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ABSTRACT

Introduction: Many sources list a number of properties of vitamin D on human health. It seems that
the benefits of using this vitamin include not only the regulation of the calcium-phosphate metabolism,
but also a number of other applications, also in human mental health.

The aim of the study: The aim of the study was to research about the influence of vitamin D on the
mental health. The research was done on the problems such as depression, anxiety, psychoses, stress,
mood and emotions.

Material and method: The literature was found using websites such as PubMed or Google Scholar
was used to develop this work.

Description of the state of knowledge: A number of studies have confirmed that vitamin D can have
a significant impact on reducing the level of depression. One example of a study on this topic is that
high vitamin D supplementation in women in early pregnancy can protect them from late depression
during the last weeks of pregnancy. Likewise, adequate vitamin D supplementation in older people can
improve mental health and reduce the likelihood of depression and Seasonal Mood Disorder (SAD). In
addition, vitamin D can reduce the probability of psychosis or anxiety disorders.

Summary: Many sources report a positive correlation between vitamin D supply and mental health.
Often the differences are also noticeable, but not statistically significant. This work sometimes shows
divergent views of scientists, which is important to continue research into the effects of vitamin D on
mental health in humans.

Keywords: vitamin D; anxiety; depression; psychoses; stress; mood

Introduction

Vitamin D has always been considered as a factor responsible for maintaining the calcium-
phosphate balance in the body and the structure of the skeleton. It has been known for about 20 years
that this vitamin also plays other functions in the body.

The basic action of vitamin D is participation in the processes of development and growth and
maintaining the proper structure of the skeleton by regulating the calcium metabolism in the body. It
happens as a result of the increased absorption of calcium ions in the intestines and their reabsorption
in the kidneys [1].

In recent years, there has been an increased interest in the so-called non-classical action of
vitamin D on the human body. Vitamin D has been found to be involved in other biochemical
mechanisms in the body. Lowering its concentration may increase the risk of developing many diseases.
Numerous studies suggest a relationship between vitamin D deficiency and the occurrence of diseases
such as cancer (colorectal cancer, breast cancer), hypertension, diabetes, metabolic syndrome, multiple
sclerosis [2]. Vitamin D works through its VDR receptors, which are located in many organs: bones,
skeletal muscles, cells of the immune system, and the brain.

Vitamin D is a group of steroids, of which the most important for humans are vitamin D2
(ergocalciferol) and D3 (cholecalciferol), which differ in the structure of the side chain.

It is synthesized mainly in the skin, from which 80% of this compound in the body comes from.
Many external factors and general health affect the production of cholecalciferol. 7-dehydrocholesterol
(provitamin D3) contained in keratinocytes is transformed into cholecalciferol, i.e. vitamin D3.
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This product becomes biologically active only after two hydroxylations. The first of them occurs in the
liver, and the reaction catalyst is vitamin D 25-hydroxylase. The end product of the reaction is
25-hydroxyvitamin D3-25 (OH) D3-calcidiol. It is released into the bloodstream and transported in a
complex with DBP (vitamin D-binding protein). The transformation of calcidiol into the most
biologically active form - calcitriol [1,25 (OH) 2D3] takes place in the renal tubular cells. The reaction
is catalyzed by the mitochondrial 25-hydroxyvitamin D 1-hydroxylase [3].

Researchers do not agree on the correct concentration of vitamin. D in blood. Some believe that
the optimal concentration of calcitriol is the one that has an appropriate effect on calcium resorption in
the intestines and its increase does not intensify this phenomenon (32 ng/ml), others that it is the
maximum concentration resulting from skin photosynthesis (60 ng/ml). According to the latest research,
it is assumed that the most advantageous is to maintain the vitamin D concentration in the range of 30-
80 ng/ml. The values of 20-30 ng/ml indicate hypovitaminosis, 10-20 ng/ml - deficiency, and the
concentration below 10ng/ml - clearly deficient [4,5].

