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Top Vitamin D Papers Published in 2025: Moving towards using
observational studies as the basis for vitamin D
recommendations

by William B. Grant

Editor's Note

The article below follows the publication of our Vitamin D: Evidence-Based Health Benefits and
Recommendations for Population Guidelines [Grant et al., 2025 (1)]. which was recognized as
the most cited paper published in Nutrients in 2025.

As of 2025, the paper has received 60 citations in Scopus and 95 citations in Google Scholar, making
it the highest-cited vitamin D paper published in 2025 across all journals. This citation performance
reflects its substantial impact on ongoing scientific discussions-particularly regarding the appropriate
roles of observational studies and randomized controlled trials in informing vitamin D guidelines and
public-health policy.

The present commentary builds upon this evolving evidence base and places recent vitamin D
research developments in a broader methodological and public-health context.

- Richard Z. Cheng, M.D., Ph.D.
Editor-in-Chief, Orthomolecular Medicine News Service (OMNS)
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In 2025, vitamin D policies may have begun relying more on observational studies instead of
randomized clinical trials (RCTs), which is a significant and right step forward. The most cited paper of
the year highlighted that higher 25-hydroxyvitamin D [25(OH)D] levels are linked to lower risks of
incidence or death from eight of the ten leading causes of death in the U.S.: cancer, COVID-19,
stroke, chronic lower respiratory diseases, Alzheimer's disease and other dementias, diabetes
mellitus, and kidney disease (1). This research and update (2) responded to the 2024 Endocrine
Society's guideline, which mainly considered RCTs and recommended 600-800 IU/day for certain age
groups―those pregnant, or with high-risk prediabetes. (3) That guideline was based on a narrow
review of vitamin D RCTs focusing only on bone mineralization and/or rickets (3).

Grant and colleagues (1) noted that 2000 IU vitamin D supplementation could achieve 25(OH)D
concentrations >30 ng/mL (75 nmol/L) but that it would take "a daily dose between 4000 and 6000 IU
of vitamin D3 needed to achieve serum 25(OH)D levels between 40 and 70 ng/mL and would provide
greater protection against many adverse health outcomes." However, this contrasts with earlier
guidelines from the same organization suggesting 1500-2000 IU/day for deficiency (4), a step taken
backwards. Since the original Endocrine Society Guidelines in 2011, (4) 52,259 vitamin D publications
have been published, which the new guideline ignored. In contrast, recent findings indicate 4000-6000
IU/day is needed to increase 25(OH)D levels optimally in a non-obese person, for better health
protection. Obese persons would require higher doses.

Nearly all vitamin D RCTs have been conducted based on guidelines developed for pharmaceutical
drugs, ignoring that vitamin D is a nutrient (5). Based on biology and significant major pharmacokinetic
differences, multiple studies have illustrated that RCTs are unsuitable to investigate nutrients (5).
Nutrient guidelines should include giving the product to-naïve treatment group a dose of the drug
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calculated to result in a significantly improved health outcome, not giving the drug to the control group,
and analyzing the results in terms of intention to treat. However, traditional vitamin D RCTs include
participants often with above-average 25(OH)D concentrations at baseline while also giving or letting
the control group take vitamin D (5).

Robert Heaney, in 2014, outlined guidelines for RCTs for nutrients (6). Those guidelines were updated
for vitamin D in 2017 (7) and reviewed again in 2025 (5). These guidelines include measuring
25(OH)D concentrations for prospective participants and enrolling only those with low concentrations
for the health outcome of interest. The vitamin D dose should be large enough to raise 25(OH)D
concentrations high enough to significantly reduce adverse health outcomes. Cofactors should be
optimized so that the RCT is only sensitive to vitamin D. The results should be analyzed with respect
to achieved 25(OH)D concentrations. Very few RCTs have come close to employing these guidelines.
Notably, one was for pregnant women in Iran (8), and the other was a secondary analysis of one for
progression from prediabetes to diabetes (9). Three reviews published recently outlined how
traditional vitamin D RCTs failed (5, 10, 11).

A search of pubmed.gov with "vitamin D, randomized controlled trial" published in 2025 found 105
entries. While some had significant positive results, most studies would not be helpful in increasing
public interest in vitamin D supplementation. One, a review of vitamin D RCTs for cardiovascular
disease (CVD), found "in 14 RCTs with 80,547 participants aged 50-74 years, vitamin D
supplementation did not protect against CVD when compared to placebo: risk ratio 1.00 (95 %
confidence interval 0.93-1.08) (12). The author concluded, "Overall, the current evidence indicates that
vitamin D does not prevent CVD." However, other recent vitamin D reviews related to the
cardiovascular system confirmed the beneficial findings (1), (2).

It is often stated that observational studies cannot assess causality. This is applicable for
pharmaceutical agents, but not for nutrients and nutraceuticals (5). Besides, Hill's criteria for causality
in a biological system (13) can indeed assess causality using observational studies. The criteria
appropriate for vitamin D include strength of association, consistency of findings, temporality,
biological gradient, plausibility (e.g., mechanisms), coherence with the generally known facts
regarding the disease, experiment (e.g., vitamin D supplementation studies, whether or not in RCTs),
and analogy (13). Recent reviews that assessed causality for vitamin D include one for cardiovascular
disease (2) and one for SARS-CoV-2 (14).

