of patients with referential values of sperm
concentration increased from 25 % to 75 % (Fig. 2b).

At baseline, sperm morphology ranged from 0 %
to 10 %, with an average of 2.61 % +SD. Reference value
in average was not matched (3-4 %). After vitamin D
supplementation, sperm morphology increased by 0.71 %
with an average value of 3.32 % (p<0.008). In total,
16 (50 %) of patients reached the reference value (>4 %),

(Fig. 2¢).
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Table 2. Comparison of observed parameters at baseline and at the end of follow-up
Baseline Month 6
Parameter Mean +SD Mean+SD p-value
BMI (kg/m’) 29.05+3.18 29.40+3.22
Progressive sperm motility (%) 22.21£15.50 29.65+14.64 <0.05
Sperm concetration (million/ml) 15.31+19.65 19.71+18.80 <0.05
Sperm morphology (%) 2.61+2.08 3.32+1.87 <0.05
Vitamin D (ng/ml) 24.40+9.02 30.68+8.94 <0.05
N (%) of patients with Vitamin D levels > 30 ng/ml 10 16
20-30 ng/ml 12 16
< 20 ng/ml 12 2 <0.05
Total tTST (nmol/l) 14.67+6.29 14.74+5.49 NS
STST (pmol/l) 36.08+8.60 38.60+11.92 NS
Estradiol (pmol/l) 111.78+39.78 106.62+31.37 NS
LH (1U/) 5.44+2.27 5.2442.01 NS
FSH (1U/]) 5.46+3.98 5.26+3.73 NS
SHBG (nmol/l) 32.06+15.09 32.01+14.19 NS
Glycemia (mmol/l) 5.46£1.27 5.42+1.72 NS
PTH (pmol/l) 3.63+1.35 3.35£1.20 NS
Prolactin (1U/]) 1.17+0.35 9.39+3.51 NS
Physical activity (n)
Non physical activity 5
1-2 times per week 18 NS
>3 times per week 9
>7 times per week 2
Alcohol units per day (n)
<1 4
1-3 27 NS
>3 3
Smokers/non-smokers (n of cigarettes)
<] 22
<20 5 NS
>20 7
Sleep duration (h/day)
<6 17 NS
7.8 16
>9 1
55 p<0.05 »
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+22 9% (p<0.01)

sperm concentration {mil fmi}
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Fig. 2b. Effect of vitamin D supplementation on sperm
concentration

Sperm morphology

Of the total number 34 patients, during follow up
9 patients (26 %) reached normal sperm parameters based
on WHO recommendations (15). The results of 1 patient
(2.94 %) changed from OAT (oligoasthenozoospermia
ie., low count, motility and low normal sperm
morphology) to oligozoospermia and 23 patients (68 %)
remained unchanged.

Correlation analysis did not show a significant
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Fig. 2c. Effect of vitamin D supplementation on sperm
concentration

association between vitamin D and selected sperm
parameters, but a positive trend was between vitamin D
levels and progressive motility and sperm concentration
at month 6 was observed (Fig. 3). No association between
testosterone levels and sperm parameters was observed.
After 6-months of vitamin D supplementation
2 cases of pregnancy were reported. Those two males had
significantly improved

semen parameters, reaching

normal values for each parameter.
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Fig. 3. Correlation analysis between levels of vitamin D and sperm parameters at month 6 of the follow-up.

Discussion

In recent years, vitamin D due to its pleiotropic
effects was discussed as the potential agent of benefit in
the improvement of male fertility. In this study, we found
that the vitamin D supplementation had positive semen
parameters and observed a high sperm count in subjects
with sufficient levels of 25-(OH)-D. This finding is
consistent with recent studies (Ciccone et al. 2021,
Rehman et al. 2018, Kumari et al. 2021), but in

comparison with clinical studies (Blomberg et al. 2011,
Blomberg et al. 2016, Ramlau-Hansen et al. 2011,
Abbasihornozi et al. 2017, Hammoud et al. 2012, Cito
et al. 2020). The international studies aimed to compare
the serum level of vitamin D, TT, ionized calcium and
phosphorus with sperm quality. The minority of the
studies included lifestyle habits and BMI measuring. The
studies used different dosage regimens of vitamin D for
example initial single dose, other studies used continual
dosing of vitamin D during the whole study.
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In a Danish study Bloomberg (2016), 300 men
were observed, all of them were given an initial dose of
300 000 IU (7500ug) per oral cholecalciferol (Blomberg
et al. 2016). After DXA, a continuous daily dosage
regimen was established, peroral supplementing 1400 IU
(35 pg) of cholecalciferol with 500 mg of calcium lasting
5 months (150 days). The age composition was very
similar differing from 18 to 60 years, our study did not
define the upper age limit. Potential differences in results
may be caused by different age composition, body weight
index, initial vitamin D serum levels and different study
methodologies. Some of the studies were comparing two
arms, one with pathological sperm analysis, the second
with normozoospermic male pro-bands. Inclusion and
exclusion criteria were similar in our study. Some of the
studies extended the implementation of results into
assisted reproduction cycles. Despite no clear explanation
of vitamin D effect on male fertility, international studies,
as well as our lead to a congruent result, that vitamin D
supplementation is a simple, low cost, strongly biological
modality of male infertility treatment.

