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Abstract 

Vitamin D is a fat-soluble vitamin that is indispensable for the proper functioning of the human body 

due to its ability to influence the processes of calcium-phosphate metabolism, immune response, and 

cell differentiation. It has been suggested that it harms female fertility and IVF success rate with 

ovarian function, hormonal changes, and receptivity of endometrium. Therefore, Vitamin D 

deficiency and its relationship with infertility, especially among women seeking fertility treatment 

through IVF, has remained inconclusive. Purpose of the meta-analysis: Here, the writer intends to 

estimate the association between Vitamin D deficiency and female infertility, particularly with IVF 

implantation rates, pregnancy, live birth rates, and miscarriage rates. A literature search was 

performed using databases including PubMed, Scopus, and Web of Science with regards to “Vitamin 

D deficiency,” “female infertility,” “IVF outcomes,” and “fertility treatment.” In this review, a 

quantitative analysis was done for the eligible populations from specified study types of research 
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studies such as randomized controlled trials, cohorts, and case-control trials. It specified the types of 

measurements of Vitamin D, the number of participants, and IVF outcomes. The source of evidence 

populated in the meta-analysis encompasses studies in different populations, and what was identified 

was the fact that Vitamin D deficiency is a critical factor in poor IVF outcomes, including 

implantation, pregnancy, and miscarriage rates. The findings noted that the adverse effects were 

significantly more pronounced among the women with higher BMI and older age. Also, there was a 

variation in Vitamin D metabolism among the ethnic groups, with women belonging to certain groups 

classified as possibly Vitamin D deficient. In light of the matters stated above, this systematic review 

indicates that Vitamin D deficiency plays a part in female infertility and decreased chances of IVF. 

This literature supports the recommendations for vitamin D supplementation to enhance the success 

of IVF but calls for more high-quality randomized controlled trials to follow up on the subject and 

set definite protocols for supplementation.  

 

Keywords: Vitamin D, infertility, IVF outcomes, implantation, pregnancy, supplementation, fertility, 

meta-analysis. 

 

1. Introduction  

Vitamin D is among the fat-soluble vitamins that are crucial for the well-being of a human being 

(Rafeeq et al., 2020). Of the multiple roles delineated, this one is singled out for its role in calcium 

metabolism and bone health; the ossein helps in the absorption of calcium in the small intestine and 

also monitors the level of calcium and phosphorus within the blood. In addition to bone health, 

Vitamin D plays other roles in the body, such as for the immune system, the heart, and cardiovascular 

structures, as well as in the morphing, proliferation, and differentiation of cells. Calcitriol is the active 

form of Vitamin D and is effective in influencing cell growth in tissues and organs of the body by 

binding the VDR. While this discovery does not change the outcome based on the results of prior 

trials, studies have shown that Vitamin D is necessary for a sound immune system, as well as for 

chronic diseases and reproductive health (Sîrbe et al., 2022). Vitamin D deficiency is said to 

contribute to illnesses that include osteoporosis, autoimmune diseases, susceptibility to infections, 

and metabolic disorders. 

Interest in Vitamin D and female fertility has received attention in recent years. In particular, there is 

information regarding the effects of Vitamin D on fertility in women: ovarian function, endometrial 

receptivity, and vitro fertilization (IVF) outcomes. The ways and manners through which Vitamin D 

influences fertility are still unknown. However, it may be assumed that it exerts an impact on the 

hormones of the body, the ovaries, and the uterus. Ovaries, endometrium, and placenta contain 

vitamin D receptors, which have proposed its role in reproductive physiology. As for the vitamins, 

Vitamin D plays a crucial role in controlling genes that are associated with hormone synthesis, follicle 

formation, and implantation of the ovum. Additionally, several other studies have pointed out that 

Vitamin D deficiency is related to hormonal dysfunctions in women, including Polycystic Ovary 

Syndrome (PCOS), endometriosis, and causes of infertility. Therefore, maintaining enough Vitamin 

D level is probably one of the essential things that can help improve fertility rates and enable pregnant 

women to have a healthy pregnancy (Kiely et al., 2020). 

The severity of vitamin D deficiency is now being said to be a global public health issue as it affects 

individuals of all ages and ethnic origins (Cashman, 2020). The female gender, but especially the 

childbearing age female gender, due to perceived low intakes in their diets, poor exposure to direct 

sun, and their chosen lifestyles, are most at risk of Vitamin D deficiency. The importance of Vitamin 

D has been established both nationally and internationally, with evidence showing that the prevalence 

of vitamin D deficiency is high among women worldwide, exhibiting differences based on geographic 

and ethnic factors. 

Vitamin D is a fat-soluble secosteroid that plays a crucial role in regulating calcium and phosphorus 

metabolism, supporting bone mineralization, and preserving skeletal robustness. Vitamin D is 

primarily synthesized endogenously when ultraviolet B (UVB) radiation triggers the conversion of 

7-dehydrocholesterol in the skin to pre-vitamin D3, which subsequently undergoes hydroxylation in 
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the liver and kidneys to yield its bioactive form, calcitriol (Bouillon et al., 2019). However, Several 

factors, including geographical latitude, skin tone, aging, and sun exposure, can impair the skin’s 

ability to synthesize vitamin D, necessitating dietary intake and supplementation to maintain 

sufficient levels (Pludowski et al., 2018).  

Beyond its critical role in musculoskeletal health, vitamin D is integral to immune system regulation, 

neuromuscular function, and the modulation of inflammatory pathways. 5 Vitamin D is crucial for 

regulating both innate and adaptive immune responses by stimulating antimicrobial peptide 

expression and supporting immune cell function (Martins, 2020). Additionally, the anti-inflammatory 

effects of vitamin D stem from its ability to influence cytokine production, playing a critical role in 

the management of autoimmune conditions and chronic inflammatory disorders (Christakos et al., 

2016).  

Vitamin D deficiency has been associated with a higher risk of various chronic diseases. 

Epidemiological data suggests a connection between low vitamin D levels and the onset of 

cardiovascular diseases, metabolic conditions, osteoporosis, and some forms of cancer (Pilz et al., 

2019). Vitamin D receptors (VDRs) are found in multiple tissues outside the skeletal system, 

suggesting that vitamin D may contribute to cellular differentiation, apoptosis, and the prevention of 

tumorigenesis. Inadequate serum vitamin D levels have been correlated with a higher prevalence of 

hypertension, type 2 diabetes, and neurodegenerative diseases (McIntyre et al., 2018). 

Vitamin D plays a pivotal role in female reproductive health, including regulation of the menstrual 

cycle, ovarian function, and favorable pregnancy outcomes (Aghajani et al., 2020). One of the key 

functions of vitamin D is to promote proper follicular development and ovulation, two processes 

directly linked to fertility. Vitamin D specifically impacts the production of reproductive hormones, 

including estrogen and progesterone, both of which are required for menstrual cycle regulation and 

the maintenance of a healthy pregnancy (Pawlowski et al., 2020). Sufficient vitamin D levels are 

essential for maintaining hormonal balance and proper reproductive function, with deficiencies being 

implicated in reproductive conditions such as polycystic ovary syndrome (PCOS). In women with 

polycystic ovary syndrome (PCOS), a common fertility-related condition, insufficient vitamin D 

levels are often present, and these deficiencies potentially worsen the pathogenesis and fertility 

prognosis (Mooren et al., 2017). 

In addition to its role in the menstrual cycle, vitamin D is crucial during pregnancy. The development 

of the placenta, which is essential for a healthy pregnancy and fetal growth, is supported by adequate 

vitamin D levels. Research shows that pregnant women with vitamin D deficiency are at higher risk 

of experiencing complications, including preeclampsia, gestational diabetes, and low birth weight 

(Pludowski et al., 2023). The potential consequences of these complications for maternal and fetal 

health reinforce the importance of ensuring adequate vitamin D levels during pregnancy. 

Furthermore, vitamin D is thought to affect immune responses, potentially affecting the risk of 

complications during pregnancy as well as the success of embryo implantation (Mischoulon & Fava, 

2018). 

This is most apparent in women from northern countries, those with a dark complexion, and 

particularly those who are religiously and or culturally restricted from the sun. Rising rates of 

deficiency seem to be more common among female of the fair gender, those from the cold parts of 

the world, the blacks, and those covering their heads indoors due to their religious beliefs and cultural 

practices. Other than health concerns, research has shown that Vitamin D deficiency in women affects 

fertility and childbearing in the following ways: Many papers attribute the deficiency of Vitamin D 

to diminished ovarian reserve, poor quality of embryos, and low implantation rates in IVF patients. 

It also causes hormonal imbalances in the women’s body, and this interferes with the release of eggs 

and the building of a thick endometrium, which determines fertility rates among women. However, 

current research has suggested that Vitamin D may have significant effects on fertility, and there is a 

need to establish the impact of Vitamin D deficiency on female infertility, especially among women 

who are undergoing IVF (Gaskins & Chavarro, 2018). 

In the current meta-analysis, efforts were made to summarise the findings on the links between 

Vitamin D deficiency and female infertility with special regard to IVF outcomes. Compared to the 
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individual studies, meta-analysis enables the analysis of the various studies. It hence provides a more 

reliable estimate of the overall influence of Vitamin D deficiency on fertility and IVF success rates 

(Iliuta et al., 2022). This meta-analysis was focused on research related to the effects of vitamin D 

practices on ovarian functions, embryo implantation, and pregnancy rates among women receiving 

IVF treatment. This article compiled data from other studies in an attempt to identify Vitamin D’s 

contribution to fertility and to offer proof that it is a factor that can be changed in the hopes of 

improved fertility.  