Novel discoveries related to vitamin D continue to appear in peer-reviewed journals. However, these
important findings are rarely published in major medical journals because such journals charge
excessive fees, and such articles are rejected by editors due to bias and journals' dependency on
pharmaceutical advertising funding. A few of the novel findings regarding vitamin D in 2025 are given
here.

Novel findings in 2025

An analysis of the benefits of vitamin D in reducing mortality rates based on data from the National
Health and Nutrition Examination Survey 2001‒2018 (NHANES 2001‒2018) was published by Chong
et al. (15). The database included 47,478 individuals. Significant reductions using date adjusted for 11
factors, including age, BMI, diabetes, hypertension, weak/failing kidneys, and total cholesterol, were
found for heart diseases, malignant neoplasms, chronic lower respiratory diseases, influenza and
pneumonia, and all other causes. When comparing outcomes for 25(OH)D concentrations greater
than 30 ng/mL (75 nmol/L) to concentrations below 20 ng/mL, there were statistically significant
reductions in mortality rates associated with nephritis, nephrotic syndrome, and nephrosis were
reported (15). Marginally non-significant reductions in mortality were also observed for



cerebrovascular disease and diabetes mellitus. These findings provide support for two reviews by
Grant and colleagues (1), (2).

A related article examined the risk of various health outcomes for 25(OH)D concentrations >75 nmol/L
using data from the UK Biobank (16). Authors reported a lower risk of developing non-toxic single
thyroid nodule (HR 0.55, 95% CI: 0.38‒0.80), hyperparathyroidism (HR 0.45, 95% CI: 0.24‒0.85),
non-insulin dependent diabetes mellitus (HR 0.69, 95% CI: 0.63‒0.75), and hypercholesterolemia (HR
0.97, 95% CI: 0.89‒1.00) in those with higher circulatory 25(OH)D concentration.

An observational study found that serum 25(OH)D < 30 ng/mL in the first trimester of pregnancy is
associated with increased obstetric complications despite subsequent supplementation with 4000 IU/d
vitamin D (17). This study involved 303 pregnant women in Mexico supplemented with 4000 IU/d
starting in the first trimester. All participants achieved circulating 25(OH)D concentrations above 30
ng/mL in the second and third trimesters. Whereas, women with 25(OH)D concentration >30 ng/mL at
baseline who maintained their serum 25(OH)D₃ concentrations throughout pregnancy (p<0.001) had
lower rates of preeclampsia (1.3% vs. 10.6%, p<0.001), gestational diabetes (8.6% vs. 24.5%,
p<0.001), preterm labor (0% vs. 5.3%, p=0.003), urinary tract infections (4.6% vs. 14.6%, p=0.003),
and bacterial vaginosis (3.9% vs. 13.2%, p=0.004) (17). Based on this vital data, the authors
recommend vitamin D supplementation start prior to pregnancy. Alternatively, healthcare workers
should consider supplementing women with serum 25(OH)D levels less than 30 ng/mL with a bolus of
vitamin D, like 100,000 IU, at the first encounter with them during pregnancy, as done in the study of
pregnant women in Iran (8).

Another systematic review and meta-analysis was conducted on the prevalence of vitamin D
deficiency in pregnant women (18). The study, based on observational studies, included 127, 290
pregnant women who had an evaluation of serum 25(OH)D. The meta-analysis revealed that 68%
(95% CI, 60%-76%) of pregnant women had 25(OH)D <30 ng/mL in the first trimester, 81% (95% CI,
74%‒87%) in the second trimester, and 70% (95% CI, 64%‒75%) in the third trimester, indicating a
widespread deficiency of this vitamin (18).

A 2-year prospective study of 100 menopausal women in Iraq, grouped by 25(OH)D concentrations
(<20 ng/mL and >30 ng/mL), analyzed menopausal age, symptoms, hormone levels, and bone density
(19). Women were included who had irregular periods for at least 12 months. The deficient group had
a mean age of 50.2 ± 1.8 years vs. 46.8 ± 1.4 years for the sufficient group. Estrogen levels were 39.2
± 4.3 pg/mL and 70.9 ± 9.7 pg/mL, respectively. Follicle-stimulating levels were 69.8 ± 8.7 mIU/mL vs.
33.6 ± 6.9 mIU/mL, respectively. Those with lower 25(OH)D concentrations also had more severe
menopause symptoms and a lower quality of life.

As should be evident in this review, research during the past two plus decades has uncovered many
important health benefits of higher 25(OH)D concentrations. Since most people studying vitamin D's
pleiotropic effects soon after 2000 were embedded in the medical system, they sought to demonstrate
causal relationships between higher 25(OH)D concentrations and health benefits. Unfortunately, they
failed to properly adapt the guidelines for nutrients. As a result, most vitamin D RCTs failed to find
significant benefits. As a result, most health practitioners do not realize the importance of vitamin D
supplementation for the prevention and treatment of adverse conditions and diseases.

It is hoped that more reliance will be placed on observational studices of serum 25(OH)D
concentrations, leading to reforming food, drug, and nutraceutical regulations to improve public health
and reduce healthcare costs (20). Causality can be assessed using Hill's criteria for causality in a
biological system (13), as well as properly conducted RCTs (5).
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