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Synopsis: Vitamin D supplementation in deficient
females improves the clinical pregnancy rate vitamin D
deficient females undergoing ICSI cycles

Randomized clinical trial

Abstract

Objective : to determine the effect of vitamin D (VD)
supplementation on ICSI outcome in vitamin D deficient
females.

Methods: A randomized controlled trial was done in IVF
unit of Cairo University from July 2017 to Mach 2021. Level
of VD was measured (females with level below 30 ng/ml
were eligible). 400 VD deficient (or insufficient) females
randomly allocated to 2 groups; VD supplementation
(group 1) and non-supplemented group (group 2). Outcome
data were analyzed for 187 participants in group 1 and for
186 in group 2. Regression analysis was done to calculate
the Odds ratio (OR) for the primary outcome (clinical
pregnancy rate, CPR) adjusting for confounders (age, BMI,
type and cause of infertility). The study secondary outcome
were the fertilization and the implantation rates.

Results: Group 1 had higher fertilization (86% vs 64%,
difference of 18%; 95%CI; 14%, 21%, p<0.01) and
implantation rates (27% vs 17%, difference 10%; 95%CI
4%, 16%, p<0.01). CPR was higher in groupl (83/187,
44% vs 63/186, 34%, difference of 10%, 95%CI; 1%, 20%;
p=0.03). After adjustment, the Odds ratio for pregnancy in
group 1 was 2.1 (95%CI: 2.1, 3.3, p=0.01), Conclusion:
VD supplementation increases the clinical pregnancy,
fertilization and implantation rates in ICSI cycles.

ClinicalTrial.gov Registration number: NCT03209856.

Introduction

In the last decade, a large body of evidence highlighted
the importance of vitamin D (VD) in female reproduction.
VD has been suggested to have important roles in fertility
and throughout pregnancy (1-3). However, the interest for
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its possible effect on the IVF/ICSI outcome
was recent (4,5).

Vitamin D receptors (VDR) mRNA was
shown to be expressed not only in the
calcium regulating tissues, but also in the
ovary, uterus and pituitary (6). Also, 1 a
hydroxylase (responsible for peripheral
tissue activation of VD) was identified in the
ovary and endometrium (7). This distribution
of VDR and 1 a hydroxylase suggests an
important role of VD in female reproduction
(8). Calcitriol also enhances the release of
human chorionic gonadotropin (HCG) in the
syncytiotrophoblast and the expression of
HOXA10 (important in endometrial growth
and development essential for endometrial
receptivity) (9,10).

A relation between VD deficiency and
some fertility problems was suggested in
the past few years. That deficiency was
related to insulin resistance in polycystic
ovarian syndrome (PCOS) (11). Moreover,
an association between higher body mass
index (BMI) and VD deficiency was shown
by some investigators, (12). Therapeutic
efficacy of VD supplementation was found
improve insulin resistance in females with
PCOS,(13).

Some recent studies have found a correlation
between VD deficiency and poor IVF/ICSI
outcomes (5,14). However, randomized
controlled trials (RCTs) for assessment of
the effect of VD supplementation on fertility
outcomes in assisted reproductive techniques
(ART) cycles are scarce (15).

Therefore, we aim in this study to evaluate the
effect of treatment of VD deficiency (through
VD supplementation for 8 weeks before the
start of ICSI cycles) on fertility outcome after
ICSI trials. To the best of our knowledge, this
is the first big RCT addressing this issue.

Material and methods

The study was conducted in the IVF unit of
department of Obstetrics and Gynecology,

Cairo University from July 2017 to March
2021. Approval of the local ethical committee
was taken. Informed consents were taken
from participants and the ethical standards
of Declaration of Helsinki were followed.
The trial was registered in ClinicalTrial.
gov Registry (NCT03209856) and reporting
of the study conformed to CONSORT
guidelines (16).

The study participants were VD deficient
females undergoing ICSI trial in the age of 20
to 35 years. Serum 25 hydroxy VD (25 (OH)
VD) was assessed by ELISA test (25-OH
Vitamin D3/D2, ORGENTEC Diagnostika
GmbH, Mainz, Germany). Accordingly if
they are deficient or insufficient in VD ((25
(OH) VD < 30 ng/ml), (17)), they were
eligible for the study. Patients with poor
prognostic factors namely; endometriosis
or previous repeated failure were excluded
from the study.

