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Vitamin D deficiency has been associated 
with the presence of multiple chronic non-skel-
etal pathologies (including cardiovascular 
diseases, hypertension, non-alcoholic hepat-
ic steatosis, some neoplasms and diabetes), 
suggesting the possibility that this vitamin can 
have numerous pleiotropic effects at the extra 
skeletal level, thanks to the ubiquitous distribu-
tion of its receptor [1-3].
Among these non-skeletal chronic pathologies 
which are potentially associated with reduced 
circulating levels of vitamin D, type-2 diabetes 
mellitus (T2DM) has represented one of the 
most important focuses of scientific research in 
the last decade [4].
Several epidemiological studies have shown 
that patients with T2DM have reduced circu-
lating levels of vitamin D with respect to the 
non-diabetic population (comparable for age, 
gender and degree of obesity) and that low 
vitamin D levels are associated with a great-
er prevalence of micro- and macro-vascular 
chronic diabetic complications [4-6]. Experi-
mental models have further demonstrated that 
reduced vitamin D levels are associated with 
increased insulin resistance and impaired in-
sulin secretion on the part of the beta-cell, in 
addition to high levels of various procoagulant 
factors and inflammatory markers, and that 
most of these disorders improve after vitamin 
D3 administration [2, 4, 7].
On the basis of this evidence, various pro-
spective observational studies have succes-
sively shown the existence of a significant 
correlation between reduced circulating levels 

of vitamin D and increased risk of develop-
ing T2DM (especially in patients with reduced 
glucose tolerance) [8], thus confirming the 
biological plausibility of the involvement of vi-
tamin D in the onset of T2DM. Nonetheless, 
until now available findings have been exclu-
sively based on data that do not allow us to 
define a possible causal role of vitamin D in 
the development of diabetes. In particular, it 
is still not clear whether vitamin D3 supplemen-
tation is able to reduce the risk of developing 
diabetes.
A recent randomized clinical trial, published 
by Pittas et al. in the August issue of the New 
England Journal of Medicine [9], aims to pro-
vide an answer to this question. In this broad 
RCT, called the “D2d trial,” the authors assem-
bled a sample of over 2,400 adults (45% fe-
males, 67% Caucasian, average age = 60 
years, average BMI = 32 kg/m2) with a high 
risk of developing diabetes (that is, individuals 
with at least two of the following disorders: 
fasting glycemia between 100 and 125 mg/
dL, glycemia two hours after OGTT between 
140 and 199 mg/dL, and glycated hemo-
globin between 5.7 and 6.4%) but who were 
not selected based on their baseline vitamin 
D status. Indeed, their average circulating 
25-hydroxyvitamin D levels were 28 ± 10 
ng/mL; only 21.7% of the sample had 25-hy-
droxyvitamin D baseline values < 20 ng/
mL. By means of a randomized, double-blind 
study, these subjects were later assigned ei-
ther to an active treatment group with high 
doses of vitamin D3 (cholecalciferol 4,000 
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IU daily, n = 1,211) or to treatment with a 
placebo (n = 1,212). Subjects underwent a 
follow-up exam after 2.5 years on average. 
The principal outcome of the study was the 
appearance of new cases of T2DM. During 
the trial, circulating vitamin D levels more 
than doubled in those subjects treated with 
cholecalciferol (average baseline values 
increased from 27.7 ng/mL to 54.3 ng/
mL by the end of the study), while levels re-
mained nearly unchanged in the group treat-
ed with the placebo (with average baseline 
values going from 28.2 ng/mL to 28.8 ng/
mL by the end of the trial). The authors of the 
study observed that the risk of developing 
T2DM during the follow-up was substan-
tially comparable in the group treated with 
cholecalciferol with respect to the group 
given the placebo (9.4 and 10.7 events 
every 100 persons per year; hazard ratio 
0.88, 95% CI 0.75-1.04; p = 0.12) (Fig. 
1). Overall adherence of the participants to 