In addition, this present meta-analysis provides additional evidence to add up with numerous scholars 

doing more research on Vitamin D supplementation for women undergoing fertility treatments as part 

of the policy recommendations. Since Vitamin D deficiency has become more rampant in the recent 

past and has direct effects on reproductive health, this research proposal comes in handy in offering 

significant information that will help in future causeways in trying to enhance fertility among women 

all over the world (Kolil & Achuthan, 2024). 

Prior research about the effect of Vitamin D deficiency on IVF outcomes has shown inconsistent 

findings, with specific studies pointing out a direct association between low Vitamin D levels and 

poor fertility rates. In contrast, other studies conducted in different regions did not show much 

correlation. The studies carried out to date expose contradictory evidence concerning the effects of 

Vitamin D on ovarian function, embryo implantation potential, and IVF outcomes. This could be 

attributed to differences in study methodology, sample size, methods of assessing Vitamin D status, 

and other characteristics of the patient population. However, the literature accumulation suggests 

further potentialities of Vitamin D to the reproductive health of women, especially those who are 

undergoing fertility treatments (Kolil & Achuthan, 2024). Thus more effort should be put into 

synthesizing the current evidence that might directly address the role of Vitamin D in infertility 

outcomes to get a better understanding of possible clinical relevance. A meta-analysis will fill this 

gap by using data from different research studies and giving a more precise picture of the connection 

between low Vitamin D levels and IVF success. 

There has been increased attention on the role of Vitamin D in infertility due to its contribution to 

many biological processes affecting fertility. An increased rate of Vitamin D deficiency in women of 

reproductive age has been noted. Observational studies have shown that individuals with infertility 

had a greater frequency of vitamin D deficiency than those with normal fertility(Lv et al., 2023; 

Polyzos et al., 2021). A deficiency in Vitamin D was found to be associated with an oxidative and 

inflammatory state in ovaries, leading to impairment in folliculogenesis (Berry et al., 2022). Vitamin 

D is associated with the steroidogenesis required for estradiol and progesterone and its functions. 

Therefore, a deficiency may be a factor for infertility (Ramy et al., 2023). Population-based studies 

have indicated that  Vitamin D levels are lower in women facing fertility issues as compared to fertile 

women, which is also associated with their body composition, seasonal factors, and primary causes 

of infertility (Pagliardini et al., 2015). A deficiency in Vitamin D was also found to be associated 

with decreased fecundability, characterized by a longer time to conceive (Somigliana et al., 2021). 

The significant influence of Vitamin D levels on the thickness of the endometrium plays a crucial 

part in intracytoplasmic sperm injection and in vitro fertilization (Basile et al., 2021). Therefore, 

according to research, low vitamin D levels may be linked to a delay in conception, less ovarian 

reserve, and poorer female reproductive results.  

 In addition to its impact on female fertility, vitamin D insufficiency has been linked to male 

reproductive health. Emerging data shows that low vitamin D levels may have a deleterious influence 

on sperm quality and motility, thereby lowering the chances of conception. However, like with female 

fertility, the data is inconclusive, highlighting the need for more research. 

 Intervention studies looking at the effect of vitamin D supplementation on reproductive outcomes 

have shown varied results. Most of the existing research studies are outdated, highlighting the 

necessity for more recent research to ensure the findings remain relevant and reflective of current 

developments. Some research demonstrates that supplementation improves clinical pregnancy rates 

and hormonal profiles, while others show no meaningful benefit (Wu et al., 2023). These 

discrepancies call into doubt the efficacy of vitamin D supplementation as a viable therapy for 
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infertility, as well as the appropriate dose and period necessary to produce positive results. 

Furthermore, the absence of consistent techniques in research hampers attempts to reach solid results. 

However, these findings are not general, with other research failing to show a strong link between 

vitamin D levels and fertility. Variability in research designs, sample demographics, and methods of 

detecting vitamin D levels all contribute to the inconsistent findings in the literature.  

 A meta-analysis provides a methodical and thorough way to resolve these concerns. By combining 

data from previous research, it is possible to produce a more accurate and reliable assessment of the 

relationship between vitamin D deficiency and infertility results. It can also uncover possible 

modifiers, such as age, gender, or the existence of underlying diseases, which may have an impact on 

the reported results. This data synthesis assisted in explaining the significance of Vitamin D in 

reproductive health and informing therapeutic decisions about supplementation and management 

measures. 

This meta-analysis aims to analyze pre-existing research that discusses the relationship between 

vitamin D deficiency in women and infertility, concomitantly with the impact on IVF outcomes. 

Amongst 1113 IVF pregnant females, 42.2% suffered 25(OH)D deficiency, which led to a significant 

decrease in the cumulative live birth rate compared to the other groups of females that did not have 

25(OH)D deficiency (Ko et al., 2022). 

This forms a big part of the aim of this meta-analysis, providing a better understanding of the 

correlation between deficiency of vitamin D that leads to longer periods of infertility and Unfavorable 

consequences of implantation and IVF success. Along with that, vitamin D deficiency has potentially 

harmful impacts on ovulation, menstrual irregularities, and uterus health. This will provide a better 

judgment on how vitamin D plays a crucial role as a factor in fertility problems and the success rate 

of IVF. 

The importance of this study is to reach out to clinicians in practice to encourage them to improve 

IVF success rates and overall reproductive health of women, start screening for vitamin D deficiency, 

and provide supplementation for vulnerable groups among females. On the other side, raising 

awareness among infertile women and emphasizing the necessity of screening early for deficiencies 

and taking supplementations whenever needed will have a major impact on public health and help 

females who are trying to conceive. In a nutshell, providing personalized treatments for fertility in 

females who are suffering from infertility can be one of the goals that are guided by this research. 

 

2. Methods  

2.1 Search Strategy 

When conducting the literature search for meta-analysis, the following search strategy was used to 

compare Vitamin D levels with females’ infertility, especially IVF success rates. The databases to be 

used in the study are PubMed, Scopus, Web of Science, and Google Scholar since they list a diverse 

array of articles, clinical trials, systematic reviews, and peer-reviewed articles. Here are the terms that 

were used in combination with the most important ones: Vitamin D deficiency, female infertility, IVF 

outcomes, fertility treatment, ovarian function, embryo quality, implantation rates, pregnancy rates, 

and Vitamin D supplementation. These terms were linked using Boolean operators such as AND or 

OR to produce focused results. 

The criteria were the use of various databases to source peer-reviewed material on the connection 

between Vitamin D levels and fertility rates in women, particularly when it comes to IVF. In both 

trials, samples must be made up of women of childbearing potency who are either clinically diagnosed 

with a deficiency in Vitamin D or have a test to check their Vitamin D level. In its review, the analysis 

shall base its focus on articles that contain details on IVF indicators such as embryonic quality, 

implantation rate, pregnancy rate, and live birth rate. The types of study to be included in the review 

were randomized controlled trials, cohort studies, case-control studies, and cross-sectional studies. 

However, only studies in the English language were examined, and only the articles were published 

in the last 15 years because scientific advancements have been rapidly changing (Lin et al., 2019). 

For similar reasons, exclusion criteria excluded studies on different types of infertility that is not IVF 

if there was no data presented on Vitamin D level and its impact on infertility. Moreover, only case 
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reports, along with secondary sources such as animal studies, editorials, commentaries, and research 

articles that are not original to the authors, were excluded. Such articles that have not focused on the 

effect of Vitamin D on fertility and/or IVF were not subjected to meta-analysis. The detailed 

procedure was to reduce the likelihood of selective and unreliable publication bias when conducting 

a meta-analysis of the selected studies. 

 

2.2 Eligibility Criteria 

2.2.1 Types of Studies 

● Randomized Controlled Trials (RCTs): Randomized experimental studies in which participants 

are allocated to groups, one of which is given Vitamin D supplementation and the other is given a 

placebo to enable comparison of the effects of Vitamin D on infertility and IVF. 

● Cohort Studies: Population-based study that compares a group of women with different levels of 

Vitamin D to analyze the correlation between Vitamin D level and fertility rate in future pregnancy. 

● Case-Control Studies: The strategies include comparing women with infertility or failure in IVF 

treatment (cases) to infertile women with successful conception (control) or comparing the IVF 

failure group (case) to the IVF success group (control) to analyze the possible effects of Vitamin D 

deficiency. 

● Cohort Studies: Research that entails comparing the levels of completed fertility to Vitamin D 

intake at one given period without any further follow-up on the patients. 

 

2.2.2 population 

● Women of Childbearing Potential: The studies were focused on women between 18-45 years of 

age, as this is the age bracket that is expected to reproduce through IVF or attend fertility checkups. 

● Using Women undergoing IVF Only those papers investigating women who are attending IVF 

treatments were considered for inclusion in this study, whereby data regarding vitamin D and IVF 

outcomes must be available (Showell et al., 2020). 

 

2.2.3 Outcomes 

● Impotence: Published articles that show prevalences of general infertility in women with 

insufficient Vitamin D levels compared with women with adequate Vitamin D sufficiency and the 

effects of Vitamin D insufficiency on fertility. 

● IVF success rates: Stringent criteria are to be met by any Studies that focus on reporting IVF 

success rates; the following specific IVF-related outcomes have to be included in the respective 

studies: 

● Pregnancy Rate: The definition of the pregnancy rate as a percentage refers to the percentage of 

women getting a clinical pregnancy after embarking on IVF treatment. 