The serum 25 (OH) VD was chosen for
assessment of VD deficiency as the activation
of VD occurs peripherally thus the serum
active form (calcitriol; 1,25 dihydroxy VD)
does not represent the actual VD status (18).

400 VD deficient women were randomly
allocated to either one of two groups.
Blocked randomization (block size of 4 and
6) was chosen with a ratio of 1:1 between
the 2 groups. The decision for the participant
to be in group 1 or 2 was written in sealed
envelopes which were opened when the
patient is eligible to participate in the study
(i.e. shown to be VD deficient by serum level).
The first group (Group 1; VD supplemented
group) took 50,000 [U VD orally/week (17)
(10,000 IU daily VD for 5 days a week) for 8
weeks before the start of ICSI cycle (Vitamin
D, Solaray, Park city, UT, USA). The second
group did not take VD supplementation.

Ovarian stimulation was accomplished using
antagonist protocol. Follicular stimulation
started on the second or third day of the cycle
by daily SC 150 to 300 ITU HMG (Merional,
IBSA, Lugano, Switzerland). The choice
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of the HMG dose was according to female
age, BMI, antral follicular count (AFC) and
previous response to stimulation (if present).
Daily SC 0.25 mg cetrorelix (Cetrotide,
Merck Serono, Darmstadt, Germany) started
on the fifth day of stimulation. The first
folliculometry visit was after 5 days from the
start of stimulation then the visits were every
other day. Ovulation trigger was done when
at least 2 to 3 follicles >18 mm were present.
Ovum pick up (OPU) was done 35-36 hours
after the trigger injection. Embryo transfer
was done on day 3 from OPU. If there were
4 or more top quality embryos on the third
day the transfer was delayed to the fifth day
(as per our IVF unit protocol). Progesterone
(Cyclogest, Actavis, Barnstaple, UK) in the
form 400 vaginal suppositories were taken
twice daily from the evening of the day of
OPU for two weeks and were continued
throughout the first 10 weeks of pregnancy
(if it occurred). Serum quantitative B-HCG
was done 15 days from the day of ovum pick
up. Clinical pregnancy was confirmed if a
gestational sac was evident by transvaginal
ultrasound done 4 weeks after embryo
transfer.

Fertilization rate was calculated by dividing
the number of 2 pronuclear fertilized oocytes
by the total number of sperm injected mature
ova (MII oocytes), while implantation rate is
the number of gestational sacs divided by the
total number of transferred embryos.

Clinical pregnancy rate is considered the
primary outcome while the fertilization
rate and the implantation rate are the study
secondary outcome.

Sample size calculation was based on
comparison of the clinical pregnancy rate
(CPR) as the primary outcome between
group 1 (vitamin D deficient group who
took vitamin D supplementation) and
group 2 (deficient group who will not take
the supplementation). Previous data (19)
suggested that a pregnancy rate of 41% in
vitamin D deficient women following IVF/
ICSI cycles. We set the clinical significant

difference at 15% the alpha error at 0.05,
power at 80% and dropout rate at 10%
(cancelled cycles or lost for follow up). Thus
we needed 200 participants in each arm.
Sample size calculation was done using IBM
SPSS SamplePower software, release 3.0.1
(IBM Corp., Armonk, NY, USA).

Statistical analysis: description of data was
in the form of mean (SD), or count (%)
according to the data type. Comparison of
data between groups was done by t-test, Chi-
Square and Fisher test. A logistic regression
analysis was done to assess the effect of
Vitamin D supplementation on CPR after
adjustment for possible confounders; namely;
age, BMI, type of infertility and cause of
infertility. Statistical analysis was done as
an intention to treat analysis. Nevertheless,
it was the same as per-protocol analysis (all
participants followed the allocated group).
Statistical analysis was done using SPSS
software, version 23 (IBM Corp., Armonk,
NY, USA).

Results

Figure 1 shows the Consort flow chart of
the study population. 701 females referred
to IVF clinic were screened for eligibility
for the study. 80 cases were excluded before
testing for vitamin D status due to presence
of endometriosis or repeated IVF failure.
Another 176 cases were excluded after
assessment of serum vitamin D for being VD
sufficient. 45 females declined to participate
in the study. 200 VD deficient participants
were allocated to each arm of the study;
group 1 (VD supplemented) and group 2
(VD non-supplemented). 13 and 14 cases
were excluded in data analysis from group
1 and group 2 respectively due to cycle
cancellation or patients being lost in follow
up after embryo transfer (Figure 1).

