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Abstract

Context. Idiopathic male infertility is evident in
half of infertile males. Vitamin D receptors are expressed
throughout male reproductive tract, including spermatozoa,
promoting motility. Epidemiological studies revealed the
positive association between serum vitamin D and semen
quality. However, there are no clinical studies examining the
differential role of vitamin D in idiopathic male infertility.

Objectives. 1) To investigate the association
between vitamin D deficiency and idiopathic male infertility,
and 2) To determine whether vitamin D deficient males
would show restoration of semen quality parameters upon
supplementation with vitamin D.

Design. This was a year-long case-control study
from November 2015 to November 2016. A therapeutic
intervention cohort for 2 months was also performed.

Subjects and Methods. 117 Jordanian males were
enrolled. Following a clinical evaluation by a urologist,
baseline serum vitamin D and semen fluid analyses were
collected. Participants were stratified into 3 groups: controls
(n=30), idiopathic infertility (n=67), and secondary infertility
(n=20). Idiopathic infertility patients with low vitamin D
(n= 45) were supplemented with oral vitamin D, 5000 IU,
once daily for two months. Thereafter, serum vitamin D and
semen fluid analyses were reassessed (n= 34; 11 patients
were lost to follow up).

Results. Vitamin D was significantly lower in
patients with idiopathic infertility than in both controls and
men with secondary infertility. Significant improvement
of progressive and total sperm motility was observed after
vitamin D treatment. Vitamin D correlated significantly
with semen quality in the study population. However, no
correlation was found between vitamin D and any of the
semen quality parameters in the idiopathic infertility group.

Conclusions. Vitamin D supplementation improves
sperm motility in idiopathic male infertility patients with low
vitamin D. Larger and longer clinical trials are warranted to
validate the use of vitamin D in these cases.
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INTRODUCTION

Infertility is a multi-factorial problem, affecting
approximately 15% of couples according to the World
Health Organization in 2010 (1). Etiology of infertility
is attributed to several factors, including ovulatory,
utero-tubal, and semen migration factors. In almost
30% of couples, male reproductive abnormalities are
the causative factors (2). Around 40% of all infertile
couples exhibit a combination of factors, and about
15% of couples may not display any objective alteration
aiding in a definitive diagnosis (3). Idiopathic male
infertility, where no demonstrable cause of male
infertility can be found, is characterized by history of
infertility, unremarkable physical examination, and
normal endocrine laboratory evaluation (4), and is
evident in at least 44% of infertile men (3). According
to the statement of the European Association of Urology
in 2015 on the treatment of idiopathic male infertility
(5): 1) empirical drugs, such as clomiphene citrate and
tamoxifen, have no proven benefit (6), and 2) androgens,
human chorionic gonadotrophin, bromocriptine, alpha-
blockers, systemic corticosteroids, and magnesium
supplementation are not effective in the treatment of
idiopathic oligo-astheno-teratozo-ospermia syndrome.
Thus, there is an urgent need for more studies to
unravel the underlying pathogenic mechanisms, hence
providing the proper foundation for new therapeutic
targets, in the approach to this group of infertile males.
Recent studies have addressed the correlation between
male infertility and vitamin D (7-9). The physiological
role of vitamin D in male reproduction is dependent
on the efficiency of both its genomic (10), triggered
by interaction with cytoplasmic receptors, and the rapid
non-genomic effects via calcium and chloride channels
on plasma membranes of reproductive organs and
sperms (11, 12). Vitamin D also increases intracellular
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calcium concentrations within sperms enhancing their
progressive motility (13). Preclinical studies illustrated
the effect of vitamin D supplementation on male rats’
infertility, as Uhland et al. reported that vitamin D
treatment restored fertility of vitamin D-deficient
male rats (14). Furthermore, vitamin D-receptor
knockout male mice were found to have decreased
sperm concentration (15). Sood et al. had additionally
reported that vitamin D3 injections successfully
restored fertility in male and female rats previously fed
on vitamin D-deficient diet (16). A positive correlation
between 25-hydroxy vitamin D concentrations and
sperm progressive motility was illustrated, as men
with vitamin D deficiency showed a lower percentage
of progressively motile and morphologically normal
sperms (13). On the other hand, Hammoud er al.
illustrated in 2012 the relationship between vitamin
D and semen parameters as an inverse U-shaped
association, with both low (<20 ng/mL) and high (>50
ng/mL) vitamin D levels corresponded to significantly
lower quality of semen parameters compared to those
associated with a normal range of vitamin D (17).
Previous clinical studies assessed the role of
vitamin D in male fertility, by sampling the general
population, and were not specific to any particular group
of infertile patients. Furthermore, the effect of vitamin
D supplementation on male infertility was tested on
animals, but it has not been applied to humans thus far.
Accordingly, we aimed in this study to: 1) investigate
the association between vitamin D deficiency/
insufficiency and idiopathic male-factor infertility, and
2) determine whether vitamin D deficient or insufficient
males would show restoration of semen quality
parameters upon supplementation with vitamin D.

