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Abstract
Objectives: Preeclampsia is one of the most frequent pregnancy disorders, with a global incidence of 2%–8%. Serum 
25-hydroxyvitamin D is an essential mineral for human health; some studies suggest link between 25-hydroxyvitamin D 
deficiency and preeclampsia, while others offer contradictory findings. Thus, the goal of this study is to evaluate the 
relationships between maternal 25- hydroxyvitamin D concentrations and the risk of preeclampsia. In addition to this, our 
study also evaluates the effects of 25- hydroxyvitamin D supplementation on the incidence of preeclampsia. Therefore, 
assessing 25- hydroxyvitamin D’s potential as a possible intervention to lower the risk of preeclampsia.
Methods: The Medline database was queried from inception until July 2021 for randomized controlled trials and observational 
studies without any restrictions. The studies assessing the association between 25-hydroxyvitamin D deficiency and 
preeclampsia and the impact of 25-hydroxyvitamin D supplementation on the incidence of preeclampsia were incorporated. 
The results were reported using a random-effects meta-analysis and the Mantel-Haenszel odds ratio. A p-value of <0.05 was 
considered significant for the analysis.
Results: This analysis includes 34 papers, including 10 randomized controlled trials and 24 observational studies. According 
to our pooled analysis, 25-hydroxyvitamin D supplementation was significantly associated with a lower risk of preeclampsia 
in pregnant women (OR: 0.50; 95% CI: 0.40–0.63; p = 0.00001), while 25-hydroxyvitamin D deficiency was significantly 
associated with an increased risk of preeclampsia (OR: 4.30; 95 % CI: 2.57–7.18; p < 0.00001, OR: 1.71; 95 % Cl: 1.27–2.32; 
p = 0.0005, OR 1.61; 95 % Cl: 1.21–2.16; p = 0.001).
Conclusion: Results suggest that 25-hydroxyvitamin D has a significant relationship with preeclampsia as confirmed by the 
findings that low maternal 25-hydroxyvitamin D concentrations cause increased risk of preeclampsia while 25-hydroxyvitamin 
D supplementation reduces the incidence of preeclampsia. Our findings indicate that 25-hydroxyvitamin D supplementation 
can be used as a possible intervention strategy in preventing one of the most common causes of maternal mortality around 
the world, preeclampsia.
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Introduction

Preeclampsia (PE) is one of the most common disorders of 
pregnancy, which occurs after 20th week of pregnancy and 
can present with following complaints such as hypertension, 
proteinuria and signs of end-organ damage including kid-
ney, lung, and liver failure.1 PE affects 2%–8% of pregnan-
cies globally and has long-term maternal consequences, 
including cerebrovascular, metabolic, and cardiovascular 
disorders.2,3 Moreover, PE is also associated with adverse 
neonatal outcomes such as preterm birth, restricted fetal 
growth, placental abruption, bronchopulmonary dysplasia 
and neurodevelopmental delay,4,5 resulting in 500,000 fetal 
deaths globally each year.6

Although, the exact etiology of PE is still unknown, the 
prevalence of serum 25-hydroxyvitamin D (25(OH)D) defi-
ciency is found to be very high among pregnant women. 
Serum 25(OH)D is an essential nutrient for maintaining 
human health.7 A systematic review reported the incidence 
of 25(OH)D deficiency among pregnant women in America, 
Europe, Eastern Mediterranean, South East Asia, and 
Western Pacific to be 64%, 57%, 46%, 87%, and 83% 
respectively.8 Some studies suggest an association between 
25(OH)D deficiency and PE9,10 while other studies show no 
such association.11 Due to inconsistency in the results, there 
is no clear agreement on whether there is an association 
between 25(OH)D and PE, which creates the necessity to 
further investigate the link between them.

Therefore, in this study, we aimed to conduct a systematic 
review and meta-analysis of all relevant observational stud-
ies and randomized controlled trials in which the association 
between 25(OH)D deficiency and PE was assessed. Another 
aim was to assess whether 25(OH)D supplementation can 
reduce the incidence of PE in pregnant women.

Methods

This meta-analysis is reported in accordance with the 
Preferred Items for Systematic Reviews and Meta-Analysis 
(PRISMA) guidelines. The PRISMA checklist is presented 
in Figure 1. The study is not registered in PROSPERO as the 
design and methodology were finalized before we were 
aware of the registration requirement; however, we are com-
mitted to transparent reporting and will ensure that all perti-
nent data are reported. This meta-analysis only included data 
from previously published studies; therefore, ethical approval 
was deemed unnecessary.

