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Editorial

Despite the availability of effective treatments, a substantial 
proportion of osteoporotic patients still do not receive spe-
cific treatment for osteoporosis post fracture. In addition, 
the failure or inadequate supplementation with vitamin D 
in these patients elevates the risk of re-fracture and mortal-
ity [1]. The measurement of serum 25-hydroxyvitamin D 
(25(OH)D) is used in clinical practice to assess the so-called 
vitamin D status, and the 25(OH)D form is relatively stable 
in serum with a half-life of 2–3 weeks [2].

The Institute of Medicine has defined a serum 25(OH)
D concentration of 30 nmol/L (12 ng/mL) as the threshold 
below which clinical vitamin D deficiency may occur [3]. 
This report also defined 30–50 nmol/L (12–20 ng/mL) indi-
cating “risk of inadequacy,” greater than 50 nmol/L (>20 ng/
mL) indicating “sufficiency,” and greater than 125 nmol/L 
(>50 ng/mL) indicating “risk of harm” [3]. This definition 
has also recently been adopted by European government 
agencies [4, 5] and in line with the European Calcified Tis-
sue Society which favours a lower 25(OH)D threshold of 
>50 nmol/L (>20 ng/mL) for sufficiency [6]. However, sci-
entific societies, such as the Endocrine Society, the National 
Osteoporosis Foundation, and the International Osteoporosis 
Foundation, suggest that sufficiency levels should be based 
on values of >75 nmol/L (30 ng/mL) [7, 8].

Several recent meta-analyses and trials have generated 
debate with regard to the interpretation of results from these 
studies and in turn our understanding of the “true” role of 
vitamin D and its potential benefit in a range of skeletal 
and extraskeletal diseases [9–14]. In this Editorial, we dis-
cuss key design issues from studies evaluating the benefit 
afforded from vitamin D supplementation using as examples 
the recent Vitamin D and Omega-3 Trial (VITAL) study [15] 
and the Nonlinear Mendelian Randomization Study [16].

Considering these issues, the aim of this Editorial is to 
reinforce some key concepts in clinical study design related 
to studies evaluating the benefit afforded from vitamin D 
supplementation. Etiological research aims to establish the 
causal role of risk factors in the pathogenesis of a specific 
disease or event [17]. Once a given risk factor-outcome link 
is demonstrated to be independent of potential confound-
ers and has biological plausibility, the functional form of 
this relationship is next assessed. Evaluating the functional 
form of the risk factor-outcome link is a hallmark of etio-
logical research because (1) it allows us to identify the 
range of values of a given biomarker that is associated with 
a steeper increase or decrease of the risk of the event of 
interest and (2) it is useful to define the clinical phenotype 
that could specifically benefit from an intervention, as in 
RCTs representing the last step in etiological research to 
confirm causality.

In the Nonlinear Mendelian Randomization Study [16], 
the relationship between 25(OH)D and mortality was inves-
tigated in a large, prospective cohort based in the UK. The 
authors considered 307,601 individuals (aged 37–73 years) 
with available measurements of 25(OH)D and genetic data. 
Genetically predicted 25(OH)D was also calculated by using 
35 variants of 25(OH)D. Information on all-cause and cause-
specific (cardiovascular disease, cancer and respiratory) was 
also collected. To assess the relationship between 25(OH)
D and the study endpoints, two analytical approaches were 
applied: (1) an analysis adjusting for potential confound-
ers and (2) an analysis using as instrumental variable, the 

Giovanni Tripepi and Maria Fusaro contributed equally to this work.