SUBJECTS AND METHODS

The  experimental design, therapeutic
intervention, and clinical endpoints of this study were
all approved by the Institutional Review Board (IRB) at
Jordan University of Science and Technology. Patients
attending the urology or assisted fertilization clinics
at King Abdullah University Hospital (KAUH) were
invited to the study and were formally consented upon
enrolment. Participants were eligible for inclusion in
the study if they were males of Arab descent, and aged
20 to 45 years old. Arab descent was set as an inclusion
criterion to eliminate any confounding factors related
to racial differences in the metabolism of vitamin D.
Patients with chronic diseases known to interfere with
vitamin D absorption, and men who receive vitamin D

supplements regularly or have allergy towards vitamin
D were excluded.

Baseline Evaluation

Consented participants were first interviewed
by a trained research assistant for a thorough clinical
evaluation. History included items like demographics
(age, occupation), past medical, surgical, and
medication history. The attending urologist at KAUH
performed a thorough physical examination to report
any testicular and/or post-testicular causes of male
infertility. Thereafter, peripheral blood samples were
obtained from all subjects for measurement of serum
vitamin D levels (25(OH) vitamin D). An enzyme
linked immunosorbent assay (ELISA) kit (Cobas®,
ROCHE) was used, according to the manufacturer’s
recommendations. Serum vitamin D levels were
classified according to the Food and Nutrition Board
criteria (18) as: vitamin D deficient (<12 ng/mL),
vitamin D insufficient (12-20 ng/mL), or vitamin
D sufficient (>20 ng/mL). Participants were then
instructed to provide a semen sample by masturbating
after at least 48 hours of sexual abstinence for a baseline
semen fluid analysis (SFA).

Stratification of Subjects

Based on the baseline evaluation, participants
were stratified into the following three experimental
groups, according to a set of inclusion and exclusion
criteria for each group:

Normal Controls (n = 30): healthy male
volunteers, who showed normal semen quality in
baseline SFA, according to the most recent WHO
criteria in 2010.

Idiopathic Infertility Group (n = 67): males
who were recently diagnosed with male-factor
infertility of idiopathic origin, with normal follicular
stimulating hormone and testosterone levels within the
last 12 months, and who were found to have one or
more abnormalities in the baseline SFA despite normal
urological exam were included in this group. Based on
the WHO criteria in 2010 (1, 19), abnormal semen quality
was defined as: sperm concentration < 15 million/mL,
total sperm motility < 40%, sperm progressive forward
motility < 32%, or normal sperm morphology < 4%.
Patients with confirmed diagnosis of germ cell aplasia,
total or partly obstructive oligospermia, azoospermia,
and those on drug therapy affecting fertile capacity (e.g.
chemotherapy, potassium-sparing diuretics, calcium
channel blockers), in addition to men who underwent
vasectomy procedure were excluded from this group.
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Secondary Infertility Group (n =20): males who
were recently diagnosed with male-factor infertility of
explained origin, namely varicoceles, and underwent a
corrective surgery (varicocelectomy) at least 6 months
prior to enrollment, however, showed normal semen
quality in baseline SFA were included in this group.
This group was studied as a second control group for
idiopathic infertility cases besides the normal controls,
to theoretically strengthen the possible evidence of
a cause-effect relationship between idiopathic male
infertility and serum vitamin D levels.

