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 The concentration of vitamin D in the follicular fluid was found to have a 

positive impact on the outcome of assisted reproductive technology (ART) 

by the intra cytoplasmic sperm injection (ICSI) among infertile women. 

This descriptive follow up study aimed to correlate follicular fluid vitamin 

D and serum estradiol hormone levels in to the success rate in (ART) by 

(ICSI). In this study, total of (100) infertile females. Blood and follicular 

fluid samples were taken from all participants for IVF-ICSI (on the day of 

HCG administration), and then the levels of serum Estradiol and follicular 

fluid 25-OH vitamin D were measured. The number and quality of oocytes, 

number of fertilized oocytes and clinical pregnancy were also evaluated. 

The serum Estradiol levels were measured by immunoenzymatic assay 

using the commercial ELISA kit, while the 25-OH vitamin D levels in the 

follicular fluid was evaluated by competitive chemiluminescnce method. 

Follicular fluid 25-OH vitamin D levels significantly affected (ICSI) 

outcomes with a mean of (16.6±1.78). The serum Estradiol levels also 

showed significant effects on (ICSI) levels with a mean of 

(2874.4±358.91), the grade (2) quality of oocytes showed statistical 

significance with a mean of (6.7±1.11) at (p=0.0001), while age, BMI, 

grades (1,3,4) oocyte qualities showed no significant effects. Higher levels 

of 25-OH Vit D in follicular fluid among patients undergoing ICSI/IVF 

along with high levels of serum estradiol yielded larger number of aspirated 

oocytes and fertilized oocytes and even better embryo quality and hence led 

to more success in ART pregnancy outcomes. 

 

 

 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. INTRODUCTION 

Infertility is defined as one year of unprotected intercourse without pregnancy. This condition may be further 

classified as primary infertility, in which no previous pregnancies have occurred, and secondary infertility, in 

which a prior pregnancy, although not necessarily a live birth, has occurred. About (90%) of couples should 

conceive within 12 months of unprotected intercourse [1]. Infertility is a common condition, affecting (10-

15%) of reproductive-aged couples. Although the prevalence of infertility is believed to have remained 

relatively stable during the past (40) years, the demand for infertility evaluation and treatment has increased 
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[2]. A decrease in fertilization has been documented in IVF cycles performed in couple with unexplained 

infertility, suggesting gamete defects as potential causes of unexplained infertility, Absence of fertilization 

has been shown in a prospective study in couples with unexplained infertility and mild endometriosis 

undergoing IVF/ICSI after four failed intrauterine insemination cycles [3]. Recent findings suggested a 

significant implication of Vit.D in different physiologic processes, such as vascular health, immune function, 

metabolism, and placental function in the attempt to draw the attention on the effect of Vit. D on female 

reproductive health [4]. Today, vitamin D is thought to have multiple functions beyond its role(s) in bone 

health. The vitamin D nuclear receptors (Vit.DR) have been identified in numerous tissues including organs 

involved in reproduction and infant growth such as the ovary, testis, placenta and mammary gland [5]. 

Accumulating evidence from animal and human studies suggests that vitamin D is involved in many functions 

of the human reproductive system in both genders due to its role in ovarian steroidogenesis, and recent 

evidence has shown an effect of vitamin D on uterine receptivity [6]. 

 

Vitamin D may play a role in human spermatogenesis. The favorable effect of 25(OH) on human spermatozoa 

has been shown in vitro [7]. Assisted conception is the facilitation of natural conception by some form of 

scientific interventions, it is used to achieve pregnancy by artificial means [8]. Types of (ART) include in 

vitro fertilization (IVF) which involves surgical removal of the mature oocyte from the ovary and fertilization 

by sperm in the laboratory [9]. Intra Cytoplasmic Sperm Injection [ICSI] is when an individual, 

morphologically normal, sperm is immobilized by ‘striking’ the tail injected into a mature oocyte that has 

had its surrounded cumulus and corona cells removed [10]. Women with higher levels of 25 (OH) vit D in 

follicular fluid and serum had significantly higher clinical pregnancy rates following IVF, and high vitamin 

D levels were significantly associated with better parameters of controlled ovarian hyperstimulation [11]. 

