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EDITORIAL

Mavrizio Rossini

Department of Medicine,
Rheumatology Section, University of Verona

Dear Readers,

In this issue, you will find an update on the discussion of the possible role of vitamin D in car-
diovascular diseases and certain mental disorders, thanks to the invaluable contributions of our
expert authors.

Notice how both authors have acknowledged the persistent discrepancies found among some
of the results generated by the observational studies and those from some interventional frials,
or the lack thereof coming from the latter. As we all know, observational studies are sometimes
at risk of confounding factors such as “reverse causality”, especially for those studies on vitamin
D. Given its endogenous synthesis mechanism and metabolism, Vitamin D deficiency may be
a consequence, rather than the cause, of a disease state. Today, this risk can be mitigated
by new methods, such as Mendelian randomisation, which involves the use of allelic variants
of one or more genes involved in the coding of certain biomarkers. In observational studies
using this method, in a population observed and followed over time fo assess the incidence of
cerfain events, subjects were compared with one or more gene variants that defermined higher
or lower serum levels of 25(OH)D, in our case. Thus, an interventional randomized controlled
frial (RCT) is simulated, RCT difficult to conduct not only due to economic reasons but also, |
would venture, ethical ones. As you will see in this issue, the studies conducted so far with this
method provide support for the cause/effect correlation between vitamin D deficiency and
mortality or morbidity.

Recently published, there are the results of another approach, which, in my opinion, appear
to be a kind of “counterevidence”, and may be viewed as further support for an extra-skeletal
clinical benefit of vitamin D supplementation.

As previously indicated ' and also commented on in this journal 2, the VITAL randomised
trial, designed primarily to study the effects of vitamin D and omega-3 supplementation on
incident cancer and cardiovascular disease, showed that 5 years of vitamin D supplemen-
fation was associated with a 22% reduction in the risk of the onset of autoimmune disease.
Researchers Karen H. Costenbader ef al. have now reported that among the 21,592
participants in the VITAL study who agreed to be followed up for another 2 years after
discontinuation of supplementation with 2000 IU/day of cholecalciferol, the protection
against autoimmune diseases was no longer statistically significant . Thus, discontinuation
of vitamin D supplementation can be associated with a resumption of the risk of autoim-
mune diseases. In my opinion, first of all, the results of the VITAL study extension have
confirmed that the correlation between vitamin D supplementation and the reduction of the
risk of autoimmune diseases was not coincidental. The results also suggest that vitamin D
supplementation should be administered on an ongoing basis for the longferm prevention
of autoimmune diseases, also because the risk of a return to a deficient condition is not
today unlikely. This comment was made in connection with the results of the VITAL study in
the Italian Medicines Agency's Note 96 background section #: “According fo the results
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obtained, 2000 years/person of vitamin
D supplementation would have been re-
quired to avoid one case among the 32
diagnoses of autoimmune disease”. | do
believe that if the benefit in terms of peo-
ple to be supplemented/year were more
properly expressed, an intervention fo sup-
plement atrisk populations would be en-
tirely feasible and cost effective because
supplementation would significantly re-
duce the incidence of autoimmune diseas-
es of significant impact in terms of disabil-

ity, mortality, social and healthcare costs.
What are your thoughts@
Happy reading!
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Vitamin D in cardiovascular

diseases

Pasquale Strazzullo

Former Full Professor of Internal Medicine, Department of Clinical Medicine and Surgery,
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INTRODUCTION

The role of vitamin D in calcium-phosphorus
mefabolism and its fundamental importance
for growth and the maintenance of skelefal
integrity throughout life have long been
acknowledged.  Furthermore, and  for
many years now, a considerable body of
experimental, clinical and epidemiological
evidence has shed light on other important
functions of the vitamin D biological system
in relation to cell differentiation and growth,
modulation of the immune response, control of
other hormonal system activity and, not least, its
ability to interfere with major cardiometabolic
risk factors and o influence the development
and progression of many cardiovascular
disorders '. In a previous review published in
this very journal in 2019, the composition and
functions of the vitamin D biological system,
the criteria for measuring and assessing the
vitfamin's nutritional status, and the results of
multiple studies on the possible relationships
between vitamin D's nufritional status and
mefabolic and  cardiovascular  alferations
were discussed extensively, including an
examination of possible pathophysiological
connections vitamin D. In the years since that
date, recent clinical and epidemioclogical
research has been aimed at both obtaining
further confirmation of what has been observed
through previous clinical and observational
studies, and above all at affempting fo
demonstrate  the  possible  “causal”  role
of vitamin D deficiency in relation to the
aforementioned disease conditions through
controlled and randomised frials with high
quality scientific criteria. This review therefore
endeavours to selectively focus on the results of
these latest studies and fo discuss the scientific
basis for the use of vitamin D supplementation
for prophylactic or therapeutic purposes.