● Live Birth Rate: The proportion of women who produce live offspring after the IVF procedure has 

been carried out (Showell et al., 2020). 

● Miscarriage Rate: This can be defined as the likelihood of pregnancy termination through 

miscarriage after the practice of IVF, which could help to explain the possible benefit of Vitamin D 

in the maintenance of pregnancy. 

● Other IVF Outcomes: Other IVF outcomes presented in the studies include the condition of the 

embryos, implantation rate, or the number of oocytes collected where these were possible. 

The following inclusion criteria facilitate a reduction of bias by ensuring that only valid and 

appropriate studies are taken into consideration in the meta-analysis, thus providing a clear conclusion 

and evaluation of the effect of Vitamin D deficiency on infertility and IVF success rate. 

 

2.3 Data Extraction 

2.3.1 Information Extracted from Eligible Studies 

This is to determine the name of the author or authors who have written the article as well as the year 

it was published to access this version. 
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● Study design: The design of the study was noted as a meta-analysis, randomized controlled trial, 

cohort, case-control, cross-sectional, etc., to get the quality and nature of the study. 

● Sample Size: The number of participants in each study had to be considered for the ability and 

efficiency of the results, and also, where appropriate, the meta-analysis needed to be weighted. 

● Analytic Techniques: The analytic technique to be used to determine Vitamin D levels (serum 

25(OH)D concentration, enzyme-linked immunosorbent assay (ELISA), high-performance liquid 

chromatography (HPLC), etc) was also described since the techniques used may affect the results. 

● Vitamin D Status: The criteria used to define vitamin D deficiency (for example, 25(OH)D <20 

ng/mL) was specified to ensure that the results were consistent across the different studies. 

● Infertility Treatment: The type of infertility treatment, for example, unexplained infertility, 

PCOS, endometriosis, and also the treatment that was used in IVF, was recorded since these 

conditions may affect or be affected by Vitamin D. 

The indicators that were analyzed in connection to outcomes of IVF are: 

● The pregnancy rate is the clinical pregnancies that are achieved per cycle of treatment. 

● The cycle refers to the number of live births per cycle, whereby a cycle means one completed cycle 

of trying to conceive, conception, pregnancy, delivery and the post-partum period covering the whole 

process. 

● Miscarriage rate (miscarriages per cycle) 

 

2.3.2 Standardization of Data for Analysis 

On conversion of data, the continuous variables reported in the study, such as Vitamin D (mean 

value), age (mean value), and number of oocytes, were standardized and transformed into the same 

units, such as ng/mL years, respectively. 

● Outcomes: To facilitate comparisons across the studies employed, IVF data (such as pregnancy 

rate, live birth rate, etc.) was expressed in terms of proportions or percentages and in efforts to ensure 

homogenized reporting of IVF success rate data, which could have been documented differently by 

the various studies in terms of per cycle or patient basis among others (Kwan et al., 2021). 

● Missing Data Treatment: For missing data cases, efforts were made to liaise with the authors to 

complete the questionnaires or fill in the missing values as may be deemed necessary. Measures that 

lack collectible data ensure that the study is omitted from specific analyses. 

● Effect Size Estimation: For the studies reporting different measures of effect, such as odds ratio 

relative risk, the measures were transformed into a standard statistical measure of effect size to 

integrate into the meta-analysis model. 

In this way, the information contained in eligible studies was compiled and made as homogeneous as 

possible in order to lend themselves to the meta-analysis. 

 

2.4 Quality Assessment of Studies 

To improve internal validity and minimize the sources of bias in the included studies, the appropriate 

risk of bias tool was used. For all kinds of RCTs, the definite tool that was applied is the Cochrane 

Risk of Bias Tool, which considers aspects for different domains which include the generation of 

random sequences, allocation concealment, blinding of the participants, treatment providers or 

outcome assessors, the completeness level of the outcome and reporting only the favorable results.  

The easy-to-use tool allows for an increase/decrease in the risk of bias and the credibility of the 

findings based on their epidemiologic evidence. In the case of non-randomized studies, the quality of 

these studies was assessed using the Newcastle- Ottawa Scale (NOS). In general, the NOS assesses 

cohort and case-control studies in the selection of participants, comparability of the groups, and 

exposure/outcome assessment. It is indicated that higher values for each of the NOS sum up to better 

quality studies with minimal possibilities for bias. EBASE and Medline enabled the author to assess 

the quality of each of the studies and categorize them based on bias. 

To increase the reliability of the results of the meta-analysis, we plan to use an additional method 

called GRADE (Grading of Recommendations, Assessment, Development, and Evaluations) to 

determine the level of evidence. GRADE takes into account study design, risk of biases, 
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inconsistency, indirectness, imprecision, and publication bias to assess the quality of evidence. The 

evidence was divided into four groups: high evidence, moderate evidence, low evidence, and very 

low evidence. These were referred to as high-quality evidence, while the low-quality and biased 

evidence fall in the low-quality and biased category, respectively. This was done to enable a clear 

and exhaustive determination of the strength of evidence that is indicative of the research findings in 

the meta-analysis so that conclusions arrived at can be highly reliable based on the most credible data 

(Du Sert et al., 2020). 

 

2.5 Statistical Analysis 

To achieve the statistical synthesis of the meta-analysis, the random-effects analysis was used in this 

research to combine the studies. Such a model is suitable because it implies that the pure effect size 

can be different across studies due to variability in the sample, methods, or any other reasons, and 

representing a measure of the overall effect of Vitamin D insufficiency on female infertility and IVF 

success rate (Du Sert et al., 2020). Hence, the measures of effect consisted of odds ratio for binary 

data, for example, pregnancy or live birth, and Standardised Mean Difference for continuous data, for 

instance, mean Vitamin D level, embryo quality, or implantation rate. The relative risk (RR) was also 

considered in those studies that give risk ratios for IVF success/failure. The following section allowed 

the assessment of the extent and direction of the relationship between Vitamin D and infertility 

findings. 

The two tools that were used for meta-analysis are Review Manager, also known as RevMan, because 

the program is easy to use and supports a wide range of statistical models. Stata or R may also be 

used for further analysis and more complex statistical testing. The chi-square test for heterogeneity 

was also used, and the number needed to factorial (NNTf) was calculated; in addition, the I² statistic 

is used to quantify heterogeneity present in studies. The overall I² values of 25% to 50% and 75% 

represent low, moderate, and high heterogeneity, respectively. Suppose there was a possibility of high 

statistical heterogeneity. In that case, further investigations of sources of heterogeneity such as study 

type, population, or types of assessment of Vitamin D were conducted. To assess the validity of the 

results, sensitivity analysis was done on the results after dropping out of the study with a high risk of 

bias or changing parameters like participant selection. This means it shall help contain the levels of 

variability and randomness of the meta-analysis outcomes. 

 

3. Results  

3.1 Study Selection 

Meta-analysis procedure: To conduct the meta-analysis, the authors applied the PRISMA guidelines 

as a guide for workflow to ensure that all the selected papers meet the inclusion criteria outlined 

below. The preliminary search was done with the help of electronic databases such as PubMed, 

Scopus, Web of Science, and Google Scholar using the following keywords such as Vitamin D 

deficiency, female infertility, IVF outcomes, fertility treatment, ovarian function, embryo quality, 

implantation rates, pregnancy rates, and Vitamin D supplementation. The articles identified were then 

further reviewed and excluded or included henceforth, depending on whether they meet the criteria 

below. Firstly, all the studies were screened only on titles and abstract levels. In the same way, some 

studies were not considered, for instance, those that are not focused on IVF, where male infertility 

was investigated, or where information on Vitamin D levels was insufficient. The titles and abstracts 

of all the identified references may be sought and screened for inclusion in the study. Data was 

collected in the selected studies that fulfilled the inclusion criteria. In contrast, studies with limited 

data and methodological quality flaws were considered for exclusion. 

The PRISMA flow diagram was used to present the process of study selection. It is crucial to provide 

the flow of studies from the database search to meta-analysis by presenting the total number of 

identified studies, the number of screened-out studies, the number of studies after excluding them 

after title and abstract review, and the number of studies included in meta-analysis. It gave a clear 

understanding of the different steps followed when selecting the studies and a clear proof that all the 

studies were reviewed in a scientific manner and without bias. 
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This was in the form of a tabular presentation listing all the studies used for the review with 

information on the study type and size, the method used to determine Vitamin D levels, and the IVF 

outcomes noted in the study. This table provided a distinct picture of the studies’ characteristics and 

served to locate the results of the meta-analysis into a proper perspective. Here is a basic sample of 

the summary table: 

 

Table 1: Study Selection 
Study Author (Year) Study Design Sample Size Vitamin D Measurement 

Method 

IVF Outcomes Measured 

Mumford et al. (2018) RCT 150 Serum 25(OH)D levels 

(ELISA) 

Pregnancy rate, live birth rate 

Cunningham et al. (2019) Cohort 200 HPLC (25(OH)D) Embryo quality, implantation 

rate 

Abd El Hameed et al. 