Vitamin D crosses the blood-brain barrier, but is also synthesized in the brain. Calcitriol,
influencing the expression of numerous genes, regulates the synthesis of their products, such as:
neurotropins, growth factors, calcium-binding proteins, oxytocins and enzymes - acetylcholinesterase
responsible for the synthesis of acetylcholine and gammaglutamyltranspeptidase [6]. Modern research
suggests that vitamin D metabolites may influence the behavior of cognitive functions through their
specific neuroprotective effects. People with lowered vitamin D levels achieve worse results in tests
examining cognitive functions [7]. There is also immunohistochemical, biochemical, and molecular
evidence that vitamin D contributes to brain development and function. The authors of many studies
report the deterioration of the brain's work with improper supply of micronutrients [8-11], other
researchers indicate the improvement of cognitive functions in people whose vitamin and micronutrient
concentration were normal [12-14].

Materials and methods

The data for the article was found using the PubMed and Google Scholar websites. They have
been thematically selected for work. Articles were searched using key words such as: vitamin D;
depression; anxiety; psychosis; bipolar disease; stress; mood; emotions.

Depression

Taking into account the influence of vitamin D on mental health, it is impossible not to mention
a few of the most important diseases that are impossible not to meet in your life (not only in the
professional aspect, but also in private life). One of these diseases is depression.

According to WHO, the effects of depression are felt by about 300 million people worldwide
[15]. The pathophysiological causes of depression are disorders related to neurotransmitters such as
deficiencies in norepinephrine, serotonin, dopamine, etc. [16]. In addition, there are many theories
focusing on psychoanalysis and the impact of, for example, behavioral models or cognitive models on
depression [17]. A number of studies have also looked at the effects of vitamin D on depression and
depressive symptoms.

It turns out that not all research results unanimously indicate the effect of vitamin D on
depression. One review study looked at thirty studies.
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Mostly it has been confirmed that low blood levels of vitamin D may contribute to late-life depression
[18]. In pregnant women, the level of vitamin D and its effect on depression are also proven. It has
been confirmed that low vitamin D levels at the beginning of pregnancy (12-20 weeks of gestation)
may predispose patients to depression in the final weeks of pregnancy (34-46 weeks of gestation).
However, it was not investigated whether early vitamin D supplementation would have an impact on
the prevention of this depression [19]. If you look at people classified as having major depressive
disorder (MDD) and their vitamin D levels, it turns out that the higher their Hamilton Rating Scale for
Depression (HAMD) score, the lower their vitamin D blood levels. detected. Moreover, a negative
correlation was observed in relation to total intracranial volume (TIV). TIV itself showed a positive
correlation with vitamin D levels in patients with MDD [20].

Since it is known that lowered vitamin D levels are common in elderly people with depressive
symptoms, attempts have been made to determine whether vitamin D supplementation can reduce the
symptoms of Seasonal Mood Disorder (SAD). The results of the research are ambiguous, as it turns out
that supplementation only in some patients has a positive effect on the mental state. Perhaps the
improvement of the mental state depends on the administered dose of vitamin D.

After all, there are studies that disprove other studies and state that overall vitamin D
supplementation does not relieve symptoms of depression. However, there are discrepancies in the
effect of depression depending on the severity of clinical symptoms of depression. In severely
symptomatic patients, a slight statistically significant effect was observed, and in asymptomatic
patients, a very small and nonsignificant effect of vitamin D supplementation on depression [21] was
observed.

Psychoses

Psychoses themselves are rare among humans and it is reported that only about 10% of the
population has experienced at least one episode of psychosis [22]. Schizophrenia is caused not only by
genetics, but also by education, or even lifestyle - a bad diet may contribute to the risk of schizophrenia
[23]. It is also worth remembering that psychoses are identified not only with schizophrenia, but also
with bipolar disorder, in which mania phases interrupted by phases of psychoses can be distinguished.
Single cases of psychosis alone can occur independently of these two diseases and may never even be
diagnosed by a psychiatrist.

