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Diabetes mellitus type 2
In the 1970s the link between vitamin D and diabetes (DM) began to be studied with research suggesting resistence to insulin and insulin secretion1.
Several studies suggest that vitamin D stimulates
insulin secretion and decreases insulin resistance25
and correlates with impaired glucose tolerance,
fasting hyperglycemia, and type 2 diabetes mellitus (DM2)6.
In the case of DM2, numerous case-control and
cohort studies have been published which analyze the relationship between vitamin D deficiency
and the incidence of DM2 with conflicting results.
In 2013, Song et al. carried out a meta-analysis to
assess the strength and form of the association
between the levels of 25-hydroxycholecalciferol
(25HCC) and the incidence of DM27. This metaanalysis includes a total of 21 prospective studies
with a population of 76,220 subjects and an incidence of DM2 of 4,996 cases.
Comparing the highest to the lowest levels,
the relative risk of developing DM2 was 0.62 (95%
CI 0.54-0.70). The highest levels of 25HCC were
related to a lower risk of diabetes, regardless of
sex, follow-up time in the study, sample size, diagnostic criteria for diabetes or method of vitamin D
analysis. This inverse relationship was maintained,
although it was diminished when adjusted for adiposity and other metabolic parameters related to
obesity. This decreased risk was most evident
from levels of 25 HCC greater than 20 ng/ml. In
the same meta-analysis, each 4 ng/ml increase in
25 HCC levels was associated with a 4% decrease
in DM2 risk.
Subsequently, in January 2017, a systematic
review was published that includes the studies of
the meta-analysis of Song and other later studies8.
The relative risk for DM2 was 0.77 (95% CI 0.720.82) when subjects with levels of 20-30 ng/ml of
25 HCC were compared to the lowest levels of
vitamin D. Association between vitamin D and risk
of DM2 presented a U-curve, with nadir at 65
ng/ml, a concentration that was associated with
the lowest relative risk.

In agreement with these results, other metaanalyzes such as Parker et al.9 or Forouhi et al.10,
find the same correlation. In the latter, the relative
risk of DM2 comparing the highest and lowest
quartiles of 25HCC was 0.59 (0.52-0.67), with a
low heterogeneity [I (2)=2.7%, p=0.42] among the
11 included studies through 2012.
Nowadays, it is vital to know if this increased
risk of diabetes can be reversed using vitamin D
supplements. It is important to know the benefit
in the general population as well as in subgroups
of age, gender and ethnicity and evaluate the
effect of different dose supplements. To date,
there are no large-scale, long-term intervention
trials that meet these criteria and thus provide
definitive results.
The RECORD study is a randomized clinical
trial where patients received 800 IU / day of vitamin D, 1,000 mg of calcium, both drugs or placebo. In this paper, we evaluated the incidence of
diabetes among the different groups, but this was
a secondary objective (the primary aim was the
rate of fractures). A relative risk reduction of DM
of 33% was found in the supplemented patients
but it was not statistically significant11. In WHI
(Women's Health Initiative Calcium/Vitamin D
Trial) study 33,951 women were randomized to
400 IU of vitamin D or placebo for 7 years, monitoring the onset of diabetes. There were no statistically significant benefits12. The possible explanation for the lack of beneficial effects in this large
trial is the low dose of vitamin D administered
(which is also suggested by the lack of effect on
fractures and difficulties in adherence).
Other studies include a limited number of
patients and have not been shown to reduce the
incidence of DM2. Mitri et al. carried out a metaanalysis with 11 randomized clinical trials and
another with 8 observational studies. The research
carried out with observational studies concluded
that individuals with a vitamin D intake greater
than 500 IU/day had a 13% reduction in the risk
of DM2 compared with an intake of less than 200
IU/day. In the meta-analysis of randomized clini-
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cal trials, they found that vitamin D supplementation does not show any beneficial effect on blood
glucose measurements among people with normal
glucose tolerance but does have a benefit in people with glucose or insulin intolerance basal resistance13.
In conclusion, there is enough scientific evidence that associates an increased risk of diabetes
in people with vitamin D deficiency and there is
sufficient biological plausibility. However, the
effect of vitamin D supplementation on diabetes
prevention has so far not been proven.