Search strategy

An electronic search of MEDLINE, TRIP and Cochrane 
Central was conducted from their inception to July 2021, 
without any language restrictions, using a search string. No 
filters were applied in order to retrieve all relevant studies. 
Moreover, the reference lists of relevant articles were also 
searched for any other eligible studies. Articles were first 

shortlisted on the basis of abstracts after which full literature 
was reviewed to select studies. Bibliographies of the relevant 
review articles were also queried. In addition to this, grey 
and white literature were also searched. Articles retrieved 
from the systemic search were exported to the EndNote 
Reference Library Software (v17.0.1.7212), where dupli-
cates were searched for and removed. The remaining articles 
were carefully assessed by two independent authors (MHB 
and NS). A third investigator (HA) was then consulted to 
resolve any disparities with consensus.

Inclusion and exclusion criteria

We considered RCTs which assessed risk of PE in pregnant 
women supplemented with 25(OH)D. We also considered 
observations studies which assessed incidence of PE in preg-
nant women with 25(OH)D deficiency. While animal stud-
ies, case reports, conference presentations, editorials, expert 
opinions, and unpublished studies were excluded. Any dupli-
cate studies from the same database were excluded.

Statistical analysis

The data from the selected studies were extracted indepen-
dently by two authors (MHB and NS) and verified by a third 
author (HA). From the RCTs, the following outcome was 
assessed, the association between PE and 25(OH)D supple-
mentation. While from the finalized observational studies risk 
of PE with 25(OH)D deficiency in pregnant women was 
assessed. Revman (v5.4.1, Copenhagen: The Nordic Cochrane 
Centre, The Cochrane Collaboration, 2020) was used for all 
statistical analyses. To visually assess, the results of pooling 
forest plots were constructed. The results were presented as 
odds ratios (OR) and 95% confidence intervals.

Quality assessment

A systematic quality assessment of the included trials was 
performed for using the Cochrane criteria risk of bias tool 
(Supplemental Figure 1(a) and (b)), while the Newcastle 
Ottawa scale (NOS) was used for the observation studies 
(Supplemental Tables 1 and 2).12 The following items were 
used: adequacy of sequence generation, allocation conceal-
ment, blinding addressing of dropouts (incomplete outcome 
data), selective outcome reporting, and other probable 
sources of bias. Risk of bias assessment was independently 
performed by two authors (HA and NS); disagreements were 
resolved by a consensus-based discussion.

Results

Study selection

Initial search of the four electronic databases yielded 8564 
potential studies. After exclusions, 34 articles were selected 
including 24 observational studies and 10 RCTs. The 
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Section/topic # Checklist item Reported on page # 

TITLE 

Title 1 Identify the report as a systematic review, meta-analysis, or both. 1

ABSTRACT 

Structured 
summary 

2 Provide a structured summary including, as applicable: background; objectives; 
data sources; study eligibility criteria, participants, and interventions; study 
appraisal and synthesis methods; results; limitations; conclusions and 
implications of key findings; systematic review registration number. 

1

INTRODUCTION 

Rationale 3 Describe the rationale for the review in the context of what is already known. 2

Objectives 4 Provide an explicit statement of questions being addressed with reference to 
participants, interventions, comparisons, outcomes, and study design (PICOS). 

3

METHODS 

Protocol and 
registration 

5 Indicate if a review protocol exists, if and where it can be accessed (e.g., 
Web address), and, if available, provide registration information including 
registration number. 

3

Eligibility criteria 6 Specify study characteristics (e.g., PICOS, length of follow-up) and report 
characteristics (e.g., years considered, language, publication status) used as 
criteria for eligibility, giving rationale. 

3

Information 
sources 

7 Describe all information sources (e.g., databases with dates of coverage, 
contact with study authors to identify additional studies) in the search and date 
last searched. 

3

Search 8 Present full electronic search strategy for at least one database, including any 
limits used, such that it could be repeated. 

3

Study selection 9 State the process for selecting studies (i.e., screening, eligibility, included in 
systematic review, and, if applicable, included in the meta-analysis). 