And just like a good diet, such an abundant supply of vitamin D can lower the likelihood of
psychotic-like symptoms in women, as a study of over 33,000 Swedish women has confirmed. And
although this study was distinguished not only by the supply of vitamin D, but also the amount of fish
meals and PUFA consumed per week. All these issues are inextricably linked with the supply of
vitamin D. For example, a diet rich in fish (eating them 3-4 times per week) significantly reduced the
risk of psychosis. A similarly high supply of omega-3 and omega-6 PUFASs in the diet compared to a
diet with a reduced fatty acid content also lowered the risk of psychosis [24]. Another female study that
demonstrated the effects of vitamin D on psychotic experiences (PEs) was one conducted in over
34,000 middle-aged women who tested association between the sun exposure and PEs. As mentioned at
the beginning, sun exposure increases the production of vitamin D by UVB radiation, and thus
increases the level of this vitamin. Women who tan quite often had a lower score on community
assessment of psychic experiences (CAPES).
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Similarly, in women with a negligible history of sunbathing, the CAPEs results were significantly
higher than in women sunbathing in their youth (10-39 years) [25]. It is worth noting that the level of
vitamin D and episodes of psychosis does not only concern women, but the general public, which is
confirmed by numerous studies.

Anxiety

Research shows that many factors can influence the occurrence of anxiety. The literature
mentions the effect of diet on anxiety. With obesity, anxiety levels may increase, but the use of
metformin, which lowers body weight, and act on AMPK pathway has been shown to have fewer
symptoms of anxiety in rats [26]. An unhealthy diet, rich in fat, lard, or sucrose also showed a positive
correlation with the level of anxiety. Among the four diets studied by Salehi-Abargouei A. et al. the
first containing a large amount of amino acids, cobalamin, zinc, phosphorus, saturated fatty acids,
cholesterol and pantothenic acid, turned out to be the best in reducing anxiety [27]. Scientists have also
studied the effect of vitamin D levels on this mental disorder.

In children with chromosome 22q11.2 deletion syndrome (22911.2DS), anxiety and atypical
behavior were observed in relation to their healthy peers. A one-tailed test was used which showed that
those of the children who had lower vitamin D levels had higher levels of anxiety. However, the level
of vitamin D was not associated with atypical behavior [28]. Another study on anxiety and vitamin D
was conducted in children and adolescents undergoing hemodialysis. The same correlation was also
found in them, which shows that low vitamin D levels may favor the appearance of anxiety disorders in
this group of patients [29].

Depression and anxiety were also studied in pregnant women using Depression, Anxiety, and
Stress Scales (DASS-21) and Patient Health Questionnaire Depression Module (PHQ-9) compared to
this level of vitamin D. It turned out that in those women who had the lowest vitamin D levels, had 1.11
higher PHQ-9 scores than those with the highest vitamin D levels. However, this result did not turn out
to be statistically significant [30].

In another retrospective study, the studied Koreans were divided into three groups depending on
the concentration of vitamin D in the body. Adequate vitamin D levels were found above >20 ng / mL,
inadequate between 10-19.99 ng / mL, and vitamin D deficiency below <10 ng / mL. A correlation was
found between the occurrence of anxiety states in the respondents depending on the level of vitamin D.
The higher its level, the lower the probability of anxiety states [31].

Stress

As another determinant of mental health, stress has also been the subject of much research. Its
relationship to the amount of vitamin D in the blood was also checked. One of the larger randomized
clinical trials has investigated many relationships between vitamin D and, for example, depression and
anxiety. It also assessed the intensity of stress in the respondents' lives. However, this was not related to
any degree with vitamin D levels [32].

One study focused on low vitamin D levels as a predisposing factor to myocardial ischemia.
They checked whether low levels could induce Mental stress-induced (MSIMI) or physical stress-
induced (PSIMI) myocardial ischemia. The study confirmed that vitamin D deficiency can cause
MSIMI but has no effect on PSIMI [33].
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Mood and emotional state

Mood also contributes to your the mental health. The hallmark of good mental health is a
positive mood and possibly a rarely depressed, negative mood.

An older study was the one in which they wanted to see if the seasonal depressed mood
resulting from the winter period could be mitigated with vitamin D supplementation. Although the
experience was short, as the subjects received a dose of vitamin D for five days, the researchers found a
positive correlation between vitamin D intake and a positive effect on the mood of the respondents [34].