Vitamin D Intervention Cohort

Patients in the idiopathic infertility group who
were found to have insufficient or deficient baseline
vitamin D levels were subsequently treated with vitamin
D3 tablets, 5,000 IU, once daily for 2 consecutive
months, according to the recommended dosing regimen
of the American Board of Family Medicine in 2014
(20). At the end of the intervention period, treated
patients were recruited again for repetition of both SFA
and serum vitamin D levels.

Statistical Analyses

Comparison of baseline vitamin D levels between
the three experimental groups was analyzed using One-
way Analysis of Variance (ANOVA) with Dunn’s
Multiple Comparison post-hoc test. Nonparametric
paired student t test with Wilcoxon matched-pairs

signed rank test were used when comparing vitamin D
levels and each of the semen quality parameters before
and after treatment. Spearman Approximation test was
used to examine the effectiveness of pairing of pre-post
treatment readings. When testing for correlation between
vitamin D levels and semen quality parameters, data were
analyzed by Spearman nonparametric correlation test,
using 95% confidence interval. Statistical significance
was set at p <0.05. Data were analyzed using the
GraphPad Prism 5 software (GraphPad Software, Inc.,
San Diego, CA, USA).

RESULTS

A total of 117 subjects participated in the
study. Table 1 illustrates the general demographic
and clinical characteristics of participants. According
to the baseline evaluation, participants were assigned
into the following experimental groups: 1- Controls
(n= 30); 2- Idiopathic infertility patients (n= 67), who
were then classified according to their baseline serum
vitamin D results into: (a) low vitamin D (<20 ng/mL,
n= 45) and (b) normal vitamin D (>20 ng/mL, n= 22).
3- Secondary infertility patients (n= 20). Idiopathic
infertility patients with low baseline serum vitamin D
(n=45) constituted the intervention cohort in the study.
Only 34 of those were successfully recruited again after
completion of the treatment, as 11 patients were lost to
follow up.

Table 1. Description of demographic and clinical characteristics of study subjects. Values are expressed as means * standard errors of the

Morphology after treatment (%)

8.176 +0.9417

mean (SEM)
Idiopathic
Control Low D Normal D Secondary
Sample size n=30 n=45 n=22 n=20
Age (years) 26.93 +1.277 31.93 +£0.7838 28.75 +1.405
- - 0, 0, 0
Income (<300, 300-600, 6001000, (7%, 33%, 13%, 150/ 7300 704 494)  (32%, S0%, 9%, 9%)  (25%, 55%, 5%, 15%)
>1000) 7%)
Smoking (r;i\j:rrnsor:;)rl;ed, smoker, (53%, 40%, 7%) (38%, 51%, 11%) (41%, 45%, 14%) (50%, 50%, 0%)
Baseline vitamin D level (ng/mL) 21.27+1.729 12.56 £ 0.7800 23.55+1.119 2591+ 1.415
Vitamin D level after treatment ) 38.45 + 1.464 ) )
(ng/mL)
Baseline sperm concentration 61.77 +7.538 20.94 + 4.270 15.58 +2.623 61.05 +8.103
(million/mL)
Sperm concentration after
treatment (million/mL) ) 25.15=4.892 i )
Baseline progressive motility (%) 48.37+2.330 17.80 +1.936 15.43 £2.644 45.35+3.089
Progressive motility after
treatment (%) - 27.94 +3.533 - -
Baseline total motility (%) 53.50 +2.350 25.40+£2.153 21.74 £2.874 52.85+2.924
Total motility after treatment (%) - 35.76 £3.611 - -
Baseline Morphology (%) 14.63 +1.031 6.556 = 0.6494 7.091 +1.374 20.45 +2.083
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Figure 1. Comparison between serum levels of vitamin D at baseline
in the 3 experimental groups; control, idiopathic male infertility, and
secondary male infertility. *, p< 0.05 versus idiopathic male infertility.