4

Data collection 
process 

10 Describe method of data extraction from reports (e.g., piloted forms, 
independently, in duplicate) and any processes for obtaining and confirming 
data from investigators. 

4

Data items 11 List and define all variables for which data were sought (e.g., PICOS, funding 
sources) and any assumptions and simplifications made. 

3

Risk of bias in 
individual studies 

12 Describe methods used for assessing risk of bias of individual studies 
(including specification of whether this was done at the study or outcome 
level), and how this information is to be used in any data synthesis. 

5

Summary 
measures 

13 State the principal summary measures (e.g., risk ratio, difference in means). 5

Synthesis of 
results 

14 Describe the methods of handling data and combining results of studies, if 
done, including measures of consistency (e.g., I2) for each meta-analysis. 

5

Risk of bias 
across studies 

15 Specify any assessment of risk of bias that may affect the cumulative evidence 
(e.g., publication bias, selective reporting within studies). 

Additional 
analyses 

16 Describe methods of additional analyses (e.g., sensitivity or subgroup 
analyses, meta-regression), if done, indicating which were pre-specified. 

Figure 1. (Continued)
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Section/topic # Checklist item Reported on page # 

RESULTS 

Study selection 17 Give numbers of studies screened, assessed for eligibility, and included in the 
review, with reasons for exclusions at each stage, ideally with a flow diagram. 

5

Study 
characteristics 

18 For each study, present characteristics for which data were extracted (e.g., 
study size, PICOS, follow-up period) and provide the citations. 

5

Risk of bias 
within studies 

19 Present data on risk of bias of each study and, if available, any outcome level 
assessment (see item 12). 

5

Results of 
individual studies 

20 For all outcomes considered (benefits or harms), present, for each study: (a) 
simple summary data for each intervention group (b) effect estimates and 
confidence intervals, ideally with a forest plot. 

5-6

Synthesis of 
results 

21 Present results of each meta-analysis done, including confidence intervals and 
measures of consistency. 

5-6

Risk of bias 
across studies 

22 Present results of any assessment of risk of bias across studies (see Item 15). 5

Additional 
analysis 

23 Give results of additional analyses, if done (e.g., sensitivity or subgroup 
analyses, meta-regression [see Item 16]). 

5

DISCUSSION 

Summary of 
evidence 

24 Summarize the main findings including the strength of evidence for each main 
outcome; consider their relevance to key groups (e.g., healthcare providers, 
users, and policy makers). 

6-9

Limitations 25 Discuss limitations at study and outcome level (e.g., risk of bias), and at 
review-level (e.g., incomplete retrieval of identified research, reporting bias). 

9

Conclusions 26 Provide a general interpretation of the results in the context of other evidence, 
and implications for future research. 

9-10

FUNDING 

Funding 27 Describe sources of funding for the systematic review and other support (e.g., 
supply of data); role of funders for the systematic review. 

10

Figure 1. PRISMA flow chart summarizing the process of literature search and selection of studies.

PRISMA flow chart summarizes the results of our literature 
search (Figure 1).

Characteristics of the studies

Twenty-four observational studies incorporating 2739 
patients with <25 nmol/l (2233 Healthy Pregnant Women, 
506 pre-eclamptic Women), 18,977 patients with 
<50 nmol/l (17,903 Healthy Pregnant Women, 1074 pre-
eclamptic Women), and 4280 patients with <75 nmol/l 
(3412 Healthy Pregnant Women, 868 pre-eclamptic 
Women) met the inclusion criteria and were selected for 
meta-analysis. Among the included studies, all dealt with 
risk of PE related to different concentrations of 25(OH)D. 
Ten randomized controlled trials were eligible and selected. 
It included 3451 participants in the meta-analysis. These 
included 1750 subjects in the 25(OH)D treatment arm and 
1701 control subjects.

The included studies were conducted in the United States 
of America (n = 6), Iran (n = 11), Canada (n = 4), China (n = 3), 
the United Kingdom (n = 1), India (n = 2), Bangladesh (n = 1), 
Saudi Arabia, Turkey, Qatar, Serbia, and Sweden (n = 1). The 
baseline characteristics of the studies are summarized in 
Tables 1 and 2.