RESULTS OF THE MOST RECENT
OBSERVATIONAL STUDIES

Table | summarises the essential data
provided by the most recent publications

referring fo  observational  studies.  The
dafa include a prospective study on a
large American population  sample, two
Mendelian  randomisation  studies and @
considerable number of meta-analyses of
prospective studies, most of which focused
on allcause and cardiovascular mortality or
other cardiovascular outcomes. Wan et al.’s
prospective siudy °, performed on a rather
large sample of diabetic patients drawn from
the population of the National Health and
Nutrition Examination Survey (NHANES), with
long follow-ups and a considerable number
of events, showed, as have many previous
observational studies, a strong and statistically
significant  inverse  association  between
baseline plasma 25(OH)D levels and the risk
of death from cardiovascular and all causes.
The studies by Heath et al. 4, Gholami et al. °
and Jani et al. ¢ were all meta-analyses of
prospective studies conducted mainly on
samples from the general population. Of all of
these, the study by Gholami et al. was the most
selective, having excluded the many studies
conducted on parficipants already affected
at baseline by cardiometabolic or other
disease conditions, which might favour the
phenomenon of “reverse causation”, whereby
lower vitamin D levels were not the cause of
the disease but a consequence of it due to
less exposure to sunlight and/or nutritional
deficiencies. In fact, in all three meta-analyses
an inverse association was consistently found
between baseline 25(OH|D values and the
primary outcome of the study, which was total
mortality for Heath et al.’s study, cardiovascular
mortality for Gholami ef al.'s study, and the
incidence of a first or recurrent cardiovascular
event for Jani et al.’s study. In confrast, the
meta-analysis by Wang et al. 7 focused on
prospective studies conducted on samples
of heart failure patients. Though the number
of the studies examined was relatively small
(n = 7), the total number of patients was quite
large (approximately 6,000), with follow-ups
occurring af between 1 and 5 years. This
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Vitamin D in cardiovascular diseases

Vitamin D, cardiovascular outcomes and mortality: results from the most recent observational studies.

Features

Main results

6,329 diabetic adults (NHANES 1l and NHANES
2001-2014), 55,126 person-years of follow-up,

Inverse association between baseline 25(0H)D concentration, all-cause mortality
and CV mortality. Multivariate-adjusted HR for 25(0H)D values respectively < 25.0,
25.049.9, 50.0-74.9, > 75.0 nmol /L = 1.00 (ref.), 0.70, 0.5,

0.59 for all-cause mortality (p-rend 0.003) and 1.00 (ref.), 0.62, 0.46, 0.50 for
CV mortality (p-rend 0.02)

54 studies (n = 812,646)

Inverse association between baseline 25(0H)D levels and all-cause mortality, non-
linear type with a plateau for values between 75 and 90 mmol /L

25 studies (n=98,171), 10,099 (V events

Inverse association between baseline 25(0H)D levels and CV risk. When comparing
values < 30 and values > 50 nmol /L: RR = 1.54 (95% CI: 1.29-1.84) for mortality
and RR = 1.18 (95% CI: 1-1.39) for incidence

79 studies (n=1,397,831), 46,713 (V events

Inverse linear association between baseline 25(0H)D levels and CV risk. When
comparing the lowest and highest category of 25(0H)D: RR = 1.34 (95% (I
1.26-1.43, p < 0.001) for the incidence of a new event and RR = 1.86 (95% Cl:
1.46:2.36, p < 0.001) for recurrent events

7 studies (n = 5,941 patients with heart failure),

When comparing the lowest and highest category of 25(0H)D: RR = 1.37 (95%
(I 1.13-1.66) for all-cause mortality and RR = 1.38 (95% CI: 0.87-2.19) for
frequency of re-hospitalisation

19 studies (n=41,916), 3,015 fatal CV events
and sudden deaths, follow-up 2-14 years

Inverse association between baseline circulating vitamin D levels and risk of CV death
or sudden death in the range of 10-100 nmol /L. When comparing the lowest and
highest category of 25(0H)D: HR (95% (1) 1.75 (1.49-2.06)

21 studies of diabetic patients

In comparison with the highest category (> 50 nmol,/L) of 25(0H)D: RR = 1.36
(95% CI: 1.23, 1.49) for category 25 - < 50 nmol,/L and RR = 1.58 (1.33-1.83)
for category < 25 nmol/L, for all-cause mortality. Similar results for CV morbidity
and morfality. Dose-response analysis indicates a non-inear inverse association, with
lowest risk value at 25(0H)D ~60 nmol /L for all-cause mortality and CV mortality

4 studies (n=7,717 stroke patients), 496 cases

TABLE 1.
Author Study type
Wan et al., Prospective
20218
2,056 events
Heath et al., Meta-nalysis of
20194 prospective studies
Gholami et al., Meta-nalysis of
20193 prospective studies
Jani et al,, Meta-onalysis of
20216 prospective studies
Wang X et al., Meta-nalysis of
20227 prospective or follow-up 15 years
retrospective studies
Kong et l., Meta-nalysis of
20238 prospective studies
Joyedietal,, Meta-nalysis of
20237 prospective studies
Vergatti et al., Meta-nalysis of
202310 prospective studies

of new stroke episode, follow-up 3-86 months

Non-inear inverse association between 25(0H)D levels at first stroke and incidence
of new stroke episode with lowest risk at 28 ng/mL. In the comparison with the
lowest category of 25(0H)D: RR = 0.20 (95% CI: 0.10-0.67, p < 0.001) for the
highest category

Sutherland et al.,
20221

Mendelion randomisation

study

N = 307,601 UK Biobank participants (age 37-
73 years) with 25(0H)D values measured and
predicted on the basis of 35 genefic variants, 14-
year follow-up and 18,700 fatal events

:shaped inverse association between genetically predicted 25(OH)D and all-cause
and CV mortality (p = 0.033) with steep decline in risk of death for increasing
concentrations up to 50 nmol/L Increase in all-cause mortality in genetic analysis
of 25% (95% Cl = 16-35) for participants with 25(0H)D measured at 25 nmol /L
compared to those with 50 nmol /L