Baseline serum vitamin D

As illustrated in Figure 1, patients with
idiopathic male infertility recorded significantly
lower serum levels of vitamin D at baseline (mean=

(A) Progressive Motility

r=0.2827
80+ . p =0.0020
°
60 ° .o e ". .
% 40+ “ ‘.: ! Y 0: .
[ ) [ ]
20 " ... H
‘.. 3 o [ ]
0 . . .
0 10 40 50
Vltamln D (nglmL)
(C) Concentration
r=0.2428
2501 p =0.0084
200- °
=
E504{ o o
c
k=) ®
= 100- * o» °
E ; ’. [ o o
50  "Pal® oo o2 3
° ’. ® i
0- o9 O ° °

Vitamin D (ng/mL)

15.89+0.8427), when compared to controls (mean=
21.27+1.729, p <0.0001), as well as patients with
secondary male infertility (mean= 25.91%1.415,
p <0.0001). Intriguingly, there was no significant
difference in baseline vitamin D levels between the
control and secondary infertility groups (p >0.05).

Analysis of correlation between vitamin D
and semen quality parameters

To identify the predictive value of serum
vitamin D in male fertile capacity, we ran a set of
correlation analyses between each of the semen quality
parameters and baseline vitamin D levels in the whole
study population (n=117). All of the tested relationships
showed a statistically significant correlation (Fig.
2). Correlation results included: sperm progressive
motility (p= 0.0020, r= 0.2827, Fig. 2A), sperm
total motility (p= 0.0052, r= 0.2569, Fig. 2B), sperm
concentration (p= 0.0084, r= 0.2428, Fig. 2C), and
sperm morphology (p= < 0.0001, r= 0.3554, Fig. 2D).
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Figure 2. Correlation between baseline serum levels of vitamin D and semen quality parameters; (A) progressive motility, (B) total motility,
(C) concentration, and (D) morphology in all study population (n=117). r represents Spearman correlation coefficient.
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Figure 3. (A) Comparison between serum levels of vitamin D in the intervention cohort of idiopathic infertility patients before and after
vitamin D treatment. (B-E) Comparison between (B) progressive motility, (C) total motility, (D) sperm concentration, and (E) morphology
of semen parameters in the intervention cohort of idiopathic infertility patients before and after vitamin D treatment. *, p<0.001 versus

before treatment values.

Changes in semen quality parameters after
treatment in the intervention cohort

Patients in the idiopathic infertility group with
low baseline vitamin D levels were treated with vitamin
D3 tablets for 2 consecutive months. As shown in
Figure 3A, post-intervention vitamin D levels (mean=
38.45+1.46 ng/mL) were significantly higher (p <0.001)
than those before the treatment (mean= 12.56+0.78
ng/mL), indicating the adequacy of the treatment.

Changes in the semen quality parameters between
baseline and post-treatment SFAs were analyzed. Pairing of
pre- and post-treatment values was significantly effective
in all semen quality parameters. There was a statistically
significant improvement in both sperm progressive
forward motility (p= 0.0006, percent increase= 57%,
Fig. 3B), and total sperm motility (p= 0.0006, percent
increase= 38.66%, Fig. 3C) after vitamin D restoration.
However, both sperm concentration (p= 0.1761, percent
increase= 21.26%, Fig. 3D) and morphology (p= 0.079,
percent increase= 23%, Fig. 3E) were not significantly
improved after such therapeutic intervention.

Analysis of correlation between vitamin D and
semen quality parameters in the intervention cohort

To better understand the type of relationship
between vitamin D and idiopathic male infertility in
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particular, we ran a set of correlation analyses between
each of the semen quality parameters and vitamin D
levels before (n=45) and after (n= 34) treatment. None of
the tested relationships showed a statistically significant
correlation, both before and after the therapeutic
intervention (Fig. 4).

DISCUSSION

To the best of our knowledge, this study is the
first of its kind to demonstrate the effect of vitamin D
supplementation on seminal fluid parameters in males
who suffer from idiopathic infertility. The major
highlights of this clinical trial are: (a) patients with
idiopathic male infertility showed significantly lower
serum levels of vitamin D at baseline, when compared
to controls, as well as patients with secondary infertility;
(b) the therapeutic intervention utilized in this study;
oral vitamin D tablets, 5,000 IU, daily for two months,
was sufficient to induce a statistically significant
improvement in both sperm progressive forward motility
and total motility; and (c) while baseline serum vitamin
D significantly correlated with each of the semen
quality parameters in the whole study population when
results were pooled, the correlation ceased to exist upon
selecting those with idiopathic male infertility alone.
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Figure 4. Correlation between serum levels of vitamin D and semen quality parameters; (A) progressive motility, (B) total motility, (C)
concentration, and (D) morphology BEFORE and AFTER treatment in the idiopathic infertility intervention cohort. r represents Spearman

correlation coefficient.