Quality of assessment and publication bias

Risk of bias was assessed for both RCTs and observational 
studies. The Newcastle Ottawa scale was used for observa-
tional studies. While for RCTs, risk of bias was assessed 
through Review Manager (RevMan) 5.0 and subsequently its 
funnel plot. High-quality responses earn a star, totaling up to 
nine stars (the comparability question earns level of detail: 
from the answer to each question for each study (maximum 
detail) to a summary score equal to the number of stars 
earned by each study (minimum detail). Our group presented 
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a partial score summarizing the number of stars earned by 
each study in each domain. Although the Cochrane 
Collaboration endorses the NOS, it acknowledges that 
researchers may want to assess study quality based not only 
on the quality of the analysis, covered by the NOS, but also 
on the quality of the reporting of the study, which is not 
included in this tool.12 Overall, the quality of studies showed 
moderate quality.

Almost every included study in RCTs was characterized 
by sufficient information regarding random sequence gener-
ation, allocation concealment and personnel blinding, and 
outcome assessments, and showed low risk of bias because 
of incomplete outcome data and selective outcome reporting 
through Review Manager (RevMan) 5.0. Details of the qual-
ity of bias assessment for the RCTs are also shown upon 
visual inspection of Begg’s funnel plot asymmetry. These are 
shown in the Figure 2 below as well as Figure 3 shown 
below. Overall, the quality of studies showed moderate 
quality.

Results

Out of the 34 selected studies, 24 studies incorporating 
25,996 participants reported on association between 25(OH)
D deficiency and risk of PE. In pooled analyses of these 
studies, revealed that 25(OH)D deficiency (<25 nmol/l, 
<50 nmol/l, 75 nmol/l) was associated with an increased risk 
of PE, (OR: 4.30; 95% CI: 2.57–7.18; p < 0.00001), (OR: 
1.71; 95% Cl: 1.27–2.32; p = 0.0005) and (OR: 1.61; 95% Cl: 
1.21–2.16; p = 0.001). Moderate to high heterogeneity was 
detected among the studies, (I2 = 59%) for the first group, and 
second group, (I = 66%). Moderate heterogeneity was 
observed in the third group, (I = 35%). The results are sum-
marized in Figure 4(a)–(c) for respective (<25 nmol/l, 
<50 nmol/l, 75 nmol/l) 25(OH)D concentrations.

Out of a total of 34 selected studies, 10 RCTs reported 
on incidence of PE and 25(OH)D supplementation. This 
included 3451 participants, 1750 in the 25(OH)D treat-
ment arm and 1701 in the control (placebo) group, there 

was moderate to low heterogeneity observed, (I2 = 16%). 
Our pooled analysis demonstrated that 25(OH)D supple-
mentation is associated with reduce risk of PE (OR: 0.50; 
95% CI: 0.40–0.63; p < 0.00001). The results are summa-
rized in Figure 3.

Discussion

This meta-analysis focuses on two aspects: observational 
studies reporting the associations between 25(OH)D defi-
ciency and the risk of PE and RCT reporting the effect of 
25(OH)D supplementation on the incidence of PE. Our find-
ings report that low maternal 25(OH)D concentrations 
(<25 nmol/l, <50 nmol/l, and <75 nmol/L) are associated 
with an increased risk of PE. Furthermore, 25(OH)D sup-
plementation decreases the risk of PE.

The latest guideline by the World Health Organization 
suggests recommending 25(OH)D supplementation for 
women with 25(OH)D deficiency during pre-gestational 
age, as it is preferred for preventing pre-eclampsia (PE).44 
The U.S. Institute of Medicine guidelines recommend a sup-
plementation of 600 IU/day of vitamin D3 for pregnant 
women.45 However, the U.S. Endocrine Society recommends 
maintaining serum concentrations of 25(OH)D above 30 ng/
ml, with pregnant women requiring at least 600 IU/day sup-
plementation. It’s worth noting that 1500–2000 IU/day of 
25(OH)D may be necessary to maintain the serum 25(OH)D 
concentrations.46

A study conducted by Hollis et al.47 also demonstrated 
that higher supplementation of 4000 IU/day, as opposed to 
2000 IU/day and 400 IU/day, decreased the risk of PE with-
out causing hypercalcemia. This finding was consistent with 
an RCT conducted by Ali et al.,37 which indicated a lower 
incidence of PE with a higher dosage of 4000 IU of 25(OH)
D compared to a dosage of 400 IU. Hence, supplementation 
with a higher dosage of 25(OH)D may yield benefits during 
pregnancy.