The two study groups had similar clinical
characteristics; namely; age, BMI, type of
infertility (primary or secondary), duration
of infertility and cause of infertility. They
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also have similar VD level (before starting
VD supplementation to group 1), (Table 1).

Regarding the ICSI cycle outcomes, group
1 had improved fertilization, implantation
and pregnancy outcomes in comparison to
group 2. Although, the number of retrieved
oocytes were similar, the number of mature
ones were higher in group 1 (6.4 £ 3.3 vs
5.6 £ 1.9, difference of 0.8, 95%CI; 0.2,
1.4, p<0.01). Similarly, group 1 had higher
number of fertilized oocytes (5.3 + 3.1 vs
3.5 + 1.4, difference of 1.8; 95%CI; 1.3, 2.3,
p<0.01) and higher fertilization rate (86% vs
64%, difference of 18%:; 95%CI; 14%, 21%,
p<0.01). The number of top quality embryos
were also higher in group 1 (3.8 +2 vs 3.4
+1.4, difference of 0.4; 95%CI; 0.1, 0.8,
p=0.01). Group 1 had higher chance of day 5
embryo transfer (55% vs 40%) due to higher
number of good quality embryos. In most
participants of both study groups; 2 embryos
were transferred (94% vs 95%). Single
embryo transfer was done to the remaining
participants (as they had only one transferable
embryo). This is because the local protocol
of the IVF unit implies 2 embryo transfer
whenever possible. The implantation rate
was also higher in the VD supplemented
group (27% vs 17%, difterence 10%; 95%CI
4%, 16%, p<0.01). (Table 2)

Clinical pregnancy rate (the study primary
outcome) was higher in VD supplemented
group (83/187, 44% vs 63/186, 34%,
difference of 10%, 95%CI; 1%, 20%;
p=0.03), (Table 2). After adjustment for
possible confounders in regression analysis,
the Odds ratio for pregnancy in group 1 was
2.1 (95%CI: 2.1, 3.3, p=0.01), (Table 3)

Discussion

In the present study, we evaluated the effect
of VD supplementation on ICSI outcome
in VD deficient females. Recently, the was

increasing interest in finding correlation
between VD deficiency and various infertility
causes and poor pregnancy outcomes after
assisted reproductive techniques (4, 14, 20).
However, little is known about the effect of
vitamin D supplementation on ICSI outcome
(13).

In the present randomized controlled trial,
clinical pregnancy rate was significantly
higher in VD supplemented group. This
result may be due to the positive effect of
VD on various aspects of fertility at the
pituitary, ovary and endometrial receptivity
level (4). These effects probably explains the
higher number of fertilized oocytes, higher
fertilization and implantation rates.

A recent study has found similar higher
pregnancy rates in PCOS females undergoing
IVF cycles (after vitamin D supplementation
in deficient cases) (13). To the best of our
knowledge till now, this is the first big
randomized controlled trial assessing the
effect of VD supplementation on pregnancy
outcome in females undergoing ICSI cycles.

Nevertheless, this study has its limitation.
We could not assess the livebirth rate in
the study groups which is the best tool for
evaluation of pregnancy outcome in ICSI
cycles. This limitation arise from the fact that
our pregnant patients are hard to follow up.
Moreover, most of our patients are from far
areas. That is why if we assess the livebirth
rate, the expected high dropout rate will affect
the accuracy of results. So, we preferred the
clinical pregnancy rate to be the primary
outcome of the study.

In conclusion; VD supplementation in
deficient females undergoing ICSI cycles
increases the clinical pregnancy rate,
fertilization rate and implantation rate. And
in the view of this conclusion, Vitamin D
supplementation is recommended in deficient
cases to improve ICSI outcome.
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Table (1): Clinical and laboratory characteristics of the study groups.