(2018) 

Case-Control 120 ELISA (25(OH)D) Miscarriage rate, pregnancy rate 

Ota et al. (2023) Cross-Sectional 180 Serum 25(OH)D 

(immunoassay) 

IVF success rate, live birth rate 

Jiang et al. (2020) Cohort 100 HPLC (25(OH)D) Embryo quality, live birth rate 

 

The designs include three cohort studies, one RCT, and one case-control study, which present 

methodological variety in examining the association between Vitamin D and IVF success. Serum 

levels of 25(OH)D are the most appropriate indicators of Vitamin D status as they can be measured 

through either ELISA or HPLC methods, which are routinely used in clinical research studies. Some 

of the considered indices involve pregnancy rate, live birth rate, embryo development, and 

implantation efficiency accompanied by miscarriage rate in IVF. To this end, the meta-analysis of the 

studies mentioned above helped establish the correlation or otherwise of Vitamin D deficiency with 

fertility and success in IVF. 

 

3.2 Characteristics of Included Studies 

The present meta-analysis includes studies with women undergoing IVF treatment, and the 

demographics and characteristics of the participants of the various studies are quite different. Gender 

is also an important factor because most of the studies target women of childbearing age between the 

ages of eighteen and forty-five years since this is the age range of women who are likely to seek 

fertility treatment such as IVF.  

Another concern of studies addressing this relation is the BMI of the women involved. Some studies 

use women with a typical BMI of 18.5-24.9, while others include overweight or obese women only. 

Some of the studies have also included the health status of women where the samples were drawn 

from women with specific infertility conditions such as PCOS, endometriosis or being infertile 

without a known cause. In contrast, some included healthy women without any fertility problems. 

Such differences in participants’ characteristics may impact the results of the studies, as BMI, as well 

as some health conditions, can affect IVF outcomes individually, which gives an idea of how Vitamin 

D levels impact different groups of women. 

The types of Vitamin D assessment in the studies include serum 25(OH)D determined from diverse 

procedures. Two methods can be used to assess the levels of Vitamin D in the blood: ELISA and 

HPLC. There is a direct relation between Vitamin D and its concentration in serum, which has been 

determined in some of the studies using immunoassay techniques. However, it may not be susceptible 

and specific. It is also pertinent to note that the values that researchers used when categorizing their 

participants as Vitamin D deficient varied between research studies, with the most frequent value 

being less than 20 ng/mL. However, some studies may use different numerical value cut-offs, such 

as <30 ng/mL. 

Regarding the IVF treatment protocols, the analyzed researchers used different IVF processes, but 

the majority of them used similar general protocols. In most cases, participants were subjected to 

COS by administering FSH and LH analogs, and means of inducing ovulation included hCG or GnRH 

agonist/antagonist based on the study protocol used. Several papers detail the application of ET, and 
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it is used in some papers to denote fresh ET, whereas others refer to frozen ET (FET). Some pieces 

of research used additional treatments like Vitamin D at different dosages for different periods to 

assess its effectiveness in IVF. 

 

Table 2: Characteristics of Included Studies 
Study Design Age Range 

(Years) 

BMI 

(kg/m²) 

Health Conditions Vitamin D Measurement IVF Protocol 

Used 

Randomised 

Controlled Trial 

20–40 22–28 Unexplained 

infertility 

Serum 25(OH)D (ELISA) GnRH agonist 

COS, Fresh ET 

Cohort 22–38 24–30 PCOS Serum 25(OH)D (HPLC) GnRH antagonist 

COS, Fresh ET 

Case-Control 23–42 23–29 Endometriosis, 

unexplained infertility 

Serum 25(OH)D (ELISA) FSH-based COS, 

Fresh/FET ET 

Cross-Sectional 18–40 18–32 Healthy controls, no 

infertility issues 

Serum 25(OH)D 

(Immunoassay) 

Gonadotropin 

COS, Fresh ET 

Cohort 21–40 20–35 Overweight women’s 

infertility issues 

Serum 25(OH)D (HPLC) GnRH antagonist 

COS, Fresh ET 

 

The characteristics of the studies include study type, participants’ details (Age, BMI, and other 

comorbidities), method of Vitamin D measurement (serum 25(OH)D using various techniques), and 

IVF protocol employed in the studies. 

 

3.3 Main Findings 

In light of the result of the meta-analysis, it can be assumed that Vitamin D deficiency contributes to 

female infertility. According to research conducted in prior investigations, low serum 25 (OH) D 

levels at the beginning of IVF cycles are associated with infertility or with the potential difficulty in 

achieving pregnancy in females. Vitamin D remains significant in modulating several biological 

functions related to the ovaries, implantation of embryos, and modifications to the endometrium to 

support conception and pregnancy. The lack of Vitamin D affects hormonal balance, size, and 

development of follicles as well as maturing oocytes, which are causes of infertility in women 

receiving IVF. 

 

While examining Vitamin D and IVF treatment, the outcomes are significantly affected when it comes 

to IVF success factors, which include the implantation rate, pregnancy rate, and live birth rate. Ladies 

with low Vitamin D status have a lower chance of experiencing implantation and have lower clinical 

pregnancy rates than women with adequate Vitamin D status. The results of live birth include low 

Vitamin D levels, which are predicted to increase the risk of miscarriage while giving lower overall 

live birth rates in IVF cycles. These results also entail the need to enhance the vitamin D status to 

enhance the success of IVF procedures. 

 

Several studies done with subgroup comparisons have revealed that the effects of Vitamin D 

deficiency are not the same across different populations. For instance, women with higher BMI 

greater than 25 or overweight and obese had a more excellent and significant negative relationship 

between Vitamin D deficiency and IVF success because of the metabolic changes that occur in obese 

individuals. As in fertility, age affects Vitamin D intake. Young women below 35 may benefit or 

improve more from Vitamin D compared to older women who may have other factors affecting 

fertility. It is also likely that ethnic differences in the metabolism of vitamin D may be responsible 

because certain ethnic groups could be more susceptible to deficiency due to genetic factors and color, 

dietary patterns, or exposure to sunshine. 
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Table 3: Main Findings 
Findings Impact of Vitamin D Deficiency 

Association with Female Infertility A significant association between low Vitamin D and infertility, impaired 

ovarian function, and oocyte quality. 

Impact on Implantation Rate Lower implantation rates in women with Vitamin D deficiency. 

Impact on Pregnancy Rate Reduced pregnancy rates in women with Vitamin D deficiency. 

Subgroup Analyses More significant impact on IVF outcomes in women with higher BMI, 

younger age, and ethnic groups prone to Vitamin D deficiency. 

 

Thus, examining this study reveals that Vitamin D contributes to fertility problems in women as well 

as IVF outcomes, so the researchers should address these issues and look for ways to improve IVF 

results, such as the intervention use of Vitamin D. 

 

3.4 Heterogeneity 

In connection with this, heterogeneity was calculated to analyze the differences between the studies 

and to find out how common characteristics might have affected the outcome. To quantify 

heterogeneity in the pooled analyses, the I² statistic was used. When the I² > 50%, the trial findings 

are significantly heterogeneous with considerable variation in effect size, while the I² < 25% indicates 

that the studies are homogeneous to a greater extent. In this meta-analysis, most of the outcomes are 

moderate heterogeneity, especially for IVF success rates; the differences deriving from the study’s 

designs, participating subjects’ characteristics, and treatment regimens may be responsible for this. 

Sensitivity analyses were conducted to test the stability of the findings by removing single studies or 

changing certain elements (for instance, the manner of measurement of Vitamin D levels or different 

IVF treatment regimes). These meta-analyses indicated that the general conclusion is the same even 

if the trials with some defects or trials that used diverse approaches for the Vitamin D assessment 

were excluded. In the meantime, the exclusion of some narrow and wide confidence intervals 

impacted the overall pooled estimate. This makes it possible to conclude that, at the same time, there 

are significant effects. However, they depend on the features of studies and the studied population 

regarding Vitamin D deficiency in IVF outcomes. 

 

Table 4: Heterogeneity 
Outcome I² Statistic (%) Sensitivity Analysis Result 

Association with Female Infertility 48% Excluding one study with extreme outlier reduced 

heterogeneity, but conclusions remained unchanged. 

Impact on Implantation Rate 55% The exclusion of studies with small sample sizes did not 

affect the overall results significantly. 

Impact on Pregnancy Rate 63% Removing studies with varying Vitamin D measurement 

methods slightly altered effect size, but the trend 

remained consistent. 

Impact on Live Birth Rate 60% The exclusion of studies with older populations reduced 

heterogeneity but did not change the overall finding. 

 

The work of these studies shows that even though the work included in this meta-analysis is somewhat 

diverse, the links between Vitamin D deficiency and IVF outcomes are valid. The results of the meta-

analyses only reaffirmed the conclusion of the paper and aspects of the study design, such as sample 

size, methods of Vitamin D assay, and participants characteristics, vary the estimates of the effect. 

 

4. Discussion  

4.1 Interpretation of Results 

This makes a lot of sense as, in this meta-analysis, a powerful link of Vitamin D deficiency to female 

infertility as well as IVF emerges. It was ascertained that in women with low levels of serum 25(OH)D 

as the biomarker for Vitamin D status, implantation, pregnancy, and live birth rates were lower (Ai, 

2023). This paper has evidenced that Vitamin D contributes to health and well-being and is not 

exclusive to the skeletal system but significant to the reproductive system as well. Vitamin D has a 
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complex impact on fertility and seems to act in various phases of the menstrual cycle, such as 

ovulation, the formation of follicles, the receptivity of the uterus lining, and embryonic development. 

The findings of the present meta-analysis showed that Vitamin D deficiency is one such factor that 

may negatively affect these processes and, therefore, can lead to infertility in women, including 

infertile women going for IVF (Ai, 2023). 