Zhou et dl,,
202212

Mendelion randomisation

study

N = 295,788 UK Biobank parficipants with
measured and predicted 25(0H)D values based
on 35 genetic variants, 14-year follow-up and
44,519 incident cases of CV disease

:shaped inverse association between genetically predicted 25(0H)D and incidence
of (V events, with steep initial drop in risk for increasing vitamin D concentrations
and plateau at around 50 nmol,/L

(V: cardiovascolare; IC: infervallo di confidenza; RR: rischio relativo; HR: hazard ratio.

meta-analysis found a significant inverse
relationship between basal 25(OH|D levels
and mortality or risk of re-hospitalisation for
heart failure and/or its complications. The
mefa-analysis by Kong et al. & assessed the
relationship  between baseline  25(0OH|D
levels and risk of fatal cardiovascular events

or sudden death in 19 studies, with over
40,000 participants  and  over 3,000
events over a period of 2-14 years. Once
again, the relationship found in this study
was inverse, over a wide range of 25(OH)D
concentrations, with a 75% increase in risk
when comparing levels at < 10 nmol/L and

those at > 100 nmol/L. Instead, the meta-
analysis by Javedi et al. 7, which considered
only prospective studies conducted on
diabetic patients, demonstrated an inverse
association between baseline 25(OH|D
levels and allcause mortality in this patient
category as well, with a plateau at around



P. Strazzullo

60 nmol/L and an increased risk of 36% for
values between 25 and 50 nmol/L and of
56% for values at < 25 nmol/L. The results
were similar for cardiovascular morbidity
and mortality. Finally, the meta-analysis by
Vergatti ef al. ' reviewed four studies, which
included approximately 8,000 patients
who had suffered stroke, with follow-ups
occurring at between 3 and 86 months,
and 496 cases of new sfroke episodes. This
study showed that higher basal 25(OH)D
levels had a protective effect with an 80%
reduction in the risk of recurrence in the
highest category (> 28 nmol/l) compared
fo the lowest vitamin D category.

The last two publications included in
Table | in the list of “observational” studies
are two Mendelian randomisation studies,
conducted, moreover, by two independent
groups of authors on one single population.
It should be premised that Mendelian
randomisation is a method that in some
way acts as a bridge between the category
of observational studies and that of
inferventional randomised controlled frials.
Through the use of allelic variants of one
or more genes involved in the coding of a
cerfain profein, it makes it possible fo acquire
robust elements of evidence regarding the
possibility of causal relationships between
certain risk facfors and clinical outcomes
of interest. The main advantage of the
Mendelian  randomisation  method s its
ability fo neutralise fo a good extent the effect
of confounding factors that plague classic
observational studies and, in particular,
reduce the risk of “reverse causality”. In
practice, by contrasting  subjects, in a
population observed and followed over
fime, with one or more gene variants, which
respectively result in higher or lower levels of
a certfain substance (in our case 25(OH)D), it
became possible to compare the incidence
of certain events in the two groups in the
same way as can be achieved in an RCT,
but with a much lower cost and far less
effort. The studies by Sutherland et al. " and
Zhou et al. '? targefed the same population
of approximately 300,000 participants
from the UK Biobank, with 25(OH)D values
measured and predicted on the basis of
35 genetic variants and a follow-up of 14
years.

The main difference between the two
studies was in the outcomes, consisting in
the former of allcause and cardiovascular
mortality and in the latter of incident cases
of cardiovascular disease. In both of these

studies, a significant Lshaped (non-inear)
inverse association was found between
genefically predicted 25(0OH|D levels and
the respective outcomes, with a steep decline
in the risk of morfality and morbidity for
increasing concenfrations up fo 50 nmol/L,
where a plateau was observed, not unlike in
fraditional observational studies.

RESULTS OF THE MOST RECENT
INTERVENTIONAL TRIALS

Table Il shows the essenfial data from
inferventional randomised controlled frials
that have tested the efficacy of vitamin D
supplementation in various population types.
The table includes a single RCT and a series
of mefa-analyses of RCTs predominantly,
but  not exclusively, orienfed towards
evaluating the effects of supplementation on
cardiovascular mortality and morbidity.

The study by Virtanen et al. %, which
tested the efficacy of 1,600 or 3,200 IU
of vitamin D,/day versus placebo in a
sample drawn from the general population
of Finland, who were free of cardiovascular
disease af baseline, recorded 119 major
cardiovascular events over 5 vyears. The
supplementation conferred no  significant
protection compared to placebo with
regard to the incidence of total or specific
CV events. The study's significant limitations
concerned a majority of the sample subjects’
high baseline 25(OH|D levels and low
cardiovascular risk, which resulted in a low
number of events.