Infertility harbours massive psychosocial
burdens among young people and is one of the major
stressors according to a recent study in 2016 (21).
Male-factor infertility is incriminated in at least one
third of infertility cases (22). Unfortunately, the most
common type of male infertility is idiopathic (2),
with no definitive etiology recognized. Such lack
of understanding of the pathogenic mechanisms in
these cases imperatively translates into debatable
clinical practice with no clear-cut scientific evidence
(6). Substantial in vitro (23), preclinical (14-16, 24,
25), and clinical evidence (7, 13, 17, 26) supports the
association between vitamin D and male infertility.
However, there are no clinical trials exploring the
effect of vitamin D supplementation on idiopathic male
infertility in particular; a fact that merits our study.

Our study revealed significantly lower
levels of serum vitamin D in patients with idiopathic
infertility than in both healthy fertile men and patients
with secondary infertility. Such finding is partially
congruent with what Blomberg et al. found in a large
cross-sectional study in 2011, where men with vitamin
D deficiency had a lower proportion of motile and
morphologically normal spermatozoa compared to
men with high vitamin D levels (13). Although this
study utilized a good sample size to power the results,
the sample was obtained from the general population,

and it was not specific to a particular group of infertile
patients. Accordingly, our study is the first clinical trial
to compare serum vitamin D levels between idiopathic
and secondary infertility patients against healthy fertile
controls.

Furthermore, the significant correction of both
progressive and total sperm motility observed in the
intervention cohort after treatment is a novel finding in
human male infertility, supporting the reported direct
effects of activated vitamin D in vitro and in animal
models. On the other hand, trends of improvement
of both sperm concentration and morphology were
not statistically significant in our study. This is in
disagreement with a study that showed vitamin
D-deficient and vitamin-D receptor knock-out mice
recording significantly lower sperm numbers than
controls (14, 25, 27). This conflict and the lack of an
association between vitamin D status and human sperm
production can be possibly interpreted by the long
duration of human spermatogenesis (74 days) compared
to rodents (9 — 11 days) (28). So, this duration that is
required for generation of new sperms should be kept in
mind if vitamin D supplementation is recommended in
future treatment protocols of idiopathic male infertility.
The positive correlation between pooled baseline
vitamin D levels and each of the semen quality
parameters is parallel to what was found in recent
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studies (13, 17). On the contrary, when we studied the
correlation between serum vitamin D levels and semen
parameters in the intervention cohort, we found no
correlation between vitamin D levels and any of the
semen quality parameters before and after intervention.
This could indicate that male infertility is not a
homogeneous entity. Thus, a well-guided stratification
of infertile patients in future diagnosis, management,
and follow-up plans is highly recommended.

Our study manifests several limitations. First,
the sample size of our trial might not be sufficient.
This shortage can be due to the study design itself,
as we specified our study subjects according to strict
inclusion and exclusion criteria. Furthermore, 11
patients were unfortunately lost to follow-up from the
total intervention cohort after completion of treatment.
Second, our clinical trial did not confirm the effect of
vitamin D on fertility rates. This is seen as a limitation
of the study because semen analysis itself is not an
absolute indicator of fertility. However, following
pregnancy rates and successful fertility outcomes needs
a long-term cohort, which we are currently planning.
Lastly, it was inevitable to enroll patients and study
subject over a year-long period, spanning the four
seasons. Unfortunately, we were unable to avoid the
well-documented seasonal variations of vitamin D
levels (29); a problem we would take into consideration
in our subsequent long-term cohort.

In conclusion, the data presented in this study
suggest a beneficial effect of vitamin D supplementation
on semen quality parameters in a subset of idiopathic
male infertility cases with low serum vitamin D levels,
most notably on sperm progressive forward motility
and total motility. Accordingly, standard treatment
protocols of idiopathic male infertility patients should
consider vitamin D supplements as an adjunct to other
recommended therapeutic options.
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