Some couples fail repeatedly after transferring good quality embryos without any obvious reason and this 

becomes a major continuing problem after IVF/ICSI procedures. It can be speculated that in these couples, 

insufficiency of the endometrium might be a possible reason for implantation failure [12]. It is well 

established that the biological effects of estradiol are mediated by high-affinity intracellular estrogen 

receptors (ERs) within the target cell. It is well documented that estradiol induces uterine growth (hypertrophy 

and hyperplasia) and the expression of protooncogenes, which may play a role in estradiol-induced cell 

growth and proliferation. In uterine cells, treatment with estradiol rapidly increases the steady-state 

expression of N-myc, c-myc, c-ras, and c-fos mRNA [13]. 

 

2. Methods 

Our descriptive follow-up study was carried out in Um-Al-Baneen fertility center at Al- Imameen Al-

Kadhmein medical city and the High institute for fertility diagnosis and assisted reproductive technology in 

Baghdad/Iraq on (100) infertile women aged (25-30) years at the first (ART) cycle during the period from the 

1st April 2016 to 30th September 2017. The study is approved by the supervising committee of Arabic Board 

Obstetrics and Gynecology. The nature of the study was explained to all patients and only those who agreed 

to participate were registered and verbal consent was taken from them. The inclusion criteria included male 

factor infertility, ovulatory dysfunction, tubal obstruction and unexplained infertility, while the exclusion 

criteria included endometriosis, immunological diseases, endocrinological disorders like DM and thyroid 

diseases, patients taking drugs interfering with vit D metabolism, previous ART cycle and patients with 

cardiac, renal, liver, bone and inflammatory diseases. All samples of follicular fluid taken to measure 25-OH 

Vit D level were centrifuged and stored at-20oC then were tested by competitive chemiluminescence 

immunoassay in which the light signal is measured by photomultiplier within 3 seconds which is inversely 

proportional to the concentration in samples. For measuring serum E2 levels, venous blood samples were 

collected and centrifuged within 20 minutes, and serum samples were stored at room temperature for 8 hours 

and tested by immunoenzymatic assay. From each patient, a detailed history was taken and the height and 
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weight were measured, the BMI was calculated by dividing weight (kg) by height (m2), abdominal and pelvic 

examinations were done and baseline investigations for hormonal E2 assay and Tv/US were done. According 

to indications, patients entered ovulation induction cycles with antagonist protocols. 

 

Then after (35) hours Transvaginal-guided ovum pick up done then aspirate was handled to the embryologist, 

then after isolation of oocytes, follicular fluid sample was taken then centrifuged for 15 minutes and stored 

at -20oC to measure the level of 25-OH vitamin D later on. Oocytes were graded into (4) groups: Grade (1): 

normal perivitelline space with fragmented first polar body, Grade (2): normal perivitelline space with intact 

first polar body, Grade (3): large perivitelline space with fragmented first polar body and Grade (4): large 

perivitelline space with intact first polar body. Then number of fertilized oocytes was assessed (17) then (36) 

hours after sperm injection into the oocyte, and embryo was checked. The number and quality of embryo was 

assessed, and then (2-3) embryos were transferred to the uterus either in day (2) or day (3) or day (5) according 

to decision taken by embryologist and gynecologist for the day of embryo transfer, then discharged home 

with instructions that in case of any abnormal symptoms, patient should notify the doctor, and after (14) days 

from embryo transfer, clinical pregnancy in each patient was evaluated by B- HCG titer and TV/US along 

with continuous luteal support, and folic acid was given in antenatal care for those whose test was positive, 

pregnancy proved by TV/US gestational sac with embryo at (6) week gestation. Analysis of data was carried 

out using the statistical package SPSS version-24. The significance of difference of different means were 

tested using Students-t-test for difference between two independent means or ANOVA test for difference 

among more than two independent means. Pearson correlation was calculated to correlate between two 

quantitative variables with the t-test for testing the significance of correlation. Statistical significance was 

considered whenever the P value was equal or less than 0.05. 

 

3. Results 

Table (1) revealed that there was no significant relationship between age and serum E2 levels (p= 0.329), and 

also no significant relationship between (BMI) and serum E2 levels (p=0.373), while there was a highly 

significant relationship between (ICSI) outcome and serum E2 levels (p=0.0001). The same table showed that 

there was no significant relationship between age and follicular fluid Vit. D 25-OH levels (p= 0.474), and 

also no significant relationship between (BMI) and follicular fluid Vit. D 25-OH levels (p=0.845), while there 

was a highly significant relationship between (ICSI) outcome and follicular fluid Vit. D 25-OH levels 

(p=0.0001). 