The meta-analyses by Zhang '4, Pei '°,
RuizGarcia '® and Mattumpuram 7, and
their respective colleagues, all involved
studies conducted on sample subjects
drawn from the general population. Three of
these studies '41>17 showed that vitamin D
supplementation had no effect on mortality
or cardiovascular morbidity. On the other
hand, the mefa-analysis by RuizGarcia ef
al., which differed in that it only included
frials lasting > 1 year and with af least 50
parficipants, demonstrated a reduction in
alkcause mortality, especially in relation to
the higherquality trials, i.e. with a lower
risk of bias. Nevertheless, although lacking
a positive result for the main outcome, the
mefa-analysis by Zhang et al. showed
a more favourable frend for trials of
longer duration and supplementation with
vitamin D, rather than vitamin D,. The mefa-
analysis performed by Jayedi et al. ?, which
included frials conducted only on diabetic
patients, did not show any profective

efficacy  of  supplementation  against
cardiovascular - morbidity and  mortality;
however, a rather low level of evidence
was indicated. In its turn, the study by Khan
et al.,’® which included trials conducted on
pre-diabetic subjects, found no efficacy of
supplementation in reducing the incidence
of diabetes or in improving insulin resistance.
The meta-analysis by Yeung ef al. 19, which
included trials conducted in nephropathic
patients, similarly showed no  efficacy
in reducing allcause or cardiovascular
mortality, albeit with the limitations found
in frials with very short durations, low
numbers of subjects and low quality. The
meta-analysis by Pincombe et al.,2° which
was characterised by an evaluation of
frials that examined the effects of vitamin D
supplementation on endothelial function
and by ifs inclusion of 42% of patients
with baseline vitamin D insufficiency or
deficiency, found no significant benefit on
any of the main parameters of endothelial
function, except for a positive frend in flow-
mediated vasodilation.

Finally, the systematic review by Zittermann
et al. 2", who evaluated 22 studies that
reported on the possible adverse effects
of vitamin D administration in doses from
3,200 to 4,400 IU/day versus placebo
for at least & months, showed that with
these doses there was an increased risk of
hypercalcaemia [albeit this was contained in
just 4 cases out of 1,000 subjects freafed),
but not of hypercalciuria, nephrolithiasis or
fofal mortality.

DISCUSSION

The overall analysis of the different types
of recent studies that assessed the impact
of vifamin D deficiency and its possible
supplementation on the main cardiovascular
outcomes confirmed what had emerged
previously: there is a strong discrepancy
befween the outcomes of observational
studies and those of inferventional frials. The
former, also corroborated by the results of
the most recent Mendelian randomisation
studies, highlighted with infemal  clarity
and consistency the negative impact of
a condition of vitamin D insufficiency and
even more so of vitamin D deficiency. On
the contrary, albeit with a few exceptions,
the latter did not support the potential benefit
derived from vitamin supplementation and,
therefore, would not suggest that there
is a causal role of vitamin Deficiency in
defermining metabolic and cardiovascular
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TABLE II.
Vitamin D supplementation, cardiovascular outcomes and mortality: results from recent trials.
Author Study type Features Main results
Virtanen et al., RCT RCT with 2,495 parficipants > 60 years from  Vitamin D, supplementation was not associated with a reduction in the incidence of major
202213 Finnish general population, free of CVD at  CV events (4.9%, 5.0% and 4.3% in the placebo, vitamin D 1,600 IU vitamin D,/day and
baseline, strafified info 3 groups: placebo,  vitamin D 3,200 IU vitamin D,,/day groups, respectively), nor in the incidence of myocardial

1,600 1U vitomin D,/day and 3,200 1U inforction, stroke or CV death.

vitamin D, /day, 5-ear follow-up with 119 major  Major limitations of the study: high baseline 25(OH)D levels in study participants on average

(V events and low number of events

thang et al,  Meforanalyses of 52 frials (n = 75,454) with 7,993 total deaths  Vitamin D,/D, supplementation was not associated with a reduction in allause morfality
2019 1 RCTs of which 1,331 (V, median follow-up 1 year (R-atio = 0.98, 95% CI: 0.95-1.02) or CV (Ratio = 0.98, 95% (1:0.88-1.08).

(only for 12/52 trials: duration > 3 years) Other study considerations and limitations: vitamin D, is more effective than D,, longer trials,
greater efficacy, many studies allowed spontaneous supplementation in the confrol group,
mean baseling vitamin D levels were high

Pei et al, Metoanalysesof 18 trials (n=70,278), 1,495 CV, follow-up 1-6  Vitamin D,/D, supplementation was not associated with a reduction in total CV morfality
2022 ¥ RCTs years (RR = 0.96, 95% CI: 0.88-1.06), stroke incidence (RR = 1.05, 95% Cl: 0.92-1.20)
myocardial infarct, (RR = 0.97, 95% CI: 0.87-1.09 and total CV events = 0.97, 95% Cl:
0.91-1.04).
Main limitations of the study: baseline mean vitamin D levels were high, baseline CV risk
rather low, relatively short follow-up
Ruiz-Garcia Mefo-analyses of 80 studies (n = 163,131) of which 35 were Vitamin D,/D, supplementation reduced al-cause mortality (OR 0.95, 95% Cl: 0.93-0.99;
etal,, 2023 16 RCTs low risk, 34 medium risk and 11 high risk of p < 0.02) This effect is confirmed for the trials with a lower risk of bias, whereas it is
bias. Trials with less than 50 participants and < 1 not confirmed for those with lower quality. Vice versa, there was no association between
year duration were excluded. Median follow-up  vitamin D supplementation and total CV mortality from heart attack, stroke or heart failure.
2 years Major limitations of the study: lack of 25(0H)D levels at baseline
Mattumpuram  Meta-analyses of 36 trials (n = 493,389) Vitamin D supplementation had no effect on CV mortality (RR = 1.01, 95% CI: 0.94-1.08),
etal., 2024V RCTs on stroke risk (RR = 1.03, 95% CI: 0.95-1.11) and myocardial infarct, (RR = 0.98, 95% CI:
0.91-1.06; p=0.65)
Joyedi et al,  Meto-onalyses of 6 trials (n=7,316 diabetic patients) Vitamin D,/D, supplementation did not reduce allcause mortality (RR 0.96, 95% CI:
20237 RCTs 0.79-1.16) nor CV morbidity and mortality.
Main limitations of the study: for CV morbidity and mortality very low degree of evidence
Khan et al,  Meta-analyses of 7 trials (n= 6,775 pre-diabetic patients), follow-  In all but 1 trial vitamin D supplementation did not reduce the incidence of diabetes (20.0%
2023 18 RC(Ts up from 3 months to 5 years with 1,385 events  vitamin D vs 23.3% placebo). Even the HOMA-index values were not significantly different
during freatment
Yeung et al,  Meta-analyses of 128 studies (n=11,270 nephropathic patients) Vitamin D supplementation did not reduce all-cause mortality (RR = 1.04, 95% CI:
2023V RCTs 0.84-1.24) or cardiovasculor mortality (RR = 0.73, 95% CI: 0.31-1.71).
Main limitations of the study: inclusion of trials of very short duration, low numbers and poor
quality
Pincombe Meta-onalyses of 26 studies (n = 2,808), with 42% of None of the thiee endothelial function parameters measured improved as a result of
etal, 20232 R(Ts participants suffering from vitamin D deficiency ~supplementation: flow-mediated vasodilation, FMD% (+1.17%, 95% (I -0.20-2.54,