Hammoud et al. (2012) observed (in 170 men)
that low 25-(OH)-D
decreased total sperm count and progressively motile

levels were associated with
sperm count but did not affect sperm concentration,
progressive normal  morphology
(Hammound et al. 2012). Literature indicates that

25-(OH)-D raises intracellular calcium levels and motility

motility  and

of sperm, it also brings the acrosome reaction in mature

spermatozoa, and there was a positive association
between serum 25-(OH)-D levels and sperm motility
(Blomberg, et al. 2011). Based on which it can be
suggested that deficiency, as well as insufficiency, disturb
sperm motility.

However, this study, in addition to significant
improvement of sperm motility parameters described by
listed

morphology and concentration. The observed differences

studies, showed also an effect on sperm
in several studies may be due to heterogeneity in study
design, methodology used, patient type, age group, and
different cut-off values considered categorizing patients
as vitamin D deficient. The eligible timing of vitamin D
supplementation in case of male infertility, total daily
dose, dosage form as well as duration of treatment
remains still unclear. In addition to taking into account
the personalized vitamin D response index (Ramlau-
Hansen et al. 2011) future examination of VDR and
AR polymorphisms and further study of their multimodal
effects (connectivity and variability of effects) could lead

to more accurate vitamin D titration and identification of
individual treatment acceptance.

In infertile males with severe oligoasthe-
noteratozoospermia along with deficient 25-(OH)-D
levels, pregnancy outcomes are compromised if serum
concentration should fall below 50 nmol/l. In our study,
we observed that increased total count, motility and
normal morphology was significantly high in the group of
male subjects who had sufficient 25-(OH)-D levels.

It is reported in the literature that the quality and
count of sperms are dependent on many parameters such
as the optimal level of enzymes, hormones, and
antioxidants. 25-(OH)-D level may not affect sperm
production directly but can be a major contributing factor
when fertility is concerned. Here is inconsistency in the
literature regarding the role of vitamin D in the
production of sex hormones. A few studies have shown
a positive correlation of serum vitamin D levels with total
TT (Wehr et al. 2010). Another study reported a weak
relationship of vitamin D levels with sex hormones in
men (Wulaningsih et al. 2014). Several other studies have
found no association of serum vitamin D levels with sex
hormones in men (Anic et al. 2016). This was not
confirmed by this study. However, there is a trend to the
positive association between vitamin D and semen
parameters e.g., sperm motility and concentration.
However, the results were affected by sample size.

Blomberg et al. (2011) (observing 300 men)
reported that

spermatogenesis, sperm motility, and the acrosome

serum calcium is imperative for
reaction and 25-(OH)-D is a key regulator of the calcium
and phosphate homeostasis (Blomberg et al. 2011). It
may be hypothesized that 25-(OH)-D has a dual role in
human reproduction and exert its function by maintaining
calcium and phosphate homeostasis and by influencing
sex hormone synthesis.

Ramlau-Hansen et al. (2011) found (observing
278 men) lower crude median total sperm count and
percentage of normal morphology sperm with higher
vitamin D (Ramlau-Hansen et al. 2011). This relation
was attenuated and became not significant after
correction for confounding factors. For their study,
94 nmol/l was used as the cut-off value for ‘high vitamin
D’, which corresponds to 37.7 ng/ml" Similar to our
al. did not find the

correlation between serum vitamin D and hormonal

findings, Ramlau-Hansen et

parameters. Our study and the study by Ramlau-

Hansen et al. demonstrated that a possible male

reproductive toxicity or no benefit associated with serum
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vitamin D is observed at much lower levels than
previously thought. These results are in parallel to studies
reporting increased overall mortality in association with
serum vitamin D levels levels of
75-120 nmol/1 (30-50 ng/ml).

After 6-months of vitamin D supplementation

occurring at

therapy, two males reported the pregnancy of their
spouses. In both cases, vitamin D supplementation led to
significant improvement of all three semen analysis
parameters, in the following manner: motility,
concentration and morphology, proving the thus positive
effect of vitamin D supplementation.

This study has few limitations, such as sample
size and the absence of a placebo group to compare
outcomes of this study. However, the study has also
several strengths, such as prospective interventional
design, an adequate dose of vitamin D, reflecting
effects with daily administration. In
addition, vitamin D has been evaluated with HPLC,
standard for the

measurement of vitamin D concentration. The study

extraskeletal

which is considered the gold
group was well defined and the sex hormones and
personal habits of the subjects were evaluated.

Such results show the clinical importance of
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