Group 1(Vitamin  Group 2 (non-sup-

Difference be-

Characteristic D supplemented)  plemented with tween groups P-value
n=187 Vitamin D) n=186 (95%CI)

Age (years) 30.1+4.2 29.6 £3.5 0.4 (-1.3,1.2) 0.3
Body mass index 29245 29.6+3.6 -0.4 (-1.3,0.4) 03®
Type of infertility NS 0.1°
Primary 132 (71%) 117 (63%)
Secondary 55 (29%) 69 (37%)
Duration ofinfertil- 5, , 5 5 48423 204 (-0.1,0.8) 020
ity (years)
Cause of infertility NS 0.8°
Male 45(24%) 44 (23%)
Ovulatory 46 (24%) 42 (22%)
Combined factors 43 (22%) 48 (25%)
Tubal factor 37 (20%) 35 (19%)
Unexplained 16 (9%) 17 (9%)
Vitamin D level 13846 1476 0.9 (2.2, 0.4) 02+
(ng/ml)

Values are in the form of mean = SD, or count (percent). NS, non-significant. * , T-test.
® Chi-Square test. CI; confidence interval

Table (2): ICSI cycle outcome in the study groups.

Group 1(Vita-  Group 2 (non-sup- Difference
Characteristic min D supple- plemented with ~ between groups P-value
mented) n=187 Vitamin D) n=186 (95%CI)
Retrieved oocytes 8.7+3.8 8.1+1.8 0.6 (-0.01, 1.2) 0.05
Number of mature oocytes 6.4+33 56+1.9 0.8(0.2,1.4) <0.01"
Fertilized oocytes 53+3.1 35+1.4 1.8 (1.3,2.3) <0.01"
Fertilization rate? 83% 64% 18% (14%, 21%) | <0.01"
Number of top quality em- .
bryos (1 and 2) 3.8+2 34+1.4 0.4 (0.1, 0.8) 0.01
Day of transfer (after ovum
pickup)
Day 5 103 (55%) 74 (40%) .
15% (5%, 25%)° | 0.01
Day 3 84 (45%) 112 (60%) 0 (5%, 25%)
Embryo transfer
2 embryos 178 (95%) 178 (95%) NS 0.8
Single embryo 9 (5%) 8 (5%) '
o V)
Clinical pregnancy rate 83 (44%) 63 (34%) 10.5% (1%, 1 3+
20.3%)
Implantation rate® 27%(97/365) 17% (63/364) 10% (4%, 16%) | <0.01
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Values are in the form of mean = SD, or count (percent). NS, non-significant. CI; confidence
interval. a ,fertilization rate was calculated by dividing the number of fertilized oocytes by
the total number of sperm injected mature ova. b , difference was calculated in percentage of
females who had day 5 transfer. ¢ , Implantation rate is the number of gestational sacs divid-
ed by the total number of transferred embryos.

Table (3): Logistic regression for testing the effect of vitamin D supplementation on
clinical pregnancy rate adjusting for possible confounders (age, BMI, type of infertili-
ty; primary or secondary and cause of infertility).

Study group Odds ratio (95%CI)* | P-value

Vitamin D supplemented group versus Vitamin D non-supple- 2.1(13103.3) 0.01*
mented group

2 the odds of having versus non-having pregnancy after ICSI cycle. * ; indicates signifi-
cance. CI; confidence interval

Figures

Figure 1 Consort flow chart of the study population

( Enrollment ) Assessed for eligibility (n= 701). A total
of 701 women attending our infertility

center were assessed for presence of
Excluded (n=301)

» Not meeting inclusion criteria

(patients with endometriosis; n= 30,

females with previous repeated

implantation failure; n=50, and females
Randomized (n= 400) who had sufficient vitamin D status; 176 )

( Allocation )

Y A

Allocated to vitamin D supplementation group (n= 200) Allocated to control group (n= 200)
« Received allocated intervention (n= 200 ) « Received allocated intervention (no vitamin D

supplementation) (n= 200 )

( Follow-Up )

A

9 ICSI cycles were cancelled (no response to stimulation; 11 ICSI cycles were cancelled (no response to stimulation;
n=2, no oocytes retrieval; n=3, no fertilization; n=2; freeze n=4, no oocytes retrieval; n=2, no fertilization; n=3; freeze
all strategy for fear all strategy for fear
( Analysis )
A
Analysed (n= 187) Analysed (n= 186)

Egypt.J.Fertil.Steril. Volume 27, Number 2, March 2023 23