or insufficiency, to assess the effect of p=0.095), pulse wave velocity, PWV (-0.09 m/s, 95% CI: -0.24 - 0.07, p = 0.275),

supplementation on endothelial function incrementation index, Alx (+0.05%, 95% CI:-0.1-0.19, p=0.52)

Tittermann Mete-analyses of 22 studies (n = 12,952) reporting safety data  Vitamin D supplementation af the doses used was found fo be associated with an increased
etal., 20237 RCTs with vitomin D supplementation of doses of  risk of hypercalcoemia (R =2.21, 95% CI: 1.26-3.87), albeit limited to 4 cases per 1,000

3,200 to 4,400 1U/day for af least 6 months

patients treated. Vice versa, no effect on the risk of hypercalciuria, nephrolithiasis or total
mortality

CVD: cardiovascular disease; CV: cardiovascular; RCT: randomised controlled trial; CI: confidence interval; RR: relative risk; HR: hazard ratio; OR: odds ratio; FMD: flow-mediated vasodilation; PWV: pulse wave
velocity; Alx: augmentation index.
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alferations. The impossibility ~ of
demonstrating the expected profective effect
of correcting vitamin Deficiency is likely to
generate, and indeed has to some extent
already generated, a paralysis in decision-
making with regard fo future implementation
of vitamin supplementation.

To make a confribution to overcoming
this impasse, which is potentially harmful
or even very harmful fo patients’ health,
three  orders of  considerations are
offered for consideration below. The
first concerns the quality and scientific
validity of randomised controlled frials for
the purpose of demonstrating a “causal”
relationship between vitamin Deficiency and
cardiovascular risk. In this regard, it should
be acknowledged that large trials such as
the VIDA (Vitamin D Assessment Study], the
VITAL (Vitamin D and OmegA-3 Trial) and
the D2D (The Vitamin D and Type 2 Diabetes
Study) had already provided evidence that
vitamin D supplementation, for preventive
purposes and not supported by documented
insufficiency or deficiency, provided no
convincing benefits. On the other hand,
these same studies, precisely by virtue of
their experimental design, were not able fo
demonstrate whether or not appropriately
conducted supplementation, among patients
who were cerfainly deficient and  with
monitoring over fime of their 25(OH|D
levels achieved through supplementation,
exerted any profective action. Nor has this
type of demonstration been produced by
any of the more recent interventional studies
considered in this review, as they were also
affected by the same type of limitation with
the addition, in many cases, of excessively
short follow-ups and insufficient sample size.
This notwithstanding, the mefa-analyses by
RuizGarcia et al. and Zhang et al. were
able o show a possible benefit through the
selection of trials of longer duration and with
a higher number of participants.

The second order of consideration concerns
how an assessment can be made on whether
or not there is a causal relationship between
a certain risk factor (in our case vitamin D
deficiency) and one or more predefined
outcomes. In this connection, it has been
authorifatively suggested by some, similarly
fo what has been done in connection with
other important applications of preventive
medicine, that the analysis of the results of
randomised confrolled frials should not be
the sole tool used for assessment and that
these frials should be accompanied by a

comprehensive analysis of all available
knowledge. Specifically, reference was
made to Hill's criteria??, which called into
question, in addition to the results of the
trials, the value of observational studies,
faking due account of the strength of any
associations observed, their consistency,
the dose-response  relationship, biological
plausibility and consistency with data from
laboratory  studies and animal models.
In the case of vitamin D deficiency, the
crifical analysis of all these factors argues
in favour of a causal relationship with the
cardiovascular outcomes examined, and it
would be unreasonable not fo take this into
account, especially in light of the awareness
of the great economic and practical
difficulty of designing other inferventional
frials in the future that could overcome the
methodological limitations of those already
available.