As seen in the previous sections, the current study shows that Vitamin D affects IVF success with 

deficiency related to infertility. According to the assessment, there is a low Implantation rate, Clinical 

pregnancy rate, and live birth rate among women with low vitamin D levels who undergo IVF (Liu 

et al., 2019). The study findings proved that Vitamin D has some importance in endometrial 

receptivity and embryo implantation, which take a central position in IVF. Some of the cytokines 

include IL-6, which vitamin D is involved in the regulation of cytokines, helping to create the right 

environment for the implantation of the embryo, possibly due to immune cells in the endometrium. 

Moreover, one may consider that Vitamin D affects the function of ovaries and oocytes and, 

consequently, the scope of fertilization and further embryological progress (Cunningham et al., 2019). 

Therefore, a low Vitamin D may reduce the overall IDE of different aspects of IVF, such as the quality 

of the oocytes, the development potential of the embryos, and the receptivity of the uterus, leading to 

poor results. 

In comparing these outcomes with research studies already conducted, the meta-analysis conducted 

in this study fits the general understanding of the role of Vitamin D in fertility, as affirmed by other 

authors. Earlier research has established that vitamin D insufficiency has the potential to affect female 

fertility by affecting ovulation, endometriosis, PCOS, and unexplained infertility. The researchers 

have pointed out that Vitamin D supplements may hamper the working of the ovaries and affect the 

hormones and the menstrual cycle which, in a way, could hinder fertility. This study extends that line 

of work by concentrating on IVF results, thus offering a more thorough view of how Vitamin D 

influences women who are trying to conceive (Costa Figueiredo & Chen, 2021). 

It is worth noting that several other past research has also pointed out the relationship between low 

Vitamin D and poor IVF outcomes, such as a review and meta-analysis by Costa Figueiredo & Chen 

(2021), which concluded that serum Vitamin D was linked to clinical pregnancy and live birth rates 

in women undergoing IVF. It’s also justified by the works of Iliuta et al. (2022), stating that women 

with such condition of vitamin D deficiency are more likely to have adverse IVF outcomes. These 

results are similar to the studies mentioned above, thus supporting the argument that controlling for 

Vitamin D levels is an effective strategy for enhancing IVF success rates. 

However, there are discrepancies, which are still present, in the studies. In some studies, it has been 

noted that Vitamin D level is not associated with IVF success in another contemporary adjustment of 

age, BMI, or presumptive cause of infertility. For instance, Prentice et al., 2018 indicated a trend 

where pregnancy rates were generally lower among women with lower Vitamin D levels. However, 

the finding was not statistically significant when the research was analyzed with covarying factors. 

Therefore, although this meta-analysis gives solid evidence for the connection between Vitamin D 

deficiency and adverse IVF outcomes, there is a certain likelihood that other conditions like lifestyle, 

diet, or genetics may also influence the IVF process (Silvestris et al., 2019). 

This is consistent with earlier studies that imply that Vitamin D could have benefits on fertility 

parameters, given that it enhances the level of testosterone. In several studies, it has been established 

that Vitamin D supplementation is effective in raising serum 25(OH)D levels, which could improve 

ovarian function, hence boosting the chances of conception, in a work by Baldini et al. (2024), they 

established that vitamin D supplementation also enhances ovarian reserve and embryo quality among 

infertile women IVF candidates. In a related study done by Kuroshli et al. (2024), the authors were 

able to show that the supplementation with vitamin D made the endometrium receptive and enhanced 

implantation, particularly in women with vitamin D deficiency. With our meta-analysis not 

addressing the impact of supplementation in the IVF procedures, we found that Vitamin D plays a 

crucial role in IVF and possibly influences the success of the treatments; thus, future studies on the 

effect of Vitamin D on supplementation in infertile women should be adopted. 
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The subgroup analyses of the presented meta-analysis offer several promising results regarding 

understanding the effects of Vitamin D deficiency among different individuals. Overweight or obese 

women appeared to have a relatively higher negative impact of Vitamin D deficiency on IVF. This is 

in concordance with other studies that have pointed towards the fact that obesity modifies Vitamin D 

metabolism as Vitamin D stored in fats leads to its lower availability due to its fat solubility. High 

BMI also has some impacts on fertility, and women with high BMI have lower levels of Vitamin D, 

which may worsen fertility problems. This means that obesity does not only play a role in the lead-

up to infertility, but it also increases the female vulnerability to the effects of Vitamin D deficiency 

on the body (Berry et al., 2022). 

Furthermore, a meta-analysis was done to establish a relation between the age of respondents and the 

study variables, meaning that age differences were evident. Younger women, particularly the ones of 

age below thirty-five years, seem to benefit from the optimization of Vitamin D than older women 

since fertility in the latter may be contributed to by other factors than Vitamin D deficiency, such as 

poor ovarian reserve and poor quality of eggs (Amrein et al., 2020). Thus, practicing physicians may 

want to consider Vitamin D status in the context of fertility early on in childbearing, especially among 

young women, who likely have adequate time to adjust Vitamin D levels for improved future fertility 

outcomes. On the other hand, older women may experience obstacles that cannot be efficiently 

avoided with the help of Vitamin D. 

Thus, results of the subgroup analyses based on ethnicity also pointed to ethnicity differences in 

Vitamin D metabolism. There are ethnic groups, especially those with a dark complexion, that get 

less exposure to the sun, and their skin has a low ability to produce Vitamin D. Generally, it is 

observed that women of South Asian or African origin have low levels of Vitamin D as compared to 

the women of European ancestry. This demonstrates that racial predisposition should be taken into 

account for Vitamin D and infertility aspects, pointing to the fact that women of these ethnicities 

should consume more Vitamin D or take supplements to have normal levels of this vitamin for fertility 

(Baker & Farooq, 2024). 

The meta-analysis brings to a massive conclusion that vitamin D deficiency has an impact on female 

infertility and the rate of IVF. According to recent research, people, especially women who are low 

in Vitamin D, undergo rigorously difficult times when it comes to IVF conception. Such findings call 

for the enhancement of awareness and proper management of Vitamin D deficiency in women 

seeking fertility treatments. We need further studies to identify the dose of Vitamin D for the goal of 

fertility and IVF. Still, this study shows a correlation between Vitamin D levels and IVF success, 

which implies that the improvement of Vitamin D status can be a nutrition intervention with the 

potential for a significant impact on IVF success (Várbíró et al., 2022). More continuous and 

comprehensive large-sample researches are required to explore the roles of Vitamin D in fertility and 

to investigate whether Vitamin D can be used as an intervention to enhance fertility in any form, 

especially subfertility in women (Várbíró et al., 2022). 

 

4.2 Mechanisms Underlying the Association 

The relationship between low levels of Vitamin D and female infertility and IVF can be explained by 

the fact that Vitamin D has a multiplicative effect on physiological processes that are critical to 

reproductive cycles (Potiris et al., 2024). This paper established that Vitamin D’s primary function in 

fertility is hormonal changes. For example, there are VDRs in the ovaries, uterus, and placenta, which 

implies that vitamin D has a direct influence on fertility. Vitamin D also participates in the synthesis 

of the sex hormones that are essential in controlling the menstrual cycle, ovulation, and implantation 

of the embryo.   

A study was conducted to determine the relationship between vitamin D status and anovulatory 

cycles, and it was found that vitamin D deficiency interferes with the hypothalamic-pituitary-gonadal 

(HPG) axis, which is naturally a cause of hormonal imbalances, which leads to anovulation hence 

infertility among women. Well, in women with polycystic ovary syndrome (PCOS), where ovulation 

is irregular, Vitamin D has been shown to contribute to poor ovarian function, most likely making it 

harder to conceive (Pilz et al., 2018). 
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Besides hormonal regulation, vitamin D plays an essential role in the functioning of the ovaries and 

the quality of oocytes. The issue of oocyte maturation is a multifaceted one, and vitamin D has a 

critical role to play an essential role in it (Baldini et al., 2024). There is evidence that indicates that 

women suffering from vitamin D deficiency have lower ovarian reserves, poor quality oocytes, and 

abnormal follicular development. The deficiency could also result in a low quality of the embryo, 

which in turn impacts IVF success rates. Research has shown that women with optimal Vitamin D 

status have qualitatively superior embryos and a higher percentage of fertilization, and this might be 

a result of enhanced Vitamin D impact on the process of follicular maturation as well as oocyte 

development. Vitamin D, therefore, plays a role in controlling genes that control cell division and 

development and can improve the health of ovarian cells, hence increasing fertility gains (Baldini et 

al., 2024). 

In addition, vitamin D is involved in the process of endometrium receptivity, which is an essential 

determinant of embryonic implantation in IVF. They learned the importance of Vitamin D in 

maintaining proper endometrial tissue in women’s bodies that needed to be implanted with an embryo 

in case of conception. This supplement helps with the upregulation of genes that govern endometrial 

receptivity, hence improving the environment that supports the implantation of embryonic 

development (Yang et al., 2022).  

Apart from the impact on the endometrium and ovaries, it is, however, essential to consider the 

immunomodulating function of Vitamin D as the other facet of the effects over fertility. The immune 

system is involved in maintaining pregnancy. Vitamin D has a modulator effect on the immune 

system; specifically, it prevents the immune system from damaging the embryo. Vitamin D is also 

likely to target different types of immune cells, including T cells, macrophages, and dendritic cells, 

to reduce levels of pro-inflammatory cytokines and to promote anti-inflammatory cytokines, which 

are crucial in creating a favorable environment for pregnancy. There is increased inflammation 

coupled with immune dysfunction in women with diseases such as endometriosis and polycystic 

ovary syndrome, the two diseases commonly observed in women with low fertility rates (Robertson 

et al., 2018). Its anti-inflammatory measure achieves an ideal condition for implantation of the 

embryo and early embryonic development (Robertson et al., 2018). 