In one more recent double-blind study, 152 women were examined to find out about the number
of links between vitamin D and mental health. No correlation was found between vitamin D
supplementation (in the amount of 50,000 1U every month for six months) and more days with a good
mood or fewer days with a worse mood, compared to the control group [35]. In 2017, Penckofer et al.
published their study in which it is interesting that the better effect of vitamin D supplementation on
mood is observed when the respondents do not take mood-modulating drugs (antidepressants or
anxiolytics) [36].

There were also fewer emotional problems in the group of children and adolescents with higher
vitamin D. Interestingly, fewer problems with peer relationships were also observed in this group [37].
All this also proves the positive influence of this vitamin on mental health. However, Dean et al. Came
to conflicting conclusions, and proved that vitamin D supplementation did not affect cognitive nor
emotional functioning in adult humans [38]. The question is whether the age or other factor of the
respondents may be of importance in these two contradictory studies?

Conclusion

Vitamin D is gaining popularity all the time. Not only among people who often and willingly
use it, but also among scientists who pay close attention to its properties not only on the body's
calcium-phosphate balance, but also on its effects in psychiatric diseases.

A number of studies talk about the effects of vitamin D in depression, anxiety, mood, and more.

The most comprehensive literature is that covering knowledge and research on the effects of
vitamin D on depression. It is said that maintaining an adequate level of vitamin D may prevent late-
life depression in humans [18], and good supplementation in the first weeks of pregnancy may have a
preventive effect on the occurrence of postpartum depression [19].

In an experiment conducted by English researchers, during which 800 IU of vitamin D was
administered to women over 70 years of age, no improvement in mood was noted in the study group
[39]. Another study concerned SAD and D hypovitaminosis. American scientists examined 15 people
diagnosed with SAD. One group received vitamin D in a dose of 100,000 IU, and the other group
received phototherapy (wavelength 280-320 nm). Mood was assessed with the Hamilton Depression
Scale at the beginning and after one month of treatment. There was an improvement in the presence
and severity of depressive symptoms in all patients receiving vitamin D, while no significant
improvement was noted after the use of phototherapy [40]. There is no doubt, however, that vitamin D
has a beneficial effect on our body. By taking care of its proper level in the body, we reduce the risk of
osteoporosis, take care of the bones and proper calcium management.
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Although there is no consensus among researchers about the influence of vitamin D on mental health,
there are some, that prove its positive impact in this aspect, which is another argument encouraging its
proper supply of this substance.

When it comes to the effect of vitamin D on anxiety, here we have a lot of confirmations in the
studies, although not all of them are statistically significant, as in the case of women in whom the level
of anxiety at the lowest values of vitamin D was higher than in those with the highest levels.
Unfortunately, although the difference was noticed, it was too small to conclude a statistically
significant correlation [30]. Much less research has investigated the relationship between vitamin D
levels/supply and stress. The ones found did not notice any correlation. On the other hand, when we
take into account myocardial ischemia and the cause of its formation (the study differentiated between
MSIMI and PSIMI), it turns out that vitamin D levels have an influence on MSIMI and none with
PSIMI, which may prove the relationship between vitamin D and stress as a cause. to the formation of
myocardial ischemia [33].

Also, the above studies cited in this paper show that vitamin D may have an influence on some
mental states in humans. Relationships were also often observed, although too small to be statistically
significant. Since vitamin D has a significant impact on other aspects of human health in addition to
mental health aspects, it is worth encouraging patients to be adequately supplemented. It is also worth
focusing on educating patients about the appropriate therapeutic dose. The upper limit of the daily
intake of vitamin D is about 2,000 IU/day [41]. However, there are patients who reach for dietary
supplements with doses of up to 50,0001U/day due to the inappropriate influence of third parties. Such
high doses are associated with a rapid increase in vitamin D levels, even up to 150 ng/mL, which is
considered as a toxic dose. Rare but serious complications of vitamin D overdose and intoxicity are
primarily hypercalcemia and hypercalciuria [42], which may further lead to: muscle weakness, renal
dysfunction, calcium deposits in soft tissues, arrhythmias or calcification of the vessels and heart valves,
leading to subsequent dysfunctions of the cardiovascular system [43].

Therefore, it is always worth remembering about the good sides of using vitamin D preparations,
and also to avoid side effects resulting from an overdose of this vitamin. However, overdosing is not
possible with judicious use of the recommended doses.
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