The third and final consideration concerns
the practical conduct to be followed by
physicians in light of whathas been discussed
above and of current knowledge. Where
it is clear that vitamin D supplementation
is not fo be considered irrespective of the
assessment of nutritional  sfatus, having
proved ineffective for the outcomes
considered in already vitamin D-replete
subjects, the currently available knowledge
suggests that there is indeed a need to assess
whether or not a condition of vitamin D
deficiency actually exists, af least in that part
of the population that is at greater risk of
deficiency (elderly subjects, especially those
who are housebound or in nursing homes
and in any case all those who spend litfle
time outdoors), also in relation to chronic
morbid, cardiovascular, oncological or
other conditions. In all these individuals,
in the case of a documented vitamin D
deficiency, i.e. 25(OHID < 20 ng/ml or
50 nmol/L or even in a condition of marked
insufficiency, supplementation should be
carried out taking info account the results
of the recent analysis by Zittermann et al.,
who documented the absence of risk of
adverse effects at least up to a dose of
4,000 IU/day ?'. Of course, the indication
for supplementation remains especially valid
for patients with documented osteoporosis
requiring freatment with bisphosphonates
as well as for osteopenic patients who are
unable to obtain normal values of the vitamin
through diet and exposure to sunlight alone.
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Vitamin D and mental disorders:
update on the latest evidence and
focus on autism and anorexia

Alessandro Cuomo, Simone Pardossi, Matteo Cattolico, Giovanni Barilla, Andrea Fagiolini
Department of Mental Health and Sense Organs, University of Siena

Summary

Vitamin D, originally associated with calcium regulation and bone health, is emerging as @
crucial element within the scope of mental health, not only for disorders such as depression
and schizophrenia, but also for autism and eating disorders. The presence of vitamin D re-
ceptors in several brain regions suggests that its role in neuroprofection, neurogenesis and
neuroimmunological regulation is significant. Vitamin D deficiency in early life is associated
with an increased risk of developing schizophrenia and low vitamin D levels have been
correlated with depression, and with evidence for the use of vitamin D supplementation
in reducing depressive symptoms. Although low vitamin D levels have been observed in
children with autism spectrum disorders and mothers during pregnancy, causality is sfill
complex. Patients with eating disorders show vitamin D deficiency, with implications for
bone and mental health, and vitamin D may also have a link to impulsivity in these cases.
Vitamin D supplementation may improve some symptoms, but further research is needed to
fully understand the underlying mechanisms. This overview emphasises the importance of
vitamin D for mental health and the need for further studies to clarify causal relationships

and develop more effective therapies for neuropsychiatric disorders.

INTRODUCTION OF VITAMIN D

IN PSYCHIATRY AND POTENTIAL
MECHANISMS OF ACTION

In recent years, vitamin D has become quite
relevant fo the context of mental health. Recent
studies have significantly broadened knowl-
edge of its role well beyond calcium homoe-
ostasis and bone health, exploring its impli-
cations in the neuropsychiatric field. Research
has progressively elucidated the relationship
between vitamin D and several mental condi-
tions, including disorders such as depression
and anxiety.

In the context of psychiatric disorders, vita-
min D is involved in the region-specific ex-
pression of vitamin D receptors (VDR) in ar-
eas such as the cingulate cortex, thalamus,
cerebellum, substantia nigra, amygdala and
hippocampus. The presence of vitamin D,
VDR and related enzymes in many regions in
the brain has elucidated the role of vitamin D
as a neuroactive/neurosteroid hormone as
fundamental in the processes of neuroimmu-
nomodulation, neuroprotection, neurogenesis,
and normal brain function. Indeed, vitamin D
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deficiency in early life negatively affects these
processes: children with low vitamin D levels,
for example, have a higher risk of developing
disorders such as schizophrenia?. Recently,
an additional significant role of vitamin D in
the differentiation of dopaminergic neurons
has been identified. A 2023 study showed
that continual exposure fo the active vitamin D
hormone increases the ability of developing
neurons fo produce and release dopamine,
thus establishing vitamin D as an important
differentiating agent for developing dopamin-
ergic neurons.*

Therefore, vitamin D influences mental disor-
ders such as anxiety, depression and schizo-
phrenia through different mechanisms. Moreo-
ver, in an expansion of the understanding of its
impact on mental health, recent studies have
also explored vitamin D's role in relafion fo
autism and eating disorders.

VITAMIN D AND PSYCHIATRIC
DISORDERS: THE LATEST EVIDENCE
Studies have suggested that there is a relo-
tionship between vitamin D deficiency during
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development and increased risk of schizo-
phrenia and depression. Depression may
exacerbate vitamin D deficiency by reduc-
ing exposure fo sunlight, while symptoms of
deficiency may in furn worsen the depres-
sive sfate (Fig. 1)".

Recently, a meta-analysis that reviewed ran-
domised placebo-controlled frials showed
that vitamin D supplementation in deficient
individuals significantly reduced depressive
sympfoms in those diagnosed with major de-
pressive disorder and mild depressive symp-
toms.# In addition, a recent crosssectional
analysis conducted in the United States ex-
amined the association between vitamin D
deficiency, age and depression. The anal-
ysis fook demographic features, depressive
sympfom characteristics and blood levels of
vitamin D into consideration and revealed
a significant association between vitamin D
deficiency and the risk of depression °.
Similarly, a mefa-analysis that summarised
evidence from several randomised con-
frolled trials showed that vitamin D supple-
ments were significantly superior to placebo
in reducing depressive symptoms in adults,
with a particularly marked effect in those
with more severe depression and those with
lower levels ©.