Maternal nutrient 25(OH)D deficiency might lead to a 
pro-inflammatory reaction, increase oxidative pressure and 
lead to endothelial dysfunction and vascular health impair-
ment.48 25(OH)D functions as a recognized regulator of 
inflammation. The naturally occurring dietary form, vitamin 
D3, is considered to lack biological activity.49 The positive 
impacts of 25(OH)D are believed to be primarily mediated 
by 1, 25(OH)2D. A common factor in severe inflammatory 
disorders is the reduced concentrations of 25(OH)D, which 
causes the disruption of endothelial stability, leading to an 
increased tendency for “vascular leakage.” Experimental 
animal models of PE clearly illustrate that this instability in 
endothelial function results in placental ischemia.49 Low 
serum 25(OH)D concentrations have been related with vas-
cular endothelial cell irritation, increased nuclear factor 
kappa B (NF-κB) signaling-related suppression of vascular 
endothelial function and decreased vascular endothelial 
25(OH)D receptor and 1-a hydroxylase expression.50 On the 

Figure 2. Funnel plot for studies included in population.
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Figure 3. Forest plot displaying 25(OH)D intervention effects compared to placebo on preeclampsia (PE).

other side, satisfactory 25(OH)D admission may assist with 
the maintenance of the calcium homeostasis—which is 
inversely related to PE51 or may lower the multiplication of 
the vascular smooth muscle cells.52 Besides, 25(OH)D may 
be an incredible endocrine suppressor of renin biosynthesis 
and could direct the renin–angiotensin system, which plays a 
crucial role in blood pressure control.52,53 Moreover, 25(OH)
D could likewise adjust the synthesis of adipokines associ-
ated with endothelial and vascular health.54 The defect of 
genes related to 25(OH)D’s effect on gene regulation dealing 
with the systemic inflammation and immune responses, sug-
gests that there is a specific immune cascade of events asso-
ciated with 25(OH)D deficiency that occurs early-on in 
pregnancy in women destined to develop PE.55

Rostami et al.46 study demonstrated a significant reduc-
tion in the risk of pregnancy complications, including PE, 
gestational diabetes mellitus (GDM), and preterm delivery, 
through the implementation of the screening program for the 
detection and treatment of 25(OH)D deficiency. The find-
ings of this study highlighted the importance of screening 
program for maternal 25(OH)D deficiency, as it can signifi-
cantly reduce the risk of various adverse maternal outcomes. 
Pregnant women included in the screening arm of the study 
who were taking monthly maintenance dose of 50,000 IU of 
Vitamin D3 had a higher likelihood of achieving a serum 
concentration of 25-hydroxyvitamin D (25(OH)D) greater 
than 20 ng/ml. This indicates that the supplementation was 
successful in raising their 25(OH)D concentrations. The 
probability of achieving these concentrations in intervention 
site was 53% whereas in the nonintervention site (where no 

screening program was implemented), it was only 0.02%. 
This suggests that without a screening program, majority of 
pregnant women with moderate or severe deficiency 
remained deficient at the time of pregnancy and as a result 
dealt with adverse maternal outcomes. The results indicated 
that overall, the screening program led to a 55% reduction in 
the risk of these adverse pregnancy outcomes. Among the 
women who underwent screening, only 17% experienced 
adverse outcomes, in contrast to the 29% of pregnancies that 
were complicated by these outcomes in the absence of 
screening. Specifically for PE, without screening 17% 
women developed PE compared to only 8% among the 
screened. The prevalence of PE remains relatively high in 
the low-risk pregnant population which could potentially be 
linked to other underlying factors such as the initially low 
concentrations of 25(OH)D at baseline and at the time of 
delivery. Given that the pathophysiological process of PE is 
believed to initiate early in pregnancy, the first trimester is 
considered a crucial period for interventions aimed at pre-
venting this condition.56 25(OH)D status has been associated 
with BMI levels and obesity,18,57 leading to severe complica-
tions including PE during pregnancy.58 Sablok et al.11 
revealed a notable connection between BMI ⩾ 25 and low 
25(OH)D concentrations (p = 0.000). The odds ratio stood at 
4.6 with a 95% CI of 90.37–225.74, underscoring a robust 
association between higher BMI and reduced 25(OH)D con-
centrations. Previous literature has highlighted 25(OH)D 
concentration alterations among obese individuals, attribut-
ing reduced bioavailability to its deposition within the adi-
pose tissue.59 In the context of this study, the difference in 