the treatment was quite high (~86%), while 
the incidence of adverse events (including 
hypercalcemia, eGFR reduction and nephro-
lithiasis) was low, and perfectly comparable 
between subjects treated with daily doses 
of cholecalciferol and those taking the pla-
cebo.
Statistical analysis conducted on the 
above-mentioned subgroups of subjects did 
not show the presence of any significant dif-
ferences between the two treatment groups 
(Fig. 2). In particular, the results of the study 
did not vary when the population was di-
vided by gender, race, geographic latitude, 
incidence of obesity or even by baseline cir-
culating levels of 25-hydroxyvitamin D (< 20 
ng/mL vs. ≥ 20 ng/mL) [9]. Nonetheless, 
a post-hoc analysis of the data of a smaller 
group of participants (n = 103, 4.3% of the 
total) with baseline circulating 25-hydroxyvi-
tamin D levels < 12 ng/mL (< 30 nmol/L) 
revealed that the risk of developing T2DM 

was significantly lower in subjects treated 
with cholecalciferol with respect to those giv-
en the placebo (hazard ratio 0.38, 95% CI 
0.18-0.80). By contrast, in participants (n 
= 2,319, 95.7% of the total) with baseline 
25-hydroxyvitamin D levels ≥ 12 ng/mL, the 
risk of developing T2DM was comparable 
in the two treatment groups (hazard ratio 
0.92, 95% CI 0.78-1.08) [9].
The results of this broad RCT show that vi-
tamin D3 supplementation in high doses 
(4,000 IU/day of cholecalciferol per os) 
in pre-diabetic subjects (that is, with a high 
risk of developing diabetes) who were not 
selected for baseline vitamin D deficiency 
is well tolerated (with no toxicity risk for ex-
cessive cholecalciferol intake); yet such sup-
plementation cannot be associated with any 
significant reduction in the onset of T2DM 
during the 2.5-year follow-up exam [9].
For the most part, these results confirm what 
had already been observed in a previous 
RCT with a smaller sample, which was pub-
lished in 2016 [9]. In this Norwegian study, 
called the “Tromso Vitamin D and T2DM 
trial”, 511 subjects with prediabetes (61% 
male, average age = 62 years, average 
BMI = 30 kg/m2, and average 25-hydrox-
yvitamin D values = 24 ± 8 ng/mL) were 
randomized and treated with either a place-
bo or 20,000 IU cholecalciferol per week 
(roughly 2,900 IU/day) for a period of 5 
years [9]. Similarly to what was observed 
in the “D2d trial”, the authors of this study 
did not find any significant benefit of vitamin 
D3 supplementation with respect to the onset 
of T2DM during the study’s follow-up exam 
(hazard ratio 0.90; 95% CI 0.69-1.18) [9].
Based on the results of these two RCTs, 
we can conclude that vitamin D3 supple-
mentation in high doses (with daily doses 
of cholecalciferol varying between 2,900 
and 4,000 IU) in adults with a high risk of 
diabetes who are not selected on the basis 
of circulating levels of 25-hydroxyvitamin D 
do not seem to have a significant protective 
effect on the risk of developing T2DM. In 
both clinical trials, such supplementation is 
only associated with an average reduction 
of 10-12% of the risk for developing T2DM 
during a follow-up period of between 2 and 
5 years [9, 10].
This conclusion, of course, does not exclude 
the possibility that future randomized clinical 
trials with larger samples may be able to ob-
tain statistically significant findings showing 
long-term benefits of treatment with cholecal-
ciferol with regard to T2DM development 

FIGURA 1.
Kaplan-Meier curve on effect of treating subjects with high doses of cholecalciferol (4,000 
IU/day) vs. placebo on risk of developing T2DM in 2,423 prediabetic adult subjects. Data 
published in and taken from “D2d trial” [9].
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FIGURA 2.
Effect of treatment with high doses of cholecalciferol (4,000 IU/day) vs. placebo on risk of developing T2DM in various subgroups of 
specified prediabetic subjects. Data published in and taken from “D2d trial” [9].