Other studies showed that although vita-
min D supplementation could not only re-
duce the development of depressive symp-

UVB
Pre-vitamin D,
Vitamin D,
Liver i
FIGURE 1.

toms, higher serum levels of vitamin D could
also reduce the risk of that development,
which highlights that subjects with lower
blood levels of vitamin D were more likely to
develop depression.

Furthermore, a negative correlation has
been shown between low vitamin D levels
during the first frimesfer of pregnancy and
the development of depressive symptoms in
the second trimester, as well as an increased
risk of peripartum depressive symptoms fol-
lowing Vitamin D deficiency in the second
frimester”. A recent randomised controlled
frial also showed that vitamin D supple-
mentation during the first two years of life
reduced the risk of disorders such as anxiety
and depression at the age of 6-8 years .
There is a 70% prevalence of vitamin D
deficiency among schizophrenic patients
compared fo a prevalence of 37.6% in the
general population.

People born in winter and spring have a
slightly increased risk of developing schizo-
phrenia, which could be due to certain sea-
sonal environmental factors such as infections
being more common in the colder months
and also to reduced exposure fo sunlight. In
particular, a correlation has been observed
between vitamin D deficiency in pregnant
women and infants during these months and
an increased risk of schizophrenia. ultravi-
olet radiafion during winter in high latitude

Calcitriol

T

\< Kidney

T

Calcifediol

sites may not be enough fo frigger the re-
action necessary for the production of the
vitamin D precursor 7. The risk of schizophre-
nia is also higher in the offspring of dark-
skinned migrants in some countries. Factors
related fo social marginalisation and migro-
fory siress have been linked fo an increased
risk of mental disorders in general, including
schizophrenia. However, individuals with
pigmented skin living in cold climates are at
higher risk of vitamin D deficiency, because
pigmented skin acfs as a natural sunscreen
and reduces the production of the vitamin D
precursor'®. Additionally, it has been shown
that those who migrated to the Netherlands
as children have an increased risk of lat-
er schizophrenia (compared fo those who
have migrated as adults). This may suggest
the presence of a critical exposure window,
i.e. an age range in which exposure to vi
famin D deficiency may increase the risk of
neurodevelopmental disorders '°.

Finally, a 2023 analysis showed a shared
genetic architecture between schizophrenia
and vitamin D levels, identifying new risk
loci and highlighting a complex mechanism
of genetic overlap between vitamin D de-
ficiency and schizophrenia. These findings
suggest that shared genetic variants may
influence the clinical picture by contributing
fo the coexistence of schizophrenia and vita-
min D deficiency .

e Patients with major depression have
lower blood levels of vitamin D

e Vitamin D supplementation in de-
ficient depressive patients can im-
prove depression symptoms

e A 70% prevalence of vitamin D de-
ficiency is reported in patients with
schizophrenia

e There is a complex genetic overlap-
between vitamin D deficiency and
schizophrenia

Vitamin D, obtfained through UVB exposure and subsequent biotransformation in the liver and kidneys, may be involved in different mental
disorders. lts deficiency, in fact, may be related to major depression and schizophrenia.
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VITAMIN D AND AUTISM

The aetiology and pathogenesis of autism
spectrum disorders (ASD) are complex and
have not been fully elucidated. Since the
early 1980s, autism research has moved
beyond the theory of “inadequate parental
care”, focusing on biological causes. It has
been discovered that ASD is a neurodevel-
opmental disorder caused by the inferaction
of genetfic and environmental factors. Over
1,000 genes have been linked to ASD and
there is a higher concordance between
monozygotic twins than between dizygot-
ic twins, suggesting a sfrong genetic role.
However, only 25-30% of children with
ASD show ASD-related genes, highlighting
the importance of environmental factors.
Facfors such as nufrifion, drugs, toxic sub-
stances, maternal infections during pregnan-
cy, stress and vaccinafions have also been
associated with ASD. Some children with
ASD have elevated serotonin levels and ab-
normalities in dopamine function, as well as
disorders in brain structure and connections.
Immunological studies have also indicated
an dltered immune balance. Vitamin D defi-
ciency, linked fo factors such as air pollution,
climatic conditions and latitude, has been
proposed as a possible cause of ASD 2.

A systematic review and mefa-analysis has
shown that children with ASD have signif-
icantly lower serum vitfamin D levels than
controls without a diagnosis of ASD.'® In
addition, both low maternal blood vitamin D
levels and low infant blood vitamin D levels
correlate significantly with an increased risk
of a subsequent ASD diagnosis '°. Apparent-
ly, there is also an ambiguous causal relation-
ship with vitamin D deficiency for this disor-
der: children with ASD have different lifestyle
habits, including a more selective and less
varied diet, which leads to lower vitamin D
intfake. These children also tend fo spend less
time in outdoor activities, reducing exposure
fo the sun’s UVB rays and, consequently, re-
duced vitamin D synthesis in the skin. Another
factor that may influence vitamin D levels is
genetic, linked to variants in vitamin D me-
tabolism and receptor genes associated with
ASD risk. Finally, the use of certain medica-
fions, such as anti-epileptic drugs, may also
cause a reduction in vitamin D levels.

In any case, the therapeutic potential of
vitamin D supplementation in children with
ASD has been explored in several studies.
Specifically, though it has been shown that
supplementation in deficient individuals can
improve some ASD symptoms, especially
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stereotypic behaviour, it does not significant-
ly affect other major symptoms or coexisting
condifions .