 

Table (1): Correlation between Age, BMI and ICSI outcome with serum Estradiol and follicular fluid 25-

OH levels 

 Serum Estradiol (pg/ml) 

No. Mean±SD 

Age (years) of patients 25---29 48 2425.77±647.86 

 30---35 52 2537.55±485.31 

 P value  0.329 (NS) 

BMI (Kg/m2) BMI (24.6-30) 87 2464.17±533.06 

 BMI (30-30.79) 13 2615.90±782.82 

 P value  0.373 (NS) 

ICSI outcome Pregnant 29 2874.45±358.91 

 Not pregnant 71 2324.38±563.33 

 P value  0.0001* (HS) 

 Follicular fluid 25-OH(ng/ml) 

No. Mean±SD 
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Age (years) of patients 25---29 48 11.82±3.02 

 30---35 52 12.32±3.85 

 P value  0.474 (NS) 

BMI (Kg/m2) BMI (24.6-30) 87 12.05±3.50 

 BMI (30-30.79) 13 12.26±3.40 

 P value  0.845 (NS) 

ICSI outcome Pregnant 29 16.62±1.78 

 Not pregnant 71 10.22±1.93 

 P value  0.0001* (HS) 
 

Table (2) showed that there was a highly significant relationship between the number of aspirated oocytes 

and serum E2 levels (p=0.0001), and a highly significant relationship between the number of fertilized 

oocytes and serum E2 levels (p= 0.001). The same table also revealed that there was a significant relationship 

between the number of aspirated oocytes and FF 25-OH Vit. D levels (p=0.055), and a significant relationship 

between the number of fertilized oocytes and FF 25-OH Vit. D levels (p= 0.014). 

 

Table (2): Number of aspirated and fertilized oocytes related to serum Estradiol and follicular fluid 25-

OH(ng/ml) levels 

 Serum Estradiol 

No. of patients Mean±SD 

No. of aspirated oocytes =<6 10 2040.99±626.41 

 7 7 2582.98±479.27 

8 9 1902.77±443.75 

9 14 2212.93±343.46 

10 8 2469.61±602.75 

11 12 2619.46±564.67 

12 18 2843.61±369.16 

13 7 2867.41±259.47 

14 9 2820.06±410.03 

=>15 6 2327.50±784.09 

 P value  0.0001* 

No. of fertilized oocytes =<2 8 2026.44±675.33 

 3 8 2146.32±595.81 

4 21 2299.10±560.09 

5 23 2509.53±431.72 

6 17 2749.18±522.92 

7 17 2822.16±411.20 

=>8 6 2382.41±692.43 

P value  0.001* 

 Follicular fluid 25-OH (ng/ml) 

No. of patients Mean±SD 

No. of aspirated oocytes =<6 10 10.98±2.42 

 7 7 9.48±1.76 
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8 9 10.22±1.21 

 9 14 11.55±3.29 

10 8 13.10±3.28 

11 12 11.21±2.67 

12 18 13.26±2.98 

13 7 13.61±4.20 

14 9 14.06±5.64 

=>15 6 13.05±4.63 

P value  0.055 

No. of fertilized oocytes =<2 8 11.58±2.74 

 3 8 9.85±1.59 

4 21 10.90±2.91 

5 23 11.81±3.10 

6 17 12.27±3.40 

7 17 14.50±4.08 

=>8 6 13.44±4.55 

P value  0.014* 

*Significant difference among more than two independent means using ANOVA test at 0.05 

level 
 

In table (3), it was shown that both the age group (25-35) years and BMI of the patients had no statistically 

significant effects on (ICSI) outcome at (p=0.081) and (p=0.377) respectively, while both the numbers of 

aspirated oocytes and fertilized oocytes had highly significant effect on (ICSI) outcome. 

 

Regarding the quality of oocytes, only grade (2) oocytes showed better outcome with higher rates of 

pregnancy. Both serum E2 and follicular fluid 25-OH Vit. D levels showed statistically significant effects on 

ICSI outcome, but in clinical practice, it is more applicable to depend on FF 25-OH Vit. D level because of 

its narrower range compared to serum E2. 