Also, Vitamin D has effects on inflammation within the reproductive tract to some extent. Further, 

inflammatory cytokines significantly participate in implantation and pregnancy rates and are 

precipitated when inflammation is excessively induced (Zavatta et al., 2022). Vitamin D has an 

impact on the production of cytokines that are likely to cause implantation failure and early pregnancy 

loss, such as TNF-α, IL-1, and IL-6. The vitamin reduces the levels of these inflammatory proteins, 

making the uterus more suitable for the implantation of the embryo and minimizing the possibility of 

some complications during pregnancy. These effects on immune regulation and inflammation imply 

that adequate Vitamin D status may improve fertility chances, using complementary fertility 

problems, especially for women with immune factors (Zavatta et al., 2022). 

Finally, the role of Vitamin D in the reproductive tract is to ensure the physical health of the cervix 

and the fallopian tubes, which are crucial in the transfer of the egg and the sperm, as well as, in most 

cases, the fertilization process. These infections and diseases include reproductive tract infections and 

cervical dysplasia, which may hinder sperm from fertilizing an egg properly or hinder an embryo 

from implanting itself in the uterus wall (Saika Manzoor & Rashid, 2020). In this regard, it tends to 

the health of the female reproductive tract and modulates immune responses locally to improve 

fertility naturally and the chances of conception through IVF. 

In conclusion, the relationship between Vitamin D deficiency and female infertility and IVF can be 

attributed to several factors. Endocrine properties of vitamin D have been elaborated to involve 

hormonal regulation of gonadal activity, ovarian follicle function, endometrial acceptance of the 

implantation, immunomodulation, and regulation of inflammation (Várbíró et al., 2022). This is an 

indication of the importance of the body’s ability to control these processes in fertility treatments, 

including IVF. Since Vitamin D is involved in many aspects of reproductive physiology, it can be 

concluded that aiming at eliminating Vitamin D deficiency through the use of supplements or other 
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interventions can be an effective way to enhance the levels of fertility with a special reference to 

women receiving ARTs. 

 

4.3 Potential Clinical Implications 

The four clinical implications of Vitamin D supplementation on fertility and IVF are pretty relevant 

because research findings indicate that raising the levels of the vitamin supports fertility in various 

ways. However, there is ambiguity about the amount of the vitamin that should be administered. 

Some of the prior research has established that Vitamin D is directly linked with infertility, poor 

quality of the oocyte, and lower chances of IVF. That is why Vitamin D supplementation could be 

adequate to cover the lack and improve the ovarian function and quality of the embryo implantation 

rate in women who received IVF. In this regard, clinical trials have revealed the effectiveness of 

Vitamin D in enhancing endometrial receptivity, managing inflammation, and inflammation-related 

immunity, which are coefficients when it comes to conception and pregnancy. Hence, increasing 

Vitamin D levels might be a cost-effective treatment approach to interfering with the factors 

contributing to fertility problems since most causes of infertility are multifactorial, especially if a 

woman has a subnormal Vitamin D level or any disease state like PCOS or endometriosis that is often 

characterized by hormonal instability and inflammation. 

The issue of Vitamin D testing could be considered an essential part of preconceptional preparations 

and fertility management in women, especially in those who are planning to become pregnant through 

IVF. It is best to screen for 25(OH)D in serum to check for deficiencies, as women with low levels 

may receive Vitamin D supplements for the welfare of their reproductive health. It is suggested that 

healthcare providers assess Vitamin D levels in women with infertility undergoing IVF because this 

intervention may improve the success rates as well as minimize the risks of implantation failure and 

pregnancy loss. More research is required to find out the correct dosage and period of supplement 

consumption, as well as the particular category of women who may reap the most benefits. In general, 

it is possible to assume that the prevention or cure of Vitamin D deficiency might become helpful in 

the therapy of the majority of infertility cases and might positively impact the results of IVF and 

prenatal outcomes. 

 

4.4 Limitations of the Meta-Analysis 

As indicated in the meta-analysis, there are several limitations that one can take into consideration 

when coming up with the conclusion. Quite obviously, one of the key weaknesses is the source of the 

data, which may have been biased in the studies included. Several of the investigations incorporated 

into the present meta-analysis might have been prone to sampling bias, inquiry methods, and data-

gathering techniques. For instance, some of the studies being compared included a relatively small 

number of samples, which affects the power of the statistics used and increases the likelihood of the 

study committing either type I or type II errors. Some of the studies were also weak methodologically 

in that some did not apply any control or blinding, hence leading to possible measurement bias or 

confounding variables. This is especially true for self-reported data on Vitamin D intake or the food 

consumed by the subjects in the study. 

The last of these limitations is related to differences that were found in the studies included in the 

meta-analysis. This provides differences in the group of subjects in the studies relative to age, BMI, 

health, and fertility treatments used. In addition, there were differences in the assessment of Vitamin 

D status (serum 25(OH)D level as compared with dietary intake) and the IVF treatments performed 

in these studies. These aspects also explain the high study variance and pose a challenge when it 

comes to the pooling of data. These results lower the external validity of the research as it identifies 

the effectiveness of Vitamin D supplementation in specific groups and dosage regimens. However, it 

was possible to establish the influence of the variability by using statistical methods like the random-

effects model in the data analysis; nonetheless, this was a limitation that one has to embrace when 

using the results highlighted in this research to make comparisons in clinical practice. More 

significant variability coupled with possible sources of bias underlines the need for more rigorous, 
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bigger RCTs, which helped to resolve the ambiguity of the Vitamin D impact upon fertility and/or 

IVF. 

 

4.5 Strengths of the Meta-Analysis 

The strengths of this meta-analysis lie in its comprehensive approach to reviewing the existing 

literature and in the application of robust statistical methods to synthesize the data. First and foremost, 

a systematic and extensive search of relevant databases such as PubMed, Scopus, and Web of Science 

ensured that a wide range of studies were considered, including randomized controlled trials, cohort 

studies, and case-control studies. This diversity of study designs enhanced the generalizability of the 

findings, providing a more complete picture of the relationship between Vitamin D deficiency and 

female infertility as well as IVF outcomes. By including studies from various regions and populations, 

this meta-analysis was able to capture a broad spectrum of evidence, allowing for the identification 

of potential subgroup differences based on age, BMI, ethnicity, and underlying health conditions. 

This comprehensive approach minimized publication bias and ensured that a thorough evaluation of 

the available evidence was conducted. 

In addition to the comprehensive search strategy, the meta-analysis employed robust statistical 

methods for data synthesis. The use of the random-effects model helped account for the inevitable 

heterogeneity among the included studies, providing more accurate and reliable estimates of the 

overall effect. Statistical techniques such as the I² statistic were used to assess the degree of variability 

between studies, further improving the interpretation of the results. Moreover, the meta-analysis 

incorporated sensitivity analyses to evaluate the impact of various study characteristics and potential 

biases on the overall findings. This methodological rigor and statistical sophistication enhance the 

credibility of the results, making this meta-analysis a valuable contribution to the understanding of 

the role of Vitamin D in female fertility and IVF success. 

 

4.6 Future Research Directions 

However, from the results of this meta-analysis, it is possible to identify several research gaps that 

still exist. Some of these gaps include the following: The specific level of vitamin D that could 

enhance fertility and IVF. Despite these meta-analyses pointing to a positive correlation between low 

Vitamin D levels, low fertility rates, and poor IVF success rates, there is no certain cut-off point for 

the vitamin to yield these favorable effects. Several authors have considered different definitions for 

calculating deficiency and insufficiency and hence come up with different conclusions. Future studies 

should define whether the optimal serum Vitamin D levels enhance the reproductive rates in the 

overall population as well as in the infertility IVF candidates. 

The first area of future research that has been proposed is that more prospective research must be 

conducted, especially RCTs, to determine the causal link between Vitamin D deficiency and infertility 

and IVF success rates. Even though the observational studies represent functional correlations, only 

RCT showed a definite impact. These trials should examine the outcomes of Vitamin D 

supplementation in fertility treatments in terms of different categories such as PCOS, endometriosis, 

and any other related infertility disorders, and employ similar IVF protocols. Furthermore, it is 

necessary to investigate frequency and dose, receiver, and duration to know the aspects of Vitamin D 

intervention that can be most beneficial. 

In addition, there is an urge to conduct a study regarding the effectiveness of Vitamin D in terms of 

fertility beyond pregnancy development rates and live birth rates. There is a need to establish if there 

is a long-term benefit of vitamin D supplementation on maternal and fetal health and the prevention 

of pregnancy-related complications. More importantly, identifying the potential impact of supplying 

Vitamin D to children for an extended period may go a long way in formulating best practices for 

increasing fertility and IVF in patients. 

 

5. Conclusion  

Specifically, through this meta-analysis, it has been established that Vitamin D deficiency correlates 

with female infertility and may, in fact, affect IVF. The present research findings are not 
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homogeneous. The data imply that Vitamin D deficiency may interfere with various aspects of female 

fertility and embryo/placental implantation and resulting pregnancy rates. However, because of 

differences in study designs, methods, and samples, as well as possible sources of bias in the findings 

and heterogeneity, it can be argued that they are not very strongly related.  