 *	 Sandro Giannini 
	 sandro.giannini@unipd.it

1	 National Research Council (CNR), Institute of Clinical 
Physiology (IFC), Clinical Epidemiology of Renal Diseases 
and Hypertension, Ospedali Riuniti, Reggio Calabria, Italy

2	 Clinica Medica 1, Department of Medicine, University 
of Padova, Via Giustiniani 2, 35128 Padova, Italy

3	 National Research Council (CNR), Institute of Clinical 
Physiology (IFC), Pisa, Italy

http://crossmark.crossref.org/dialog/?doi=10.1007/s00198-023-06802-x&domain=pdf
http://orcid.org/0000-0003-0796-9749


1532	 Osteoporosis International (2023) 34:1531–1533

1 3

genetically predicted 25(OH)D. The main finding that 
emerged from this analysis revealed a non-linear relation-
ship between 25(OH)D levels (adjusted for confounders) and 
the odds ratio of all-cause death. Of note, the risk of mortal-
ity steeply increased with decreasing 25(OH)D levels below 
50 nmol/L (<20 ng/mL), therefore highlighting values of 
25(OH)D below 50 nmol/L (<20 ng/mL) as a potential area 
of intervention and values of 25(OH)D above 50 nmol/L 
(>20 ng/mL) as a futile area of intervention. The same 
analysis carried out by genetically predicted 25(OH)D and 
accordingly to other endpoints (cancer, cardiovascular and 
respiratory-related mortality) provided similar results [16].

In a meta-analysis including 15 prospective cohort stud-
ies comprising a total of 51,239 participants and 3386 hip 
fractures [18], individuals with low 25(OH)D concentration 
were observed to have an increased risk of hip fracture. Fur-
thermore, in a dose-response sub-analysis of the same study, 
the effect of low 25(OH)D concentration on the risk of hip 
fracture was evident when the 25(OH)D concentration was 
less than 60 nmol/L (<24 ng/mL) [18]. This cutoff is close 
to the critical threshold (50 nmol/L; 20 ng/mL) identified in 
the Nonlinear Mendelian Randomization Study [16], further 
emphasizing the notion that low 25(OH)D concentrations, 
mortality, and fractures at least in part share a common 
pathogenetic pathway, as also suggested by the strong link 
between mortality and fractures in the population [19].

Overall, these results indicate that interventions in 
patients with baseline 25(OH)D >50 nmol/L (>20 ng/mL) 
are unlikely to be effective because this cutoff represents the 
lower limit of the futile area of intervention for both mortal-
ity and fractures, as consistently suggested by observational 
studies [18, 19].

Possible examples on why it is of crucial importance to 
maintain scientific coherence between observational cohort-
hypothesis generating studies and randomized controlled-
hypothesis testing studies can be seen from results derived 
from an ancillary study of the VITAL trial [15], in which 
LeBoff et al. tested the hypothesis that vitamin D3 supple-
mentation could lead to a reduction in the risk of fractures 
over placebo. Participants in this trial were not enrolled on 
the basis of vitamin D deficiency, low bone mass, or osteo-
porosis. The primary endpoints were incident total, non-
vertebral, and hip fractures as reported by participants and 
validated by an independent scientific committee. Supple-
mental vitamin D3, compared with placebo, did not show a 
significant effect on total fractures (p = 0.70), non-vertebral 
fractures (p = 0.50), or hip fractures (p = 0.96) [15]. Of note, 
in a subgroup of 16,757 participants out of 25,871 (about 
65%), baseline 25(OH)D concentrations were also available. 
Mean (SD) 25(OH)D concentrations were 76.6 ± 25 nmol/L 
(30.7±10 ng/mL) and 87% of patients had 25(OH)D levels 
>50 nmol/L (>20 ng/mL) [15]. This finding implies that 
about 9 patients out of 10 enrolled in this ancillary study of 

VITAL had a 25(OH)D concentration falling in the futile 
area for intervention, and for this reason, no effect of sup-
plemental vitamin D3 would be expected to be observed on 
the incidence rate of fractures.

Our analysis of these two studies [15, 16] further con-
firms the need for etiological research to maintain consist-
ency between its observational and interventional compo-
nent. This is particularly relevant for the identification of 
phenotypes and biomarker cutoff values suitable for making 
the risk factor-outcome link clear and homogeneous, which 
will in turn facilitate clinicians and researchers to arrive 
at the most likely conclusions, in terms of evidence-based 
medicine.
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