 

Table (3): Statistical significance of all parameters on ICSI outcome 

Parameter ICSI outcome P value 

Pregnant Non pregnant 

No. Mean ±SD No. Mean ±SD 

Age (years) 29 30.4±2.31 71 29.5±2.20 0.081 

BMI (Kg/m2) 29 27.4±1.41 71 27.7±1.53 0.377 

Number of aspirated oocytes 29 11.8±1.76 71 9.9±2.98 0.002* 

Number of fertilized oocytes 29 5.9±1.36 71 4.7±1.71 0.001* 

Quality G1 oocytes 29 3.4±0.73 71 3.3±1.21 0.626 

Quality G2 oocytes 29 6.7±1.11 71 4.9±1.43 0.0001* 

Quality G3-4 oocytes 29 1.7±0.66 71 1.7±0.69 0.997 

Serum Estradiol(pg/ml) 29 2874.4±358.9

1 

71 2324.4±563.3

3 

0.0001* 

Follicular fluid 25-OH(ng/ml) 29 16.6±1.78 71 10.2±1.93 0.0001* 
 

4. Discussion 

Infertility is a reduced capacity of a couple to conceive after (1) year of trying. Its causes include anovulation, 
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male factor, tubal factor, cervical factor, endometriosis and unexplained infertility [14]. Epigenetic and 

environmental factors are becoming more important in the reproductive pathway [15]. Recently, 

hypovitaminosis D has been implicated as a factor to poor pregnancy outcomes and infertility [16]. The 

number of fertilized oocytes was found to be significantly related to (ICSI) outcome in our study with a 

statistical mean of (5.1±1.70). [16] hypothesized that better outcomes were shown between (6-10) fertilized 

oocytes [17]. The study done by [17] agreed with our findings [18]. Quality of oocytes according to our study 

appeared to be effective on our ICSI results only with G2 (good quality” oocyte at metaphase II stage having 

a moderately granular vacuole-free cytoplasm, thin perivitelline space, non-fragmented round polar body and 

round, homogeneous, non-dense zona pellucida). [18] agreed with our findings [19]. Serum E2 levels 

appeared significantly affecting pregnancy outcome by (ICSI) according to our results, agreed with our 

finding [20], found that serum E2 levels correlate positively with the number of aspirated oocytes, not of the 

fertilized oocytes, quality of oocytes and pregnancy outcomes [21] reported the same results [22]. 

 

In our study, there was statistically significant effect of the level of FF 25-OH vit D on predicting better 

pregnancy outcome in patients undergoing (ICSI). [11] agreed with us as they stated that women with higher 

levels of 25 (OH) vit D in follicular fluid and serum had significantly higher clinical pregnancy rates following 

IVF [12]. [22] also showed the effect of vitamin D status on pregnancy rate after IVF trial. They found that 

women with sufficient levels of serum 25-(OH) vitamin D have significantly higher clinical pregnancy 

outcome rates, but they didn't mention the relation to FF 25-OH vit D levels [23]. However, serum vit. D 

level is regarded as a clue for ovarian FF levels of vit D, while [23] didn't show a significant association 

between serum and follicular fluid 25 (OH) vitamin D level and IVF outcomes [24]. Anifandis and co-workers 

also disagreed with us and revealed in their study, that women with a sufficient follicular fluid vitamin D 

status (25 (OH) vitamin D >30 ng/ml) had a poorer quality of embryos and significantly lower clinical 

pregnancy in comparison with women with deficient or insufficient vitamin D [25]. This is probably because 

the number of patients differ from that in our study. Increased metabolism of estradiol to 2-methoxyestradiol 

within the ovary may negatively influence oocyte development. Since 2-methoxyestradiol is known to induce 

apoptosis, its increased generation may induce deleterious effects on the oocyte resulting in cell (oocyte) 

death. Taken together the above evidence, the abnormal (increased) local metabolism of estradiol to 2-

methoxyestradiol can negatively influence follicular development and may be associated with the 

pathophysiology of female infertility [25]. 

 

5. Conclusion 

From results of this study, we observed that higher levels of 25-OH Vit D in follicular fluid among patients 

undergoing ICSI/IVF along with high levels of serum estradiol yielded larger number of aspirated oocytes 

and fertilized oocytes and even better embryo quality and hence led to more success in ART pregnancy 

outcomes. 
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