Based on these facts, clinical advice stated that Vitamin D testing should be integrated into prenatal 

and fertility planning care. Further, for women who require fertility treatments and especially those 

going for IVF, evaluation of serum vitamin D is an informed step that helps in supplementing the 

nutrient and thus improving fertility rates. Since there are indications that vitamin D involvement may 

help increase fertility rates and IVF uptake to some extent, medical practitioners may advise users to 

take vitamin D when their levels have been identified as very low. However, care must be observed 

when recommending dosages and periods of use of these supplements since current knowledge is still 

limited about the best regime to give. 

The implications for practice are as follows: Vitamin D could be incorporated into the clinical 

practices of fertility. The regular testing of other patients for Vitamin D deficiency and optimization 

of its levels could be a relatively cheap and easy measure towards better fertility treatment outcomes 

in women with such states. Besides, considering Vitamin D screening as one of the measures to be 

taken during the IVF procedure would prove to be an effective complementary practice contributing 

to the improvement of implantation and live birth rates. However, the current evidence needs to be 

incorporated into clinical guidelines and supplement the treatment plan for patients so that an 

adequate dosage of Vitamin D can be delivered to the patient. 

The present meta-analysis has offered an invaluable estimation of Vitamin D and female infertility as 

well as the possible impact on IVF, it is distinguishable that high-quality research investigations are 

still imperative. The authors suggested that further research, especially RCTs, should investigate the 

causal role of vitamin D in fertility and the dosage and duration of vitamin D supplement intake in 

IVF candidates. Thus, for the present, the recommendation for the habit of screening and using 

Vitamin D supplementation, if necessary, can be advised for healthcare practitioners while constantly 

being careful due to the limitations and variability of the research existing today. Therefore, more 

studies are needed in the future to provide a clear understanding of the fertility potential of Vitamin 

D and to signpost the clinic’s approach to enhancing fertility and IVF survival for such women. 

 

References 

1. Abd El Hameed, S. M., Mansour, D. Y., Zaghla, H. M. A. A., & Rishi, S. H. (2018). Association 

between vitamin D deficiency and preterm: A case-control study. The Egyptian Journal of 

Hospital Medicine, 73(3), 6198-6205. 

2. Aghajani, M. H., Alipour, M., & Farahmand, S. (2020). The role of vitamin D in female 

reproductive health. Journal of Reproductive Immunology, 137, 1–7. 

https://doi.org/10.1016/j.jri.2020.103089 

3. Ai, C. (2023). A study examining the correlation between serum 25-OH-VitD levels, CD3-

CD19+ B lymphocytes, and the risk of early spontaneous abortion in pregnant 

women. Medicine, 102(28), e34338. 

4. Amrein, K., Scherkl, M., Hoffmann, M., Neuwersch-Sommeregger, S., Köstenberger, M., 

Tmava Berisha, A., ... & Malle, O. (2020). Vitamin D deficiency 2.0: an update on the current 

status worldwide. European journal of clinical nutrition, 74(11), 1498-1513. 

5. Baker, A. A., & Farooq, D. U. (2024). Women’s fertility and vitamin D: Could hypovitaminosis 

D biomarkers correlate with the disease, and explain the unexplained female factor 

infertility?. African Health Sciences, 24(3), 259-273. 

6. Baldini, G. M., Lot, D., Malvasi, A., Laganà, A. S., Vimercati, A., Dellino, M., ... & Trojano, G. 

(2024). Abnormalities of Oocyte Maturation: Mechanisms and Implications. International 

Journal of Molecular Sciences, 25(22), 12197. 

7. Baldini, G. M., Russo, M., Proietti, S., Forte, G., Baldini, D., & Trojano, G. (2024). 

Supplementation with vitamin D improves the embryo quality in in vitro fertilization (IVF) 

https://jptcp.com/index.php/jptcp/issue/view/79


Association Of Vitamin D Deficiency With Female Infertility And Ivf Outcomes 
 

Vol.32 No. 02 (2025) JPTCP (733-752)    Page | 750 

programs, independently of the patients’ basal vitamin D status. Archives of Gynecology and 

Obstetrics, 309(6), 2881-2890. 

8. Basile, S., Salvati, L., Artini, P. G., & Pinelli, S. (2021, April 21). Vitamin D and infertility: a 

narrative review. GREM – Gynecological and Reproductive Endocrinology & Metabolism. 

https://gremjournal.com/journal/01-2021/vitamin-d-and-infertility-a-narrative-review/ 

9. Berry, S., Seidler, K., & Neil, J. (2022). Vitamin D deficiency and female infertility: A 

mechanism review examining the role of vitamin D in ovulatory dysfunction as a symptom of 

polycystic ovary syndrome. Journal of Reproductive Immunology, 151, 103633. 

https://doi.org/10.1016/j.jri.2022.103633 

10. Berry, S., Seidler, K., & Neil, J. (2022). Vitamin D deficiency and female infertility: A 

mechanism review examining the role of vitamin D in ovulatory dysfunction as a symptom of 

polycystic ovary syndrome. Journal of Reproductive Immunology, 151, 103633. 

11. Bouillon, R., Marcocci, C., Carmeliet, G., Bikle, D., White, J. H., Dawson-Hughes, B., & Lips, 

P. (2019). Vitamin D and human health: Lessons from vitamin D receptor null mice. Endocrine 

Reviews, 40(4), 974-1003. https://doi.org/10.1210/er.2018-00214 

12. Cashman, K. D. (2020). Vitamin D deficiency: defining, prevalence, causes, and strategies of 

addressing. Calcified tissue international, 106(1), 14-29. 

13. Christakos, S., Dhawan, P., Verstuyf, A., Verlinden, L., & Carmeliet, G. (2016). Vitamin D: 

Metabolism, molecular mechanism of action, and pleiotropic effects. Physiological Reviews, 

96(1), 365-408. https://doi.org/10.1152/physrev.00014.2015 

14. Costa Figueiredo, M., & Chen, Y. (2021, May). Health data in fertility care: an ecological 

perspective. In Proceedings of the 2021 CHI Conference on Human Factors in Computing 

Systems (pp. 1-17). 

15. Cunningham, T. K., Allgar, V., Dargham, S. R., Kilpatrick, E., Sathyapalan, T., Maguiness, S., 

... & Atkin, S. L. (2019). Association of vitamin D metabolites with embryo development and 

fertilization in women with and without PCOS undergoing subfertility treatment. Frontiers in 

endocrinology, 10, 13. 

16. Cunningham, T. K., Allgar, V., Dargham, S. R., Kilpatrick, E., Sathyapalan, T., Maguiness, S., 

... & Atkin, S. L. (2019). Association of vitamin D metabolites with embryo development and 

fertilization in women with and without PCOS undergoing subfertility treatment. Frontiers in 

endocrinology, 10, 13. 

17. Du Sert, N. P., Ahluwalia, A., Alam, S., Avey, M. T., Baker, M., Browne, W. J., ... & Würbel, 

H. (2020). Reporting animal research: Explanation and elaboration for the ARRIVE guidelines 

2.0. PLoS biology, 18(7), e3000411. 

18. Gaskins, A. J., & Chavarro, J. E. (2018). Diet and fertility: a review. American journal of 

obstetrics and gynecology, 218(4), 379-389. 

19. Iliuta, F., Pijoan, J. I., Lainz, L., Exposito, A., & Matorras, R. (2022). Women’s vitamin D levels 

and IVF results: a systematic review of the literature and meta-analysis, considering three 

categories of vitamin status (replete, insufficient and deficient). Human Fertility, 25(2), 228-246. 

20. Iliuta, F., Pijoan, J. I., Lainz, L., Exposito, A., & Matorras, R. (2022). Women’s vitamin D levels 

and IVF results: a systematic review of the literature and meta-analysis, considering three 

categories of vitamin status (replete, insufficient and deficient). Human Fertility, 25(2), 228-246. 

21. Jiang, L., Yang, J., Song, J., Hu, Y., & Qian, K. (2020). Normal fertilization rates and serum 25-

OHD levels among couples undergoing in-vitro fertilization: a prospective cohort study. BMC 

pregnancy and childbirth, 20, 1-8. 

22. Kiely, M. E., Wagner, C. L., & Roth, D. E. (2020). Vitamin D in pregnancy: Where we are and 

where we should go. The Journal of steroid biochemistry and molecular biology, 201, 105669. 

23. Ko, J. K. Y., Shi, J., Li, R. H. W., Yeung, W. S. B., & Ng, E. H. Y. (2022). 100 YEARS OF 

VITAMIN D: Effect of serum vitamin D level before ovarian stimulation on the cumulative live 

birth Rate of women undergoing in vitro fertilization: A Retrospective analysis. Endocrine 

Connections, 11(2). 

https://jptcp.com/index.php/jptcp/issue/view/79


Association Of Vitamin D Deficiency With Female Infertility And Ivf Outcomes 
 

Vol.32 No. 02 (2025) JPTCP (733-752)    Page | 751 

24. Kolil, V. K., & Achuthan, K. (2024). Virtual labs in chemistry education: A novel approach for 

increasing student’s laboratory educational consciousness and skills. Education and Information 

Technologies, 29(18), 25307-25331. 

25. Kuroshli, Z., Novin, M. G., Nazarian, H., Abdollahifar, M. A., Zademodarres, S., Pirani, M., ... 

& Mofarahe, Z. S. (2024). The efficacy of vitamin D supplement in the expression and protein 

levels of endometrial decidualization factors in women with recurrent implantation 

failure. Reproductive Sciences, 31(3), 675-686. 