Subgroup Vitamin D Placebo
Hazard ratio 
for diabetes 

(95% CI)

Serum 25-hydroxyvitamin D

< 20 ng/ml 73/276 66/249 0,87 (0,61-1,22)

≥ 20 ng/ml 220/935 256/962 0,89 (0,74-1,06)

Race

White 207/810 227/806 0,90 (0,75-1,09)

Black 64/301 69/315 0,83 (0,58-1,18)

Others 22/100 27/91 0,86 (0,48-1,56)

Prediabetes glycemic criteria

Satisfied all three criteria 143/427 163/429 0,86 (0,68-1,09)

Satisfied two criteria 150/784 160/783 0,90 (0,72-1,13)

Body Mass Index

< 30 82/435 105/429 0,71 (0,53-0,95)

≥ 30 211/776 218/783 0,97 (0,80-1,17)

Reduced glucose tolerance

Yes 191/604 215/635 0,92 (0,75-1,12)

No 102/607 108/577 0,86 (0,65-1,13)

Ethnic Group

Hispanic 36/120 27/105 1,14 (0,68-1,92)

Non-Hispanic 257/1091 296/1107 0,86 (0,72-1,02)

Gender

Female 131/541 127/545 0,98 (0,77-1,26)

Male 162/670 196/667 0,82 (0,66-1,01)

Waistline

Median < 104,2 cm 127/620 135/585 0,82 (0,64-1,05)

Median ≥ 104,2 cm 166/591 188/627 0,95 (0,76-1,17)

Age

Median < 60,9 anni 158/622 153/587 0,97 (0,77-1,21)

Median ≥ 60,9 anni 135/589 170/625 0,80 (0,64-1,01)

Geographic latitude

≥ 37° di latitudine nord 205/892 235/898 0,85 (0,70-1,03)

< 37° di latitudine nord 88/319 88/314 0,97 (0,72-1,32)

Calcium intake through supplements

No intake 198/826 216/793 0,81 (0,66-0,98)

Some intake 95/385 107/419 1,05 (0,79-1,40)

	 0.50	 0.75	 1	 1.25	 1.50

	 Better with Vitamin D	 Better with Placebo
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(given that neither of the two clinical trials 
in question had a sample large enough to 
show a significant reduction in diabetes risk 
of 10-12%). Another factor that is even more 
important to emphasize is that the majority 
of subjects included in the two RCTs had 
optimal levels of circulating vitamin D levels 
[9, 10]. Indeed, in the “D2d trial”, 42.2% 
of the participants had 25-hydroxyvitamin D 
levels ≥ 30 ng/mL, 36.1% had values be-
tween 20 and 29 ng/mL, while only 21.7% 
of the participants had 25-hydroxyvitamin D 
levels < 20 ng/mL [9]. It is, then, possible 
to hypothesize that the high percentage of 
subjects with adequate vitamin D levels who 
were included in these two RCTs may have 
reduced the researchers’ ability to find ben-
efits of cholecalciferol supplementation with 
regard to the risk of T2DM onset in the two 
treated groups.
It is furthermore useful to recall, as we have 
already seen, that a post-hoc analysis of 
data from the “D2d trial”, conducted on par-
ticipants (n = 103, 4.3% of the total) who 
had extremely low baseline circulating levels 
of 25-hydroxyvitamin D (< 12 ng/mL), itself 
suggested that the risk of developing T2DM 
was reduced by over 60% in subjects treat-
ed with cholecalciferol compared to those 
given the placebo (hazard ratio 0.38, 95% 
CI 0.18-0.80) [9]. In an increasingly evi-
dent manner, this fact underlines the need 
for researchers who plan future RCTs that 
evaluate the possible benefits of oral supple-
mentation of vitamin D3 on the risk of T2DM 
onset (and quite probably other important 
skeletal and extra skeletal outcomes as well, 
as has been shown in recent trials and me-
ta-trials) [11-13] to take into account the vi-
tamin D status of the participants enlisted in 
such trials. Such a measure seems justifiable 
given that it is reasonable to believe that the 
benefits of vitamin D3 supplementation at 
high doses with regard to the long-term risk 
of developing T2DM may be greater in pa-

tients with vitamin D deficiency, compared 
to those who have adequate levels of circu-
lating vitamin D [14].
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