Diabetes mellitus type 1
There is evidence to suggest a link between vitamin D and autoimmune diseases. We know that
there are vitamin D receptors in both the beta cell
and the immune system. Studies in animal models
have shown that severe vitamin D deficiency
increases the risk of developing DM114.
In vivo, a study in 8 healthy adults conducted
by the Holick group, showed that vitamin D supplements regulate the expression of 291 genes in
leukocytes that interfere with more than 160 pathways linked to cancer, cardiovascular disease and
autoimmune diseases. This study demonstrates
that vitamin D is an important immunomodulator
of both the innate and adaptive response15.
Multiple observational studies have linked vitamin
D levels and autoimmune diseases such as diabetes mellitus type 116-22 but so far clinical trials for
prevention of DM1 using vitamin D or 1,25-DHCC
are inconsistent.
A meta-analysis published in 2008 of 5 observational studies found a significantly lower risk of
DM1 in children who had been supplemented
with vitamin D compared to those who did not
take supplements (odds ratio 0.71, 95% CI 0.600.84)23. However, studies published involving
patients with recent onset DM 1 or LADA (latent
autoimmune diabetes of the adult) have shown no
improvement in C-peptide levels or in the preservation of the beta-cell24,25.
As with type 2 diabetes mellitus, there is a paucity of well-designed randomized controlled trials
that answer the question of whether vitamin D
supplementation plays a therapeutic role in the
prevention or treatment of type 1 diabetes mellitus.

definitive studies that evaluate the role of vitamin
D supplementation in people with autoimmune
thyroid disease.

Primary hyperparathyroidism
Vitamin D deficiency is common in patients with
primary hyperparathyroidism (PPH) and there is
evidence that the clinical presentation of PPH is
more severe in patients with low vitamin D28
levels. This vitamin D deficiency has been associated with higher levels of PTH that fall after administering supplements without risk of worsening
hypercalcemia or hypercalciuria29,30. It has also
been associated with higher levels of calcium and
alkaline phosphatase, lower levels of plasma
phosphate, lower bone density in the hip and distal third of the radius, more severe bone disease
and therefore an increased risk of hungry bone
syndrome after parathyroidectomy31. It is therefore
important in these patients to correct this deficit to
maintain sufficiency.

Obesity
There is an inverse association of serum OH levels
and body mass index (BMI), which associates
obesity with vitamin D deficiency32. In Spain, this
negative correlation has also been demonstrated
in children younger than 15 years, where the prevalence of hypovitaminosis D was significantly
higher in the severe obesity groups (81.1%) and
obesity (68.2%) than in overweight children (55%)
or normal weight (58.1%)33.
Doubts arise as to how this association is established, whether it is obesity that produces a vitamin D deficit, whether it is the deficit that influences the development of obesity or both.
Considering that vitamin D is lipo-soluble, it is
possible that the adipose tissue will take vitamin
D and decrease its bioavailability32,34. Vitamin D
deficiency, on the other hand, may lead to adipose tissue dysfunction, with a negative correlation
between the levels of 25HCC and leptin levels, as
well as those of insulin35. The biological substrate
is the existence of vitamin D and 1α hydrolase
receptors in human adipose tissue. In addition,
preadipocytes and differentiated adipocytes respond to calcitriol or active D hormone and this
vitamin D has been shown to increase adipogenesis and regulate the growth and remodeling of adipose tissue36.

Autoimmune thyroid disease
With less scientific evidence, some observational
studies have linked vitamin D deficiency with
autoimmune thyroid disease, both GravesBasedow's disease and Hashimoto's thyroiditis. A
meta-analysis based on these studies has shown
that vitamin D levels were lower in people with
autoimmune thyroid disease than in healthy controls26. As for intervention studies, the results again
do not show a clear effect, in some cases there has
been a reduction in antibody levels in patients
supplemented with 1000 IU / day of vitamin D3,
but without changes in thyroid function with respect to controls27. We are still far from obtaining
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