The mechanisms underlying the relationship
between vitamin D and ASD have yet fo be
fully elucidated. Vitamin D is known to play
roles in brain development, immune function
and inflammation, which are relevant to
ASD. Vitamin D has been shown to mod-
ulate inflammatory cytokines, influence anti-
oxidant pathways, and regulate neurotrans-
mitters such as serofonin, all of which are
crucial in the context of ASD '3. Furthermore,
vitamin D inferacts with several ASD-associ-
afed genes and its deficiency may disrupt
neurodevelopmental processes '°.
Nevertheless, there are limitations in current
research, including heterogeneity in study
designs, vitamin D dosing regimens and
participant characteristics, which challenge
the formulation of definitive conclusions. The
variability in response to vitamin D supple-
mentation among individuals with ASD sug-
gests that genefic and environmental factors
may influence its efficacy.

VITAMIN D, EATING DISORDERS AND
THE ROLE OF IMPULSIVITY

Patients with anorexia nervosa [AN) were
shown to have significantly lower serum vita-
min D levels, both in the form of 25-hydrox-
yvitamin D [25(OH)D] and 1,25-dihydrox-
yvitamin D [1,25(OH)D], than controls °.
low serum 25(OHID levels can lead to the
bone loss typical of AN, resulting in reduced
bone mineral density and a higher frequency
of clinical and non-clinical fractures compared
fo healthy adolescents. It is therefore important
fo take vitamin D values info account, not only
for the health of bone tissue, but also for the
role vitamin D plays in other mental disorders
that often afflict patients with AN 5.

A metfa-analysis revealed that patients with
AN showed significantly lower serum vita-
min D levels than controls despite similar vi-
tamin D intake. Several elements can be tak-
en into account fo justify these data: patients
with AN tend to overestimate their food
intake, which could lead to an inconsistent
assessment of micronutrient intake. Further-
more, not all physical activities have similar
effects in maintaining optimal 25(OH|D lev-
els. It can be the case that patients with AN
spend more time indoors rather than partici-
pating in outdoor activities or that they wear
clothes that cover more of the body, thus
reducing light exposure and skin synthesis
of vitamin D.

Although low serum 25(OH|D levels are typ-
ical in obese people due fo higher fat mass,
increasing research has shown that low serum
25(OHID levels have also been associated
with underweight sfafes, such as malnufrition,
neoplastic cachexia and AN '°.

Finally, patients with AN also have lower
serum levels of the active form of vitamin D,
1,25(CHID. Llevels of this latter form have
little relation to 25(OH)D stores and are
regulated mainly by parathyroid hormone
(PTH) levels. Under conditions of low serum
25(OHID levels, the active form of vitamin D
usually increases, instead of decreasing, as
observed in patients with AN. This imbal-
ance between 1,25(OH)D and 25(OH)D in
AN could be explained by the low serum
levels of oestrogen in these patients, hor
mones that appear to be important 1-alpha
hydroxylase agonists '°.

A recent pilot study has also showed that in
a population of 236 patients with eating dis-
orders, vitamin D levels could be correlated
with the presence of impulsive behaviour 6.
Impulsivity is considered fo be implicated in
the onset and outcome of several eating dis-
orders. Specifically, neuroimaging investiga-
tions have shown an imbalance between the
frontal and mesolimbic areas in patients with
these disorders.'® Vitamin D supplementation
could be considered as part of the therapeu-
fic approach for symptom control and relapse
prevenfion in individuals with eating disor-
ders, as has already been tested in patients
diagnosed with attention-deficit/hyperactivity
disorder (ADHD) or suicidal behaviour '¢.

KEY MESSAGE ON
AUTISM AND ANOREXIA

The involvement of vitamin D and its

deficiency in disorders such as autism
and anorexia nervosa has recently been
hypothesised.

* low levels of vitamin D in maternal
and newborn blood correlate with an
increased risk of a subsequent diag-
nosis of aufism

* Supplementation in deficient individuals
can improve stereotypical behaviour

e Patients with anorexia nervosa showed
lower vitamin D levels than controls de-
spite similar vitamin D infake

e Vitamin D levels correlated with the
presence of impulsive behaviour
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CONCLUSIONS

A review of recent literature has skefched out
a picture in which vitamin D is a pofentially
influential element in several mental disor
ders. In addition to the most studied corre-
lations with depression and schizophrenig,
recent literature has also produced evidence
on the relationship between vitamin D and
disorders such as autism and eafing disor
ders. Although findings suggest a correlation
between vitamin D deficiency and the man-
ifestation and severity of these disorders, a
causal relationship has not yet been clearly
delineated. Specifically, in disorders such
as aufism and anorexia nervosa, vitamin D
appears to play a role in both the devel
opment and exacerbation of symptoms.
Still, it is crucial to consider that this asso-
ciation may not be unique. Clearly, further
research is needed to understand whether
vitamin D deficiency is a causal factor, a
consequence or a concomitant element of
these disorders. This review also highlighted
how therapeutic inferventions based on vita-
min D supplementation may benefit mental
disorders. The growing body of evidence on
the relationship between mental disorders,
such as schizophrenia and depression, and
vitamin D lays the foundation for further in-
vestigation of the relationship between vi-
tamin D and other psychiatric disorders, as
well as the use of vitamin D supplementation
in patients with mental disorders.
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