26. Kwan, I., Bhattacharya, S., & Woolner, A. (2021). Monitoring of stimulated cycles in assisted 

reproduction (IVF and ICSI). Cochrane Database of Systematic Reviews, (4). 

27. Lin, T. J., Lin, T. C., Potvin, P., & Tsai, C. C. (2019). Research trends in science education from 

2013 to 2017: A systematic content analysis of publications in selected journals. International 

Journal of Science Education, 41(3), 367-387. 

28. Liu, X., Zhang, W., Xu, Y., Chu, Y., Wang, X., Li, Q., ... & Wan, Y. (2019). Effect of vitamin 

D status on normal fertilization rate following in vitro fertilization. Reproductive Biology and 

Endocrinology, 17, 1-10. 

29. Lv, M., Li, J., Zhang, W., & Cheng, H. (2023). Vitamin D and infertility: A systematic review 

and meta-analysis of observational and interventional studies. Reproductive Medicine and 

Biology, 22(3), 123-135. https://doi.org/10.1016/j.remp.2023.03.007 

30. Martins, D., Wolf, M., Pan, D., Zadshir, A., Tareen, N., Thadhani, R., & Norris, K. (2020). 

Prevalence of cardiovascular risk factors and the serum levels of 25-hydroxyvitamin D in the 

United States. Archives of Internal Medicine, 167(11), 1159-1165. 

https://doi.org/10.1001/archinte.167.11.1159 

31. McIntyre, H. D., Serek, R., Crane, D. I., Veveris-Lowe, T., Parry, A., Lee, I. L., & Cotterill, A. 

(2018). Vitamin D in metabolic disorders and pregnancy complications. Annals of Nutrition and 

Metabolism, 72(3), 179-188. https://doi.org/10.1159/000488181 

32. Mischoulon, D., & Fava, M. (2018). Vitamin D and pregnancy outcomes: A review of recent 

studies. Journal of Psychiatric Research, 102, 69–74. 

https://doi.org/10.1016/j.jpsychores.2018.04.001 

33. Mooren, F., Jansen, R., & Schreuder, S. (2017). Vitamin D and polycystic ovary syndrome: A 

review of the evidence. European Journal of Obstetrics & Gynecology and Reproductive 

Biology, 213, 80–85. https://doi.org/10.1016/j.ejogrb.2017.03.012 

34. Mumford, S. L., Garbose, R. A., Kim, K., Kissell, K., Kuhr, D. L., Omosigho, U. R., ... & 

Schisterman, E. F. (2018). Association of preconception serum 25-hydroxyvitamin D 

concentrations with livebirth and pregnancy loss: a prospective cohort study. The lancet Diabetes 

& endocrinology, 6(9), 725-732. 

35. Ota, K., Mitsui, J., Katsumata, S., Takayanagi, Y., Nako, Y., Tajima, M., ... & Kawai, K. (2023). 

Seasonal Serum 25 (OH) Vitamin D Level and Reproductive or Immune Markers in 

Reproductive-Aged Women with Infertility: A Cross-Sectional Observational Study in East 

Japan. Nutrients, 15(24), 5059. 

36. Pagliardini, L., Vigano, P., Molgora, M., Persico, P., Salonia, A., Vailati, S., Paffoni, A., 

Somigliana, E., Papaleo, E., & Candiani, M. (2015). High prevalence of vitamin D deficiency in 

infertile women referring for assisted reproduction. Nutrients, 7(12), 9972–9984. 

https://doi.org/10.3390/nu7125516 

37. Pawlowski, T., Wiśniewski, M., & Bożek, P. (2020). The role of vitamin D in pregnancy 

outcomes: A review. Nutrients, 12(11), 3399. https://doi.org/10.3390/nu12113399 

38. Pilz, S., Zittermann, A., Obeid, R., Hahn, A., Pludowski, P., Trummer, C., ... & März, W. (2018). 

The role of vitamin D in fertility and during pregnancy and lactation: a review of clinical 

data. International journal of environmental research and public health, 15(10), 2241. 

39. Pilz, S., Zittermann, A., Omdahl, J., & Wehr, E. (2019). The role of vitamin D in metabolic and 

cardiovascular disease. Clinics in Endocrinology and Metabolism, 47(6), 275-288. 

https://doi.org/10.1016/j.beem.2019.02.002 

https://jptcp.com/index.php/jptcp/issue/view/79


Association Of Vitamin D Deficiency With Female Infertility And Ivf Outcomes 
 

Vol.32 No. 02 (2025) JPTCP (733-752)    Page | 752 

40. Pludowski, P., Holick, M. F., & Grant, W. B. (2013). Vitamin D and human health: From the 

vitamin D deficiency epidemic to the understanding of its biological significance. Journal of 

Steroid Biochemistry and Molecular Biology, 136, 4–14. 

https://doi.org/10.1016/j.jsbmb.2013.02.014 

41. Pludowski, P., Holick, M. F., Grant, W. B., Konstantynowicz, J., Mascarenhas, M. R., Haq, A., 

& Jean, G. (2018). Vitamin D supplementation guidelines. The Journal of Steroid Biochemistry 

and Molecular Biology, 175, 125-135. https://doi.org/10.1016/j.jsbmb.2017.01.021 

42. Polyzos, N. P., & Anckaert, E. (2021). Vitamin D deficiency and reproductive outcomes in 

infertile populations: A review of the evidence. Fertility and Sterility, 115(1), 21-28. 

https://doi.org/10.1016/j.fertnstert.2020.10.009 

43. Potiris, A., Stavros, S., Voros, C., Christopoulos, P., Pouliakis, A., Savvidis, M., ... & Domali, 

E. (2024). Intraovarian Platelet-Rich Plasma Administration for Anovulatory Infertility: 

Preliminary Findings of a Prospective Cohort Study. Journal of Clinical Medicine, 13(17), 5292. 

44. Rafeeq, H., Ahmad, S., Tareen, M. B. K., Shahzad, K. A., Bashir, A., Jabeen, R., & Shehzadi, I. 

(2020). Biochemistry of fat soluble vitamins, sources, biochemical functions and toxicity. Haya: 

The Saudi Journal of Life Sciences, 5(6), 188-196. 

45. Ramy, A., Rafaat, T., Hameed, A. A., & Haji, I. (2023). Association between vitamin D 

deficiency and unexplained infertility. Evidence Based Women S Health Journal, 13(4), 328–

333. https://doi.org/10.21608/ebwhj.2023.211176.1249 

46. Robertson, S. A., Chin, P. Y., Femia, J. G., & Brown, H. M. (2018). Embryotoxic cytokines—

Potential roles in embryo loss and fetal programming. Journal of reproductive immunology, 125, 

80-88. 

47. Saika Manzoor, S. M., & Rashid, F. (2020). Microbes in the Reproductive Tract Spectrum: 

Inferences from the Microbial. Pathogenicity and Drug Resistance of Human Pathogens: 

Mechanisms and Novel Approaches, 351. 

48. Showell, M. G., Mackenzie-Proctor, R., Jordan, V., & Hart, R. J. (2020). Antioxidants for female 

subfertility. Cochrane database of systematic reviews, (8). 

49. Silvestris, E., Lovero, D., & Palmirotta, R. (2019). Nutrition and female fertility: an 

interdependent correlation. Frontiers in endocrinology, 10, 346. 

50. Sîrbe, C., Rednic, S., Grama, A., & Pop, T. L. (2022). An update on the effects of vitamin D on 

the immune system and autoimmune diseases. International journal of molecular 

sciences, 23(17), 9784. 

51. Somigliana, E., Sarais, V., Reschini, M., Ferrari, S., Makieva, S., Cermisoni, G. C., Paffoni, A., 

Papaleo, E., & Vigano, P. (2021). Single oral dose of vitamin D3 supplementation prior to in 

vitro fertilization and embryo transfer in normal weight women: the SUNDRO randomized 

controlled trial. American Journal of Obstetrics and Gynecology, 225(3), 283.e1-283.e10. 

https://doi.org/10.1016/j.ajog.2021.04.234 

52. Várbíró, S., Takács, I., Tűű, L., Nas, K., Sziva, R. E., Hetthéssy, J. R., & Török, M. (2022). 

Effects of vitamin D on fertility, pregnancy and polycystic ovary syndrome—a 

review. Nutrients, 14(8), 1649. 

53. Várbíró, S., Takács, I., Tűű, L., Nas, K., Sziva, R. E., Hetthéssy, J. R., & Török, M. (2022). 

Effects of vitamin D on fertility, pregnancy and polycystic ovary syndrome—a 

review. Nutrients, 14(8), 1649. 

54. Wu, Y., Zhang, L., & Li, Y. (2023). Association of vitamin D deficiency with infertility: A 

systematic review. Human Reproduction Update, 29(4), 220-236. 

https://doi.org/10.1093/humupd/dmab044 

55. Yang, T., Zhao, J., Liu, F., & Li, Y. (2022). Lipid metabolism and endometrial 

receptivity. Human reproduction update, 28(6), 858-889. 

56. Zavatta, A., Parisi, F., Mandò, C., Scaccabarozzi, C., Savasi, V. M., & Cetin, I. (2022). Role of 

inflammaging on the reproductive function and pregnancy. Clinical reviews in allergy & 

immunology, 1-16. 

 

https://jptcp.com/index.php/jptcp/issue/view/79