AlSubai et al. 9

Figure 4. (a) Forest plot displaying the association between low 25(OH)D concentrations (<25 nmol/l) during pregnancy and 
preeclampsia (PE), (b) forest plot displaying the association between low 25(OH)D concentrations (<50 nmol/l) during pregnancy and 
preeclampsia (PE), and (c) forest plot displaying the association between low 25(OH)D concentrations (<75 nmol/l) during pregnancy 
and preeclampsia (PE).
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outcomes could be attributed at least in part, to the timing of 
the interventions. The study also quoted that if 25(OH)D 
supplementation and screening was implemented early in 
pregnancy, it might have allowed for more optimal 25(OH)D 
concentrations to be established in the critical phases of pla-
cental development and caused a significant reduction in 
prevalence of PE. The study also highlighted that screening 
led to the reduction in the prevalence of secondary outcomes 
such as GDM by 50% and preterm delivery up to 40% in 
women with 25(OH)D < 20 ng/ml.

All the studies included in this meta-analysis and sys-
tematic review use different 25(OH)D assays, which are 
used to measure the serum concentration of 25(OH)D. The 
need for standardization arises from the fact that different 
assays can yield slightly different results for the same sam-
ple. Wise et al.60 is an intralaboratory comparison study that 
was conducted by the vitamin D standardization program 
(VDSP), focused on evaluating the degree of variability 
and potential bias introduced by different commonly used 
assay methods when measuring total serum 25(OH)D con-
centrations. The study assessed a total of 13 assays; among 
these 11 were immunoassays and one was a liquid chroma-
tography-Tandem mass spectrometry (LC-MS/MS) assay. 
In total, 50 single-donor serum samples were considered. 
The assays were evaluated based on their precision (%CV) 
and accuracy (%bias) compared to the reference measure-
ment procedures and VDSP. The results indicated that the 
majority of the assays met the VDSP criteria for both accu-
racy and precision.

Strengths and limitations

The strengths of our study include that we used a range of 
studies with variable ages forming a wide age gap, which 
would help us negate any biases. We have also taken studies 
from different parts of the world avoiding our results being 
generalized to a specific population. Moreover; our meta-
analysis also has important clinical relevance as it provides 
evidence that 25(OH)D supplementation can reduce risk of 
PE, but also investigates the relationship between 25(OH)D 
deficiency and the risk of PE. This aspect is not addressed in 
the previous articles. This study also specifically points out 
the potential of 25(OH)D supplementation as an intervention 
strategy to prevent PE, which could have significant implica-
tions for reducing maternal mortality worldwide.

However, our study also encountered certain limitations. 
In observational studies, 25(OH)D concentrations were 
documented at varying gestational ages, and throughout 
diverse follow-up periods. Considering that female physi-
ology undergoes significant changes during different ges-
tational ages, there are noteworthy fluctuations in 25(OH)
D concentrations in the body. These variations are crucial 
for sustaining heightened intestinal calcium absorption for 
the developing fetus.61 In RCTs, as different dosages of 

supplementations had been administered in different studies, 
and given the small pool of studies (n = 11) we were unable 
to deduce a dosage effect. Another limitation may be that, all 
studies were not adjusted for smoking but, according to 
Bodnar et al.62 there was “no absolute or relative difference 
in risk” after adjusting their cohort study for smoking. 
Further RCTs should be focused on finding the correct effec-
tive dosage and safety of different dosages for women with 
different ethnicities, as well as coming up with a dosage regi-
men by continued surveillance by doctors (i.e., daily, weekly 
or a single dose). More research can also be carried out to 
infer whether 25(OH)D given in combination with other 
nutrients is more effective or not and if high or low risk preg-
nancies both require it.

Conclusion

The findings of our meta-analysis suggest that 25(OH)D defi-
ciency (<25 nmol/l, <50 nmol/l, <75 nmol/l) was associated 
with increased risk of PE. Moreover, the results also illus-
trated that 25(OH)D supplementation was associated with 
reduced risk of PE. However, more comprehensive RCTs are 
still required to identify the most effective dosage of 25(OH)
D supplementation for women of different ethnicities.
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